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GPS-based bus stop speeding and arrival alarm 
 

ZhengHui, XueZihao, and LiuYuxuan 
(College of instrumentation and Electrical Engineering, Jilin University, Changchun 130012, China) 

 
Abstract—In this paper,we will design a new bus speed automatic alarm system and speed limits system.It will use 

microcontrollers combined with the use of GPS. GPS receiver module will receive the information and it will pass it to the 

microcontroller for data and logic processing.The system will alarm when the bus comes into the station without stopping, and 

it can provide accurate information to the driver or passengers.When the bus exceeds the preset speed limit, it can inform the 

driver to slowdown in time.So we can greatly increase the driving safety and convenience 

 

I. INTRODUCTION 

THE rapid development of all walks of life in 
contemporary society, including transport development 
by leaps and bounds.With the continuous improvement 
of people's living standards, automobile transportation 
in the most representative force of transport, became 
the most people travel or everyday necessities. With 
the increasing number of private cars, the more serious 
road traffic congestion, security risks are increasing. 
Buses may also exist, such as speeding, and the station 
did not stop, the passengers added inconvenience. So 
the need for a warning system alerts drivers to reduce 
security risks and inconvenience. We use GPS 
technology to design a station stop speeding and alarm, 
via GPS bus location, according to the known routes to 
get buses running away, and then use this journey with 
the time used to calculate the speed of the car buses to 
determine whether speeding, according to the GPS 
shows the location of the bus time spent at the site to 
determine whether the case did not stop arriving.  

II.GPS POSITIONING PRINCIPLE 

Any location on Earth can be observed at least three 
satellites that continuously transmit coded modulation 
of electromagnetic waves, accurate satellite signals 
transmit accurate time and satellite position with 
electromagnetic waves in space. Users can use the GPS 
receiving module receives the satellite signal 
transmitted, decodes the received signal and 
calculating the position of the receiver can be 
determined. 

The basic principle is based on satellite positioning 
GPS location instantaneous speed movement known as 
the initial data, the method of spatial distance resection, 
and determine the location of the test points. Suppose, 
on the ground of the target point in time placement 
GPS receiver, the receiver can determine the time of 
arrival of the GPS signal, together with other data 
received by the receiver to the satellite ephemeris, etc. 
The following four equations can be determined, as 
shown in Figure 1.1 show. 

 
Figure 1.1 GPS positioning principle and its positioning 

equation 

Above four equations for the unknown test point 
coordinates and parameters ，

)4,3,2,1();4,3,2,1( ==D= iditcd iii are the distance 

to the satellite signal receiver between 1,2,3,4,

)4,3,2,1( =D iti is signal arrives at the receiver for the 

satellite time elapsed 1,2,3,4,c is the propagation speed 
of the GPS signals is the speed of light 4 equation 
parameters have the following meanings, x,y,z are 
cartesian spatial coordinates of the target point,

)4,3,2,1(,, =izyx iii  is 1,2,3,4 space satellites were 
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at the time of the Cartesian coordinates, obtained by 

satellite navigation message, )4,3,2,1( =ivi  is 

satellite clock time difference, provided by the satellite 

ephemeris,
0t

v is the receiver clock. From the above 

equation can be calculated four test point coordinates 
and the clock difference 

GPS receiver module supports two data formats: 
SiRF binary format and NMEA-0183 ASCII code, 
NMEA-0183 ASCII code transmission rate to 9600bit / 
s, the transmission of the data format is 8 data bits and 
1 stop bit, no parity, data for the ASCII code. Baud 
SiRF binary format communication protocol 4800bit / 
s. Transmission of data format is 8 data bits and 1 stop 
bit, no parity, the output data in binary form. Because 
NMEA-0183 ASCII format is easy to parse, so using 
NMEA-0183 ASCII code format. 

If normal satellite communication, you can receive 
data format is as follows: 

SCPRMC,204700 ， A,3403.868 ，

N,11709.432,W001.9，336.9，170698，013.6，E*6E 
Data are described below: 
$GPRMC:minimum data representative of GPS 
204700:UTC-TIME 24h system standard time, 

according to h / min / s format; 
A:A indicates that the data "OK", V represents a 

warning; 
3043.868:LAT latitude, accurate to four decimal ago, 

after the last three; 
N: LAT-DIR N latitude, said, S for south latitude; 
11709.432: LON longitude values accurate to five 

decimal places before, after the lastthree; 
W: LON-DIR W represents longitude, E represents 

longitude. 
GPS positioning of the main methods are: static 

positioning, dynamic positioning, absolute positioning, 
relative positioning and differential positioning. 

Static positioning: that during our position that the 
position of the GPS receiver antenna is to remain intact, 
will not change over time is a fixed value, which is 
generally used for high positioning accuracy of 
measurement requirements. Specific methods of 
operation, that is, multiple GPS receivers distributed in 
different stations, and in the middle of the 
measurement is to keep pace stationary observer. 

Dynamic Positioning: that when we locate the 

antenna GPS receiver with the time change, as we put 
the GPS receiver mounted on the vehicle, airplane 
moving at any time, and fast. So that we can determine 
the instantaneous position information of the GPS 
receiver. 

Absolute Positioning: GPS receiver antenna is to get 
the absolute position points, and is using a GPS 
receiver, Yung point is very simple to operate, the 
general aspects of aircraft used, exploration, and ships. 

Relative positioning: that two or more GPS receivers 
simultaneously receive the same GPS satellite signals 
sent a way so that you can calculate the 
three-dimensional coordinates of the antenna. Receive 
the same GPS satellite signals, so the clock error of 
satellite clock and ephemeris errors are similar, the 
solver may well eliminate errors. A high positioning 
accuracy. Particularly widely used in geodesy. 

Differential positioning: the GPS receiver on the 
three-dimensional coordinates of the base station is 
known, obtained correction and send them via radio 
correction values are sent to the various test points, so 
that their observations were corrected. This is a way to 
improve the positioning accuracy. It has a single point 
positioning features, but they need more than one 
receiver, between the base station and rover 
synchronized observation. So we said differential 
positioning both with a single point positioning, but 
also has characteristics relative positioning positioning 
mode. 

III.SYSTEM DESIGN 

Minimum system mainly consists of single-chip 
system (power module, serial module, single-chip, 
clock module, etc.), GPS module, GPRS module, the 
display module. GPS module for data acquisition, data 
from the receiving satellite information, data input to 
the system, the smallest single-chip system as the 
master controller of the entire system, to achieve the 
collected data processing, transmission of information 
obtained after the GPRS module to handle system 
terminal enabling data acquisition, data processing, 
voice broadcast, and information display functions, the 
overall system design as shown in Figure 2.1. 
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Figure 2.1 System design 

IV.ALARM MODULE 

Overspeed alarm design the GPS monitoring data 
into the microcontroller count. By comparing the 
values obtained with the microcontroller internal 
setpoint. If you exceed the maximum keyboard input 
can determine vehicle speed, and then the buzzer alarm. 
The system consists of a power supply circuit, clock 
circuit, reset circuit, display circuit speed, key circuit, 
keyboard (set the alarm speed value), the alarm circuit, 
GPS connection circuit and control single chip. As 
shown in Figure 3.1. 

 
Figure 3.1 Schematic speed alarm 

System program flow shown in Figure 3.2. 

 
Figure3.2 Alarm module flowchart . 

V.GPRS WIRELESS TRANSMISSION MODULE 

General Packet Radio Service is a GSM-based 
wireless packet switching technologies to provide end 
to end, wide-area wireless IP connection, can provide 
packet delivery service between the mobile terminal 
and the computer network routers. GPRS network can 
be divided into two parts: the radio access part and 
core network part. Wireless access portion between the 
mobile switching center and a base station system for 
data transfer; the core network and base station system 
asking standard data communication network edge 
routers relayed data. GPRS multiple users can share a 
single transmission channel, each user only when the 
transmission of data occupies channel that is currently 
required to send data users can enjoy all of the 
available bandwidth. GPRS provides an always-on 
service to customers, making real-time and reliability 
of the system can be protected; it not time-based traffic 
accounting billing methods, greatly enhancing the 
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feasibility of the system for commercial applications. 
GRPS system itself uses IP network architecture, 

and assign a separate address of the user, the user's 
data as a separate user, enabling mobile users to the 
network from end to end data applications. In order to 
carry data, GPRS system introduces a number of new 
network elements, such as PCU, SGSN, GGSN, and 
other units, such as DNS and DHCP server to assist 
with data management and application services, also 
includes the Network Time Protocol NTP and charging 
gateway CG and so on. GPRS network structure shown 
in Figure 4.1 

V.CONCLUSION 

GPS positioning technology, designed a new bus 
station stop speeding and alarm systems, using SCM to 
process the data through GPRS speed value, location 
and information transmission bus is speeding to the 
system terminal, you can quickly based timely to 
remind drivers to reduce inconvenience to passengers, 
in practical applications are broad prospects. 

References 

[1]  Guyuan Ping, He Qun, Wu Xuexu .GPS coordinate data 

collection technology in the city of application [J] ore 

measuring, 2005,2 (1): 39-42 

[2] Zhang Yang GPRS wireless data transmission technology 

based inquiry [J] Computer CD software and applications, 

2012,13 (2): 3-5 

[3] Yangzhou, Wuhan Research and Design of GPRS wireless 

information gathering monitoring system [D] based on: 

Huazhong University of Science and Technology, 2011 

[4] Design Week South .GPS vehicle terminal equipment and 

realization [D] Lanzhou: Lanzhou University, 2009 

[5] Chen Jianmei, design and implementation of [D] GPS 

Vehicle Location Monitoring System for North ST:. Beijing 

Posts and human science 2011 

[6] Zhang Bo, design and implementation of GPS auto-stop 

system [J] .2006 electronic components (2): 57-59 

[7] arts, Zhang Yongsheng, based on GPS technology, the bus 

controller [J] Automation and Instrumentation .2009 (2): 

19-21 

[8] The design and implementation of [D] Xu Yang cars with 

wireless data logger detection system. South pyrene South 

dumplings people learn .2013 

[9] Micro-Electronics Co., Ltd. .MRU3 GPS & GPRS 

networking module technical specifications V1.0 [DB / 

2L].http://www.vkelcom.com/web/down.html, 2013-06-07 

[10] Liu Xiaojie Research and Design of Automotive GPRS 

burglar alarm system [D] Dalian: Dalian University of 

Technology, 2010 

[11] Dinc, Yang Chen lying mobile communication [M] Beijing: 

People's Posts and Telecommunications Press, 2011: 99-102 

[12] MARKET. GIS and GPS vehicle location monitoring 

system based on [D] Tianjin: Tianjin University, 2012 

[13] Zhang Yongsheng design [J] based on GPS / GPRS 

automatic bus stop announcement systems of modern 

electronic technology, 2009,32 (19): 325-333 

[14] Zhang Cuifang .GPS satellite positioning algorithm design 

and verification [D] Chengdu: University of Electronic 

Science and Technology, 2011 



Si Changpeng etc.: Cleaning device for airport runway lights 

5 
 

 

Cleaning device for airport runway lights 
 

Si Changpeng; Liu Meng; Zhao Dong; Liu Changying 
(College of instrumentation and Electrical Engineering, Jilin University, Changchun 130012, China) 

 
Abstract—When the plane took off and fall, because of the high-speed friction between tire and track, it will 

generate a lot of rubber dust. After a period of time, these rubber dust and exhaust gas pollutants will 
accumulate on the surface of the runway lights.  The brightness of the runway lights will gradually decrease, 

and it will affect the landing of the aircraft. In order to enhance the cleaning effect and compensate for the 
lack of manual cleaning, we can use water cannons to spray runway lights. After the end of the spray, brush  

inside the machine will automatically wipe clean runway lights, reaching the point of light. Meanwhile dirty 
water will be recycled, so as to achieve the goal of clean emissions. In this paper, Siemens S7-200 control 
motor, coordinated with the brightness  of the light sensor feedback, so as to achieve the purpose of 
self-cleaning. 

Key words— Siemens S7-200    Automatic cleaning    Illuminance sensor 
 

Ⅰ.INTRODUCTION 

IN this paper, the brightness detection device is used to 
detect whether the runway lights comply with the 
requirements. Brush cleaning the runway lights based 
light illumination. Brush work, constantly spraying 
water cannons, a combination of both and achieve 
clean results. After cleaning, drying fan for drying the 
runway lights will be on top of the water droplets, the 
brightness is detected again after stop cleaning 
standards. Otherwise, continue cleaning. Sewage will 
enter recovery system means to achieve recovery and 
no pollution. Focus is on the need to use the brightness 
of the light detection device sensing brightness, and 
then set the timing of the cleaning device and 
circulation. Difficulty is a combination of equipment 
and automation implementations. 

Ⅱ.OVERALL SYSTEM ARCHITECTURE 

 
1.Water cannons  2.Brush  3.Runway lights  4.Light sensor  5.Drying 

fan  6.Rotating disk   7.Sewage recovery 

Water cannons: to provide water, rinse the stain surface 
runway lights. 
Brush: scrubbing stains on the runway lights. 
Rotating disk: drive connection and brush it on the gun 
rotated, so that each corner of the runway lights can be 
cleaned. 
Drying fan: Drying. 
Light sensor: After detecting the brightness of the 
runway lights clean. Stop working afterthe standard 
brightness.Otherwise,continue cleaning. 
Sewage recovery: cleaning up sewage collection. 
Reduce pollution. 

III .CENTRAL CONTROL UNIT 

S7-200PLC is Germany's Siemens production of a 
small PLC, which can reach a large number of 
functions, the level of medium-sized PLC, while the 
price is the same as with the small PLC, so it once 
launched, it received widespread attention. 

Its main features are: high reliability, rich instruction 
set, extensive built-in integration capabilities, real-time 
characteristics of strong and powerful communication 
capabilities. The device contains a Siemens S7-200 
CPU224 and analog input module EM231. 
3.1 CPU224 technical indicators 

CPU224 native integrated 14 input / 10 output, total 
24 digital I / O., It can be connected to seven 
expansion modules. 
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CPU224 Appearance 

3.2 CPU224 wiring diagram 
DC input: 1M, 0.0 ~ 0.7 for group 1, 2M, 1.0~1.5 

for group 2, 1M, 2M are common for each group. 
24VDC negative public access terminals IM or 2M. 
One end connected to the positive input of 24VDC 
switch and the other end connected to the input switch 
CPU224 each input. 

DC output terminals: 1M, 1 L +, 0.0~0.4 for group 1, 
2M, 2L +, for the second group. 1L +, 2L + are 
common. Group 1 24VDC pick 1M negative side, the 
positive connection 1L + terminal. 1M output load is 
connected to one end of the end and the other end 
connected to the output load CPU224 each output. 
Group 2 and Group 1 is similar to the wiring. 

 
CPU224 wiring diagram 

3.3 The analog input module EM231 
EM231 has four analog inputs, the input signal can 

also be a current voltage, the input to the PLC with 
isolation. 

M is 24VDC power supply negative terminal, L + is 
the positive side of the power supply 

RA, A +, A-; RB, B +, B-; RC, C +, C-; RD, D +, D-, 
are the 1 ~ 4 channel analog input. 

When the voltage input, '+' to the positive terminal 
of the voltage, '-' for negative voltage terminal. 

When the current input, the need to R 'and +' after 
the end of the current short-circuited as an entry for the 
current outflow end. 

 

EM231wiring diagram 

3.4 Motor drive 

 
Host unit: Host unitalso called the basic unit or CPU 

module. It consists of CPU, a memory, a basic input / 
output points and power supply and other components, 
is the main part of the PLC. In fact, it is a complete 
control system that can control the completion of 
certain tasks independently. 

Expansion Unit: expansion unitalso called the 
expansion module. When the host of I / O points can 
not meet the requirements of the control system, the 
user can expand the various I / O modules as needed. 
According to I / O points is different, different in 
nature, the power supply voltage is different, I / O 
expansion modules have multiple types. Number of 
expansion units can be connected to each CPU that can 
be used and the actual I / O points are determined by a 
variety of factors.  

Special function modules: When you need to 
complete some special features of the control task, the 
need to expand the function module. They are some of 
the means to accomplish a specific control tasks, such 
as motion control module, special communication 
module. 

Related equipment: associated equipment is 
adequate and convenient use of hardware and software 
resources and the development of systems, some of the 
equipment used, the main programming equipment, 
man-machine interface, and network equipment. 
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PLC Control wiring diagram 

LD     SM0.1 
R      M0.0, 8 
R      Q0.0, 2 
R      T37, 8 
 
LD     I0.0 
LPS 
AN     T38 
TON    T37, 100   --Forward 10 seconds 
LPP 
A      T37 
TON    T38, 100   --Reverse 10 seconds 

IV .LIGHT DETECTION DEVICE 

4.1 Illumination Sensor Overview 
Illumination transmitter is using sensitive detectors 

with higher sensitivity, with high-precision linear 
amplifier, rigorous testing, production measurement 
range with a variety of illumination and signal output 
type of practical products. Using wall mount 
transmitter housing design, delicate structure, beautiful 
appearance, is an extensive range of 
applications,highly-cost-effective,illumination 
measurement products. 

 

Sensors Appearance 

This section contains three external sensor pins, 
which are red (positive) and black (negative), and blue 
(analog output). 
4.2 Technical parameters of the sensor light 
1. Power: 0 ~ 10mA output type 

2. measuring range: 0 ~ 2000Lux (recommended 
indoor) 
3. Accuracy: ± 5% 
4. the measurement resolution: 1Lux (2000Lux) 
5. Installation: Wall 
6. the output: 0 ~ 10V 
4.3 Data Measurement 
Full shadow: 0.15v, penumbra: 0.61v 
Daylight: 1.45v shimmer: 1.75v 
Strong light: 2.92v 
(Test distance: Light from the sensor 7cm) 
Note: When the distance from the light sensor 
decreases with increasing light intensity, voltage 
increases, the maximum 10v. 
4.4 Program 
LD     I0.0      --Illumination Detection 

LPS 

AW<=   VW0, 4751  --Motor rotation 

=      M0.0 

LPP 

AW>    VW0, 4751  --Stop the motor 

=      M0.1 

Ⅴ.ANALYSIS OF THE RESULTS OF SYSTEM TESTING  

Reference value set 1.45v (sunlight), the voltage 
value increases with increasing light intensity. When 
the voltage is less than 1.45v (lights dim, indicating a 
greater degree of guidelines and other surface dirt), 
motor rotation, driven brush for cleaning the lamp. 
When the voltage is greater than 1.45v, lamp 
brightness is low. The motor does not rotate.It will not 
clean lights. 

Ⅵ. CONCLUSION 

This paper discusses the design method based on 
stepper motor control system of the PLC and the 
development process, hardware design, software 
design and other aspects of system configuration 
includes. Siemens PLC, drives and stepper motors 
make up the hardware circuit. PLC Ladder and 
Statement List language is used to write software 
programs.  

In this design, we implemented to control the 
stepper motor working status through a combination of 
hardware and software. PLC with pulse and direction 
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signal output, changing the way of energizing and 
electrifying sequence stepper motor windings, to 
accurately control the stepper motor forward, reverse, 
acceleration, deceleration, uniform state. By setting 
different values of the timer, to change the operating 
frequency of the stepper motor. At present, the use of 
programmable logic controller (PLC technology that is) 
can be easily implemented on the motor speed and 
position control, easy to carry out a variety of stepper 
motor operation, complete a variety of complex work, 
which represents the advanced industrial automation 
technology level, to accelerate the realization of 
mechatronics. 
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Noncontact monitoring of ECG 
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Abstract—This paper introduces a circuit design of non-contacting ECG acquisition device. This design employs textile 

electrode , based on the capacitive coupling theory between the electrode and body . This design employes AD620 and OP07 as 

its core. Through the major components of the ECG signal and the frequency range of interference were analysed, weak ECG 

signal collected by the electrodes was amplified by the preamplifier circuit, and then was filtered out the interference by using 

a low-pass filter,a high-pass filter,50Hz notch filter and back amplifier circuit, a right wave of ECG was gotten.Finally The 

wave can be registered after converted to digital signals by MSP430 single chip. Also the real-time cardiograph can be 

displayed by LCD. The characteristics of the system show in the merits of high input impedance , high CMRR , low noise and 

high SNR ( signal to noise ratio ) and so on. 

Key words—Noncontact;ECG ;filter;amplifier circuit;MSP430 single chip; CLC: TN791    Document code: A 

 

0 INTRODUCTION 

ON AUGUST 8,2014, "China Cardiovascular Report 
2013" released [1].The report shows that total 
cardiovascular disease mortality accounted for the first 
cause of death in urban and rural residents was 38.7% 
in rural areas, the city was 41.1%. China risk factor for 
cardiovascular disease trends evident, leading to the 
onset of cardiovascular disease continue to increase 
the number, and the next 10 years the number of 
cardiovascular illness will continue rapid growth [2]. 
Thus, long-term monitoring of early cardiovascular 
disease is very necessary and important. As a 
recording ECG heart electrical activity through the 
skin treatment technology, its diagnosis is reliable, 
easy way, no harm to the patient, etc.,and it has 
become an important means of diagnosis of 
cardiovascular disease [3]. 

However, at any time and long-term monitoring of 
ECG to detect if used directly for cardiovascular 
disease, there are many limitations: Conventional 
ECG monitoring system needs to be in direct contact 
with the patient's skin electrodes, ECG acquisition but 
if prolonged contact with human skin electrodes can 
cause patient skin redness, itching and other symptoms, 
reduce the comfort of signal detection process, but can 
also cause heart the electrode polarization, the 
polarization voltage, the introduction of baseline drift 
noise affect the test results [4]。 

The experimental research and development of 
non-contact ECG detection system can signal 
detection process to minimize the discomfort caused 
by the subjects, and the system is simple, easy 
operation, small signal detection conditions. Subjects 
do not need to bare skin, ECG detection can be 
performed anywhere. Therefore, the non-connected 

ECG-touch detection system can meet at any time 
to detect cardiovascular disease prevention and 
long-term monitoring requirements, with good 
prospects and development potential. 

1 NON-CONTACT ECG ACQUISITION PRINCIPLES 

AND METHODS 

1.1 Non-contact ECG acquisition principle 
Medical grade conductive textile either 

physiological signal acquisition and conduction 
through direct contact with the skin surface of the 
fabric, but also by capacitive coupling principle, in the 
case of the fabric layer of the clothing and the body 
surface spaced performed ECG Bian set. When the 
fabric layer of the electrode and the skin surface 
interval clothing, conductive fabric, skin and clothing 
can be approximately considered to constitute a 
capacitive element, according to the charges repel 
each other, the principle attraction of opposite charges, 
conductive fabric close to the skin's part would have 
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and the skin surface electrical signal electrically 
opposite charge, with the skin surface of the electrical 
signal will be sent to the same charge signal 
conditioning circuit by lead wires. Electrode 
capacitive coupling model shown in Figure 1. 

 
Fig.1 Capacitive coupling model 

1.2 System hardware design principles 
As the effective range of ECG in 0.05Hz ~ 100Hz, 

and the main spectral energy in 0.25Hz ~ 35Hz, 
amplitude approximately in 0.05mV ~ 5mV. 
Conductive fabric electrodes collected ECG, first 
through preamp section, the weak ECG fidelity 
amplified and low-pass filtering, high-pass filter and 
50Hz notch filter out interference, in order to perform 
A / D conversion [5]. ECG signal amplification circuit 
schematic diagram shown in Figure 2. 

 
Fig.2 Functional block diagram of design of the hardware in the 

system 

2 ECG ELECTRODE SELECTION 

Conventional ECG monitoring system needs to be 
in direct contact with the patient's skin electrodes, 
ECG acquisition but if prolonged contact with human 
skin electrodes can cause patient skin redness, itching 
and other symptoms, but also lead to polarization ECG 
electrodes, resulting in polarization voltage, the 
introduction of baseline drift noise and affect the test 
results. We chose fabric as a non-contact electrode 
ECG acquisition electrodes. 

We use this capacitive coupling between the 
electrode and the human body detection signal is 
achieved. Between the electrodes by the capacitive 
electrode, the insulator and measured by the capacitive 

coupling of measuring skin capacitance, can detect 
biological voltage. Fabric electrode voltage 
characteristic curve shown in Figure 3: 

 
Fig.3 Volt-ampere characteristics of textile 

 HARDWARE DESIGN 

3.1 ECG conditioning circuit theory and design of 
each module 

The main points on the system hardware 
configuration, including signal acquisition module, 
signal filtering and signal amplification module. 
Signal amplifier includes a low-pass filter, high-pass 
filtering and filtering three-frequency part of the 
primary and secondary enlarge enlarge two modules, 
including signal filtering [6]. 
3.2 Input follower design 

As shown in Fig4, the input can improve the input 
impedance follower to get more of the ECG signal, but 
also has to reject common-mode interference. Using 
high-precision operational amplifier OP27, with 
ultra-low offset voltage, ultra-low offset offset circuit 
R3 and R5 provide a path for the bias current, 
resistance R2 and R4 and OP27 constitute a feedback 
loop to meet offset requirements, while increasing the 
circuit inputimpedance.

 

Fig.4 Schematic diagram of input following circuit 

 Primary Amplifier Design 
We select the AD's primary amplifier precision 
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instrumentation amplifier AD620, the circuit 
schematic shown in Figure 5. FIG U3 is the primary 
amplification circuit. U4 for the right leg drive circuit, 
right leg drive circuit is mainly used to filter out the 
body by introducing common mode interference, 
especially 50Hz frequency interference, thereby 
improving the CMRR. The primary amplifier circuit 
of the common-mode signal detection, after inverting, 
zoom back into the right leg, through the resistor 
network effectively suppress 50Hz frequency 
interference [7]. 

Because AD620 input terminal connected directly to 
the ECG electrodes, and the electrode potential of the 
electrode will usually exist, when there is the external 
electric field, the electrode potential will vary. If the 
values of the two electrode potentials are the same, as 
a common-mode signal flowing into the primary 
amplifying circuit, the preamplifier can be overcome 
with a common-mode voltage. However, the electrode 
potential is usually not completely equal, then the 
potential difference between the two electrodes of a 
differential mode signal is amplified, it will lead to a 
total op amp's quiescent operating point is unstable, 
prone to distortion or saturation distortion deadline. 
This makes the electrode potential presence of primary 
amplifier gain can not be too large, generally set at 
less than 10 times, on the one hand to avoid saturation, 
it also reduces the CMRR. 

Rg is R7, R8, R9 in parallel, so we see formula（1） 

G =8.4  （1） 

 

Fig.5 Schematic diagram of primary amplification 

 Low -pass filter design 
Due to the frequency of ECG below 100Hz, in order 

to eliminate the EMG frequency interference and 
electromagnetic signals,we design the low-pass filter, 

its upper cut-off frequency = 100Hz. Figure 6 shows 
the use of the filter circuit, this circuit is a commonly 
used second-order low-pass filter [8]. 

Cutoff frequency is set  to see the formula（2） 

  （2） 

 

Fig.6 Schematic diagram of low pass filter 

 High -pass filter design 
In order to eliminate the pre-amplifier output ECG, 

respiration, and electrode movement by the body 
caused by low-frequency interference signals and 
reduce distortion, get better attenuation characteristics 
reduce the sensitivity of components, the use of 
second-order Butterworth filter high-pass filter design 
using multiple feedback of second-order active high 
pass filter structure [9], This design of a high-pass filter 
circuit  is shown in Figure 7. High-pass filter 
amplitude-frequency characteristics is shown in Figure 
8. 

We set a cutoff frequency of  to see（3） 

  （3） 

 
Fig.7 Schematic diagram of high pass filter 



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2015 

12 
 

 

Fig.8 Magnitude-frequency characteristic of high pass filter 

 The secondary amplification design  
The secondary amplifier circuit shown in Figure 9. 

Adjustment potentiometer can adjust the overall gain 
of the ECG signal processing circuit. Master Gain is 
seen in Equation（4） 

  （4） 

 

Fig.9 Schematic diagram of the secondary amplifying circuit 

 Trap filter circuit design  
Mains voltage frequency of 50Hz, it brings 

frequency interference is one of the main interference 
of ECG. It will be in the form of electromagnetic 
radiation on people's daily lives cause interference 
ECG pre-amplifier circuit, although there is a strong 
common-mode interference inhibition, but there are 
still some frequency interference in the form of 
differential-mode into the circuit, and the frequency 
band of 50Hz frequency interference in ECG's just 
because of the ECG itself is relatively weak, so we 
need to design a trap filter to filter frequency 
interference [10]. 

The design uses UAF42 universal filter, this filter is 
highly versatile, can be designed according to the 
different needs of the high-pass, low-pass, band-pass, 
band-stop filter, frequency distribution at 0 ~ 100kHz, 

as well as specifically for this filter design software 
FILTER42, the software requires the input circuit 
parameters can be obtained schematics, component 
parameters and filter simulation renderings. 

The design input trap center frequency is 50Hz, the 
bandwidth 15Hz, filter order 2, the circuit component 
parameters obtained are shown in Table 3.1. 

Table 3.1 

 

Because of the resistance and the actual resistance 
value theory there is a certain gap between the actual 
resistance parameter selection,Schematic diagram of 
trap circuit is shown in Fig.10。 

 

Fig.10 Schematic diagram of trap circuit 

 Level up circuit design  
Signal through the secondary amplification, the 

output signal positive or negative, due to the AD 
conversion circuit can convert a unipolar signal, and 
the notch filter output signal is a bipolar 
signalTherefore we designed the circuit level uplift. 
Adder chip used for OP07. Level up circuit is shown 
in Figure 11. 
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Fig.11 Schematic diagram of level up circuit 

After the level of uplift, we see output in formula（5） 

 （5） 

4 MSP430 MCU INTRODUCTION 

Based on miniaturization and low power design 
considerations, the device adopts MSP430 
microcontroller as the hardware control circuit, the 
core component of data processing and transmission. 
The interior comes with a single-chip 12-bit analog to 
digital converter, the device can meet the A / D 
conversion requirements. And its low power 
consumption, small size, the peripheral module is very 
rich, very suitable for design miniaturization, low 
power consumption products. System hardware block 
diagram [15]is shown in Fig.12. 

 
Fig.12 Block diagram of the system hardware composition 

5 SOFTWARE DESIGN 

The device software using C language programming, 
modular structure. First, the system is initialized, the 
use of time-out of the way. The main conversion from 
analog to digital, data transmission and LCD display 

module. Software program flow shown in Figure 13. 

 

Fig.13 Block diagram of software system  

6 CIRCUIT TEST AND EXPERIMENT RESULT. 

ECG signal conditioning circuit should first test the 
filtering effect of the filter, by comparing the signal 
before filtering, and the filtered ECG comparison, get 
the filtering effect of the signal. Figure 14 is a primary 
amplifier output and signal 15 is the filtered output 
signal. 

  Fig.14 Output signal of primary amplifier  
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Fig.15 Output signal of filter 

7 SUMMARIZE 

Real-time observation of ECG for heart disease 
treatment provides a great convenience, rather than 
contact ECG monitoring and effective to reduce the 
long-term monitoring of ECG patient discomfort. 
Based on the mechanism of the ECG, complete 
hardware design non-contact ECG detected by the 
measurement of the system, this device basically 
reached a stable real-time monitoring of ECG 
waveform capabilities. Hardware system to achieve 
the following functions: 

1、ECG signal can be amplified, raised to the 
required amplitude; 

2、filter out the high and low frequency ECG 
interference frequency interference; 

8 CONCLUSION 

The method has been successfully designed and 
implemented a non-contact ECG acquisition circuit, 
The amplifier has high gain ,high input impedance, 
high common mode rejection ratio, low noise, low 
drift, appropriate bandwidth and so on , Circuit can 
detected and amplified weak ECG electrodes through 
the fabric under ideal background . Hardware circuit 
design to meet the practical requirements, it can be 
used for ECG acquisition, and gain a better ECG. 
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Research and design of the attenuation network for 
the surface nuclear magnetic resonance (NMR) 

groundwater detection calibration device 
 

Zhiyao Liu. Peng Xu.  Ying Zhao. Chuandong Jiang 
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Abstract—The application of the method of circular and coupled to the nuclear  magnetic resonance(NMR) to find water 

meter calibration device attenuation in the design of the network. Through the cricular, the strict screening of winding and 
the coil number of turns, the input impedance contrast test, to achieve stable and reliable multiples attenuation. For circular 
and coupling impedance circuit of input stage, the impedance matching design, make the simulation of the impedance of the 
outdoor environment and impedance as far as possible, in order to achieve the result of the nuclear magnetic resonance (NMR) 
water meter more accurate calibration. This design with the method of the coupling coil, the magnetic flux distribution in the 
circular, reduced the magnetic leakage, effectively restrain interference environment, improve the calibration accuracy and 
efficiency of field work. 

Key words—Cicular coupling    Impedance matching   Attenuation network 
 

I. INTRODUCTION 

NUCLEAR magnetic resonance (NMR) to find water 
meter indoor test calibration device is one of the 
nuclear magnetic resonance (NMR) water witch 
related devices, is responsible for making a nuclear 
magnetic resonance (NMR) to find water meter 
installation for testing, calibration, guarantee the 
stability and accuracy of each instrument, is nuclear 
magnetic resonance (NMR) to find water meter 
support and guarantee for the stable work.. 
    Nuclear magnetic resonance (NMR) to find water 
meter sensor receives the NMR signal in the receiver, 
within the scope of a few nV to hundreds of nV, 
frequency from 1 kHz to 3 kHz, which requires high 
gain amplifier, in the face of such a high gain amplifier, 
how to carry on the calibration indoors is particularly 
important. Ying-ji Wang for detecting nuclear 
magnetic resonance (NMR) to find water meter indoor 
calibration device for research and development, 
provides to a certain extent, can be in indoor simulated 
field experimental condition testing instrument normal 
functioning of the device and testing methods, and the 
nuclear magnetic resonance (NMR) water system 
testing and calibration. 
    This article will be to the calibration of the 
amplifier attenuation network for further research and 
design. This design will be the circular coil coupling 
method is applied to the nuclear magnetic resonance 
(NMR) to find water meter calibration attenuation in 
the network, through to the level before and after the 

circular coil winding circle number, impedance 
matching and impedance, gain more stable, 
attenuation multiples larger, stronger attenuation 
network reliability. In under the condition of different 
winding turns and the input impedance, attenuation 
network compared to test, will get fitting curve, obtain 
more accurate reference curve and coil properties. 

II．THE PROJECT DESIGN 

A.  Test Method 
This design USES the similar to the single-phase 

transformer and small size transformer device, the 
pressure device multiples attenuation is stable and less 
susceptible to interference. It through electromagnetic 
induction coil, a voltage level of ac electric energy is 
converted into another kind of voltage grade with 
frequency ac power. Coupling magnetic ring connect 
ac power with a winding, winding through the 
alternating current and generate magneto motive force, 
under the effect of the magneto motive force, the iron 
core in alternating magnetic flux, namely a winding 
will draw power from the power supply into magnetic 
energy, at the same time pay (ring) in the core chain of 
the original, deputy winding (secondary winding), due 
to the electromagnetic induction effect, in the primary 
and secondary windings respectively with the same 
frequency induction electromotive force. If the 
secondary winding is connected to the load, under the 
effect of secondary winding induction electromotive 
force, there is electric current flows through the load, 
the core of the magnetic energy is converted to 

(1) 
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electricity. Coupling the circular one, secondary 
winding induction electromotive force formula: 

;44.4
;44.4

22

11

BmSfNE
BmSfNE

=

=
 

f:frequency N:Winding circle number Bm: Magnetic 
field intensity  S:Core area 

 

Fig.1  The circular coupling principle diagram 

B.   Hardware Design 
    This design adopts the soft magnetic ferrite beads, 
because its not use scarce materials such as nickel and 
can get high permeability, powder metallurgy method 
(mode of production of soft magnetic ferrite) and 
suitable for mass production, so the cost is low. Its 
permeability changing with the frequency 
characteristics of stability, below 150 KHZ basic 
remain unchanged.  Experiments using the signal 
frequency is low frequency signal 1.2 kHz to 3.2 kHz, 
so choose, Mn - zinc soft magnetic ferrite beads were 
studied. Enameled wire with 0.4 mm and 0.5 mm of 
the two kinds of polyurethane enamelled wire. Study 
secondary coil need to simulate actual nuclear 
magnetic resonance (NMR) signal, so the secondary 
coil inductance to between 0.6 mH to 0.8 mH, and 
resistance to around 0.8 Ω, through actual production 
12 when the inductance coils around 0.6 mH. Get the 
following data in the experiments: 

 

Ⅲ. THE SYSTEM TEST RESULTS 

A.   Test Method 
   Test with 10000 times the fixed ratio amplifier 
circuit boards of production test, the standard signal 
generated by the signal generator (grade V), after 
system will signal decay, simulated field nuclear 

magnetic resonance (NMR) the received signal (nV) 
after a fixed amplifier will signal amplification, 
oscilloscope shows test results, test block diagram is 
as follows: 
 
 

 
input 
 
 
 
 

Fig.3  The test block diagram 
   Oscilloscope readout signal  value of V out, 
signal generator signal of FENGFENG value of V in, 
multiples attenuation for A, then A calculating formula 
for: 

;10000·= Vout
VinA  

 
Fig.4  The oscilloscope display 

B.  The test data  

Fig.2   Impedance matching figure 

input 

 

coil

Fixed 
Ratio 
amplifi
er 

oscilloscope 
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atching

resistance
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(3) 
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Table 2  Effect on the input resistance of the attenuation  
CHARACTERSTICS 

Resistance effect on attenuation characteristics of the 
input stage (frequency of 3.6 KHz, input voltage (1 v) 

The input resistance
（Ω） 

Output（v） 
Multiples 

attenuation 

0.1 6 1666.67 
0.2 3.4 2941.18 
0.3 2.2 4545.45 
0.4 1.7 5882.35 
0.5 1.44 6944.44 
0.6 1.24 8064.52 
0.7 1.12 8928.57 
0.8 1.02 9803.92 
0.9 0.9 11111.11 
1.0 0.86 11627.91 
1.1 0.84 11904.76 
1.2 0.8 12500 
1.3 0.77 12987.01 
1.4 0.73 13698.63 
1.5 0.7 14285.71 

Ⅳ. CURVE FITTING 

   Due to the curve of the measured data generated 
from the test results of various points accurately, this 
design using MATLAB to the curve fitting.Using 
polynomial fitting function, respectively for the input 
signal frequency and input resistance on the influence 
of attenuation characteristic curve fitting. 

() ( ) ( ) ( );4321 1
2

1
3
1 axaxaxay +++=     (4)  

  On the influence of input resistance curve fitting, 
get the following reference formula: 

;1781793378711525 23 -+-= xxxy     (5) 

   On the influence of the input signal frequency 
curve fitting, get the following reference formula: 

;4690115940605323 23 +-+= xxxy     (6) 

 
 

TABLE I 
THE INPUT SIGNAL FREQUENCY CHARACTERISTICS OF ATTENUATION IMPACT

Nuclear magnetic resonance (NMR) to find water meter 
calibration device attenuation characteristic factors to 
explore the frequency characteristic (2 v) input voltage 

F（kHz） Output (V) Multiples attenuation 
6 0.48 41666.67 

5.8 0.52 38461.54 

5.6 0.6 33333.33 

5.4 0.68 29411.76 

5.2 0.7 28571.43 

5.0 0.9 22222.22 

4.8 1 20000 

4.6 1.16 17241.38 

4.4 1.28 15625 

4.2 1.44 13888.89 

4.0 1.54 12987.01 

3.8 1.64 12195.12 

3.6 1.64 12195.12 

3.4 1.6 12500 

3.2 1.52 13157.89 

3.0 1.44 13888.89 

2.8 1.36 14705.88 

2.6 1.28 15625 

2.4 1.2 16666.67 

2.2 1.12 17857.14 

2.0 1 20000 

1.8 0.92 21739.13 

1.6 0.84 23809.53 

1.4 0.74 27027.03 
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Fig.5  Before and after contrast curve fitting input resistance 

effect 
 

 

 

Fig.6  Before and after contrast curve fitting signal frequency 
effect 

Ⅴ. CONCLUSION 

A.This design can achieve 100000 times attenuation 
and after attenuation of the signal is stable and no 
phase difference. 
B.Level input impedance is not at the same time, in a 
certain frequency point and the original signal without 
difference, but no difference between points is not 
reached the maximum attenuation, and when there is 
no difference between points is not the strongest nor 
the most weak signal stability. 
C.With the increase of input resistance, multiples 
attenuation increases gradually, but when the ratio 
reaches a certain value, the signal is poor stability, the 
certain times value associated with the frequency of 
the input signal. 
D.With the increase of the input signal frequency, 
damping ratio increase with the decrease of the first, 
when input stage resistance must be the minimum 
points between 3 kHz to 3.5 kHz, specific resistance 
changes with the input level. 
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The Design and Implementation of Follow-Up 
Vehicle System Based on Ultrasonic Ranging 

 
Hong tiange，Guan zhao，Tong yongjun 

(College of Instrumentation and Electrical Engineering. Jilin University， Changchun 130022) 
 

Abstract—Considering the personal vehicles has gained its population, the problem of traffic jam in city has become worse 

and worse. While talking to drivers and expiring by ourselves, we set up an idea as car-following system in order to deal with 

the nowadays’ traffic jam. Due to the help from computers and mixed with human-control, the system shows the abilities on 

dealing with sudden-stress and being able of lower the rates of car accidents. During test we use four-wheels model car as a test 

object to achieve the goal which the vehicle can stay a safety distance between 40cm to 60cm under the allowable speed. 

Keywords—Car accident  Traffic jam  Ultrasonic ranging  
 
 

I.INTRODUCTION 

ACCORDING to a data base published by government, 
the traffic accidents took 60.000 deaths in the last 3 
years. Due to this, a device that can improve the ability 
of reflecting before the accident is truly in-need. 

The ultrasonic tanging as an early method of 
distance measuring is already used in several fields. 
The principle of ultrasonic ranging is, using the 
generator emits a beam of signal, and using the 
receiver receives the reflecting signal comes from the 
object in front of it. By measuring the time span 
between the emit-time and the receive-time, according 
to the current speed of voice, the distance can be given 
out. The advantages of the ultrasonic are cheap, works 
well under the low-light situation and has an ability of 
anti-interference (such as clouds and frogs and low 
frequency noise interferences). However, this kind of 
method also has some disadvantages such as the 
ranging distance is pretty close and the accuracy can be 
easily influenced by the speed of sound-spread. 
Therefore, this system cannot do the long-distance 
measuring. 

On the other hand, due to the publish of the “cruise” 
by some manufacturers, this word and this kind of 
function has gained public’s attention. Such as the 
system placed on FAW VLKSWAGEN’s CC as an 
example, which means this car can change its driving 
speed by itself under the giving speed. However, as the 

system cannot adjust the speed but maintain it, this 
kind of function is no used under the condition of the 
low-speed situation. 

The argumentation of this paper is a new version of 
car follow-up system, which is based on the 
automobile cruise control system which is already 
existed on the market. Far more than that, perfect the 
system under a low-speed situation in order to decrease 
the rate of car accidents and improve the safety 
objective. In that case, the current system must works 
well under the situation of lower speed (20km/h or 
0.7m/s) and the distance between two cars is closer 
than 5 meter with a frequently use of brakes. 

II. THE HARDWARE DESIGN OF THE SYSTEM 

COMPARED with the cruise system, the follow-up 
system is based on it and can changing the speed of the 
vehicle to a faster level while this is now objects in 
front of it, or slow down when there is a obstacles. In 
essence, the collision avoidance system is designed to 
slow down, take a fast brake when it’s dangerous; 
while the follow-up system is designed to follow the 
object, which means this system is able to do what a 
cruise system does, and do what it cannot. It’s more 
intelligent and comfortable.   
1.1 THE WHOLE BLOCK DIAGRAM OF THE 
DETECTION SYSTEM 

As we use the ultrasonic as the method of distance 
ranging[5-9],the diagram must be like this ： 
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Figure 1 The design of detection system 

The overall design is simple, as the principle of 
ultrasonic ranging is easy to understand and use, the 
requirements of system’s hardware is not strictly. 
However, as we use the different level of the interrupts 
in the 51 MCU including the inner time interruption, 
therefore we need to avoid the interference between 
different kinds of interruptions. On the other hand, 
consider the ultrasonic propagation speed is about 
330m/s, we should fully consider the response time of 
SCM to ensure we hold enough time for the chip to 
response and calculate. 

1.2 THE DRIVE MODULE 
FOR this four-wheel car, we use the PWM principle 

as the basic rule to drive the car do some acts like 
move forward and back or take a turn. The essence of 
PWM is to change the duty ratio of the pulse signal. 
When it’s high, the motor works a longer time in one 
period time; while it’s low, the motor works a shorter 
time. 

In the driving module, we need to use the L298N 
chip which connect the motor and the 51 MCU. The 
L298N chip is produced by the SGS company, the 
most common series is the 15 pins Multiwatt package 
L298N, which also has the drive circuit inside of it. 
The figure of how does it connect to the 51 SCU is 
showed below: 

 
Figure 2  L298N connects to the 51 SCU. 
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It is easy to figure out that in the figure 2, one 
L298N chip can easily drive a two-phase sepper motor 
to make it do some actions like pushing forward, 

driving back etc. In this design, the two motors are 
parallel, so that one L298N chip can drive motors. The 
figure below is showed how a H-bridge circuit works: 

Forward direction                                          Backward direction 

 
Figure 3 The H-bridge circuit 

The reason for choosing the H-bridge circuit is it’s 
stable and has a strong ability of driving the motor. The 

driving mode of explanation is as follows: 

 
 

Figure 4  H-bridge’s forward and backward driving  

As can be seen from Figure 4, in order to drive the 
motor, the electronic must go through the diagonal of a 
pair of triode. For example, when we need to turn the 
motor into a forward-driving mode, like it’s showed in 
the right side of Figure 4, the Q1 and the Q4 triode is 
conducted. Otherwise when the conduction triode is 
Q2 and Q3, the motor goes in a backward-driving 
mode, like it dose in the left side of the Figure 4.  

III、THE SOFTWARE DESIGN OF THE SYSTEM 

AS during the design of the process, while using the 
ultrasonic ranging we need to consider the moving 
situation between two vehicles or objects under a 
high-speed condition. Therefore, we need a perfect 
process of judgment. The judging process of this 
system is as follow: 
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Start

Using the sensor to 
measuring the 

diatance

Is it under the safe distance?

No

Is it getting closer?

Yes

Stay the current 
speed No

Yes
Calculate the 

relative speed and 
distance 

Is the vehicle slower than the cbject in 
front of it?

Yes

Slower down until back 
to the safety distance

Is the speed of the object 
is increasing?Yes

No

Brake

End

 
Figure 5  The overall chart 

In the whole process of follow-up system, except the 
driving module for motion simulation of the vehicle, it 
can be divided in to several parts: follow-up module, 
emergency brake module and ultrasonic distance 
measuring module. Among them, the brake module has 
the highest priority in order to achieve what an 
anti-collision system does; the follow-up module is the 
spirit of the whole system, it’s the main different to 
distinguish it from an anti-collision system; the ultrasonic 
ranging module is a providing module for the above two. 
In this paper, through fully comprehensive and evaluation, 
we set the safety distance between the car and the object 
is 0.4m to 0.6m. When the system works, first using the 
ultrasonic twice to get the relative distance of two cars, 
after a simple calculate and consider the current speed of 
vehicle, we know the relative speed and the speed of the 
front car, then start the follow-up module. When the 

distance between two vehicles is farther than the safe area 
and the speed is slower than the front car, this vehicle will 
do a slowly accelerating, until it enters the safe distance; 
while it’s in this area, the sensor do a quick scan in order 
to change the speed rapidly; otherwise the car will slow 
down to get away from crash, achieve the smooth-braking 
effect. 

III. THE TESTING CAR AND THE RESULT 

3.1  THE DIAGRAME OF THE TESTING CAR 
USING the 51 MCU internal interruption TIMER0, to 

drive the car through the L298N chip, in oder to 
control the speed of the car. But because of the 
characteristics of friction and transmission device 
between trolley itself, the speed of the car ncreasing in 
a step-mode. 
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(a)                                               (b) 

Figure 6 The diagram of the car front(a) and back(b)  
As seen from Figure 3, the car drive by four step 

moor, the speed of it is controlled by changing the duty 
cycle of a square signal, in order to control each motor 
at the same time. 

During the process of program designing and 
implementation, we set the system in to a “weo steps” 
form, actually we finished the simpler module before 
we set them together. These modules including stable 

module, emergency brake module, distance measuring 
module and remote control module. 
3.2 THE RESULT OF THE ROAD TEST 

DURING the actual road testing, in order to test the 
accuracy and precision of the detection system while to 
get the safe distance of emergency braking. The results 
for all these two tests is showing below: 

Chart 1 The speed and braking distance chart 
stall speed(m/s) Braking 

distance (m) 

stall speed(m/s) Braking 

distance(m) 

1 0．00 0．00 6 0.42 0.19 

2 0.14 0.03 7 0.48 0.23 

3 0.21 0.06 8 0.53 0.27 

4 0.28 0.12 9 0.59 0.33 

5 0.33 0.15 10 0.65 0.40 

There is an explain that because of the friction 
between the components in the car itself, it doesn’t 
move while the stall is “1”, so there are neither safe 
distance nor braking distance. Therefore, using this 
disadvantage as a gift, we set the “stop mode” as the 
stall is “1” in order to decrease the influence of the 
fractions, to make the test result more practical.  

IV、CONCLUSIONS 

Through a lot of time doing the test, after a further 
study of the car under the real road condition, we 
increase the accuracy of the whole system. Meanwhile, 
we achieve the target of smooth-braking, in order to let 
the vehicle changing the speed itself due to the relative 
speed and distance. The safe driving distance of the 
current car is the area form 0.40m to 0.60m, with the 
reaction time at around 10ms, which is more faster 
than the reaction time of normal adults (between 
100ms to 200ms), further improve the response speed 
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of the driver and effectively reduce the rate of car 
accidents. 

On the other hand, as the starting point of this design 
is the distance measurement and follow-up in the city, 
the characteristic of the system if close distance and 
works well when the speed is low. So the further 
improve features are that may do a lane-changing 
program if it is necessary or may inject it to the 
follow-up system working on the highway. Meanwhile, 
working under a high speed may need another kinds of 
distance measuring methods as the ultrasonic way may 
doesn’t work as the sound need to travel about 2 
seconds or even more. 

The third reason is, as the highway is relatively 
empty, but the road may be ups and downs, therefore 
may pay attention on how to do a accuracy measuring. 
Based on the two reasons above, the laser ranging may 
ineed. 
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Research on System of Remove Breathing Monitor 
 

Luo Jia-cheng；Liu Yu-xuan；Gao Hong-wei；Xin Yi 
（College of instrumentation and Electrical Engineering, Jilin University, Changchun 130012, China） 

 
Abstract—SAHS is a normal disease with potential danger. It can affect the health of people. Some of them may couse 

sudden death in sleeping. It is necessary to monitor the change of current breathing condition. The traditional medical 

instrumentations are expensive and most of them are centralize in the hospital that go against to spread. This duty can be 

competent by the wearable devices. Connecting the wearable device with the mobile phone and PDA can easily realize the 

breathing conditiong of the users by their terminal. 

Key words—Wearable  Breathing-Monitor  Android  Current-time 

 

0 INTRODUCTION 

WITH the improvement of living standard, people's 
health consciousness is gradually strengthens and the 
attention of human physiological health has improved 
[1]. The traditional medical monitoring equipments 
have large volume and high cost which is not 
conducive to the popularization,.The monitoring of 
respiration function by programming in 
Android transplanted to mobile phone, tablet as the 
platform through the Bluetooth data transmission can 
monitor the state of respiration. That makes 
breathing monitoring devices of miniaturization and 
portability which conforms to the development trend 
of wearable devices[2] . 

Ⅰ SYSTEM OVERVIEW 

Android is a popular operating system for mobile 
equipments. Android equipments gradually popularize 
and use the Java program that makes the 
development more convenient. 

Using Android mobile phone as the terminal, as 
shown in Figure 1, the acquisition of human 
respiratory signals through the sensor that 
the results by the transmission of the Bluetooth 
module to the mobile phone [3]. We developed the 
client software based on Android[4] using for 
processing the respiratory signal and for storage and 
analysis. 

 
 

    Fig.1  System diagram 

ⅡUSER LOGIN DESIGN 

User page includes a user registration page as shown 
in Figure 2 and  user loginpage as shown in figure 
3 . User registration page includes three text edit 
boxes which are the username, password input and 
password input and have the registration button which 
used to determine. The user enter a user name 
and enter the same password two times and then click 
on the registration button  can be completed 
the landing page and login to the software. User 
login page includes two text edit boxes which are the 
username and password input .When the user 
name and password enter correct that 
the registration results are successful landing [5]. 

Wearable Devices 

User Login 

Waveform 
Display 

Waveform Analysis, 

Frequency Display 

Information 
Storage 

Abnormal situation 

judgment 

BluetoothConnection, 

DataTransmission 
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    Fig.2  Register              Fig.3  Enter in 

Through the getText to send the messages and 
compare the messages. 
if("***".equals(mUser.getText().toString())&&"*
**".equals(mPassword.getText().toString()))  

Ⅲ BLUETOOTH TRANSMISSION AND WAVEFORM 

DISPLAY 

Bluetooth is a kind of equipment for short distance 
wireless communication technology. Using of 
Bluetooth can search and connect to the nearby 
Bluetooth devices and can transmit data in two 
bluetooth equipments which  have been paired 
[6]. Bluetooth connection can set up between the 
handheld devices and wearable devices for 
real-time receiving sensor monitoring data. Making a 
Bluetooth module for the respiratory signal acquisition 
and sensor configuration can realize 
the respiratory signal acquisition in real-time. In this 
paper, using Bluetooth module for HC-05, as shown in 
figure 4. 

 

Fig.4  HC-05 

Firstly Android equipments detect whether the 
machine support Bluetooth function or not. If 
supporting the function then open the Bluetooth device, 
search sensor respiration signal through the MAC 
address. If the mobile terminal and Bluetooth sensor 
matching is successful then connect the two devices 
through the Bluetooth Scoket. At this point, if the 
respiratory signal acquisition successful,the Bluetooth  
can read-write data, storage data and other operations 
which will draw the real-time dynamic in the same 
time. The main process of data transmission by using 
Bluetooth including Bluetooth establishing, Bluetooth 
searching,Bluetooth connecting and data teansmission 
[7]: 

1) Registered Receiver to obtain the Bluetooth 
device; 2) Using BroadcastReceiver to achieve the 
search results; 3) Obtain the Bluetooth status through 
the BluetoothAdapter Class, and call 
searchDevice ()  to discover the Bluetooth 
devices; 4) Using Device ()  to obtain equipments 
information (including name, MAC), and through the 
BluetoothDevice () to find the paired devices; 5) Use of 
createRfcommSocketToServiceRecord (UUID)   to 
obtain BluetoothSocket and call connect () to establish 
connection and equipment; 6) Using 
InputStream () and OutputStream () to read and 
write the Bluetooth devices. 

When using the Bluetooth function,declare the 
Bluetooth limit of power in AndroidManifest.xml is 
needed: 
<uses-permission 
android:name="android.permission.BLUETOOTH" /> 
and <uses-permission 
android:name="android.permission.BLUETOOTH_A
DMIN" />。 

 
Fig.5   Bluetooth handle 

 

Ⅳ WAVEFORM ANALYSIS 

Set the sampling frequency in 100 times / sec,the 
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Bluetooth transmission data directly displayed on the 
canvas by the open source library of  graph function 
called AChartEngine. Peaking times to determine the 
emergence of a unit of time can be determined by 
measuring respiratoryrate.  At the same time, 
measured of the respiration rate and the human body 
normal respiratory rate 18-20 times / min for 
comparison. If the rate is less than or beyond this range, 
through the AudioManager class will call the alarm 
sound audio playback remind the respiration rate in the 
normal region outside. 

          

Fig.6  Breathing Data Display 

Ⅴ CONCLUSION 

This paper designed a breathing parameters 
acquisition and mobile terminal transmission system 
based on Android  platform which can be registered 
user login and waveform acquisition display. 
Combined with the Bluetooth function of Android 
system , respiratory parameters were read and dynamic 
display which can be effective for data transmission 
and display in the actual test.This paper provides new 
ideas and methods for development and application of 
mobile medical monitoring and wearable devices. The 
next step will be based consideration to increase and 
improve the function and the convenience for users. 
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Study of Power System based on Piezoelectric Thin 
Films 

 
 Zhaolu Li；Renpeng；Renqiang 

( Jilin university instrument science and engineering institute,changchun ,130026) 
 

Abstract—According to statistics, the annual radiation to the earth's solar power is 1780000000 kilowatts, the development 

and utilization of 500 to 100000000000 degrees. But because of its distribution is very dispersed, now can use the little. The 

global land part 3 km depth, high temperature above 150 DEG C in geothermal energy resources of 1400000 tons of standard 

coal, at present, some countries have begun to develop the use of commercial.The people in the search for new energy 

sources, the way to improve the earth's environment and arduous exploration. The body will be accompanied with a lot 

of energy produced during the activity, like we were walking or running vibration generated when the energy and potential 

energy to produce its center of gravity changes, its body temperature heat release of thermal energy and so 

on. Imagine these wasted energy collection and use, will be able to drive the micro electronic equipment works.As mobile 

phone, MP3 and other electronic equipment to carry, can be generated by itself in need of power 

supply or charging energy convenient for charging power supply. Based on the above consideration, puts forward the idea 

of walking power. This paper is the use of PVDF piezoelectric thin film piezoelectric power generation way, by putting one or 

more pieces of PVDF in the inter layer of the shoe sole piezoelectric film, walk the heel of the sole spring device of pressure 

fluctuations of PVDF piezoelectric film pressure is generated, through piezoelectric effect of the pressure energy into electrical 

energy, the energy storage in the super capacitor or micro battery, give power electronic equipment. 

Keywords—energy; PVDF piezoelectric thin film; walk generation;piezoelectric effect 

 

0. INTRODUCTION 

WATER is the source of life, life comes from water, but 
the dynamics of life is an energy, nature is our 
mother, mother provides coal and oil for our fossil 
energy, but the  fossil energy isn’t inexhaustible,as  
we uncontrolled exploitation, energy is less and 
less, moreover, the combustion of fossil energy will 
increase the pressure on the natural purification, 
resulting in more serious environmental problems, 
therefore, to find and use of new energy is our mission 
and responsibility to protect future generations of 
the earth protection. 

However, looking for new energy path of thorns, 
misty such as wind energy, water energy is swift and 
violent, dangerous lightning energy, we forget to 
spread around the waste of energy,such as when the 
person walks, the foot will produce energy, this is 
this article center. 

At present, some scientists USA invented a power 
generation device can be placed in the shoes, the 
principle is to make full use of an advanced energy 

harvesting technology now --reverse electric wetting, 
which is based on the voltage to change the 
hydrophobic surface of droplet shape, the researchers 
turn to using this principle, the micro droplet flow in 
the process of energy conversion to electricity. The 
device is similar to the insole and a layer 
containing thousands of drip, micro droplet. Inside 
the shoe, can move around and with power 
generation [1]. At the same time, China also has a 
similar innovation, in China's Sichuan Chengdu, an 
ordinary man Shi Caijun, the use of devices such 
as diodes and wire, invented the sport shoes to light the 
way back, but also can charge the mobile phone[2]. Do 
not need to bring a flashlight, does not need power 
supply, power shoes for us to illuminate the way 
home, so that we become "mobile" power, 
the personal "power plants" when the earthquake 
disaster ridden also will take some give us light 
and hope. 

1. DESIGN PRINCIPLES 

PVDF piezoelectric material is a new functional 
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material in twentieth Century since 70 time 
development rises, it is based on the PVDF 
resin through special craft processing made of anew 
type electric converting material. This is a kind 
of piezoelectric effect of the material. The so-called 
piezoelectric effect refers to the effect of some of the 
media deformation under force, caused by 
media, surface charge, which is the direct piezoelectric 
effect. On the other hand, applied electric field 
excitation, the medium will generate mechanical 
deformation, called inverse piezoelectric effect[3]. 
Effect of this wonderful have been many scientists in 
the field of application is closely related with people's 
lives in medical, military, transportation and so on, in 
order to achieve energy conversion, sensor, driver, 
frequency control and other functions. 

PVDF piezoelectric film with sensitive 
characteristics, can be extremely weak mechanical 
vibrations into electrical signals, the crystal structure 
of piezoelectric materials composed of Department 
of the existence of symmetric structure. Piezoelectric 
materials on asymmetric crystal structure of a force is 
applied to the deformation occurred, will make 
the crystal lattice displacement, thus breaking the 
uniform charge distribution within the crystals, 
potential shift.So that the piezoelectric effect of 
piezoelectric materials is under the external force 
deformation, caused the moving charged particles 
caused by internal material appeared internal total 
dipole moment change after the[4]. Therefore, 
only non-crystal structure symmetry can produce 
piezoelectric effect. As shown in figure 1: 

 

Fig.1  piezoelectric effect 

2 . DESIGN SCHEMES 

2.1 Overall Design 

The project is composed of three parts, namely, 
power system, composed of power storage system 
and power supply system: 

Fig.2  the overall design structure diagram 

2.2 Structure Design 

The existing literature reports is generating 
system based on single piezoelectric film, in order 
to improve the efficiency of power generation, power 
generation system of double piezoelectric thin 
films, and studied on the films series parallel mode. 

A plurality of piezoelectric thin film series, the 
positive charge is concentrated in the upper polar 
plate, a negative charge on the lower plate, and 
the middle upper and lower plate is connected, the 
positive and negative charges offset each 
other[5]. From Figure 3 shows, the output Q is equal to 
the total charge monolithic charge Q, voltage U is n 
times of monolithic voltage of U, the total 
capacitance CP monolithic capacitor CP 1/n, i.e. 

QQ ='   nUU ='   nCPCP /1'=  

Series connection, the output voltage is 
large, its capacitance is small, suitable for voltage as an 
output signal, the load impedance can bring higher. 

A plurality of piezoelectric thin film in 
parallel, n times the output capacitor CP is a 
monolithic capacitor CP, but the output voltage is equal 
to the U monolithic voltage[6], the plate on the 
charge of Q is n times the amount of charge that 
the monolithic Q 

nQQ ='    UU ='    nCPCP ='  
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Parallel connection method, the output charge, time 
constant, for signal measurement changes slowly, and 
suitable for the occasion to charge output. 

 
Fig.3  PVDF thin film tandem structure diagram 

 
Fig.4  PVDF thin film parallel structure diagram 
Through the testing experiment found that parallel 

results than the series of good results, as shown in 
Figure 5, through parallel comparison, as shown in 
Figure 6, a comprehensive way of our sole size we 
choose three pieces of PVDF film in parallel for power 
generation. 

 

Fig.5  PVDF thin film tandem output voltage line 
chart  

 
Fig.6  PVDF thin film parallel output voltage line 

chart 

2.3 Circuit Design 

2.3.1 Rectifier Circuit 
PVDF piezoelectric film sensor in alternating 

external force or rules under impact, the voltage and 
current are shown alternating characteristics, and to the 
electronic meter, sensor and nickel cadmium 
batteries and other external devices require DC voltage 
stabilized charging, is required for the alternating 
current generated by the rectifying process. As far as 
possible in order to increase the output voltage, a 
voltage double rectifier circuit design three. 

 
Fig.7  Rectifier circuit diagram 

 
2.3.2 Super Capacitor Electric Circuit 

The super capacitor is also called double layer 
capacitance, charge discharge principle is when 
the super capacitor poles and external circuit 
is connected, the charge transfer electrode to generate 
an electric current in the external circuit, ion in 
solution migrates to the solution is electrically 
neutral 1F super capacitor has the advantages of small 
volume,large capacity, does not need charging circuit 
and to control the discharge circuit[7]in particular; 
compared and battery charge and discharge are not 
the life of a negative effect;considered from the 
perspective of environmental protection, it is a kind of 
green energy;super capacitor can be welded, so there is 
no problem as the battery contact not firm; this is the 
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choice of super capacitor as an important part 
of electricity storage circuit. 

As shown in figure PVDF, the piezoelectric 
film generated electrical energy stored in super 
capacitors C4, stored energy can give nickel cadmium 
rechargeable battery or sensors and other electronic 
devices. 

 

Fig.8  Super capacitor energy storing electric circuit 

2.4 Display Design 

As shown in Figure 9, the display module comprises 
a MSP430 processor and a 1602 liquid crystal 
display module two. Among them, MSP430[8] the 
internal impedance than ordinary AD acquisition 
chip impedance is high, so it won't be consumed 
quickly charging voltage, charging voltage can display 
the values of effective. 

 

Fig.9  Display circuit connection diagram 

3. TEST AND ANALYSIS 

To give the electronic meter charging module test, 
the wire and the power supply switch to 
electronic shoe end table block, the electronic meter 
charging switch is opened, 1.6V lighting electronic 
watches, walking two steps per second in frequency, 
filtering on both ends of the capacitor voltage from 

1.0V up to 2.0V takes three minutes and fifty-six 
seconds, 30 seconds can make the electronic 
table light. 

On to the super capacitor charging module test, open 
the file with the frequency of the super capacitor, 
walking three steps per second, super capacitor voltage 
at both ends of the increase of 0.001V. 

The module test to the sensor power supply, double 
throw switch to stop power supply mode of sensor, 
sensor work in super voltage 2.0V, 2.5V sensor can 
work for 11 minutes. 

The test module to charge the battery power supply 
mode, double throw switch to charge the battery 
block, in the voltage at both ends of the super 
capacitor is 2.82V, in 1 minutes to charge the battery 
charging 0.01V. 

4. CONCLUSION 

The test results prove that the function effect of 
the power system to achieve the expected standard, can 
satisfy the actual consumption needs; at the same time 
through the system display module can directly see the 
amount of power. Therefore, the system can 
realize will walk vibration mechanical energy into 
electrical energy, or storage or to electronic products 
supply, have very good research prospect. 
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Abstract—The quad-rotor is a six degree-of-freedom unstable system whose flight attitude is adjusted by controlling the 
speed of its four motors. In order to adjust the flight attitude of the quad-rotor ,an attitude data processing joint algorithm 
based on Kalman and DMP（Digital Motion Processing) filter was adopted, and PID algorithm was used to control its flight 
attitude. Based on the hardware platform, the dynamic model of the aircraft was established and the parameters of Kalman 
filter and PID controller were debugged. The flying experiment shows that after using the control algorithm, the control 
system can quickly adjust the flight attitude offset to control the quad-rotor effectively. 
 

I. INTRODUCTION 

FOUR rotor aircraft is the helicopter promoted by four 
rotors.By changing the relative speed of each rotor to 
change the lift,thereby we can change each of the 
torque to achieve the control of speed and the 
direction of the aircraft.As early as 1907,the world’s 
first four-rotor aircraft Gyroplane No.1 invented by 
Breguet-Richet rose to the sky.Four rotor aircraft has 
developed nearly a century,but because of some 
reasons such as complex structure and not easy to 
manipulate,But in the recent years,with the advances 
of the new materials,microelectromechanical(MEMS), 

micro-inertial(MIMU)and the technology of flight 
control,micro four-rotor aircraft has been developing 
rapidly and gradually become the focus of attention[1]. 

There have been many filtering algorithms,such as 
Gaussian filter,Complementary filter and Kalman 
filter, and control algorithms for the issues of gesture 
data processing and control of the quad-rotor.But for 
the software filter still exists the problems that reduces 
the speed of control and the stability of data is 
undesirable.So we proposed a way to use  simple 
Kalman filtering algorithms combining wtih the 
hardware filtering as the filtering measure and the PID 
control algorithm to build the control system of the 
quad-rotor. 

II．CONTROL PRINCIPLE OF SPACECRAFT ATTITUDE  

Baesd on the center of the plane,we establish a 
X-Y-Z coordinate system,which is shown in Figure 
One.The angle that aircraft turns around X axis is 
called roll angle(ROLL),the angle aircraft turns 
around Y axis is called pitch angle(Pitch)and as the 

same,the angle aircraft turns around Z axis is called 
yaw angle(Yaw).The reason causing the angle is the 
speed of the same two-axis motor is not the same,and 
its size depends on the difference between the coaxial 
motors’speed. The attitude control of four-rotor is 
achieved by adjusting the angle of the three axes,and 
together with the control of high degree,then we can 
complete the simple mission. 

 
Four rotor has "+" and "x" two kinds of flight 

mode,in order to operate easily,we choose the flight 
mode of “+”.In the Figure 2,the 1,3 motors rotate 
clockwise, and it will produce a counterclockwise 
torque,otherwise the 2,4 motor rotate 
counterclockwise, and it will produce clockwise 
torque.When the torque of the offset two axes is same, 
the four-rotor will not turn around the Z axis. 

 
Fig. 1.  Magnetization as a function of applied field. 
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Figure 2 Illustration of the various movements of a 

quad-rotor. 
By changing the speed of four motors,we can 

achieve a variety of different flight status of aircraft 
which is shown in Figure 2 also ,such as when four 
motors increase or decrease the same rotational 
speed,the four-rotor will climb up or drop 
down.Besides,when the lift generated by the vehicle 
motors is the same with its own gravity, the aircraft 
will be in the hover state. 

III. THE STRUCTURES OF QUAD-ROTOR 

Usually,the flight control system of Four-rotor 
aircraft flight is typically consist of a sensor 
measurement device, the main controller, motor drive 
means, the motor ,the propeller and other parts.The 
sensors are used to measure the attitude data of the 
aircraft.the main controller is used to process the data 
according to the setting attitude,then after the 
calculation of the control algorithm,the main cotroller  
sends out four PWM 
(Pulae-Width-Modulation)signals to adjust the speed 
of motors to correct the angle of flight and finally the 
aircraft can stabilize its flight attitude by adjusting 
automatically.Figure 3 shows the four-rotor aircraft 
control architecture and the Figure 4 shows the 
physical map. 

 
Fig.3 Control architecture of four-rotor aircraft 

 
Fig.4 Figure of Quad-rotor 

A. Sensor measuring device 

In order to achieve the attitude data of the four-rotor, 
the system selects MPU-6050 as the gesture sensor to 
obtain the angular rate and linear acceleration of three 
axes .MPU-60X0 is the world's first 9-axis sensor for 
motion processing which integrates a 3-axis MEMS 
gyroscope, three-axis MEMS accelerometer, and a 
scalable digital motion processor DMP (Digital 
Motion Processor) which includes a hardware filter 
that we get the stable attitude data by programming.  
B. The main controller 

The control algorithm shown in Figure 3 is 
completed based on the Arduino hardware 
platform.The system uses the Arduino Uno R3 system 
as the main controller,which has 14 digital 
inputs/outputs of which there are 6 ports used as the 
PWM ports,6 analog inputs/outputs including port 
4(SDA) and port 5(SCL) which can achieve the 
communication of I2C and it also has 10 bits built-in A 
/ D.So it is able to meet the requirements of system 
design.  
C. Power supply and motor drive 

The motor must meet the performance requirements 
of the quad-rotor which haves a long time in 
high-speed,so generally people choose brushless DC 
motor (BLDC).Brushless motor could easily 
controlled via digital frequency control and it could 
speed up to 1~10000rad/s,besides it can save lots of 
power,have low noise and maintenance easily[4].The 
ESC is the driven devices used to drive BLDC which 
is applied to adjust the rotation of the motor according 
to the changes of the duty ratio of the PWM 
signal.And we select 3s lithiumiron battery for aircraft 
power supply which can export a 11.1V voltage. 

IV. THE MATHEMATICAL MODEL OF FOUR 

ROTORCRAFT 

A. Modeling   
There are four fixed-angle rotors which provide 

thrust on the four-rotor craft and they represent four 
power input and each input is generated by the 
corresponding propeller. Since the system only has 
four input and it has six output control state,the four 
rotor-craft is a under-drive system. 

In order to build the kinetic model of aircraft 
without the loss of generality,we make the following 
assumptions for four rotor aircraft:①The four-rotor 
aircraft is symmetrical rigid.②The origin of the 
inertial coordinate system E and the geometric center 
and the centroid of the aircraft are in the same position.
③The drag and gravity the four-rotor aircraft suffered 
are not affected by altitude and other factors and 
always remain unchanged.④The rally in all directions 
of the four-rotor aircraft is proportional to the square 
to the speed of the propeller.In order to let the 
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four-rotor aircraft fly to a fixed point in space from the 
ground,we establish transform matrix of direction 
cosine.We select the Cartesian coordinates of 
right-hand rule as the ground coordinate[5]. 
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Which q is the pitch angle along the pitching 
rotation of Ey-Pitch,j is yaw angle along the rotation 
of the direction of Ez-Yaw,f is the rotating angle 
along the rotation of the direction of Ex-Roll.The 
model of kinetic using the balance between the 
equations and moments and the model of Lagrangian 
simplifies approach can in the equations written as the 
follow: 
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In which g represents the acceleration due to gravity,m 

is the total mass of the aircraft, 321 ,, KKK are the 
resistance coefficient for the system.When in the 
low-speed the resistance is very small ,so we can 
neglect it.To operate conveniently we define the input 
which is shown in the following formula:  
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（3） 
In which U1 is the vertical force generated by four 
rotors,U2 is the pitching moment,U3 is the yawing 
moment,U4 is the rolling moment.Hi(i=1,2,3,4)is the 
thrust generated by the four rotors,Ii(i=1,2,3)is the 
moment inertia corresponding to each axis.And the 
Euler angels( )qjf ,,  of the aircraft is shown in the 
following equations[4]: 
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In which l  s the length of the radius of the stand of  

the aircraft,Ki(i=1,2,3)are the  resistance coefficient 
Four rotor system can be illustrated as the following 
picture after using the Newton-Euler model to model 
the aircraft[5].  

fqj

xyz

Fig.5 Block modeling of Four rotor-craft control system 
B.The state equations of system  

The simulation of the aircraft requires the transfer 
function of the whole system,and we had get the 
relationship between the input and output through the 
mathematical modeling of the four-rotor,so we 
suppose the form of the state equation as follow: 

⎩
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( )TUUUUU 4321 ,,,= is the input vector, 

( )TgzyxzyxX ,,,,,,,,,,,, jfqjfq= is the state 

vector, ( )TzyxY jqf ,,,,,= is the output vector,so 
we can get each equation of the state space obtained 
from the mathematical model[8]: 
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Taking the parameters of the aircraft into the above 
matrix and obtaining the transfer function 
corresponding with the state equation by using 
Matlab,we can get the simplified transfer function 
which is shown below: 
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V. ATTITUDE DATA PROCESSING AND SYSTEM 

CONTROL  

A.Filtering 
Because the quality of attitude data directly affects 

the accuracy of the control system,we use a 
combination of hardware and software solutions to 
achieve the posture data filtering.Hardware filtering 
uses MPU-6050 coming with a digital motion 
processor (DMP) which can receive and process the 
data from gyroscope and accelerometer,also the data 
after processing can be read directly from the DMP 
register.Besides the data is more stable than the data 
read out from the general accelerometer and 
gyroscope. 

In order to improve the reliability of data further , 
we use the software filtering to deal with the data. 
Kalman filter algorithm can accurately estimate the 
state of a dynamic system in a series of data affected 
by the noise.Kalman filter algorithm has the 
advantages of simple programming, and it can update 
and hand the data collected in the field in real 
time.Therefore Kalman filter algorithm can be used to 
get the right attitude angle by fusing the collected 
data,and thus it could be more conducive to control the 
aircraft. 

The specific implementation steps of Kalman filter 
algorithm are shown in the follwing flowchart. 

Reading the 
current 

gyroscope data 
‘u’

Updating state 
prediction of the 

system

Reading the 
accelerometer 
angle data ‘y’

Calculating the 
transformtion of 
measurement 

process

Calculating 
the 

covariance 
‘s’

Calculating the 
Kalmn gain

Updating the 
estimation of 
system state

Calculating the 
covariance of 

prediction error

Waiting sampling 
intervalv

 
Fig. 6 Flowchart of Kalman filter algorithm 

B.The control algorithms of attitude  
The control algorithm of the attitude of this system 

is PID control.PID controller is a linear controller,it is 
given by the value of r(t) and the actual output values 
y(t) to constitute the control error e(t),and then the 
deviation will be go through proportional(P),integral(I) 
and differential(D) to constitute the control amount u(t) 
to control the controlled object[7].The relationship 
between the output and the input of the controller can 
be described as the following equation: 
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In which the pK  is the scale factor, iT is the constant 

time of integral , dT is the constant time of differential. 
System control algorithm is based on angular 

velocity as the inner feedback and the angle as the 
outer feedback which builds the inner and outer nested 
control to achieve flight attitude adjustment.In the 
debugging experiment of the PID parameters, the PI 
controller is better than the PID controller.The block 
diagram of PID controller for posture is shown in 
Figure 7 . 

˜˜

 
Fig.7 PID Controller of attitude 

After the comparison of the desired angle and actual 
angle,the error will be processed by the controller and 
use it as an input of the inner loop,and then the output 
will be compared with the measured angular rate to 
obtain the final value which is conversed to the PWM 
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signal as control volume to control the motor 
speed.Stablizing the inner loop is the key factor to 
achieve the four-rotor flight fly stably. 

To achieve the control of the height of the aircraft, 
there are two ways namely rough control or accurate 
lock control.In the general flight ,there is no need to 
control height preciously, only need the four rotor is 
maintained at the set height. Figure 8 shows accurate 
one. 

˜ ˜ ˜

Fig.8 Precise PID Controller of height 
In the highly precise PID control system, the aircraft 

altitude, speed in the vertical direction and 

acceleration of Z-axis direction should be measured 
values. And the controller performs at acceleration rate 
of 100Hz, the rate controller performs at rate of 50Hz. 
While in general flight,there is no need to adopt highly 
precise control, only to make sure four rotor is 
maintained at the height of the set one, it is possible to 
use a simple control method shown in Fig.9 
 

˜

˜
˜

 
         Fig.9Simple PID Controller of height 

 

Ⅵ.SIMULINK SIMULATION OF MATLAB  

Using the motor transfer function 
1004.0

30
+s

and 

transfer functions of each channel from functions（5）、

（6）、（7）、（8）、（9）、（10), we can build the simulation 

system by Simulink,as figure 10 shows. 
By adjusting the parameters of PID and at the same 

time watching the figure of the step response of the 
system,we can adjust whether the PID parameters are 
proper and based on the simulation we can guide for 
the actual parameter tuning of PID.Figure 9 is the 
simulation results of the step response of the pitch 

channel,and the adjustment of PID parameters of 
others channels is totally same as the pitch channel. 
 

 
Fig.11The step response of pitch channel 

                                       
   Fig.10 Flow of signal-channel of PID control 

 
As it can be seen from Figure 10 that when the 

parameter values are more appropriate, the response 
time of the system is shorter, overshoot is lower and 
the delay time is shorter so that we ensure that the 
four-rotor aircraft can be able to reach the desire 
attitude quickly by the PID control when there are 
deviation between desired angle and the real angle. 

Ⅶ.EPILOGUE 

ON the basis of completing the hardware built of 

four rotor aircraft,my group used the Matlab 
simulation and field definition separately to adjust the 
parameters of PID so that we can achieve the 
combination of theory and practice to make four rotor 
smoothly fly in the sky.But due to the installation of 
hardware of the aircraft is unreasonable so it increases 
the disruption of the aircraft and then make the control 
of the craft become difficult.Besides,the theoretical of 
this study and the experimental results carried out of 
this article provide a valuable reference for the control 
of the four-rotor aircraft.  
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Abstract—At present, NUMIS Plus amplify the received signal by amplifier. But the existing technology of the amplifier 

collocation is by wire, which is more troublesome. Aim to the amplifier setting, this paper puts forward a improvement 

method. Using the matured ZigBee technology, which can realize the wireless transmission of the close and small amount of 

data, at the same time, it has self-organization function, so it can be able to complete the wireless collocation tasks. With the 

experimental verification, the realization of the wireless collocation of nuclear magnetic resonance amplifier solve the difficult 

situation of field wiring, effectively reduce the complexity of the experiment, and improve the efficiency of the measurement 

of nuclear magnetic resonance experiment. 

Keywords—Nuclear magnetic resonance; ZigBee; wireless transmission; remote monitoring and control; real-time 

communication 

 

I. INTRODUCTION 

TWO-DIMENSIONAL NMR instruments, there are 
multiple amplifiers, which configurating methods 
currently being used is the traditional RS485 
communication. NMR instruments often work in the 
field, so the terrain environment will have a huge 
impact on its work results. Aim to the configurating 
process for its amplifier magnification, by wire set in 
the wild environment becomes troublesome. Carry 
large amounts of lead is a relatively large burden, in 
addition, preparing a plurality of test instruments array 
display will make wiring more complicated. These 
will affect the efficiency of the experiment. 

In order to solve the above problems, this paper 
proposes the method of wireless communication 
configuration MRI amplifier magnification. More 
mature wireless communication with Bluetooth 
(Bluetooth), Wireless LAN 802.11 (WI-FI), infrared 
data transmission (IrDA) and ZigBee technologies, 
ZigBee technology is the easiest, and its short distance, 
low complexity, low power, low data rate and low cost 
to meet our requirements. 

ZigBee wireless data transmission by way of the 
two-dimensional nuclear magnetic resonance amplifier 
configured system can reduce the complexity of 
prototyping, while ensuring accuracy, speed, and 
safety control data transfer, you can save a lot of 

manpower and cost of experiments, has profound 
significance in the popularization of the 
two-dimensional nuclear magnetic resonance 
instrument. 

II. SYSTEM DESIGN 

Taking into account the features of the system, the 
rational design process, we put the structure of the 
system is divided into two parts, namely: ZigBee 
wireless communication part and Msp430 SCM 
conversion control section. Overall structure of the 
system was shown in Figure 1. 

Fig.1 The system structure drawing 

A．Wireless communication section 
Based on the safety of the ZigBee specification, the 
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application layer protocol, network layer, the media 
access control layer and the physical layer for simple 
analysis, for ZigBee wireless sensor network 
formation processes, assign address mode and 
architecture planning, the use of common the ZigBee 
protocol to achieve data transmission. 

Passthrough module main chip CC2530, will be on 
a two-dimensional nuclear magnetic resonance 
amplifier configuration data transmitted via the serial 
ZigBee wireless communication module, and then the 
data is automatically sent out by radio, and in 
accordance with pre-configured network structure, and 
the destination node in the network to send and 
receive communications, ZigBee wireless acquisition 
unit will perform data validation, data is correct as that 
sent by the MSP430 microcontroller serial. 
B. MSP430 conversion and control section 

MSP430 microcontroller major role in the system is 
receiving a signal from a hexadecimal string ZigBee 
wireless data acquisition units, and the interception of 
a specific converted into binary data, and then outputs 
the I/O port, to achieve magnification control. 

The microcontroller has another role that is read the 
amplifier interface level value, converted to the 
corresponding binary number. This data collection 
through ZigBee module sends back to the computer 
terminal, to compare the actual result is consistent 
with the data set, if it is consistent with what you set, 
you complete the configuration consistent, otherwise 
reconfigured. 

III. HARDWARE DESIGN 

Two dimensional NMR amplifier configuration of 
wireless device based on ZigBee is composed of a 
wireless communication unit and a wireless data 
acquisition unit. When the equipment is running, the 
first computer to carry on the parameter to control 
ZigBee wireless communication module, the one 
ZigBee wireless communication module and N 
wireless acquisition module configured successfully 
return confirmation message to the computer. ZigBee 
wireless communication modules to the wireless 
acquisition module sends control information through 
the electromagnetic wave, ZigBee wireless data 
acquisition unit will control the information received 
successfully after processing through the control line 

is transmitted to the controller of 2D NMR amplifier 
corresponding; after the completion of the overall 
configuration, can the actual magnification of 
two-dimensional nuclear magnetic resonance amplifier 
wirelessly transmitted back to the host computer for 
easy verification. 
A. Power Modules 

The use of lithium for the module power supply, the 
battery storage capacity, and low-power ZigBee 
modules, lithium batteries can provide energy for a 
long time, working long hours to meet the 
requirements. Lithium battery is small, compact 
design of the device has a great supporting role, based 
lithium battery-powered device is easy to replace, in 
accordance with the principle of data transmission 
distance and power level close, when you need to 
adjust the data transmission distance, just switch to a 
different power lithium battery, the circuit does not 
need a lot of changes, so to avoid wasting help save 
costs, product market promotion has far-reaching 
significance. 
B. Wireless communications unit 

The wireless communication unit is composed of a 
computer connected ZigBee wireless communication 
modules via USB. First of all, enter the computer 
through the man-machine interface to be configured 
magnification, and through the serial port to send out; 
ZigBee wireless communication module use the 
call mode to send wireless signals. 
C. Wireless acquisition unit 

Wireless data acquisition unit is composed of N 
ZigBee wireless acquisition module through the 
control line are respectively connected with the N chip 
MSP430 connection. 

ZigBee wireless acquisition module named 
receiving wireless signals from the wireless 
communication unit, and then give the corresponding 
MSP430 microcontroller through the control line 
transmitting, MSP430 MCU automatic intercept 
program requires one digit conversion into the 
corresponding binary control signal, through the 
control line is transmitted to the NMR amplifier 
controller, so as to configure amplification. After the 
amplifier to work, MSP430 MCU receives the value 
of the amplifier interface level, after analyzing the 
data, the binary number is the actual magnification 
returns to the ZigBee wireless data acquisition module, 
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through wireless transmission to the actual 
magnification returned to the computer, the display on 
the screen, compared to data with the original settings, 
if inconsistency to resend a signal, if the before and 
after data consistency, then complete the configuration 
process. MCU and NMR amplifier hardware 
connection diagram shown in figure 2. 

Fig.2 Microcontroller and nuclear magnetic resonance (NMR) 

amplifier hardware connection diagram 

D. ZigBee data transmission 
Computer needs to send data to the rational 

allocation of two-dimensional NMR amplifiers, data is 
sent to the controller is the controller configuration 
NMR nuclear magnetic amplifier with parameters 
such as harmonic capacitance and magnification. In 
the ZigBee network, only devices added to the 
network, it can transmit data, first of all, according to 
the form of frames specified in the agreement to build 
the frame data, the frame data includes frame head, 
frame contents; frame head includes frame type, 
source address, destination address, PAN, 
CLUSTERID other information, a frame constructed 
well, and then calls the primitive MAC layer, the 
results MCPS-DATA.request, will be received by 
MCPS-DATA.confirm; ZigBee control device may 
receive data, must first enable the receiving, in the 
coordinator or router, as long as it does not send data 
equipment can be in the receiving state, for end device, 
calling NLME-SYNC.request primitive, the network 
layer, call MLME-POLL.request primitive, to view 
the parent node is temporary data, to be sent to the 
node, if there will be enabled to receive. 

Ⅳ. SOFTWARE DESIGN 

The system used CC2530 and MSP430 single chip 
microcomputer for data processing, using C language 
development on the part of the software, the software 
has good readability, portability features etc. The 
whole system procedure uses the modular design way 
of subroutine calls, each subroutine block design is 
relatively independent, easy to modify and adjust. 

Program flow shown in figure 3. 

  

Fig.3 Program flow chart 

Ⅴ.  TEST RESULTS 

When tested using three test temporary wireless 
acquisition unit. Display and transmit the serial 
number of the software is set up by the software 
VB6.0 development to use with this device to match 
the amplifier parameters. First prepare the test 
equipment to ensure the success of ZigBee transceiver 
module handshake. Set transmitted string is "579", 
which provided first amplifier 5 times magnification, 
magnification II amplifier is 7 times, magnification III 
amplifier is 9 times. Start running wireless 
transmission device and click the send button. Then 
the computer to receive return data is "579", and set up 
data consistency, that the test is successful. The test 
result is shown in figure 4. 
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Three Dimension Imaging for Results of TEM 
Interpretation Based on MATLAB 

 
Lu Tao, Wang Xue, Wang Ziyun 

（College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130012,China） 
 
Abstract—To show the geo-electric structure more briefly, the authors use 3D imaging method to rebuild the 2D data which is 
tested by TEM into 3D data, and use MATLAB to display the 3D images. At the same time, a Graphical User Interface is 
designed to show 3D images and related parameter values. We can change viewing angles to know all the details of the whole 
image. Furthermore, it can show section image along x or y or z axis. 
Keywords—Transient Electromagnetic Method; 3D Imaging; Graphical User Interface 
 

I. INTRODUCTION 

CHINA has the world’s most complex hydro and 
geological condition of coal mine. Water disaster is the 
second catastrophic accident of mine which is only 
second to gas disaster. TEM, short for transient 
electromagnetic method, is the most prominent 
geophysical technique in searching mineral resources 
and hydrological exploration. The method sensitively 
reacts to hydrous anomalies in detecting areas. It has 
advantages such as small volume effect, high working 
efficiency and low cost. Therefore, an appropriate 
method should be found out to display the results so 
that people can understand the geo-electric structure 
more clearly and intuitively.   

By now, one-dimension and two-dimension display 
methods have been used to show the interpreted results 
of TEM, but geo-electric structure can’t be showed 
intuitively. In order to show the structure’s three- 
dimensional manner, the three-dimensional imaging 
method can be employed. 

II. BRIEF INTRODUCTION OF TEM PRINCIPLE 

TEM, short for transient electromagnetic method, is 
also called time domain electromagnetic method. It’s a 
detection method based on electrical differences to find 
low resistivity target and study geo-electric structure 
from shallow to middle. The measuring device of TEM 
consists of transmitter loop and receive loop. The 
entire work process is divided into three parts 
including transmitting, electro-magnetic inducting and 
receiving. The working principle is showed in Figure 1. 
The basic principle is the Electromagnetic Induction 
Law. The working method is using ungrounded loop to 
send a pulsed magnetic field to the underground. 
During the intermission of pulsed magnetic field, use 
receiving loop to observe the secondary vortex field, 

and then observe the new secondary magnetic field 
generated by the vortex field. The secondary magnetic 
field is induced by the induced current of underground 
conductive geological bodies. By analyzing the time 
and space distribution of secondary magnetic field, we 
can get information about the geological bodies, then 
resulting in the relevant physical parameters to 
determine the geo-electric structure from shallow to 
middle. 

 
Fig.1 Working principle of TEM 

III. THE PRINCIPLE OF TEM DIMENSIONAL IMAGING 

Powerful plotting function is one of the 
characteristics of MATLAB. As MATLAB provides a 
range of plotting functions, users do not need to think 
much about the details of the drawing. Users just need 
to give some basic parameters to get a desired pattern, 
and such kind of functions is called high-level plotting 
functions. In addition, MATLAB provides the 
capability to directly operate on the low-level graphics 
plotting. The operation treats each graphic element 
(such as axes, curves, text, etc.) as an independent 
object. The system assigns a handle for each object, so 
we can operate the graphical elements by the handle 
without affecting the other sections. Above all, 
MATLAB is very suitable for TEM 3D display. 
A．Reconstruction of the 3D Model 
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Three-dimensional map is the display of subsurface 
resistivity distribution, showing different resistivity 
with different colors. Data that obtained by the 
transient electromagnetic method is two-dimensional 
data, in order to get the visual display of the 
geo-electric model, we need to reconstruct the 
two-dimensional data (including x-axis probe length, 
z-axis probing depth and apparent resistivity values) 
into three-dimensional data, and finally get the 
three-dimensional map. To achieve the goal of 
visualizing the transient electromagnetic data of 3D, 
the acquired data should be organized firstly, and then 
converted into scatter data on the three-dimensional 
coordinates, and converted to the corresponding 
three-dimensional matrix at the meanwhile. Then, use 
program to select the resistivity range that we need to 
display, and then use MATLAB to interpolate the 
three-dimensional array. Use PATCH and 
ISOSURFACE functions of MATALAB to draw the 
equivalent resistivity distribution points together as an 
isosurface, and modify the coordinates, finally the 
three-dimensional model is finally constructed.  

MATLAB also provides rotation function, makes it 
better to show the location and extent of the conductor, 
and provides convenience for studying the distribution 
of the conductor from different angles. 

The main steps of three-dimensional reconstruction 
can be divided into four parts: extracting database, 
converting a three-dimensional matrix, 
three-dimensional reconstruction and display, 
post-processing. 

1) Extracting database: By importing the database 
which is acquired and analyzing the capacity and type 
of the data, make the data available to the program. 

2) Converting a three-dimensional matrix: Since the 
data is a list, each position corresponding to a 
numerical value. It is needed to integrate the 
three-dimensional data into the four data matrix (x, y, z, 
u) according to the actual situation of the measurement 
system. 

3) Three-dimensional reconstruction and display: 
Use the three-dimensional imaging algorithm of 
MATLAB, link the equivalent points in the 
three-dimensional matrix together, optimize it with 
interpolation, make it available to plot as geometric 
elements and finally display it. 

4) Post-processing: Color and add light to the 
three-dimensional images as that of the 
two-dimensional apparent resistivity images. Optimize 
the imaging results, and then get the image data that 
would be used in the later interpretation of TEM data. 

B．Schematic of the Program  

Figure 2 shows the principle of 3D imaging 

program. 

 
Fig.2 Principle of 3D imaging program 

To provide convenience for the further studying of 
underground electrical conductivity, three-dimensional 
image should be mapped from the interior. The 
three-dimensional data of position can be obtained by 
the program, choose a section within the area freely to 
show its section image, then the image will show a 
two-dimensional function like C = f (x, y), C = f (x, z), 
or C = f (y, z). Use the contourf function built-in 
MATLAB to plot the contour line and the whole image. 
In the picture, X and Y axis represent different 
positions and different colors represent the different 
resistivity. 

Figure 3 shows the principle of section program. 

 
Fig.3 Principle of section program 

C. The Three-dimensional Image 
The following two figures are drawn by using 

MATLAB TEM data graph. Figure 4 is a 
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two-dimensional section image, and Figure 5 is a 
three-dimensional distribution diagram. 

 
 Fig.4 2D section image   
 

 
Fig.5 3D distribution 

Both of the two figures can reflect the changes of the 
apparent resistivity in shallow formation, but the 
two-dimensional section image is just a cross-sectional 
diagram, which just contains the geological 
information of a plane with a fixed depth. While using 
the three-dimensional imaging method we can get a 
three-dimensional image and can obtain the geological 
information of different depths. Comparing the two 
pictures, the three-dimensional distribution has much 
richer contents, more intuitive display and more 
comprehensive explanation than the two-dimensional 
section image. 

IV. GUI DESIGN 

Graphical user interface is shortly called GUI. With 
the help of the excellent symbolic computation, 
numerical computing, graphics and GUIDE editor of 
MATLAB, people can design a simple and intuitive 
GUI that can be easily controlled. Data processing and 
image displaying and other functions can be achieved 
in the interface. GUI provides a friendly man-machine 
interaction platform, achieves the goal of graph 
visualization. This study does exactly use graph 

visualization and GUI design function of MATLAB to 
design the user interface.  

A．Interface Design 

The design idea is to create a new graphic interface, 
and then add the controls on the GUIDE interface, and 
finally add the program codes of the controls for 
handling data and displaying graphics. Drag the button 
directly on the GUIDE interface, the button’s function 
is to open the file. Use uigetfile function to pop-up the 
window, select the file. Get file’s path name and file 
name, use fullfile function to integrate path and load 
data. Global variationizing the data and apply it to 
various drawing functions. Image operation buttons are 
designed to have the functions as mitigation, 
amplification, lighting, 3D displaying and reversing, 
which can be carried out directly to display the image. 
The overall menu structure is showed on Figure 6. 

 
Fig.6 Menu editor 

Two things should be noticed in the designing 
process: One is to reasonably arrange the layout of all 
the controls, make the interface simple and elegant, 
and have a clear structure. The other is to program the 
corresponding callback function for different controls 
and menus, make sure that the interface can achieve 
the variety functions we need. 

B．Software Debugging 

The interface can display the three- dimensional 
image while the program running, the effect is shown 
in Figure 7. After the addition of light, the effect of the 
three-dimensional image is shown in Figure 8. By 
comparing the two figures, we can evidently find out 
that Figure 8 has a stronger sense of hierarchy, and the 
effect is much better than Figure 7.  
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Fig.7 3D image 

 
Fig.8 3D image after adding light 

In addition, we can get the display of the section 
image from three directions by selecting the controls 
on the menu. Figure 9 shows the section image along 
the x-axis direction. And it is possible to select the 
detailed coordinate position to only 1 meter for 
observing. 

 
Fig.9 Section image along x-axis 

V. CONCLUSION 

Using MATLAB to obtain the three-dimension 
image is feasible and has good application effect. 
Interpretation by three-dimension imaging method for 
apparent resistivity is more intuitive and more 
comprehensive than the two-dimension contour 
imaging. It can also outline the overall structure of 
the geological body better, and decide the location 

and extent of mineral and groundwater resources. In 
the use of three-dimension imaging for geological 
data interpretation, we can also use technique of 
section to slice up the three-dimension image in 
different directions to get a more detailed 
understanding of the varieties of the configurations of 
the detecting surface. Although the most widely used 
method for detecting transient electromagnetic is still 
in one-dimension stage, the three-dimension detecting 
and interpreting method has started to come into use. 
With the continued perfection of the three-dimension 
forward and inverse theory, the three-dimension 
imaging will also be continued perfected. The 
three-dimension interpretation of TEM will be more 
and more widely used and developed. 
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Abstract—In order to control the plane positioning system movement, the system adopts STC89C52 MCU as the core 

controller, the motion state of the motor control, use the L298 module as the motor driving device, is used in the design of 

two-phase four wire stepper motor, display is used LCD12864 liquid crystal display, and the use of photoelectric sensor to 

realize tracing movement. The design also can accurately realize the coordinate and circular motion, and real-time display 

coordinates function. In the range of 80cm * 100cm, the known coordinates where the brush, using triangular relationship to 

calculate the brush at both ends of the rope length, this time as long as the known destination, similarly to calculate the value 

of telescopic two ropes, and then control the motor positive rotation, inversion. After the actual test, basic part and play a 

part of the error is not more than 1cm, in the range of allowable error, can meet the system requirements. 

Key words—The plane position  stepper motor subdivision  polar coordinate  calculation error analysis 
 

0 FOREWORD 

AT present, the plane positioning system has been 
widely used in many industry at home and 
abroad.With the development of the society, people 
put forward more requirements on the plane 
positioning system. At home and abroad there are 
hundreds of companies involved in the field of plane 
positioning system, mainly in the micro controller and 
the motor as the core, make full use of the principle of 
automatic control. Therefore, industrial production 
and daily life in many automation plane positioning 
system, more and more intelligent, characteristics of 
lower carbonization, higher efficiency. In China, most 
companies in the agent or the construction side of the 
stage, does not have its own brand, few companies 
have research and development capabilities, but the 
varieties of product, function, stability is single, and 
reliability is not high. Some foreign companies 
development earlier in this field, especially in Europe 
and the United States, while imports of multiple 
functions, stable performance,  the price is too 
expensive. 

1 DEVICE CHOICE 

First of all, stepper motor step distance is small, 
maintain torque, braking ability, when the loadis the 

most important to achieve accurate motion brush. In 
addition, the stepper motor control is simple, only 
need to input the number of pulses corresponding. But 
the drawback is the large power consumption, when 
turning motion. The most important place of this 
system is the precise motion control brush, 
requirements and the rotation of the motor to reach a 
certain accuracy, and can be used in the vibration 
motor subdivision control.In addition, the stepper 
motor control is simple, just enter the corresponding 
pulse number.But its drawback is that power 
consumption is larger, rotational vibration.This system 
is the most important place in the precision motion 
control brush, require motor rotation to achieve a 
certain accuracy, control the vibration of the motor 
can be used, in addition, the stepper motor price is low, 
the cumulative error is small, so, consider the factors, 
the design adopts two phase four-wire type stepping 
motor. 

Then choose THB6128 stepper motor drive 
segmentation module.System is used in the two-phase 
motor, step torque Angle is 1.8° , precision to meet the 
requirements.THB6128 module has 128 times the 
maximum segmentation, namely minimum step torque 
Angle is 0.014 °, motor running smoothly, little 
vibration, small errors.Considering the complete 
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design is one of the most important precision 
requirement, so choose THB6128 stepper motor driver 
module segment.Finally using photoelectric tracing 
module testing black line.Panel on the black line was 
lower than those of surrounding light color 
background reflectivity, by comparing the light of the 
received signal strength can know in front of the black 
line, thus adjust the route, tracing function. 

2 SYSTEM DESIGN 

System is mainly divided into two parts, control and 
execution.Control terminal use STC89C52 MCU as 
the core controller, the relative motion of the end use 
motor brush achieve. First, use the keyboard to the 
selected mode of motion and set the current coordinate 
systemof the Communist Party of China, there are four 
kinds of motion, were custom motion, circular motion, 
coordinate and tracking.If selected custom movement, 
the brush automatically run the distance of more than 
100 cm.If the selected coordinate movement, set target 
after began to exercise.If selected tracing movement, 
the brush should be placed in the starting position of 
the black line, and then began to run, tracing is 
completed, the system stops running. 

3 DATA ANALYSIS 

1. Coordinate motion analysis 
  Set the lower left corner coordinates (0, 0).First set 
brush location coordinates for (x0, y0), are the two 
right triangle, the right triangle trilateral relationship 
can get the following formula: 
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So can calculate the cord length respectively a0, 
b0.After the movement for the coordinates of (x1, y1), 
the same method to calculate the cord length of a1, b1 
respectively.So, if you want to complete the target 
motion, the left side of the rope need to shrink the 

）（ 00 ba -  cm, on the right side of the rope will 

contration ）（ 00 ba -  cm.After determining the 

difference, can control the motor rotation 
corresponding laps. In addition, through the actual test, 

motor coil 0.45 per rotation, corresponding shrinkage 

or rope elongation 1 cm, so the 45.0ba 00 ·- ）（

circle on the left side of the motor, motor reverse 

45.0ba 00 ·- ）（ circle on the right side. 

2. Tracking motion analysis 
  Using three photoelectric tube tests for detecting the 
black placed side by side.Known for detecting tube 
output for the low level to the black line.If the output 
low level O1, O2, O3, output level is motor A and B at 
the same time reversal (contraction), every time A 
given eight pulse.If O1, O2 output low level, O3, 
output level off track to the right, the motor A reversal, 
the motor forward B.If O1, O2, O3 output low level, 
the output level show left off track, the motor is A turn, 
the motor reverse B.Judge three output state, keeps the 
tracing module is always follow the black line. 

In addition, as shown in figure 6 shows the 
trajectory have breakpoints, three at A breakpoint on 
tube, output level does not meet the above any state, 
so to increase control is: when the O1, O2, O3 output 
are high electricity at ordinary times, eight pulse 
motor A and B at the same time reversal, and then in 
the above three output state, final movement.Because 
of the problems in a total of two breakpoint, so the 
number of identification ofbreakpoints, then don't 
go the third of breakpoint, that the completion of 
tracing moving, then stop working. 

4 CIRCUIT DESIGN 

  Hardware circuit part is divided into three aspects, 
only MCU minimum system (including liquid crystal 
display), motor drive and photoelectric tracking 
module in the pipe. 
1. Display circuit 
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Fig.1  Display circuit 

This system adopts the STC89C52 MCU as the core 
controller, minimum system including reset circuit and 
the resonance circuit.System for the first time when 
the power is on, the +5V to charge the 
capacitor through thecapacitor, so at this time is 
equivalent to short-circuit, +5V added directly to the 
RST foot,MCU automatic reset. After a short time, the 
capacitor charging is completed, this capacitor 
is equivalent to open, so the RST pin is resistance to 
low R113, MCU begin to work. When the reset key is 
pressed, +5V through the keys to the RST foot, MCU 
rest, then the reset button pop-up, RST feet again 
by R113 to low, MCU begin work. 
2. The drive circuit 

 
Fig.2  Drive circuit 

Drive module part using the composition L298, 
buck circuit using 7805 buck chip, 12V power into 5V 
using other circuit, circuit capacitance to filtering and 
voltage stabilizing effect, make the power supply work 
stable decompression after. In addition, drive 8 diode 
circuit used to protect, even if the output voltage is 
limited within 12V, 4 light emitting diodes can 
real-time display of the windings of the motor working 
state, timing control for motor. 
3. Photoelectric tube circuit 

 

Fig.3  The photoelectric pair transistor circuit 

The photoelectric pair tubes according to different 
output level of reflection intensity of different, when 
in its detection range with black line (track), the output 
low, when no black line, output high level. This design 
used a total of three parallel photoelectric pair tubes 
used for tracking, should keep the middle of tube 
output low level tracing process, on both sides of the 
tube output high, once there is a low level output, then 
the control the other side of the motor movement, until 
the side of the tube output low level, and then make 
the other sidemotor. 

5 THE SOFTWARE PROCESS 

Firstly,by the keyboard input current coordinates, to 
determine the current cable length,and then select the 
motion state. When choosing custom movement, 
software has the presettarget coordinates, then the 
equivalent of two ends of the rope length changes 
known when A,B, motor rotation corresponding 
distance can complete the objective. choice of the 
coordinatemotion, motion principle with the same 
custom motion. selection of circular motion, only need 
to be placed in the right side of the circumference of 
the brush, determine you can start theexercise, using 
polar coordinates and the adjacent two comparison can 
complete predetermined motion, because the design is 
in circumference and 360 points for movement, so go 
the full 360 automatic stop. if you choose tracing 
movement, is constantly judging three photoelectric 
on the output state of the tubes, and the corresponding 
implementation of motor control, complete search 
moving trace.The software flow chart as shown in 
Figure 4. 
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Fig.4  Software system flow chart 

6 TEST RESULTS 

The range of motion of the known brushes in 
80cm * 100cm on the drawing board. A drawing 
board for a two-dimensional coordinate system,as 
shown in figure 5: 

 

Fig.5  Interface of moion 

According to the actual movement of the 
system interface diagram structures, allowing the 
system to draw a circle of radius 30cm and length of 
60cm motion of an equilateral triangle(linear) 

motion, the corresponding test results are shown in 
table 1. 

Table 1 Test reselts table 

 1 2 3 4 5 6 7 8 9
1

0

Aver

age 

Circ

le 

moti

on 

Max

error/

mm 
9

1

1
8 7 2 7 8 

1

3 
6 7 7.8 

Line

ar 

moti

on 

Max

error/

mm 
7 6 8 6 7 8 6 7 9 5 6.9 

From the table shows, test track and the standard 
graphic maximum deviation of not more than 10mm, 
and the graphics rendering accurate, fully meet the 
requirements of title. 

7 CONCLUSION 

The practical test shows that the design of the plane 
positioning system to meet the requirements, can 
realize the control of stepping motor fine and moving 
process of the choice of the control algorithm, the 
precise realization of coordinate motion and circular 
motion, the actual error range is less than the preset 
error range. The small error range, high stability of the 
system, are of great help and influence the subsequent 
development of accurate calculation and function 
extension of study plane positioning system. 

Reference 

[1] Wang .The MCU control of the motor [M].Beijing: 

Beijing aviation navigation publisher, 2002. 

[2] John wong.The design of drive circuit and 

application [M].Beijing: electronic industry press, 

2005. 

[3] zhi-an li.MCU control theory [M].Beijing: 

electronic industry press, 1996. 



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2015 

52 
 

[4] Sun and Ann.Stepping driving system [M].Beijing: 

Beijing university of aeronautics and astronautics 

press, 2002. 

[5] Wang Xiaomin The C program of the motor 

control [M].Beijing: mechanical industry 

publishing house, 2002. 

[6] HuoYingHui .Stepper motor microcomputer and 

MCUcontrol [M].Beijing: Beijing university of 

aeronautics and astronautics press, 2000. 
 

 



Xin LI etc.: Resonance Detection of Inductance Measuring Instrument 

53 
 

 

Resonance Detection of Inductance Measuring 
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Abstract—The project focuses on the frontier issues of the in-service use of the nuclear magnetic resonance instrument, 

which include the inductance measurement inaccuracies caused by resonance signal difficult to get the best in the actual 

application process. Based on the series resonance optimum resonance point current maximum principle, we designed sweep 

inductors measuring instruments. Commodities sweep signal generator generates a square wave signal goes through the drive 

plate and the IGBT with harmonic capacitance all add to the inductor coil; and use Hall current sensor frequency signal 

acquisition out the maximum current and the maximum current generated time signal source, we use these to accurately 

calculate the inductance value, then use this method to design a sweep -type inductance meter to match the water detector, in 

order to get the best resonance nuclear magnetic resonance signal. 

Keywords—resonant; inductance measurement; frequency sweep; current 

 

INTRODUCTION  

NUCLEAR magnetic resonance water in the process of 
the work in the field is based on the resonant circuit of 
the basic theory, if the instrument does not work in the 
best resonant point, can’t get the best nuclear magnetic 
resonance cetection signal. Therefore, the research 
purpose of this project is using frequency sweep 
method to determine the best resonant inductance of 
instrument transmitter coil, in order to offer help to 
obtain more ideal find water signal of nuclear magnetic 
resonance. For this, we design a kind of frequency 
sweep type inductance measuring instrument to match 
the water meter, in order to obtain the best find water 
signal. 

1 THE OVERALL DESIGN 

This design is mainly to use the principle of LC 
series resonance circuit to measure the values of the 
measured inductance,  As shown in figure 1, the 
overall design include power supply module, DDS 
frequency sweep signal producing module, IGBT driver 
module, IGBT bridge circuit module, the inductance 
coil being measured, with the harmonic capacitance. 
Signal part use software programming to  control 
AD9850 chip to get two sweep frequency square wave 
signal  whose phase is different of 180 degrees, at the 

same time, the host send the real-time frequency values 
to the machine of the current sampling circuit. The 
circuit driver part use H bridge circuit technology, in 
order to protect the security of the bridge circuit, two 
control signals of bridge road need a dead band time 
about a dozen microseconds. Therefore, we us CPLD 
technology to get dead time, 
through the drive circuit, signal is on the inductance 
coil, when the circuit is in the biggest point of 
resonance, the machine get the frequency values at the 
moment from host, note the frequency f at the moment, 
the inductance L and frequency F satisfy the following 
relations: 

LC
f

p2
1

=
 

Through this formula to calculate the inductance value 
and display. Figure1 is the overall design diagram for 
the inductance measuring instrument. 

 
Fig.1 Overall design of instrument diagram 

2 DESIGN AND IMPLEMENTATION  
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2.1 The hardware design 
2.1.1 H -Bridge Road Based on IGBT 
  Frequency sweep signal emission circuit is based on 
switch inverter technology, the core is the series 
resonance circuit united of harmonic distribution 
capacitance and inductance coil. H bridge composed of 
IGBT switch the single polarity power to the acsquare 
wave, add the both sides of the resonance circuit, and 
form a sinusoidal current in the coil. 

When frequency sweep signal is in resonance the 
voltage is very big, at the same time the operating 
frequency is between 1 kHz and 3 kHz, so the bridge 
road power devices should be high power, can realize 
fast switching. 

IGBT is the third generation advanced power 
module, the working frequency is 1 ~ 20 KHZ, mainly 
used in main circuit of inverter and all the inverter 
circuits, the DC/AC transformation. The single cell 
voltage can be up to 4.0 (PT) ~ 6.5 kV (NPT), current 
can reach 1.5 kA, it is the ideal power module. Its 
characteristic is with voltage control, control circuit is 
simple, small switch loss, on and off fast and has large 
capacity of components, etc. 

 
Fig.2 H-bridge circuit composed of IGBT 

Figure 2 is the launch loop circuit diagram based on 
the of IGBT full bridge. Vdc is the input voltage of 
bridge road，Q1 ~ Q4 formed H-Bridge Road, WA, WB 
are bridge control signals, L1 is the inductance coil, C1 
is the chime capacitor, C2 is the filtering capacitors, R1 
is the resistance, D1 ~ D4 are diodes reversed 
absorption of IGBT. 
2.1.2 The driving circuit for IGBT 

Drive circuit use the TX - DA962D driver board, its 

characteristics are: 1. Each output current can reach 6A, 
can drive IGBT bellow 300A/1700V. 2. Specially 
designed output socket, each unit can drive a IGBT, 
also can drive two parallel IGBT.  3. Protection alarm 
output section and other section is power isolate. Users 
can flexible disposal, every road has failure indicator.  
4. Every two unit comes with a separate DC/DC 
auxiliary power. The isolation of each unit is good. 
Users only need to provide an independent 15 v drive 
power.  5. Supporting for multiple input signal level, 
uniformed output control.  6. The input power supply 
polarity protection. 
2.1.3 Current acquisition and  AD conversion design 

The part of current acquisition selects large current 
hall sensor. The corresponding characteristic and 
accuracy of Hall element type current sensor are very 
good, and it is suitable for long time measurement. 
Therefore, current sampling circuit can use the 
advantage of the current hall sensor to switch the large 
current signal to small current signal, then get the small 
current signal through the acquisition and processing 
circuit. 

AD conversion part selects MAX197 data collection 
chip ,which has  the multi-range, 8 channel, and 12 bit. 
A/D conversion circuit which makes MAX197 as the 
core has characteristics such as simple peripheral 
circuit, good compatibility with parallel processor, 
sequential control is easy to understand. And its  
conversion time is very short, it has high reliability and 
cost-effective, it is simple to program, and it is more 
suitable for data acquisition that need real-time large 
amount and use of high-speed A/D conversion.  
2.2 Software design 

Software design refers to write programmings for 
two pieces of STC89C51 microcontroller, that the host 
and  machine. Microcontroller use C language to write 
in keil4 compilation environment. This instrument 
software system can be divided into two parts, one part 
is the frequency sweep signal generator based on 
AD9850, the other part is for signal acquisition circuit. 
2.2.1 Sweep frequency part 

This part is to write the frequency control words in 
AD9850 by STC89C52 single-chip computer, make it 
produce the corresponding frequency signal, realize the 
function of frequency scanning through time delay and 
loop statement by the software, then output two 
frequency sweep square wave signal whose phase is 
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defferent of 180 degrees from AD9850, after the xor 
logic of CPLD produce the bridge road control signal. 
In addition, the host use the serial port technology to 
send the frequency values real-time to the machine, 
machine get the frequency values and calculate the 
inductance.  
2.2.2 Software design of the current acquisition part  

Current acquisition part is mainly composed of 
STC89C52 single-chip microcomputer, the hall current 
sensor and 12 high speed AD chip MAX197 and 
peripheral circuit. First of all, the controller detect 
whether there is a serial port signals, if there is data 
come into the receiving data subroutine. In this 
subroutine, A/D began to collect the current and 
translate into voltage value, And then compared with 
the previous voltage value. If the former is greater than 
the latter, then keep the frequency of the former; 
Otherwise, keep the frequency of latter. By analogy, at 
the end of the sweep, will get the frequency values 
Fremax corresponds to maximum current value. Last 
calculate the inductance value. 

3 ANALYSIS OF TEST RESULTS 

3.1 The waveform of output results 
Figure 3 is the measured voltage waveform of launch 

circuit. 

 
Fig.3 both sides of load waveform 

3.2 Analysis of acquisition output results 
For the convenience of test, provide an input voltage 

of 15V to H-bridge circuit, the measuring standard 
inductance coil used is 935.34μH,the resonance 
frequency should be 2.60254 kHz through the 
theoretical calculation. Considering the sweep 
frequency precision, here take 2.602 kHz,  frequency 
sweep range is 1 KHz ~ 3 KHz, record hall sensor 
output voltage and the corresponding frequency values 

as shown in table 1. 
Table 1 The output voltage and the corresponding frequency 

The output 

voltage of 

hall sensor 

Sweep frequency note 

33.2mV 1000Hz  

41.1mV 1500Hz  

55.7mV 2000Hz  

61.7mV 2550Hz The measured 

resonance point 

60.5mV 2602Hz Resonance point 

of theory  

60.6mV 2650Hz  

58.4mV 2800Hz  

54.8mV 2900Hz  

57.5mV 3000Hz  

4. CONCLUSION 

Through a series of design and debugging , we 
completed the anticipated target of the realization of 
inductance measurement, signal generator generate 
signals and realize the function of frequency sweep, 
And realize the driver of signal, collecting of AD and 
display, it is efficient and quick, convenient and 
practical, have certain practical value. In the future 
work, we will use serial communication to realize the 
remote display and control of the upper machine, and 
complete the modularization and integration of signal 
acquisition, so make the function of this inductance 
measuring instrument further perfect.  

Reference 

[1] Lin Jun, Duan Qingming, Wang Yingji. {M}The principle 

and application of nuclear magnetic resonance 

spectrometer.Science Press, 2011.1：45-62 

[2] Zhang Xiaohua,Lin Jun,Wang Yingji,Sun Feng.2006. The 

research and production of nuclear magnetic resonance 

(NMR)water meter transmitter. Chinese Journal of scientific 

instrument,27(7)：689-692 

[3] Zou Yizheng. Digital inductance measuring instrument[J] 

Electronic production. In 2004 01 period 

[4] Kang Huaguang. Analog Electronic Technology. Beijing: 



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2015 

56 
 

Higher Education Press,2002  

[5] ZhangJianzhong,SunCunpu.1996.Magnetic resonance 

Tutorial.Hefei: University of Science & Technology China 

press 

[6] Wang Lixin. Design of a new digital inductance measuring 

instrument[J].Chinese Journal of scientific instrument, 

2001,S2:113-114. 

[7] He Qiao, Duan Qingming, Qiu Chunling. Principle and 

application of single chip microcomputer[M].Beijing: 

China Railway Press, 2004.3 

[8] RongLiangliang, WangZhongxing, LinJun, DuanQingming, 

Shang Xinlei. Factor analysis of waveform 

quality assessment and effects of nuclear magnetic 

resonanceemission. Chinese Journal of scientific instrument, 

31（2）：442-448 

 



Feng Tengfei etc.: Design of virtual correlation filter nuclear magnetic resonance sounding signal 

57 
 

 

Design of virtual correlation filter nuclear 
magnetic resonance sounding signal 

 

Feng Tengfei, Pan Lei, Zhang Bo 

(School of Instrument Science and electrical engineering, Jilin University, Changchun 130001) 
 

Abstract—The receiving sensitivity of magnetic resonance water detector is high, the MRS signal received (NV level) is very 
weak,  interference of electromagnetic noise is random noise , power line noise environment, thus affecting the extraction of 
MRS signal is effective,resulting in lower accuracy of subsequent inversion and interpretation. Aiming at this problem, on the 
basis of random noise, power line noise autocorrelation function characteristic, put forward the related detection 
methods based on the development of suitable for filter designfor MRS signal denoising. At the same time, in view of the fact 
that the Labview has a processschema programming ideas and MATLAB with powerful matrix calculation and data 
processingtoolbox function and other advantages, combining with Labview and Matlab two kinds of programming 
software MRS, realize the separation of signal and noise. Numerical simulation and design results show that the correlation 
detection, the designer filter has good performance, the signal-to-noise ratio can improve 3~5dB. 

Keywords—LabVIEW   Matlab  autocorrelation   filter 
 

0.INTRODUCTION 

MAGNETIC resonance sounding method (MRS) is a 
direct method of geophysical prospecting groundwater,  
it can determine the depth, thickness , moisture 
quantity, average porosity of the aquifer and other 
aquifer Information no drilling, and the completion of 
a nuclear magnetic resonance sounding points 
hydrogeological  exploration costs only 1/10 of the 
cost of drilling,thus  this method has been widely 
used in groundwater exploration, water census and 
other aspects [1]. However,   due to MRI exploring 
water meter high receiver sensitivity, the MRS signal 
(nanovolt) received is very weak, thus susceptible to 
electromagnetic noise interference,  including natural 
environment random noise, power line noise (50Hz 
and its harmonics) effects are more   severe. The 
presence of    these disturbances will affect the valid 
signal extracted of MRS, thereby affecting the 
accuracy of the subsequent interpretation of the 
inversion. 

Experts and scholars are also attached great 
importance to electromagnetic noise interference MRS 
explore issues of water meter in the practical 
application of  the existence. Data collected by the 
general multiple   stacking to some extent overcome 
the electromagnetic noise in order to improve signal to 
noise ratio, however, this method has a fatal weakness 
that will reduced efficiency of the entire system 
because its excessive number superposition [2].In 
2001, French Anatoly Legchenko and Pierre Valla 
used block cancellation method, sine on consumer law 
and notch filter method to study  removal methods of 

power line harmonic interference[3]. In 2003, Strehl 
Berlin Technical University Institute of Applied 
Geophysics.S.and Rommel.I., etc, classified the 
electromagnetic noises that impact MRS signal 
quality,and gave the notch filter and low-pass filter 
and the method of combining wavelet transform to 
respectively filter electromagnetic noise[4].In 
2008,David.O.Walsh designed a  multi-channel 
ground equipment ,adapted the principle of noise 
cancellation to filter out the noise realization [5]. At 
home, in 2006 , Chinese Geology University’s 
researchers under the leadership of Professor Pan 
Yuling studied MRI  researchers to find water with 
the introduction of the  French experiment, NUMIS 
system ,to find water, Zeng Liang, Li Zhenyu 
published articles discusses the application of wavelet 
analysis method to improve nuclear magnetic 
resonance signal to noise ratio[6].In 2006,Jilin  
University Professor Lin Jun assumed the Eleventh 
Five-Year  National Science and Technology Support 
Program: "nuclear magnetic resonance instrument   
research and development" project in the "Scientific 
equipment research and development", successfully 
developed JLMRS-I-type water probe meter, broken 
the situation only by the  introduction of 
long-standing domestic French NUMIS instrument 
systems to detect groundwater, and also  on the 
hardware and software for electromagnetic noise 
filtering methods are appropriate research[7-8]. 

Research Status Summary can be seen at home and 
abroad, there is no human studies conducted filtered   
conducted MRS signal noise detection methods based 
on the correlation function .At the same time , the 
Labview programming flowcharts have  the thought 
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that not requiring pre-compiled data already exists 
pointer syntax testing and debugging process used, 
also has a wealth of functions, numerical analysis, 
signal processing, and device drivers, and other 
functions; MATLAB provides a powerful matrix 
calculation and graphics processing capabilities, high 
programming efficiency, in almost all engineering 
computing provides accurate and efficient toolbox. 
According to the random nature noise, power line 
noise characteristics of self-correlation function is 
proposed based on the means to carry out correlation 
detection filter design, and combined with  the 
advantages of Labview and Matlab programming 
software, to achieve the separation MRS signal and 
noise. Visible, the study has important theoretical and 
practical value.  

1 ． RELATED ALGORITHMS AND ASSOCIATED 

DETECTION  

1.1 Autocorrelation Algorithm Principle 
Autocorrelation function describes the dependence 

of the signal itself in a moment between the 
instantaneous value of the instantaneous values of 
another time. Supposing x (t) is a sample of a 
stationary ergodic stochastic process, in order to 
estimate x (t) values at time t1 and at t1+t  time 
ranging contact tightness in the observation time T on 
for two values of the product for the averaging 
operation,then taking the limit, we can get the 
definition of x (t) of the autocorrelation function: 

dttxtx
T

R
T

TT ∫-¥fi
+= 2

2

)()(1lim)( tt   (1) 

From equation (1) can be seen that ( )tR is a delayt  

for real even function arguments ,when 0=t

,meanwhile , ( )tR takes the maximum. When the 

random    signal contains no periodic component, 
the maximum  value of the autocorrelation function 

will start 0=t  with increases monotonically 

decrease; as tends to infinity, the autocorrelation 

function ( )tR  tends to ()tx  of the mean squared; 

If the mean is zero, ( )tR  tends  to increase with the 

zero. When the random signal contains a periodic 

component, the autocorrelation  function ( )tR will 

also contain the same cycle  component. Formula is 
obtained for the random signal, if they are extended to 
the energy limited signal [9], still reflecting on the 
meaning of the correlation signal, but the expression 
becomes: 

dttxtxR ∫
¥

¥-
+= )()()( tt     (2) 

1.2 Correlation detection filter design principles 
Provided mixed with random noise signal 

() () ()tntstf += , the ()tf simultaneously input to 

the correlation detection filter 2 input channels, after 
the way in which the delay circuit, making the delay 

time, then the delayed after ( )t-tf and the 

non-delayed ()tf  into the phase-sensitive detector 

(multiplier), and then integrating the product, taking 
the average, the process shown in Figure 1, to obtain: 
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Figure 1. Autocorrelation Detection 

Since the signal and noise are uncorrelated, 
depending on the nature of the cross-correlation 

function[10]  found that, ( ) ( ) 0== tt snns RR ,there 

( ) ( ) ( )ttt nnss RRR +=        （4） 

Assuming zero mean noise, depending on the nature 
of the autocorrelation function known, along with the 
t  increase of the noise autocorrelation function 

( )tnnR decay to zero,result contains ()ts  ( )tssR  

information relative prominence, so as to achieve the 
purpose  of the detection signal. 

Similarly, for the autocorrelation function of a 
random signal including a periodic component, the 
large still has obvious periodicity, the same frequency 
component of the signal whose frequency and period 
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of; the noise-free periodic signal component having a 

maximum value at 0=t , but the apparent slightly 

larger when t  decay to zero[11]. According to the 
nature of the autocorrelation function can be used to 
identify whether the periodic signal component 
contained in the random signal and its frequency. 

2. LABVIEW AND MATLAB-BASED VIRTUAL FILTER 

DESIGN 

2.1 Design Virtual Signal Generator Voise Signal 
containing MRS 

Virtual signal generator to achieve three functions: 
1. Generate e exponential sweep wave amplitude 

range of 10nv ~ 1000nv, phase range of -180 ° 
~ 180 °, and can be displayed, but also display 
a waveform e index, and the index of 
adjustable amplitude . 

2. Generate Gaussian white noise and frequency 
interference. 

3. And pure noise signal superimposed noise can 
be selected, choose any one, or all of the noise 
and pure signal superimposed. 

According to the above three modular function 
signal generator, the signal generator for each module 
design, and finally all the modules be integrated. 
2.2 Creating the Front Fanel 

The front panel features a modular design to be 
followed to reduce the mutual coupling between the 
same function, easy operation, reasonable layout, 
appropriate use of color principles. The front panel as 
shown in Figure 2. 

 
Figure 2 .Signal Generator Front Panel 

2.3 Correlation Algorithm Simulation 
 Labview use in Matlab Script import Matlab script, 

shown in Figure 3, the auto-correlation algorithm of 
the filtering process injection Matlab Script, making 
the noisy signal is filtered through an autocorrelation 
algorithm, the ideal waveform obtained [12] .      

 
Figure 3 . Matlab Script Module 

3. RESULTS AND ANALYSIS 

In order to verify the functionality of the 
design-related detection filter performance and 
software interface, to carry out the experimental test, 
specifically including the following steps: 

1. Generate a frequency of 2325Hz, the amplitude 
of 800nV, decaying exponential wave swept 20, As 
shown in Figure 4. 

 
Figure 4. Pure Waveforms 

2. Amplitudes are generated 100nV, frequencies are 
2250Hz and 2350Hz frequency interference of two 
workers, As shown in Figure 5, Meanwhile 
superposition. 

 

 
Figure .5 Waveform Frequency Interference 

3. Produce a standard deviation of 200 seeds is 10 
Gaussian white noise, as shown in Figure 6. 



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2015 

60 
 

     

 
Figure .6 .Gaussian White Noise Waveform 

4. With all the noise generated overlay containing 
noise, containing noise waveform is shown in Figure 
7. 

 

 
Figure .7 .Contains the Noise Waveform 

5. Waveform detection filter processing after 
autocorrelation, as shown in Figure 8. 

 
Figure .8. Waveform of Correlation Detection  

As can be seen from Figure 7, after the correlation 
detection, the random noise signal is not affected, 
frequency interference persists, therefore requires a 
combination of adaptive filtering method to filter 
frequency interference. Through a lot of experiments 
to calculate the average signal to noise ratio can be 
increased by 3 ~ 5dB, to achieve the effective 
separation of the MRS signal and noise, as shown in 
Figure9. 

 
Figure .9. Adaptive Waveform Processing 

4．CONCLUSION 

For MRS signal-frequency random noise and 
harmonic interference seriously affect signal quality 
problem, related to the design of virtual noise removal 
filter. Labview and Matlab combination designed 
software can efficiently produce the desired noise 
containing visually observe filtering results. In this 
paper, based on the random nature of noise, power line 
noise characteristics of self-correlation function can 
eliminate the influence of random noise on the MRS 
signal, while achieving efficient extraction frequency 
interference frequency and amplitude To further 
remove noise, combined with adaptive filtering 
method can effectively filter out the magnetic 
resonance signal of random white noise and frequency 
interference, to achieve the purpose of filtering, signal 
to noise ratio by at least 3dB ~ 5dB. 
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The Design of Explosion-proof robot Based on 
MSP430    

 
Cai Jing; Wang Wei ;Zhang Huanhuan ; Meng Xiaowei                

（jilin university instrument science and engineering institute,changchun,130021） 
 

Abstract—In terrorist activities, police officers are often in danger of explosive situation and poisonous gas, thus it is very 

important to develop a portable explosion-proof robots to help people remove the dangerous goods.This article is aimed at 

handling dangerous goods under complex conditions , designing a four freedom degrees explosion-proof robot with wireless 

video transmission .The robot can  the advantages of small volume, flexibility ,tearing down ability and switchable 

tools.Using MSP430 as the controller to control the robot via wireless video transmission . 

 

I. INTRODUCTION 

SINCE the 20th century ,terrorist activities around 
the world become more and more violent, which is 
the world's biggest security risks of social issues, 
including the most extensive and serious hazards of 
explosion, poisoning and so on. In order to reduce 
the degree of damage of processing such hazardous 
materials, advanced auxiliary equipment dealing 
with suspected explosives and biochemical hazards 
must be adopted,,so the explosion-proof 
anti-terrorism robot has become the first choice of 
all countries.The robot in this article is used in 
explosion-proof system, requiring the ability of 
remote control to complete  the suspected 
explosives demolition work and transportation of 
explosives with mechanical arms . 

II. EXPLOSION ROBOT SYSTEM DESIGN 

Terrorist activity usually occurs in the place with 
crowd people or the complex environment , setting 
a high requirement to the robot.Explosion robot 
should have the ability to complete the demolition 
of suspected explosives and the transportation with 
mechanical arms via remote human control.This 
system has a upper and slave computers based on 
MSP430 that can meets the diverse needs of 
automation control.Due to the compact design, good 
expansibility and powerful instruction, the operation 
of the control system is simple, while the reliability 
and accuracy of the control system is also 

guaranteed.System structure is shown in Figure 1. 
 

Figure 1.Block diagram of the system 

Explosion-robot control system mainly consists of 
upper and slave computers.The upper computer is 
made up of video receiver ,display module,and 
robot-motion-control module; the slave computer 
includes  a full range of moving-car platform, the 
central control module, anthropomorphic robotic 
arm, video capture and transmission module, the 
control command transmission module, servo 
system, power supply and self-test modules.Each 
module is shown in Figure 2.The upper computer 
with a series of control buttons on the console 
makes the system on or off,.The console can 
transmit the operation to the host computer, and 
t h e n  i n t o  t h e  s l a v e  c o m p u t e r . A t  t h e 
same,position,angle ,ambient temperature and other 
information will be displayed .Camera on the robot 
will send pictures through the transmission module 
reflecting real working condition of the robot, by 
analysing the videos,staff can achieve the goal of 
releasing hazards by controlling robot to reach the 
destination,rotate the arms and grasp or tear down 



Cai jing:The Design of Explosion-proof robot Based on MSP430 

63 
 

the dangerous  goods  through keyboards . 

 
Figure 2.Explosion-proof structure of the robot modules 

A. Robot Control 
The robot has three-dimensional rotation 

mechanical arms with four degrees of 
freedom ,which can complete gripping action via 
up,down, left and right direction 
movements.Control of the mechanical arms is 
actually steering control.A mechanical arm is drived 
by four servo motors , respectively arm shoulder, 
arm elbow electrical, mechanical wrist and finger 
joints open-close motor.Standard servos are 
controlled by width adjustable periodic square wave 
pulse signal that is PWM. MG995 steering gear is 
used in the system, with the cycle of20ms .The 
servo circuit supports PWM signal 0.5-2.5mS, 
corresponding to the position of the rudder plate is 
0-180 °, n = 250 is divided into small parts, 
changing linearly, 
PWM control accuracy for 
         PCP=2mS÷250=8uS           （1） 
Precision servo control 

 ECP=180°÷250=0.72°          （2） 
So steering angle function 

 φ= 0.72×n                 （3） 
PWM rising edge of the time function 

t = 0.5+n×PCP              （4） 
As long as the value of n is controlled, the 

steering gear can reach the target.That is, 
providing it with a certain width pulse signal,it 
will remain in a certain angle until an additional 
width pulse signal is given, regardless of how 
external torque changes ..Servo has an internal 
reference circuit, a comparator comparing the 
external signal with a reference signal to 
determine the direction and size,then give the 
rotation signals of motors.Thus, the position 
servo is a servo driver,with the rotational range 
under 180 degrees,which is suitable for the 
situation which angle’s changing and 

maintaining are needed , such as joints, the 
aircraft's control surfaces, etc.Relationship 
between the specific position of output arm the 
positive pulse width of typical 20ms periodic 
pulses is shown in Figure 3.  

Figure 3.Relations with the steering angle of the pulse width 

PWM signal in this system is generated by the 
Timer B clock module of MSP430, the clock 
module has four kinds of technology selections 
and eight mode selections of output function,  
increased technology mode and flip / reset 
output mode are adopted,the details are showed 
in Figure 4.TBCCR0 inTB0 acts as the count 
cycle, TBCCR1 ~ TBCCR5 in TB1 ~ TB5 act as 
the count value ,when the counter reaches the 
value of TBCCRx (x take 1 to 5), the output 
signal will invert, then the output signal will be 
reset until the value reaches TBCCR0, so it is 
easy to set the desired duty cycle of the PWM 
signal. 
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Figure 4. PWM output diagram under increase-count mode 

B. Master-slave control system 
Based on the features of flexibility and 

convenience,MSP430F149 micro-controller is 
used in the master-slave control system, 
TI  company's  MSP430 series  are low-power 
consumption controllers, in the application of      
explosion-proof  robot  with wireless 
control, system structure of  this 
optimized combination together with five kinds 
of  low power modes can extend battery 
life.MSP430 Series MCU belongs to the 
industrial level chip, can work in a wide 
temperature range of -40~85 DEG C, and 
equipped with the PWM  generator, is suitable 
for  robot  control. Memories of MSP430 
Series MCU share the same 
structure,  physically separated storage 
areas  are arranged in the same address, this 
organization mode coordinates with CPU in 
reduced instruction, separate instructions are not 
required in the peripheral module, thus high 
speed transmission and internal-external data 
throughput are improved when instructions and 
data are sent and received. The 
explosion   robot   based  on  MSP430F149 
microprocessor use master-slave processor  
division  control. Upper computer receive the 
video information of workplace through wireless 
communication, while the information is 
processed in the main controller, the staff send 
out the next action command according to the 
position information of robot and hazardous 
materials through the console, and transmit a 
command to the slave computer through 
the wireless signal, then PWM signals from 
the controller will drive the steering gears on the 

mechanical arms and DC motors on the car. 
Executing mechanism of this  explosion-proof 
robot  is driven by 4  actuators  and 2 DC 
servo motors,  that is, mechanical arm shoulder 
joint motor, mechanical arm elbow 
joint,  wrist  joint motor, mechanical  finger 
motor for opening and closing, the left  wheel  
motor and the  right wheel motor. PWM signal 
in this system is generated by the clock 
module of Timer B. 
C. Wireless communication module 

The explosion robot uses the RF transceiver 
nRF905 module complete the wireless 
communication, this module is the single chip 
RF transceiver Nordic of Norway VL 
company, the working voltage is 1.9~3.6V,it 
works in three ISM channels of 
433/868/915MHz , the conversion time between 
every two channels is less than 650ns.NRF905 is 
composed of frequency synthesizer, demodulator, 
a power amplifier, a crystal oscillator and a 
modulator, additional sound filter is not needed,. 
Working in Shock Burst mode, it 
can process prefix and CRC (cyclic redundancy 
check) automatically, SPI interface is used and 
Manchester encoding/decoding is finished by the 
on-chip hardware. In addition, as to 
its low-power consumption, the current is only 
11mA with the -10dBm emission of output 
power, so it’s suitable for the application in 
portable devices. Typical application circuit for 
the nRF905 is shown in figure 5. 

Upper computer receives position, angle, 
ambient temperature and other information 
collected by slave computer through this module 
and display them on the screen; at the same 
time, slave computer receives the commands of 
next step action from the upper through this 
module, Explosion-proof robot could catch the 
command and quickly analyze the commands, 
then put the corresponding operation of 
movement and  mechanical arms into action, 
achieving the goals of moving or removing the 
grasped dangerous goods. 
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Figure 5. The application of nRF905 circuit 

III. POWER SUPPLY MODULE 

Considering the situation of two driving motors, 
swing-arm motors and camera driving motors 
working in the rated power without reaching the 
maximum at the same time, and also the power 
requirement in the load of 50% with camera front 
lights and  driving control module working in full 
load condition, the total power of the system is: 

   PlPcPPP wd +++= 5.0         （5） 

Among them:  

dP  -- the total power of main drive  motor, 

swing-arm motor and camera drive motor 

wP  --the front lamp power 

cP  --power of driving control module 

lP  --wasted power caused by the driver of  power  

source converter box 
According to the selection of motor and drive 

module 

WPd 5.98)22.03*7.65(*5.0 =+= ,

WPw 15= , WPc 10= , WPl 10= .      （6） 

Maximum power consumption of the system: 
P=133.5w,to ensure the working time can last two 
hours, the capacity of the battery should reach 
267W, so the battery with the capacity of more than 
12V/22AH is needed. 

IV. SOFTWARE DESIGN OF EXPLOSION-PROOF ROBOT 

CONTROL SYSTEM 

The control process is: user send the next action 
command to the control system through console, the 
master controller will convert these instructions into 
data and transmit them to the slave controller by  
wireless communication; then these data will be 
decoded into control signal that can do some 
movements by commanding the DC motors and 
mechanical arms on the vehicle. System control 
process is shown below: 
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Figure 6. PC system flow chart Figure 7  Under a flow chart of the machine system

V. TESTING RESULT 

A. Stability test of PWM signal 
The duty cycle of PWM wave generated by the  

MSP430 ranges from 2.63% to 11.82%, and the 
angle of the steering gear ranges from 10 degrees to 
170 degrees with 0.57% step and 10 degree of every 
step. The waveform is stable with little 
noise,conforming to the requirement.The wave is 
shown in figure 8,9. 

Figure 8  Compared the output biggest waveform figure 
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Figure 9   The output duty cycle minimum waveform figure 

B. Accuracy test of waveform tracking  
Using homemade steering gear test software to 

simulate sine-tracking on a channel. According to 
the actual measurement, errors can be effectively 
controlled within 0.11%,the tracking performance is 
good. 

VI. CONCLUSION 

Two MSP430 controllers acting as the master and 
slave computer respectively command the robot. 
making the system consume much less, perform 
stably, operate easily, maintain conveniently and 
cost little. 
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Research of the noise cancellation method for 
surface NMR signal based on the coincident loop  

 

Wang Guannan, Zhao Junyi, and Wang Yunkun 

（College Instrumentation & Electrical Engineering, Jilin University, Changchun, 130026） 

 
Abstract—The sensitivity of the groundwater NMR detector is high; nV level NMR signals are vulnerable 

to interference from strong-frequency signals, leading the accuracy of the extracted characteristic 
parameter of the signal reduced, and affect on the inversion of the hydro-geological parameters results. To 
solve this problem, usually use multiple coils on noise cancellation. However, this method requires two or 
more coils; measurement in the field is very difficult. So we put forward a MRI system based on the 
coincident loop, it removes the noise of MRS signal through the NLMS and Frequency-domain algorithm. 
The simulation results show that Frequency-domain algorithm is better than NLMS algorithm in the aspect 
of improving SNR and noise removal, SNR can reach more than 5dB. 

Key words—Nuclear magnetic resonance   the coincident loop   Frequency domain Adaptive 
cancellation 
 

I. INTRODUCTION 

NUCLEAR magnetic resonance (NMR, Nuclear 
Magnetic Resonance) is a physical phenomenon of 
nuclear; it means a substance with nuclear 
Para-magnetism selectively absorbs electromagnetic 
energy. Proton is the highest abundance and the 
largest nuclear magnetic spin among paramagnetic 
substances in the stratum. In addition to oil, gas 
reservoir, the hydrogen nuclei in the water is the body 
of the stratum, and the macroscopic magnetic moment 
processing in the geomagnetic field, pickup 
electromagnetic signal from macroscopic magnetic 
processing with coil, To detect the presence or 
absence of groundwater. Compared to traditional 
methods of geophysical groundwater, it    is 
high-resolution, high-efficiency, information-rich 
unique advantages of reconciliation. Quality of surface 
NMR signal detection system collected data is the 
judgment standard, the NMR signal amplitude 
produced by hydrogen nuclei in water is small (NV 
level), so it will introduce a large number of natural 
and man-made noise, resulting in lower SNR signal 
acquisition. In order to obtain the more pure collection 
signals, it is necessary to design algorithms for 
real-time signal acquisition correction; the usual 
practice is to use adaptive filtering techniques for 
noise cancellation. 

For noise problems in MRS signal, many domestic 
experts and scholars have taken the corresponding 
research. Jiang Chuandong[3] studied the response 
based on magnetic resonance imaging techniques to 

directly detect groundwater technology, design and 
application focus on the MRS signal data processing 
software. And put forward many kinds of data process 
methods for low SNR, much noise and other issues, 
and design appropriated application software. Tian 
Baofeng [4] Based on the principle of correlation 
cancellation for full-wave resonance signals, designed 
90 ° phase shift adaptive noise cancellation system  
with reference coil, Theoretical calculation of the 
reference coil relative to the distance detection coil, 
put forward variable step size LMS algorithm noise 
suppression[5]. Simulation results show that under 
different signal strength and different SNR, when the 
signal-frequency harmonic interference spectrum does 
not coincide, use adaptive noise cancellation system 
and variable step algorithm designed, SNR can be 
increased to more than 5.94 dB, the initial amplitude 
characteristic parameter of relaxation time  fitting 
error is within 2.8%; when the signal-frequency 
harmonic interference spectrum coincides, use 
bidirectional adaptive filtering algorithms, SNR can 
reach more than 5dB,the initial amplitude 
characteristic parameter of relaxation time  fitting 
error is within 10%;meet the requirements of practical 
application; measured data processing is further 
evidence of the effectiveness of the method. Because 
the system with reference coil, in the measurement 
need to bring more than two sets of coils, the 
measurement will be very difficult in the field. To 
solve this problem, this paper presents the NMR signal 
cancellation system based on the same coil. 

In this paper, aiming the MRS signal 
common-frequency harmonic noise, noise singular 
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strong interference noise, simulated the wild noise 
environment. According to the characteristics of noise, 
design the adaptive noise cancellation system based on 
the same coil. Determining an adaptive filter key 
expression, to maximize the noise signal in the noise 
cancellation signal MRS, get the highest SNR.  

II. MRI SYSTEM BASED ON A SINGLE COIL 

 

Fig.1. Detection System Diagram of  MRI system based on a 
single 

Detection System Diagram of MRI system based on 
a single as shown in Fig.1. The system needs to record 
noise for a period of time before the acquisition MRS 
signal. Make use of adaptive filtering algorithm for the 
operations of the data and achieving noise cancellation 
when the acquisitions MRS signal done. 

Ⅲ. ADAPTIVE NOISE ALGORITHM 

A. Principle of adaptive noise cancellation 
  Adaptive noises cancel as shown, the noise signal as 
it is process, after a certain treatment, the noise 
suppression. 

 
Fig. 2. Principle of adaptive noise cancellation 

In general, the adaptive filter consists of two parts, 
one is filter structure, the second is the adaptive 
algorithm of adjusting the filter coefficients. Fig.2. 
gives the general structure of adaptive filter, in the 
drawing, )(nd is the desired response, )(nx  is the 
adaptive filter input, )(ny  is the output of the adaptive 
filter, )(ne   is the estimation error. Filter coefficients of 
the adaptive filter is controlled by the error signal )(ne , 
automatically adjusted according to value of  )(ne  
and adaptive algorithms. 
B. the adaptive noise cancellation algorithm research 
Based on the same coil. 

To get better noise cancellation results, two 
programs designed to achieve noise cancellation, 
select the output SNR is relatively high and the data 
fitting error is small noise cancellation scheme. 

Option Ⅰ: Direct use of noise canceling algorithms 

NLMS 
NLMS algorithm known as normalized LMS 

algorithm, which is use variable step adaptive method 
to shorten the convergence process, variable step 
formula: 

)()()1( nXnenWnW ）（+=+            
(1) 

In the formula, )()( nXne  represents the updated 

filter weight vector iterative adjustment amount. In 
order to achieve fast convergence of purpose, must 
choose the appropriate value of variable step, a 
possible strategy is to reduce as much as possible to 
reduce instantaneous squared error, which uses the 
instantaneous squared error as a simple estimate MSE 
mean square error, which is the basic LMS algorithm 
thought. Can get the weights iterative correction 
formula: 

)()()()()()1( nXnenXnXnWnW T++=+ mg （2） 

Variable step can be represented by )( nm , namely: 

)()()( nXnXn T++ mgm ，Wherein the parameter 

m  is a fixed convergence factor control disorders，

parameter g  is set   to avoid )()( nXnX T
too 

small and cause the step size too much,0≤g ≤1.  In 

order to ensure stable operation of the adaptive filter, 

the range of values fixed convergence factor m  

should meet the following selection:0<m <2. As can 
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be seen from the formula )()()( nXnXn T++ mgm , 

the step size )(nm  is the equivalent nonlinear 

variable input signal,    g   within the range [0,1] 

changing, allows a large step size becomes smaller by 
accelerating the convergence process. 

Option II: Direct use the frequency-domain noise 
canceling algorithms 

The frequency domain algorithm is using the FFT 
technology, first input signal conversion into the 
frequency domain, and then remained in the frequency 
domain adaptive algorithm to achieve adaptive 
filtering. The transfer function of frequency-domain 
algorithm is: 

)()(

)()(
)(

kxkx

kdkx
kh

T

T

=                               

(3) 

Ⅳ.SIMULATION OF ALGORITHM 

Based on these two noise cancellation system 
solutions, simulation studies were carried out 
algorithm. Frequency harmonic interference effects on 
electromagnetic interference is the largest class 
interference of the MRS signal ,when in the simulation 
focuses on power frequency harmonic interference, 
using different algorithms and noise cancellation 
system to study different models. 

Algorithm model: MRS signal center frequency of 
2326Hz, frequency interference frequency f1 = 
2350Hz, f2 = 2300Hz add white noise. 
A.Option I simulation results shown in Fig.3 Fig.4, 

(m ) = 0.999 filter order of 4 M = 200). 
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Fig.3. MRS signal before and after adaptive filtering 
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Fig.4. The MRS signal spectrum before and after adaptive 
filtering 

After filtering, the signal to noise ratio SNR improved 
10.88dB. 
B.Option II simulation results shown in Fig.5  Fig.6  
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Fig.5. MRS signal before and after adaptive filtering 
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Fig.6. the MRS signal spectrum before and after adaptive 
filtering 

After filtering, the signal to noise ratio SNR 
improved 12dB. 

After changing the power frequency signals and 
white noise amplitude simulation times, the option II 
is improved 1.1dB ~ 2.5dB signal to noise ratio than 
the option I. 

Ⅴ.MEASURED DATA PROCESSING 

In order to verify the performance of the algorithm, 
took field experiments in a suburb of the town in 
Changchun City-Shaoguo town. Experimental site 
near a brick field, where is a strong power-line 
interference area. The experiment used a coil, and in 
an area away from the brick field laid a 100m × 100m 
detection coil to achieve the noise and noisy signal 
acquisition, the local Lamer frequency of 
2326Hz,acquisition signal and noise of detection 
channel and the reference channel  shown in Fig.7 
and Fig.8. Fig. 9 and Fig.10 shows the real data 
processing results in frequency-domain algorithm. 
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Fig.8. Measured noise signal 
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Fig.9. the signal after Frequency domain filtering 
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Fig.10. Spectrum graph of measured data before and after 

the adaptive filtering 
Estimate of the original signal to noise ratio SNR0 

= -6.106dB, the filtered signal to noise ratio SNR1 = 
5.363dB. Through a lot of experiments, calculate after 
filtering signal to noise ratio can reach more than 5dB. 

Ⅵ.CONCLUSIONS 

How to better achieve in strong electromagnetic 
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noise interference MRS signal is weak extract 
groundwater NMR detection is a key issue. It will 
affect the accuracy of the hydro-geological 
interpretation inversion parameter information.  In no 
prior knowledge of the case, the adaptive filter can use 
the recursive method to update parameters, so that the 
data approximate the optimal value.   

Through the NLMS algorithm and 
Frequency-domain algorithm MRS signal noise 
removal, respectively, and the two algorithms were 
compared with the following conclusions: 

1.Frequency-domain algorithm is better than NLMS 
algorithm both in improving the SNR and noise 
removal. 

2.Both algorithms or less inn running speed, run 
faster, but Frequency-domain algorithm is more stable 
and reliable. 
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Driverless cars road system design 
 

Wang Qiao, Xiao Bing, Yin Haibo , Zhang Tianyu, 
(College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130022) 

 
  Abstract —Smart car is the inevitable developing trend of modern life, is the direction of future development. Smart cars can 

be in accordance with the advance of set in a specific environment to operate, without human management, can achieve the 

expected goal. The body of the design is based on the freescale MC112MAA microprocessor system and ov7620 camera sensors, 

to realize the car tracking, split tacks, overtaking function. As automatic control technology, electrical engineering and 

machinery, and automobile electronic technology of intelligent vehicle in the traffic system, such as machinery manufacturing 

system has been widely used, etc. In the development of the intelligent vehicle control system, accurately identify road, 

analyzed all kinds of complex traffic information and real-time testing and control of intelligent vehicle speed is the key of the 

intelligent vehicle system. 

 

I. INTRODUCTION  

SMART cars rely mainly on the car of the 
microprocessor system of intelligent driving device 
to realize unmanned. It is to use various features of 
the current sensor to sense vehicles in the road and 
the surrounding traffic information, and according to 
the perception of road conditions, vehicle location 
and size of obstacles distance, control the driving 
direction and speed of the vehicle, so that the vehicle 
safely on the road. Driverless cars has changed the 
traditional "people - car - road closed loop control 
mode, will have an unstable pilot removed from the 
closed loop system, which greatly improved the 
security of the traffic system. 

II RESEARCH STATUS 

Since the late 1960s, the United States, Britain, 
France, Germany and other developed countries 
began to self-driving car research, made a 
breakthrough in the related progress. China's success 
in 1992 to create China's first driverless cars in the 
true sense. Unmanned road system's success is that it 
represents the trend of the development of the vehicle 

engineering field, this technology can be applied to 
vehicle engineering, intelligent systems, and other 
fields, can reduce the traffic accidents caused by 
human error, decrease the loss of the people and the 
country. 

III THE OVERALL DESIGN 

A．Research ideas and methods 
Smart car hardware design mainly includes the 

path identification, single-chip microcomputer 
control, the design of motor drive etc. Path 
identification module USES CCD sensor; Motor 
driver module based on closed loop feedback control, 
using dc motor to control the intelligent vehicle 
speed. Images by CCD sensor in path, the path of the 
smart car track ahead of image information, through 
information processing control of intelligent vehicle 
steering, at the same time, according to the speed of 
photoelectric encoder feedback signal to calculate the 
speed of the smart car, and acceleration deceleration 
control according to the front path information. 
B．Overall functional block diagram     

The principal compositions of the system function 
module, the module design overall block diagram is 
shown in figure 1:   
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Figure 1 The overall block diagram module design 

IV MODULE DESIGN 

A．Power supply module 

Project power supply is provided by 7 v dry cell, 
through regulating circuit voltage into the voltage 
required. Regulating circuit are shown in figure 2 
below: 

 
Figure 2.5 v voltage regulator circuit diagram and the 3 v voltage stabilizing circuit diagram 

THE car following voltage specification size and range of error are required for each device chart 1: 
device The required voltage range function 

CCD camera 5V±5% Collect pavement black line 

information 

Photocell sensor 5V±5% Road traffic information collected

1602 liquid crystal display 3.3V±5% Display function 

MC112MA microprocessor 3.3V±5% Processing information and 

instructions 

Table 1 each device voltage required size and error range 
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B．The CCD camera module 
OV7620 is a CMOS camera device, the device can 

achieve 640 x480 resolution, transmission rate can 
reach 30 frames. A third of an inch digital CMOS 
image sensor OV7620, total effective pixel unit of 
664 (horizontal) x 492 pixels (vertical direction); The 
built-in 10 dual channel A/D converter, output 8-bit 
image data; With automatic gain and automatic white 
balance control, can adjust contrast, brightness, 
saturation, and other functions; The video sequence 
to produce the circuit can produce line 
synchronization, field synchronization and hybrid 
video synchronous and pixel clock timing 
synchronization signal; 5 v power supply, power 
consumption while working < 120 mw, standby 
power consumption when < 10 mu W. 

Path identification module is mainly composed of 
CCD sensor and LM - 1881 of Pal video decoding 

chip, path identification unit is the input of the 
control system of smart car unit signal acquisition 
unit, its quality directly affects the rapidity and 
stability of the smart car. 
C．Motor driver module  

L298N acceptable standard TTL logic level signal 
VSS, VSS can pick up from 7 V to 4.5 V voltage. 4 
feet V mains voltage, VS VIH is + 2.5 ~ 46 V voltage 
range. 1 foot and 15 feet tube emitter elicit separately 
in order to access the current sampling resistance, a 
current sensor signals. L298 can drive two motors, 
OUT1, OUT2 and OUT3, OUT4 between motor 
respectively, the experimental setup we choose drive 
an electric motor. 5,7,10,12 foot control input level, 
the control motor and reversing. EnA, EnB control 
can make the control of the motor stalling. Driver 
module circuit diagram are shown in figure 3 below:    

 
Figure 3 L298 motor driver circuit diagram 

D．Photoelectric switch 
Principle of photoelectric switch is the 

photoelectric effect. Is a type of semiconductor 
materials, photoelectric switch, it works photodiode 
and photosensitive diode, is to use the light of the 
optical properties of semiconductor manufacturing 
devices. When the light intensity increases, the pn 
junction on both sides of the p and n area because of 
the intrinsic excitation minority carrier concentration 
increased, if the diode reverse bias, then the reverse 

current, therefore, the photoelectric diode reverse 
current rises with the increase of the light. Because 
the car movement track is black line, so is lower than 
the reflectivity of white board around it, through to 
the front surface emitting light, then carries on the 
comparison to the light of the received signal 
strength can know the gap with front line, so as to 
realize the adjustment of the car driving circuit. 
Photoelectric switch circuit diagram is shown in 
figure 4 as follows: 
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\    
Figure 4 cell circuit diagram 

IV SOFTWARE MODULES 

Smart car control system software design using 
modular design thought. Its main function is in the 
path of the real-time information and speed of car 
body itself, based on the realization of vehicle 
steering and motor speed control, so as to realize the 
accuracy of the control system of smart car. 

The structure of the system software is mainly 
divided into: system initialization module, handling 
of CCD data acquisition module, velocity control and 

feedback processing module, path identification 
module (such as control of the motor and steering 
gear). This test need to fuzzy control, fuzzy control is 
essentially used a computer to perform operations 
personnel control strategy, thus can avoid the like 
complicated mathematical model, sought to people 
about a particular control problem of the experience 
of success and failure processing, summed up the 
knowledge, extracting control rules, realize the 
control of complex systems. The software block 
diagram is shown below:           

 
Figure 5 software block diagram 

V RESULTS SHOW 

A．Model a 

The car driving in the two black line, and to ensure 
that don't touch the black line, when met in front of 
the car have a black line can be done to slow down 
and turn. Results are  
shown in figure 6 below: 
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Figure 6 model 1 

B．Model b When the two cars met automatically split tacks, as 
shown in figure 7: 

 

  
Figure 6 mode 2 

C．Model c 
Will be a road is divided into two lanes, when arrived at parking in front of the car parking, can rapidly make 

slow down and change lanes, more than the car to go back to the original lane after driving, the car to move on. As 
shown in figure 8: 

 

 
Figure 8 model 3

VI THE CONCLUSION 
CCD data acquisition system based on x12 
microcontroller, CCD drive circuit, A/D conversion 
control circuit integration on A x12 MCU chip. Car 



Wang Qiao etc.: Driverless cars road system design 

79 
 

power supply module for power supply, car CCD 
camera module is used to find lane trajectory, motor 
driver module for cars driving power. Eventually the 
car can drive along the black line trajectory; When a 
vehicle ahead to it can automatically avoid when 
driving, pull over driving; The current party is safe to 
overtake vehicles and return to the original lane after 
passing to continue driving, so as to realize the 
intelligence of the car. 
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Dynamic modeling and control of PID four rotor 
autonomous vehicle 

 
SHI KE, LI Jin Jie, and XIE Zhi Guang 

（jilin university Survey and Control Technology and Instrument institute,changchun,130021） 
 

Abstract—The design of a PID based algorithm for automatic flight control and the controller send delay, direction 

command to complete drive system under the orbit of six degrees of freedom. Method of electronic governor using back EMF 

Detection and control of Brushless DC motor speed control of three-phase full bridge inverter circuit. Based on RENESAS 

R5F100LEA processor as the main controller generates sending  the PWM wave to control the brushless motor, tracking and 

balancing control of four rotor aircraft implementation. Through the research of vehicle mode, keep self-balance vehicle 

control using data collected by the height of gyro attitude data and ultrasonic distance feedback. Using the camera tracking the 

predetermined orbit. 

Keywords—four rotor aircraft; camera tracking; PID control; ultrasonic ranging 

 

I.INTRODUCTION 

FOUR rotor aircraft to achieve a non coaxial VTOL 
multi rotor aircraft. Only by regulating butterfly 
distribution of four rotor speed, to control the flight 
attitude. Needn`t the tail, off low, hovering, easy 
concealment, so not only in the military applications 
have special value, it also has the very good prospects 
for development in commercial and civilof [9]. 

Main control methods include PID 
(proportional-integral-differential) controller control, 
optimal control, fuzzy control, robust control, 
nonlinear control, adaptive control, and the use of the 
PID algorithm. Calman algorithm and IIC 
communication system to control the spacecraft 
attitude. 

The aircraft research focus in the field of nonlinear 
control, due to the nonlinear control strongly depend 
on the accuracy of the model at present. The PID 
control is more suitable for the model error under the 
conditions of existence. In this paper,rely on the basis 
of PID algorithm, the gyroscope, ultrasonic sensor, 
photoelectric switch and the electromagnetic, aims at 
studying the orbit control mode, the problem of aircraft 
flight control. 

 

II.THE ESTABLISHMENT OF DYNAMIC MODEL 

Vehicle system model in this paper is shown in 
Figure 1, in order to obtain the four mathematical 
model of rotary wing aircraft, to establish two basic 
coordinate systems,it`s the inertial coordinate system Z 
(OXYZ) and the vehicle coordinate system B (oxyz) 
[2,3], where in the θ is pitching rotation angle along the 
Y axis, ψ is yaw rotation angle along the Z axis; φ is  
roll rotation angle along the X axis. Aircraft are 
arranged at the bottom end of the angle sensor, to 
detect the change in angle and transmits a signal to the 
microcontroller. 

 

 

 
 

Fig.1. map coordinates of four rotor aircraft 

The θ, ψ, φ defined according to the Euler angles, 
which can transform matrix: 

  (1) 
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In order to establish the dynamic model of vehicle, 
we define the following hypothesis: 
① The four rotor aircraft as a rigid body 

symmetrically and evenly; 
②The four rotor aircraft drag force and gravity is 

not affected by the flight height and other factors, 
always remain unchanged; 
③The tension and speed of the four rotor aircraft 

propeller in each direction is proportional to the 
square; 
④The origin and the geometric center of the aircraft 

and the centroid inertial coordinate system E in the 
same location [11]. 

The coordinates B{x, y, z} translational 
displacement of a rigid body x,y,z and 3 rotational 
displacements θ，ψ，φ included the Newton Euler 
equation: 

（2）                             

     and the propeller lift is     ,we can 
change Will (1) type into line equation of motion          
coordinates by means of matrix: 

                                    （3） 
According to the relation between the Euler angle and 
angular velocity of the vehicle can be 
 

 
（4） 
 

 
From the four rotor aircraft rigid body assumption, we 
learned that the vehicle quality and uniform structure 
symmetry, so its inertia matrix can be defined as the 
diagonal matrix I. The angular momentum can be 
calculated in the vehicle coordinate system B (oxyz) 
angular motion equation under the M. Nonlinear 
equations of motion with the linear motion equation 
and angular motion equation can get four rotary 
wing aircraft. 

In the calm and slow flight case, ignoring the drag 
coefficient, ideal mathematical model is obtained as 
follows： 

 
 （5） 
 
 

          
（6） 
 

For U1 as the vertical velocity control type, U2 as the 
roll control input, U3 as the pitch control for yaw 
control, quantity, l as the rotor center to coordinate 
origin[10]. 

The weight of its own aircraft is about 1.5kg, the 
default payload is 500g, then the entire flight weight is 
about 2kg, namely each motor provides tension to 
approximately 500g[7]. In order to ensure the steady 
rise in tension, speed (4000 - 6000) in the range of 
r/min, the motor performance is better. But the actual 
system and the reference model state deviation, 
deviation parameter changes under high rotary speed 
value within a very small range, aircraft are difficult to 
maintain stablely.Therefore to model and analysis of 
controlling in MATLAB/SIMULINK is selected, in 
order to find out reasonable PID parameters. 

As shown in Figure 2 is the system step response 
curve. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. the system step response curve 

In the choice of parameters of controller can be used 
for reference system simulation [5] Kp, Ki, Kd 
parameters. To fine tune the three parameters are 
obtained, after repeated experiments, obtain the 
minimum error proportional, differential, integral gain. 
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III.THE HARDWARE OF THE SYSTEM. 

This design is a wireless communication light, 
machine, electricity, the integrated design, used in the 
design of the detection technology, automatic control 
technology and electronic technology. System can be 
divided into the sensor part and control part. The 
sensing part comprises a camera tracking module, the 
gyro angle module, ultrasonic distance measuring 
module, intelligent control part comprises a control 

module, a brushless motor module implements the 
straight flight vehicle, detection marker line tasks. The 
system hardware block diagram is shown in figure 3. 

Fig. 3. block diagram of hardware system 

IV.DESIGN OF PID CONTROLLER 

The PID controller 
(proportional-integral-differential controller) is 

composed of proportional unit P, integral unit I and 
differential unit D. Through the Kp, Ki and Kd three 
parameters are set to complete the design of control 
law. The PID controller's input is the output of the 
system with a reference value that 

( ) 1 ( )
( ) ( ) ( ) [ ( ) ( ) ]

0 0

t tde t de t
K K K K Tu t e t e d e t e dp i d p ddt dtT i

∫ ∫= + G G + = + G G +       （7）

In the formula, Kp is a proportional control gain, 
integral gain control for Ki, Kd for the differential 
gain control, Ti integral time constant, Td is the 
differential time constant [8]. And the angular 
velocity I(integral) budget actually control deviation, 
then the difference is used to calculate the control 
quantity of new, purpose is to let the system output to 
achieve or maintain at the reference value. The 
general expression of PID controller is a type of 
continuous as: achieve is point of view, if the four 
shaft has an inclination angle, then the four axis will 
be adjusted, until the four shaft angle is zero, the 

resistance is proportional to the angle, however, if 
only I, can make four axis oscillates rapidly, 
therefore, must have the P and I used together, then 
basically get four axis effect. 

But this control has the disadvantages such as the 
set value of R (T) from outside the system given, can 
jump, but the object output C (T) is the output 
dynamic link, have a certain inertia, its change can't 
jump. Direct access to the error between them 
information e (T) =r (T) -c (T) to eliminate the error, 
so can't jump C (T) tracking can jump R (T), very 
difficult to achieve. And the error of linear 
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combination of the past is now the future is not 
necessarily the best combination. Integral feedback 
often make unresponsive closed-loop system is easy 
to produce oscillations and control the amount of 
saturated and other negative effects. 

We use the model consists of nonlinear PID. 
Through the transition process arranging appropriate, 
by tracking differentiator or appropriate function 
generator to achieve. And the noise amplification 
effect very low tracking differentiator, state observer 
and extended state observer to extract the error 
differential signal [1]. 

The combination method, the nonlinear extended 
state observer role in real-time estimation of 
disturbance and the sum compensation way 
substitution error feedback function integral. 

As shown in Figure 4 Schematic diagram of PID 
control system before and after improvement. 
 
 
 
 
 

Fig.4.  PID control system before and after improvement 

diagram 

The standard PID algorithm based on the model, 
consists of linear and angular motion of two 
independent subsystems, angular motion is not 
affected by the line movement and line movement, 
influenced by the angular motion. Therefore using 
the small perturbation method, ignoring the 
additional small disturbance equations of motion can 
be obtained four rotary wing aircraft as: 

 
 

    (8) 
 
 

According to the parameters of the transfer 
function of the system and the four rotor aircraft 
table, transfer function, the control channel. 

V.SIMULATION AND EXPERIMENT 

Aircraft debugging into debugging preparation, 
static parameter setting, dynamic parameter tuning, 
aeromodelling mechanical adjustment etc.. There are 
many parameter algorithm program debugging 
process, although it is theoretically possible to 
optimize the  calculation of parameters. But due to 
the impact of precision model airplane model,   the 
parameters calculated only as a reference value range 
of initial debugging, so it needs tuning. 

In order to get the best effect of flying and by 
changing the parameter values in the PID control 
system, designed to verify the performance of 
attitude control system, we conducted a flight test. 
Which mainly includes three parts: one is the design 
of nonlinear PID control dynamic and steady state 
performance of the system is much better than the 
conventional PID, the controller has strong 
robustness and anti disturbance, the controlled can 
achieve good effect object parameter perturbation 
and disturbance signal. In the strong noise jamming, 
can improve the filtering performance by adjusting 
the filter factor (Figure 5), the controller has good 
filtering performance, two is hovering flight test [6], 
change through observation aircraft in hover in the 
process of dip and stable speed adjust the control 
parameters of aircraft. 

( )pK e t

t t∫0 ( )
t

iK e d

( )
d
de tK
dt
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Figure 5 the diagram of simulation results 

VI.CONCLUSION 

Design and Research on the system of the four 
rotor aircraft, not only the successful implementation 
of the vehicle smooth flight, also realize the vehicle 
tracking flight and automatic altitude etc.. This 
design uses the Renesas chip output PWM wave to 
control the brushless motor speed, connect the 
MPU6050 sensor to control the aircraft is balanced 
by I2C communication system, and the use of the 
standard PID algorithm, Calman algorithm, to 
achieve consistent so as to ensure the stability of 
flight vehicle. During the flight, to start the camera 
tracking flight. HC-SR04 ultrasonic sensor real time 
measurement of altitude, and feedback to Renesas 
control chip. Flight height is greater than 100cm, 
forward flight through the wire. During the test, first 
set the four motor assign the same duty ratio, the 
PWM wave gyro feedback regulation of motor, the 
speed of consistent. After debugging the countless 
times, motor speed and in the same ratio has reached 
99%. An ultrasonic transducer to measure the flight 

height and the actual measured height reached 98% 
the same. 100% complete electromagnet iron 
adsorption and throwing. 

Four rotor flight in the experimental teaching, not 
only can improve the innovative thinking you, also 
can be in training for the computer control and air 
dynamics of interest. The control theory and practice. 
We hope to be able to increase future aircraft applied 
to remote sensing, satellite navigation system, more 
perfect vehicle design. 
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The designing and optimizing of hardware used to a 
portable water formaldehyde detector 

 
Huiting Zhang, Weiping Song, and Guanbao Xiong 

（jilin university instrumentation & electrical engineering,changchun,130021) 
 

Abstract—Based on the Phenol Reagent spectrophotometric detection of formaldehyde principle, a portable water 
formaldehyde content detector, the three wavelength diode as a light source and with the TSL230 photoelectric sensor light 
receiving signal strength, the use of phenol reagent configuration standard concentration formaldehyde solution as reference 
fluid, due to the different concentrations of formaldehyde solution transmittance type TSL230 and MCU to measure the 
frequency value of the different concentrations of formaldehyde solution, and then convert the curve fit between the 
absorbance and the formaldehyde content, resulting formaldehyde concentration values. 

Key words—Formaldehyde   Phenol reagent   Spectrophotometry   Frequency 
 

I. INTRODUCTION 

THIS formaldehyde is a colorless, strong pungent odor 
of gas. In recent years, some unscrupulous traders use 
formaldehyde to soak the food, even in the drinking 
water sources of industrial pollution are likely to be 
containing different concentrations of formaldehyde. 
Prolonged exposure to formaldehyde can cause chronic 
poisoning, as well as varying degrees of discomfort. 

At present, the major domestic chemical analysis 
method to detect the concentration of formaldehyde, 
which require staff to collect samples back to the lab to 
measure solution. Although the accuracy of the 
inspection cycle to meet the requirements but long and 
complex procedures cause the entire process will be 
wasting a lot of manpower resources. Therefore, a 
miniaturized, portable, high-precision water 
formaldehyde detector is an urgent need for all 
services. 

II．TSL230  PHOTOELECTRIC  SENSOR 

TSL230 using a photodiode as detector, the 
frequency can be directly converted to visible light, the 
sensitivity, the output can be programmed to control 
the division, so choose TSL230 as a photoelectric 
sensor. 
A．TSL230 characteristics and parameters 

 Converted into pulses of light intensity in the 
manner presented frequency, high resolution, 
small external components influence; 

 The sensitivity of the receiving light intensity can 
be adjusted and can be full-scale output frequency 
value; 

 Frequency signal output of the microcontroller 
can be measured directly; 

 Temperature stability coefficient 100ppm/oC 
 The entire sensor using linear CMOS technology, 

almost without using external components. 
 Single power supply, the minimum supply voltage 

of 2.7V; 
 when the output frequency is 100KHz, the 

nonlinear error is typically 0.2%;. 
B. Sensor circuit design 

 
Fig.1   Sensor circuit design 

Figure 1 ,TSL230 external circuit, 3 feet for input 
control, active low. TSL230 is a pulse forming circuit, 
so in between the power supply and ground plus a 
0.1uF ceramic capacitor in order to ensure that the 
main circuit is not affected. 1,2,7,8 four pins in control 
response sensitivity 1/2 pin conversion options are 
high that changing the effective light-receiving surface 
of the photodiode, making it a hundredfold increase in 
sensitivity. 7,8 two pins control the output frequency 
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divider state selection 7 feet high 8 pin low even with 
the switching frequency according to the original two 
frequency divider output. 6 feet for the pulse output, 
when TSL230 optical frequency conversion, 6 feet on 
the standard square wave output. Square wave signal 
input to the output of the microcontroller pins 
frequency measurements. 

III . INSTRUMENT WORKS AND SCHEMATICS 

A. System principle and block diagram 

 
Fig.2  The system block diagram 

To be able to complete the design tasks and 
functions to achieve the formaldehyde content detector 
using a system block diagram shown in Figure 2 to 
achieve. 

First, the instrument works as a blank sample is 
placed colorimetric slot button control monochromatic 
light source, optical sensors measure light intensity 
data I stored in the microcontroller inside the blank 
with the absorption liquid sample is then placed on the 
use of the key slot colorimetric control monochromatic 
light source, optical sensors measure this time I 
strongly samples stored in the microcontroller, 
formaldehyde concentration calculated using the 
formula, and through the LCD display. 
B. Overall hardware circuit design 

Figure 3 shows the entire device hardware circuit 
design, including a choice of three light sources that 
alternately blinking red, blue, and green light through a 
colorimetric slot after receiving photoelectric sensor 
TSL230 converted to frequency signals, luminous 
three sources intensity is controlled by adjusting the 
light intensity circuit makes each color light source to 
achieve the best brightness. Measuring the 
formaldehyde content of such a linear fitting curve of 

best improve the measurement accuracy. The whole 
process controlled by the three-color light source 
buttons light off, the microcontroller receives the 
frequency signal from the TSL230, and finally 
showing the formaldehyde content of the solution 
being measured on the LCD1602. 

 

Fig.3  The whole hardware circuit diagram 

IV. SOFTWARE DESIGN 

A. Main design 
Have self-test, data processing and functional digital 

display according to the design requirements of 
portable water, formaldehyde content designed tester. 
In the process of completion of the above features to 
be detected frequency signal from the microcontroller 
TSL230 sensors and processing different light intensity 
from the reagent blank and the sample solution, the 
final display data on the LCD. Specific program flow 
chart shown in Figure 4: 
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Fig.4  The main program flow chart 

B. Equal precision frequency measurement 
TSL230 sensor output frequency signal, the light 

intensity at different frequencies in different sizes in 
order to be able to receive the frequency of the output 
signal from the sensor changes TSL230 need to design 
a frequency measurement procedures. In order to 
improve the stability and accuracy of measurement 
frequency selection method and measured weeks to 
combine direct frequency measurement method using 
the measured signal with a reference signal 
synchronized to eliminate errors generated a pulse. The 
principle is shown in Figure 5 

 
Fig.5  The principle of equal precision frequency measuring 

During the measurement, the standard signal with 
two counter coincidence with the measured signal. 
When the first program in a time gate preset timing 
gate opening time but in a wait state counter does not 
count, it receives an external signal rising (or falling) 
when the counter starts counting, so that makes the 
measured signal with a reference signal to synchronize 
count, preset gate time count-up does not stop the 
counter until the rising edge of the signal (or falling) 
soon stop counting, the measured signal and the 
reference signal and stop. Thus to achieve the 
synchronization closed, completes a measurement 

process. From the figure can be set within a preset time 
the signal gate count of the number of N, and the 
reference clock signal count is n and set the frequency 

of the reference signal nfNf xx /' ·= , the frequency 

of the signal. As the evaluation process to achieve a 
synchronous count the count value N of the signal 
error-free, and the reference signal count value of n 
there is a counting error, error measurement is 
determined by the count value of the reference signal 
and the inverse relationship. That count values greater 
the measurement frequency error is smaller. However, 
the count value of the reference signal too large, the 
measurement time is too long, so the count value 
control in a reasonable size will make the measurement 
frequency to achieve the best results.

 
Fig.6  The flow chart of equal precision frequency measuring 

V. CONCLUSION 

The design uses a combination of hardware and 
software design methods, during the design of the 
hardware circuit photoelectric sensor TSL230 core, 
using a modular design approach. Includes 
photo-detector module design, human-computer 
interaction module and single-chip peripheral circuits. 

In the design of software programs to take into 
account the microcontroller receives signals from the 
photoelectric sensor is displayed as pulse frequency 
and the frequency of use of the inversion algorithm 
formaldehyde concentration values into concrete 
values. To measure the accuracy of the frequency of 
use of equal precision frequency measurement method 
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effectively reduces the measurement error. 
Proposed a portable water formaldehyde detector 

design based on the above section. It has the 
automation, easy operation and low cost, and the use of 
the microcontroller to achieve a test of intelligence. 
After error analysis results show that the design is 
feasible. However, due to limited time and can not 
apply this product to everyday life, but in a state of the 
testing machine. If time allows practical issues need to 
study the stability of the next instrument, and the 
application status in different environments. 
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Development of a Portable PM2.5 Monitor 
 

Wang Hong-yuan, Zhao Peng-cheng, Gao Weng-zhi, Li Su-yi 
(College of instrumentation and Electrical Engineering, Jilin University, Changchun 130022, China) 

 
Abstract—In recent years, with the development and popularization of the motor vehicle industry, the number of motor 

vehicles is increasing heavily, and the impact of them on urban environment is getting more and more obvious. Urban air 
quality in China is becoming worse and worse, and people pay more and more attention to the air quality of living 
environment. So, aiming at current conditions, we develop a portable PM2.5 monitor to monitor PM2.5 in family. We use low 
power consumption microprocessor MSP430 as the core, DSM501 made in SYHITECH Company as sensor , and combine 
SIM900A dual-band GSM/GPRS module with GPS blox NEO-6m module in device. It realizes real-time monitoring of PM2.5, 
position information display as well as the function of the remote testing information of PM2.5 by mobile phone after 
transformation of hardware level, software filtering and data post-processing. It shows from actual test data  that the device 
can be used to monitor PM2.5 in the air within the error range. 

Keywords—PM2.5 monitor; GPS module; GPRS SMS transcenciving 
 

I. INTRODUCTION 

ONE forth of China have appeared haze since 2013 
[1],which has affected about 600 million people. 

Particle matter whose size is 10um or more will be 
kept outside the human nose; Those sized between 2.5 
and 10 um can enter human respiratory , but some 
may be excreted through the sputum, which is less 
harmful to human health [2]; While the particle matter 
whose size is 2.5 um or less (known as "PM2.5") and 
just one-tenth of a human hair will enter bronchial 
after being inhaled and disturb pulmonary gas 
exchange, causing including asthma, bronchial 
inflammation and cardiovascular disease and other 
diseases. Harmful gases and heavy metals goes into 
the blood from Bronchi and alveoli. Once they are 
dissolved, it will seriously affect human health. PM2.5 
in haze becomes the latest killer [3], affecting the 
body's respiratory, reproductive and blood system. It is 
reported by WHO that 120 million people died early 
because of outdoor air pollution in China. 

Compared to "fog", "haze" is produced due to air 
pollution. Therefore, living in haze is greater harmful 
to human health than that in the fog. Recent 
years ,Northern China has been affected by the global 
climate anomalies, resulting in increasingly severe 
drought. At the same time, it emits a lot of greenhouse 
gas in city life, causing times of haze day rising [4]. It 
indicates from research that particulate matter has a 
worse influence on human health hazards even than 
the storms [5]. 

What does harm to human body is not particulate 
matter itself, but chemical substance adhered to 
it.PM2.5 to influence on human health is essentially 

chemical substance adhered to particulate matter to it. 
For example, if PM2.5 absorbs carcinogens, it will 

have carcinogenic effects; if it absorbs dioxin, it’ll 
have pregnancy hazards; if heavy metals, it’ll have 
heavy metal hazards. What affect is decided by 
something PM2.5 adsorbs [9].      

The result shows that if PM2.5 exceeded, 
emergency and mortality rate of cardiovascular system 
in hospital will increase 6-7%,while emergency rate of  
hypertension will increase 5%,especially the particle 
matter sized 1-3 um, those matter could go into the 
alveoli where is used to make gas exchange. Those 
particles will be swallowed by macrophages and stay 
in the alveoli all the time, which has bad effect on not 
only respiratory system but also cardiovascular, 
nervous and other system. 

So with the development of the times, a portable 
PM2.5 detector with positioning and messaging 
features was born[7],which is easy to use and with 
small size and low price [6] 

With the help of SIM900A GSM module and GPS 
blox NEO-6M module, the instrument goes though 
level conversion [10], filtering and data 
post-processing to achieve PM2.5 detection [11] by 
the main controller MSP430 controlling DSM501 
sensor [8]. 

II.  PM2.5 MONITORING SYSTEM 

A. Working Principle Of Sensor And Data 
Processing    

The sensor has heating equipment which can be heated, 
so that dust particles will be heated to rise. One end of 
the sensor is a light emitting diode that can give off 
light of a certain intensity and frequency. The other 
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end exists a receiving diode, and light emitted by LED 
will be reflected when it meets dust, which can be 
received by receiving diode. 
The larger the dust concentration is, the greater the 
intensity of reflected light is, and the stronger the 
received optical signal is. After going through 
amplifying and shaping, the output signal is PWM 
wave. When there are dust particles blocking the 
output port, it will get out a low level and last a period 
of time about a substantially continuous range of 
10-50ms.Or it’ll output a high level. 
You can usually choose 30 seconds as a clock signal to 
measure the low PWM pulse time when measurement. 
And then you can get a low pulse rate. Low pulse rate 
are raw data, and you can get real-time PM2.5 data by 
going through mathematical operation. The data 
acquisition information and real-time display will be 
updated every 30 seconds when collecting data. The 
value is the current value for PM2.5. 

 
Fig.1 Working principle of the sensor diagram 

B.  Level Conversion Module Design  
The output level of sensor is between 0.7~4.5V.If we 
put the PWM signal into MSP430 MCU, we’ll meet 
the situation that the level doesn’t match each other. 
Here, we have designed the level conversion module 
to solve the problem. The instrument total input power 
supply is 5V/2A, and MSP430 needs 3.3V.Here, we 
use a highly efficient linear regulator ASM1117-3.3V 
(Figure 2) to output 3.3V, so we can supply for 
MSP430 MCU. 
However, the output level of sensor does not match 
MSP430.Here,we use comparator circuit, a single 
supply operational amplifier OP27 which is drived by 
3.3V power supply. Comparison reference voltage is 
2.5V which is got by ASM1117-2.5, a high efficiency 
linear power. So, the output voltages are 0V and 2.5V. 
Finally, we complete the desired output level after 
voltage attenuation. Sensor’s output and a comparator 
are connected, and they go through level conversion to 
achieve a PWM signal of 0~3.3V.Finally,it matches 
with MSP430 MCU. 

 
Fig.2 ASM1117-3.3V switching circuit 

III. SYSTEM DESIGN OF GPS DATA ACQUISITION 

A. The Working Principle Of GPS Module 
GPS blox NEO-6M module is used in positioning 
system, and the u-blox chip is a high-performance one.  

TABLE1 
Parameters Of GPS Blox NEO-6M Module 
Parameters Values 

The C/A code 1.023mhz 
Receive band L1 [1575.42mhz] 

The track sensitivity -161dbm 
Acquisition sensitivity -148dbm 

Cold start-time 38s 
Warm start-time 35s 
Hot start-time 1s 

Recapture time 0.1s. 
It is able to meet the needs of real-time positioning. 
The chip adopts serial communication to transmit 
coordinates, latitude and longitude ,and other 
information to the master chip, and it’ll finally be 
displayed on LED. 
Through the GPS module, you can obtain the coordinate 
of surveyor, and pass it to the master chip, recording the 
coordinate orientation. GSM module is also added in the 
system, and the location coordinates, PM2.5 values and 
other data s are sent to mobile terminals via GSM 
network. 
B.  Brief Introduction Of NMEA-0183 Protocol 
NMEA0831 is a standard format of America National 
Marine Electronics Association for use in marine 
electronic equipment. It has become a unified RTCM 
standard protocol of GPS navigation equipment. 
NMEA-0831 protocol makes the ASCII code to 
transmit of GPS positioning information, which we 
call frame. Here is frame format: $aaccc, ddd, ddd,..., 
ddd*hh (CR) (LF) 
1. "$": frame command initiation bit 
2. Aaccc: address field, the top two for the identifier 
(AA), three for the statement name (CCC) 
3. ddd,... ddd :data 
4."*": check and prefix (also marked the end of 
statement data) 
5. hh: The checksum 
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6. (CR) (LF): The end of the frame, a carriage return 
and linefeed character 
Commonly used NMEA-0183 commands are shown 
in table 2: 

TABLE2 
Common Commands Of NMEA-0183 

NO. Instruction Introduction Maximum 
frame size

1 $GPGGA GPS Location  72 
2 $GPGSA Current Satellite 65 
3 $GPGSV Visible Satellite 210 
4 $GPRMC Recommended 

Positioning 
70 

5 $GPVTG Ground Speed 34 
6 $GPGLL Geodetic Information / 
7 $GPZDA Current Time / 

Here, what we use is 4, the $GPRMC (recommended 
location information). 
The basic format of the $GPRMC statement is showm 
as follows: 
$GPRMC,(1),(2),(3),(4),(5),(6),(7),(8),(9),(10),(11) ,(1
2)*hh (CR)(LF) 
Information we have used are: 
(1)  The UTC time, hhmmss (when) 
(2) The Positioning state, the effectiveness of A= 
positioning, V= positioning is invalid 
(3) The latitude of ddmm.mmmmm (degree) 
(4) The latitude hemisphere N (northern hemisphere) 
or S (southern hemisphere) 
(5) The accuracy of dddmm.mmmmm (degree) 
(6) The accuracy of E (n) or hemispheric W (West) 
C.  Module Connected With The Single Chip 
Module is connected with the single chip by at least 
only four wires: VCC, GND, TXD, RXD. The VCC 
and GND is for module power supply, TXD and RXD 
is respectively connected to RXD and TXD of MCU, 
which is for information transfer. And the module is 
compatible with 5V and 3.3V microcomputer system. 

 
Fig.3   Connection schematic of GPS module and MUC 

IV. DESIGN OF REMOTE MESSAGING SYSTEM               

A. Principles Of GSM Text 
SIMCom introduced a new wireless module 
--SIM900A. It belongs to the quad-band GSM / GPRS 

module, completed with SMT package, while using 
the powerful ARM926EJ-S processor chip. SIM900A 
has a stable performance, and it is small, cost-effective 
and can meet a variety of needs. 
Industry-standard interface was used on SIM900,It’s 
operating frequencies are 850/900/1800/1900MHz of 
GSM/GPRS, and can achieve low-power transmission 
of voice, SMS, data and fax information. In addition, 
SIM900A can meets various types of design 
requirements in M2M applications, especially for 
compact product design, the size of which are 
24x24x3mm,. 
We only use SMS function throughout the system, so 
we just introduce SMS Principles of SIM900. 
GSM SMS code. One is TEXT mode, and the other 
PDU mode; 
 (1)Text mode. The transmitter sends not only English 
words, but also Chinese-English. Sent "AT + CMGF = 
1" by serial communication, you can choose Text 
mode. When it needs to send Chinese-English contents, 
it should send "AT + CSCS =" UCS2 " to the module 
to select "UCS2 encode". At this same time, the 
contents must be Unicode encoded, and then the target 
terminal can read them. When receiving SMS, SMS 
content are equally Unicode encoding. Therefore, it 
needs to transcode to get the message content in 
English & Chinese. 
 (2) PDU mode. Text encoding includes three modes, 
namely 7-bit encoding, 8-bit encoding and UCS2 
encoding. Sent "AT+CMGF=0" by Serial 
communication, you can choose PDU mode. 
Due to PDU mode being more complex than Text 
mode, this information transmission system requires 
no higher than real phone communication 
requirements, and therefore we plan to select Text 
mode, a simpler way, to realize our SMS system. 
UCS2 encoding: 
1, Convert string to unicode encoded mode. 
2, Convert unicode encoded to UCS2 encoded mode. 

First, we know that UCS2 encoded mode is converting 
single character into 16 bits wide characters. 

TABLE3 
Property Set Of The Serial Interface 

B.  GPRS hardware system design 
a) GPRS System Principles 
System block diagram is shown in Figure 4. What 
GSM communication needs to realize is packaging the 
PM2.5 data processed by the main control chip and the 

Baud (bits per second) 9600 

Data bits 8 

Parity None 

Stop bits 1 
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position data obtained by the GPS module, and 
sending them to the target phone. Meantime, it’ll 
display the resulting real-time information on 
NOKIA5110 LCD screen. 
So how the whole system works is to use MSP430 
MCU controlling to collect data, and then GSM 
module performs data transmission. This system can 
make PM2.5 data send to any cell phone, China 
Mobile and China Unicom have been tested. It simply 
send a specified format message to module equipped 
with a mobile phone, and the module will be able to 
read the short message content, then the real-time 
PM2.5 data will be returned to the target cell phone in 
the way of short message. This function is convenient, 
eliminating the need for a large number of buttons and 
restrictions over the distance to get data directly. 

 
Fig.4 System block diagram 

b)  SIM900A power supply module 
SIM900A module provides a power interface, and it 
needs to add more than 5V 2A or 2A DC power supply. 
Positive and negative pole has been marked in the 
back of the circuit board: VCC represents the power 
positive pole, and GND does negative. 
Here is power supply circuit design. Please attention 
that IN4007 allows a maximum current of 1A, and it 
recommends to add 470uF or more polar capacitor 
between the positive and negative pole on VCC_4. 

 
Fig.5  SIM900A power supply circuit 

SIM900A module is designed to start up when power 
is on. SIM900A module level matching circuit exists 
as follows: 

 
Fig.6 Module SIM900A level matching circuit 

 
Fig.7 The main function program flowchart 

c) GPRS software system design 
In software, MSP430F449 was controlled to store 
PM2.5 data from sensors and sent to a designated 
phone via GSM communication module. When the 
system starts up, it firstly operates a variety of 
initialization operations, open main disruption, display 
start-up screen and so on. Finally, GSM module gets 
to work properly. 
If GSM module is working properly, it can extract the 
phone number and then send real-time PM2.5 values 
to this phone when receiving the specified format 
message; or NOKIA 5110 LCD screen displays the 
current PM2.5 concentration information all the time. 
This function is so convenient that it could eliminate 
the need for a large number of buttons and restrictions 
over the distance to get data directly.  
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V. RESULT AND CONCLUSION 

After testing, PM2.5 detector has already achieved 
PM2.5 monitoring function, and the LCD screen also 
shows the PM2.5 concentration and position where 
was measured. The instrument, which has remote 
messaging capabilities and could read fixed format  
message, will send screen information to the target 
mobile phone users by receiving and processing 
messages. Finally, it realizes the goal of remote PM2.5 
monitoring. 
Here are the PM2.5 data in a day in Changchun we use 

the instrument to measure as follows:  
TABLE 4 

Measurement Data Sheet 

* Measured PM2.5 values on March 2 in Changchun (ug / m3) 

Draw the chart based on measured data as follows, 
We’ll clearly observe the PM2.5 trends in a day: 

 
Fig.8  PM2.5 change trend chart 

It shows that PM2.5 concentration reached its peak 
value at eleven clock’ and the valley value at three PM 
through observation. But it still has a relatively large 
fluctuation  in a day. 
The instrument has some advantages: comprehensive 
function, innovative design, low cost, long service life, 
and suitable for family use. Human computer 
interaction is convenient, easy to use, and clear to read. 
It suits for all kinds of people to use. And this 
instrument has real-time location and PM2.5 display 
function. The collected data can be sent by GSM 
module, greatly facilitating users to transfer 
information. The instrument has a small size, carries 
conveniently, and is applied by Li battery to supply 
power which endures a lot and could works for long 
hours. All in all, it is portable, real-time and accurate. 

References 

[1] Yang Yongjie, Zhang Yusheng, Yang Saicheng, Zhang 

Xiaomei. The design of a kind of PM2.5 detection 

sensor[J].Sensor and micro system,2014,03:76-78+81 

[2] Roman.Monitoring and analysis of concentration of PM2.5 

based on a portable monitor[J].Technology and enterprise 

of science,2014,14:408-410. 

[3] Wang Yan, Wang Hui.The present situation and detection 

technology of PM_(2.5)[J].Resource conservation and 

environmental protection,2014,12:139. 

[4] Wang Qingyuan. The principle and application of new 

type of sensor [M]. Beijing: China Machine Press,2003. 

[5] Zhang Wenge, Gao Sitian,Song Xiaoping, Liu Junjie, Liu 

Wei, Chen Zhonghui. Concentration measurement and 

measurement technology of  fine particles 

PM_(2.5)[J].Powder and technology of 

China,2013,06:69-72. 

[6] Tan Haoqiang. Program Design in C Language[M].The 

fourth edition.Beijing:Tsinghua University Press,2010. 

[7] Guo Tianxiang. C language program of 51 single chip 

tutorial [M].Beijing: Publishing House of Electronics 

Industry,2010. 

[8] Zhao Jianling, Xue Yuanyuan   explanation of 51 MCU 

development and application technology[M].Beijing: 

Publishing House of Electronics Industry,2009. 

[9] Wang Ju, Li Na, Fang Chunsheng. The research of 

correlations of TSP、PM_(10) and PM_(2.5) in the air in 

Chang Chun[J].Environmental monitoring in 

China,2009,02:19-21+56. 

[10] Zhen Feng, Wang Qiaozhi, Cheng Liping.The typical 

application examples of 51 single-chip microcomputer[M] 

Beijing: China railway industry press,2011. 

[11] Fan Honggang, Wei Xuehai, Ren Sijing 51 microcontroller 

self-study notes [M].Beijing: Beijing university of 

aeronautics and astronautics press,2010. 

TIME PM2.5  LOCATION 
8:00 76ug/m³ 125°55′ 43°43′ 
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12:00 42ug/m³ 124°07′ 43°56′ 
14:00 28ug/m³ 125°74′ 43°92′ 
16:00 39ug/m³ 124°19′ 43°96′ 
18:00 71ug/m³ 124°19′ 45°10′ 
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Abstract—Compared with traditional frequency characteristic test instrument, the virtual instrument is cheaper, its 

maintenance cost is lower, technology update cycle is shorter, and its function is more complete. Frequency characteristic is a 
method of exhibiting the amplitude and phase characteristics of network, using frequency as reference. To testing the 
frequency characteristic of the network, designed a frequency characteristic tester based on virtual instrument, using the 
LabVIEW platform and NI USB - 4431 data acquisition card. Trigger synchronization method is used to make the 
instrument input signal and output signal synchronized strictly, using the correlation analysis to reducing the noise of the 
measurement. Measured some network which frequency characteristic are known, measurement results are the same as the 
results of the dynamic signal analyzer Agilent 35670a. 
 

I. PREFACE  

THE beginning model of frequency characteristic 
tester is measured in a frequency point as a unit, most 
are composed of discrete elements, so the volume of 
the instrument is too large, operation is also difficult, 
with the development of electronic information 
technology and improvement of the process level, 
frequency characteristics test instrument is improving 
toward digital direction. The measuring precision is 
obviously improved based on MCU minimum system, 
but there are still many problems such as frequency 
band is narrow, expensive price etc... 

Direct digital frequency synthesis technology has 
been applied to the design of the frequency 
characteristic test instrument with the development of 
modern electronic technology, realizing the true sense 
of the digital instrument. Virtual instrument 
technology get the favor in various fields by its 
advantages, Frequency characteristics measurement 
based on virtual instrument technology intelligent 
instrument has opened up a new road. There are a lot 
of frequency characteristic testers, compared with the 
virtual instrument, the traditional frequency 
characteristic test instrument is expensive, 
maintenance costs high, technology update cycle is 
long, function is single. Designed the frequency 
characteristic testing instrument using USB-4431 data 
acquisition card, because the main body in the 
software, it makes the instrument development and 
makes maintenance costs to a minimum. It can easily 
extending function by using the virtual instrument. 
Testing the frequency characteristics of the dynamic 

components can provide more accurate mathematical 
model for control system design, providing the basis 
for the laboratory simulation and theoretical studies. 
Frequency characteristics test instrument is composed 
of two parts, LabVIEW and USB-4431 data 
acquisition card. Test a low pass network with 
dynamic signal analysis and our frequency 
characteristic tester, compare the two test results for 
correction. 

II. PRINCIPLE OF FREQUENCY CHARACTERISTIC TESTER  

Frequency characteristic is a method of exhibiting 
the amplitude and phase characteristics of network, 
using frequency as reference. When the structure and 
components of the concrete circuit system with 
unknown parameters, we can put the circuit system as 
a black box, use the transfer function H (s) to 
characterize its transmission characteristics. It does 
not need to know the structure and components of 
circuit system specific parameters to get the transfer 
function of the system, it can be obtained through the 
zero input response and the zero state. Because the 
input signal and the output signal can be measured by 
easy access. So the frequency characteristics of 
application has a very practical value, it is widely used 
in the scientific research of University and social 
engineering project. Frequency characteristic tester is 
an instrument or device used for frequency 
characteristic test system.   

III. INSTRUMENT DESIGN  

In the phase and amplitude measurement method, 
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correlation function analysis to the noise has a strong 
inhibition, high measuring precision, has been widely 
applied in practice. So choose correlation analysis 
method to calculate the system under test on the 
frequency response. As shown in figure 1:  

 Fig.1 Frequency domain identification modeling diagram 
Frequency characteristics of the system under test to 

obtain a series of specific frequency point of 
amplitude phase after the data. Frequency 
characteristic test process diagram as shown in figure 
2: 

Build a given frequency 
cosine signal

Send sine signal to the 
network being measured

Receive signal

Adjust the sampling points

For correlation analysis

Data processing

 
Fig.2 The software flow 

IV. SOFTWARE IMPLEMENTATION 

The frequency characteristic test instrument 
software is mainly divided into parameter setting 
module: the output signal generating module, input 
signal acquisition module, data processing and 
measurement results display module. 

A．The output signal generating module 

Using NI MAX, enter "the device and interface after 
installing the device", select USB4431 production task 
to create a new voltage. Select generate continuous 
sampling mode, sampling rate using hardware allows a 
maximum of 96 kHz, generation write sample 

selection 96 kHz, to ensure the system generated in the 
cycle for the integer second signal buffer data is 
integer cycles. Trigger type choice no trigger. The 
generated voltage task into LabVIEW software 
program diagram, select automatic code generation, 
type of configuration and example. Using LabVIEW 
built-in function "Simulate Signal Express VI" to 
produce output excitation Signal, replace the 
translated sine Signal, the sampling rate is set to the 
same as the task of 96000Hz, buffer size is set to 
96000. 

B． The input signal acquisition module 

Using NI MAX to create a new voltage acquisition 
task. Acquisition mode selection continuous sampling, 
sampling rate and to read the sample and for the 96k, 
consistent with the generated task. To ensure that the 
system can motivate data collected by the network 
after all of the sample. The beginning of the trigger 
type choose output task Numbers along the trigger. 
Acquisition task in signal generated task start and 
immediately start, to ensure that the tester input and 
output signal synchronization. The generated voltage 
task into LabVIEW software program diagram, select 
automatic code generation, type of configuration and 
example. As shown in figure 3: 

 
Fig. 3. Input signal acquisition module 

C． Data processing and display module measurement 

Delete the oscilloscope in data processing module, 
replaced with the start of the Numbers along the 
trigger. Acquisition task in signal generated task start 
and immediately start, to ensure that the tester input 
and output signal synchronization. The use of 
"Convert from Dynamic Data Express VI" collection 
of Dynamic signal into two-dimensional signal. 
According to the selection of measuring principle and 
algorithm, using correlation analysis, create a generate 
module synchronous sine cosine signal, sampling 
frequency and sampling points is the same as the sine 
signal. After the operations by amplitude frequency 
characteristics and phase frequency characteristics 
indicator displays in the front panel. Data processing 
is shown in figure 4: 
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Fig. 4. Data processing modul

V. THE TEST DATA COMPARISON 

Testing RC (1.2k 4.7uF) network and RLC (1.2k 
7mh 4.7uF) network using USB4431 and Agilent 
35670a, comparing the data .The test result is shown 
in figure 9 as shown in figure 8 

 
Fig.5RC network 

 
Fig.6 RLC network 

 
Fig.7 Measurement data of RC network 

 
Fig.8 Measurement data of RLC network 

VI. CONCLUSION 

Complete the design of the frequency characteristic 
test instrument based on virtual instrument, using 
USB-4431 data acquisition card. The frequency 
characteristic test instrument can display the amplitude 
frequency characteristics and phase frequency 
characteristic measured network testing frequency, 
Use the testing of multiple frequency points to obtain 
the frequency characteristic curve of the whole 
network, Sampling rate and buffer size setting  
ensure the integrity of the output signal, by triggering 
method to ensure synchronous excitation signal and  
acquisition signal, Results are consistent with the test 
results of  standard dynamic signal analyzer. To meet 
the needs of engineering design and research, it can 
satisfy the need of engineering design and research. 
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Abstract -The system mainly consists of the following four function modules,controlled current source module, single-chip 

microcomputer control module, man-machine interface and power supply module.Among them,the controlled current source 
module is mainly composed of OP07, IRF540 and so on, in charge of producing the current that can be adjusted, so as to 
realize adjustable resistance; Single-chip microcomputer control module is given priority to ultra-low power consumption 
MSP430F449 single-chip of TI company, which can achieve controlling of the current source, the display, and other functions; 
Power supply module is responsible for providing power to the entire circuit; This system provides a friendly man-machine 
interface, in which resistance value can be set by keyboard, at the same time shows the current setting of resistance by the 
NOKIA 5110. 
 

I.SYSTEM SOLUTION 

A . Design of controllable current source 
THIS system uses the integrated operational amplifier 
and a field effect tube structures of the voltage 
controlled current source. Circuit principle shown in 
figure 1. The circuit of the integrated operational 
amplifier OP07, a field effect tube IRF540 
components. And the integrated operational amplifier 
and bipolar junction transistor (BJT) current source 
(Fig. 2) compared with the field effect tube can be 
used as a voltage controlled resistor can be used, in the 
micro current and low voltage conditions, has the 
advantages of low power consumption, good thermal 
stability, easy to solve the problem of heat, work and 
other wide power supply voltage range. Using the 
field effect tube is easier to control and realize linear 
current voltage. The circuit uses the voltage follower 
makes voltage equal to the voltage of the 7 node and 

the 21 node, i.e. ( 217 VV = ), so the output current.

10

1

R
VIout = . 

The integrated operational amplifier and bipolar 
junction transistor (BJT) current source although can 
improve accuracy, current range but can provide small, 
unable to complete the requirements of the current 
range of the system, the integrated operational 
amplifier and a field effect tube structures of the 
voltage controlled current source accuracy although 
not of the integrated operational amplifier and bipolar 
junction transistor (BJT) current source with high 
precision, but can meet the requirements of large 
current range of the system, can meet the requirements 

of the system accuracy, considering the selection of 
the integrated operational amplifier and a field effect 
tube structures of the voltage controlled current 
source.  

                        

 

Fig.1 The integrated operational amplifier and a field effect 
tube structures of the voltage controlled current source principle 

diagram 

     
Fig.2The current source schematic diagram of integrated 

operational amplifier and a bipolar junction transistor 
B. The design of control system 
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This system uses ultra low power microcontroller 
MSP430F449 of TI company. The chip has stronger 
operation ability and abundant characteristics of ultra 
low power consumption, etc.. MSP430F449 
microcontroller can work in the 1.8V~3.6V voltage, 
working mode (AM) and 5 low power mode (LPM), in 
a low power mode, the CPU can be interrupted to 
wake up, the response time is less than 60ps. It has 
RISC structure, 16 interrupt sources in 16, can be 
arbitrarily nested. 
C. The design of man-machine interface 

The display part selects Nokia5110. 
  Nokia5110 is a classic models, possibly because of 
the sake of classic, old machines a lot, so a lot of 
electronic engineers put the old machine screen 
removed, their drive Nokia5110, for the development 
of equipment display, replace the LCD1602. Four big 
reasons using Nokia5110 liquid crystal: 

 the performance to price ratio is high, the 
LCD1602 can display up to 32 characters, while 
the Nokia5110 can display 15 characters, 30 
characters. Bare Nokia5110 screen is only 8.8 
yuan, the general LCD1602 15 yuan, LCD12864 
general 50~70 yuan. 

 interface is simple, only four I/O line can be 
driven, LCD1602 need 11 I/O lines, LCD12864 
12 root. 

 speed, is LCD12864 of 20 times, 40 times the 
size of LCD1602. 

 Nokia5110 working voltage of 3.3V, the normal 
display the working current is below 200uA, 
power down mode, suitable for battery powered 
portable mobile devices. 

II．SYSTEM THEORY ANALYSIS AND CALCULATION 

A. Controlled current source analysis and calculation 
  As shown in figure 3, in the circuit,the input voltage 
of node 21( 21V )equals to the voltage of node 5( 5V ), 
namely ( 521 VV = ). For voltage follow 2U , then

75 VV = , so 721 VV = . Because of Q4 field-effect tube 
IRF540 in the circuit, the field effect tube IRF540 grid 

voltage gV  is equal to the source voltage sV  ( sg VV = ). 

Bipolar junction transistor (BJT) 2N3904 plays the 
role of compensation in the circuit, which can improve 
the precision of the current in the circuit. 

 Circuit output current outI is equal to the node 7 

voltage divided by resistance 10R , namely (
10

7

R
VIout = ). 

 
Fig.3  controlled current source schematic diagram 

B. DA analysis and calculation 
   The system adopts DAC904E as DA chip. 

DAC904E is digital to analog converter with 14 bits, 

165Msos , due to the high precision requirement of the 

system, to achieve 0.01% accuracy. By the formula(1) 

( )12
0

-
= B

UC        (1) 

C for the precision that DA can reach, 0U for the 

reference voltage, B for DA digits. 
   Known system requirements of accuracy is 0.01%, 
the range of the reference voltage (0 v to 15 v), take 
the numerical generation into the formula (1), (2) to 
type, 

12
15%01.0
-

= B                  （2） 

Solve (2), can get 18=B , due to experimental 

conditions cannot get 18 and 16 DA, so this system 
adopts the 14 DA, also can complete the request. 
   DAC904 reference circuit on a chip, including a 
1.24 V bandgap reference and control amplifier. 
Grounding pin 16, INT/EXT, can make the internal 
reference circuit. DAC904 the full range of output 
current depends on the reference voltage VREF, 

resistance SETR . The formula (3)  

 
SET

REFREFOUTFS R
VII •=•= 3232           

(3) 
  Reference control amplifier as voltage current 
converter provides reference current, REFI , REFI  
equals to the ratio of REFV and SETR . Full scale 
output current IOUTFS equals to the result of IREF 

fixed by 32. Plug W== KRVV SETREF 2,25.1  in 

formula (3), acquiring type (4) 

mAK
VIOUTFS 202

25.132 =W*=  (4) 
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elationship between the DA control word D and 
resistance box resistance R such as type (5) 

( )10*20*250*3
47*30

2 314 -⎟
⎠
⎞

⎜
⎝
⎛

=
R

D   (5) 

in type (5), 30V for the applied voltage of the system, 
47 Ω for sampling resistance tolerance for current 
source, 250 Ω for resistance circuit, R for resistance,  
20 ma for DA full scale output current. 

DA control word error analysis: 
  Because of the limitation of DA digit decimal 
control word, there is need to be rounded, which will 
cause the result error. To solve this problem, we adopt 
the PWM technology, dispatching DA 300 hz PWM 
wave, the duty ratio is after two decimal. 
By type (6) 

DUU out

1214
-

=                                         

(6) 

outU for DA output voltage, D for control word. 

Make 

KUout
=

-1214
                                     

(7) 
 KDU =                                      

(8) 
Then get τKKDU +=                                            
(9) 
PWM waveform as shown in figure 4 

 
Fig.4 PWM waveform 

 
τKKDU +=                                 

(10)  

arranged )( τ+= DKU                                              

(11) 
By pushing the available, using PWM technology 

can solve the error introduced in the round. 

Ⅲ THE CIRCUIT AND PROGRAM DESIGN 

A.The design of the circuit  
  System overall block diagram. 
  This system uses ultra-low power consumption 
MCU by TI company, MSP430F449 , as the main 
control center, voltage controlled current source set up 

by integrated op-amp and field effect tube , 4 * 4 
keyboard input and display NOIKIA 5110. System 
overall block diagram is shown in figure 5. The 
overall hardware circuit principle diagram is shown in 
annex a. 

  

Fig. 5 system overall block diagram 

  Control part 
  This system USES MSP430, low power supply 
voltage range: 1.8 V to 3.6 V. 

Ultra-low power consumption: 1, the activity 
pattern: 1 MHZ, 2.2 V is 280 mu. 2, waiting for the 
model: 16 mu A. 3, closed model (RAM keep) : 0.1 
mu A. The single-chip microcomputer has five kinds 
of power saving modes, from the wait state awaken 
within 6μs; with an internal reference level, sample 
keep and automatic scanning features 12 bit A/D 
converter,three or seven capture/more shadow 
registers a 16-bit timer B,and three capture/compare 
register A 16-bit timer; On chip integrated comparator. 
The control system of the system ,MSP430F449 
minimum system is shown in figure 6. 

 
Fig. 6 control system MSP430F449 minimum system schematic 

diagram 
  Controlled current source 
  Schematic diagram as shown in figure 7. This 
system in order to improve the current precision, using 
the field effect tube,which is adjustable within the 
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scope of the variable resistor , bipolar junction 
transistor (BJT) 2N3904 plays the role of 
compensation in the circuit. 
 

 
Fig. 7 principle of controllable current source circuit diagram 

  DA part 
  Due to DA chip in the system uses a patch type 
DAC904E, circuit design is upright type, so using the 
adapter plate. The circuit principle diagram is shown 
in figure 8. 
 

 
Fig. 8 The circuit principle diagram 

  Data processing part 
  Data processing subsystem, according to the 
requirements of DA and system , the amplification 
needs to be three times, filtering uses the chebyshev 
type I third-order filter circuit. Chebyshev filter in the 
transitional zone is faster than butterworth filter 
attenuation, although flat frequency response 
amplitude frequency characteristics is better than the 
latter, but the chebyshev filter and minimum error 
between the ideal filter frequency response curve, in 
the passband exists the amplitude fluctuation. We want 
fast attenuation passband and allows a little amplitude 
fluctuation, so use the first kind of chebyshev filter. 
   

 
Fig.9 Chebyshev filter 

B. program function description and design ideas 
  Program function description and design ideas 
  The program function description 
  According to the topic request software part mainly 
realize the setting and display of the keyboard. 
1) keyboard function: set the resistance value. 
2) display: display resistance value. 
   Program flow chart 
   The main program flow chart 
   As shown in figure 10, the main program flow 
chart. 
  Interrupt program flow chart 
  As shown in figure 11, interrupted flow chart is    
illustrated below. 

Ⅳ.  TEST PLAN AND TEST RESULTS 

A.Test environment 

Temperature (200.5 ℃); Humidity: 40% ~ 70%. 

B. testing instruments 
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Fig.10  the main program flow chart. 

              
Fig. 11 interrupt subroutine 

Five and a half of multimeter, model 8842 a 
C. The object being measured 

Numerical control dc resistance box, measuring 
range (10 Ω Ω ~ 1 m), 0.1% accuracy. 
D. Measurement process 

The numerical control dc resistance box connected 
to the voltmeter is good, in turn, measure and record 
the data, according to the formula (12) and formula 
(13) resistance. 

C

X

Q

O

R
U

R
U

=                             (12) 

Q
X

Q R
U

UcR
=

*                              (13) 

To set the voltage value, to show the voltage value, 
as the resistance box resistance value, for the sampling 
resistor 
E. The test results and the analysis of the results test 
results are shown in table1. 

The curve of the measured resistance value and 
setting resistance value as shown in figure 12. 

Table 1.the result of test 

1 2 3 4 5 

Set value 
(Ω） 100 500 10000 20000 30000 

Observed 
value 
(Ω） 

100.98 500.45 10006.67 
20013.3

4 
29940.12 

6 7 8 9 10 

Set 
value(Ω） 40000 50000 70000 80000 90000 

Observed 
value  
(Ω） 

40210.7 49965.94 69787.24 
80424.4

2 
88886.78 

11 12 13   

Set value 
(Ω） 100000 500000 1000000   

Observed 
value  
(Ω） 

100526.7

6 

496712.6

3 

938260.3

3 
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Fig. 12 the measured resistance value and set the resistance 

curve 
  The measured resistance value and the setting value 
of resistance curve in Figure 12 the solid line in Figure 
12 as the setting value, star line were measured value. 

Ⅴ. CONCLUSION 

From the test results that the measured resistance 
value   relation curves and setting the resistance 
value, the system can carry out the resistance value 
range is 100 ~ 1M Omega set through the keyboard, 
and the resistance of the accuracy can reach 0.1%, the 
resistance power of not less than 1W. 
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Abstract—In order to reduce the waste of manpower , material resources and time produced by student management and 

teaching equipment management , we  design  an efficient, intelligent, convenient auxiliary teaching system based on IOT 

and GSM. The system adopts RF and uses cc2530 as the core of the Zigbee wireless communication module to construct 

wireless communications networks. Teachers, students and teaching equipment on the same network realize the 

interconnection, convenient centralized management, greatly reduces the waste of resources and time. The system also use 

GSM to realize remote access to student and equipment information in the form of text messaging on mobile phones, so that 

the students and teaching equipment management will be more efficient, convenient. 

Keywords—RF  cc2530  Zigbee wireless communications networks  GSM 

 

I.INTRODUCTION 

WITH the development of technology, teaching mode 
has changed dramatically, especially in the majority of 
colleges and universities, the widespread use of 
multimedia, experimental teaching increased to make 
teaching more modern, more diversified. But often the 
number of students and teaching equipment is large, so 
that management becomes very difficult. 

In class, the teacher needs to be named in order to 
ensure attendance, and because many students, upon 
taking up a lot of teaching time, so that teachers into 
the teaching quality assurance and maintenance of 
attendance dilemma. In order to develop the abilities of 
students, the university has arranged a large number of 
experimental courses, so it also brings experimental 
teaching equipment distribution, management of 
trouble. Because of the different disciplines of 
laboratory equipment old and new mixed good and bad 
circumstances, caused experiments; recordkeeping 
issues that need laboratory equipment on loan related 
information when students do experiments or projects; 
recordkeeping issues basic information about the 
device, good and bad information uneven distribution 
of equipment problems, these problems need an 
efficient, intelligent solutions. Therefore, using a 
combination of RF and ZigBee, and with GSM and PC 
management interface, a database management system 
designed to achieve the secondary teachers and 

students take advantage of instructional time and 
teaching laboratory equipment purposes. 

II．OVERALL SYSTEM DESIGN 

System is divided into upper and lower computer 
software control, communication of two parts. PC 
software part includes students, device management 
interface as well as students, device database, the next 
crew will include GSM remote communication, 
ZigBee wireless communication networks, RF three 
parts. Overall system design diagram shown in Figure . 

 
Fig.1 The design diagram of the system 

The system provides different auxiliary teaching 
programs based on different teaching situations. For 
many of the students in the classroom theory, 
time-consuming attendance was outstanding problems, 
to solve this problem, install the reader node in the 
classroom door, RF card holders student attendance 
card when entering the classroom before class, 
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attendance information wirelessly to the classroom 
with multimedia PC or laptop comes teacher and 
student attendance information displayed on the 
software interface, and this information is 
synchronized to this course student attendance 
database. When faced with the need to change the 
classroom, as there is no change to the classroom of 
the course the student database, so every time and 
attendance software is designed to export an Excel 
table function, to prevent surprises. When the teacher 
saw a student repeatedly absent from school, the 
student's contact information can be found through the 
GSM module sends a warning or school tips. 

Attendance problems usually can follow the above 
experimental teaching program, and for the 
management of test equipment is used, "library mode" 
that students look through the computer lab 
management wanted to use laboratory equipment to go 
through the brush with his own radio card RF test 
equipment card quickly borrowed equipment records, 
but also back to the device when the rapid elimination 
of borrowed equipment recorded by credit card. This 
model not only by borrowing and more time-saving 
device, a person can also manage multiple laboratory 
laboratory equipment, even with access to achieve 
unattended, "self-help" circulation equipment. 

III.HARDWARE DESIGN 

A.   ZigBee module design 
CC2530F256 incorporates the industry's leading 

gold unit TI ZigBee protocol stack (Z-Stack), excellent 
performance RF transceiver, standard enhanced 8051 
CPU, so the use of CC2530F256 building wireless 
communication module as the core. The system uses 
the module as a coordinator and each node information 
collection, control core. CC2530 peripheral circuit 
design shown in Figure 2. 

 
Fig.2  The circuit of CC2530 peripheral 

Which RF_P equipped with 2.4G RF_N 
omnidirectional antenna, the reliable transmission 
distance up to 250 meters, automatic reconnection of 
up to 110 meters away, enough to meet system 
requirements. Also, because the CC2530 low-power 
characteristics, so each node can use battery power, 
make the whole system more flexibility, can be in 
different environments, depending on the 
circumstances and structures. 
B   RF reader design 

RC522 is applied to 13.56MHz contactless 
communication, reading and writing highly integrated 
chip, a low voltage, low cost, small size advantage, so 
the system uses as the reader RC522 core. Reader 
circuitry shown in Figure 3. 

 

Fig.3 The circuit of card reader 

TX1 and TX2 external circuit is the reader antenna, 
RF card when approached, RC522 that get the card 
information, pin for SPI communication transmitted to 
the CC2530 by MISO, the information wirelessly to 
the coordinator, and finally to the PC for processing. 

IV.  SOFTWARE DESIGN 

A. reader program design 
First, find the card reader function call, looking at 
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the range of RF antenna card, when the card is required 
to find a radio call anti-collision subroutine, prevent 
multiple cards at the same time into the conflict within 
antenna range, then select a card password verification, 
validation by the reader, did not continue searching 
through the card. Reader program flow chart shown in 
Figure 4. 

 

Fig.4 Program flow chart of card reading 

B. ZigBee wireless communication program design 
a. Reader node design 

Reader node can automatically find, bind and issue a 
request to join the network, if the coordinator node 
bind response, the binding is successful. If you do not 
find the coordinator node will periodically continue the 
search. After binding to succeed, RF card reader read 
data,, will send data to the coordinator, the coordinator 
does not receive a response, the reader will remove this 
node binding. Reader node program flow chart shown 
in Figure 5. 

 
Fig.5 Program flow chart of card reading node 

b. Programming Coordinator 
After the coordinator will establish power network, 

after the success will allow binding mode 
automatically, responding to a request for binding 
reader node sent. If the bind is successful, the node 
receives data sent. And upload the data through the 
serial port to the host computer for processing. 
Coordinator program flow chart shown in Figure 6. 
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Fig.6 Program flow chart of FFD 

C.PC software design 
PC software program using VB to write, design a 

simple and convenient user interface and information 
display window, while VB application add-ins feature 
to create an Access database, and application control to 
the next crew DATA coming information and 
information input interface synchronized to the 
database. 

 
Fig.7 Program flow chart of upper computer 

V.SYSTEM TEST RESULTS 

Step testing using the test system of the method, 
from beginning to end and gradually test, after solving 
the problem, and ultimately achieve the test results 
shown in Table 7. 

Table8 The test results of every part 

The test 

content

Card 

reader 

ZigBee 

communication 

Inter- 

face 

Data- 

base 

The test 

results 

Success Success Success Success

Ensure that all parts of the system is working 
properly, the test of the entire system, the reader end 
node or device is equipped with a brush student radio 
frequency card, accurately shows the student 
information or device information on the PC interface, 
database successfully synchronized to achieve the 
designed system function. 

VI.CONCLUSIONS 

Systems are based on the theory of teaching and 
experimental problems in teaching, offer different 
solutions. System uses radio frequency technology, 
ZigBee technology, combined with the PC software, 
constitutes a material linked network for students and 
laboratory equipment, to achieve student, laboratory 
equipment centralized, efficient management, reducing 
the waste of resources and time. But the system is 
running online, there are some limitations, such as the 
possible establishment of a proprietary management 
sites on the Internet or establish a management system 
in the school intranet, you can greatly increase the 
scope and usefulness of the system. 
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Study on Inversion of Ground Transient 
Electromagnetic Data Based on Singular 

Value Decomposition 
 

Wang pengxiang; Wang shuo; Wang shuai 

( College of Instrumentation & Electrical Engineering, Jilin University,Changchun 130022,China 2. )  
 

Abstract—To dicuss the feasibility of the ground transient electromagnetic data processing with the singular value 

decomposition. We mean to verify and improve it to solve the problem that the conventional transient electromagnetic 

inversion’s speed is low, the inversion algorithm is easy to divergence and other issues, so that we can achieve 

real-time interpretation of field experiment data.We introduce the forward calculated by Gauss integral method briefly.We use 

the fixed-loop source late time apparent resistivity to replace responsing voltage to avoid the loose of Jacobian matrix caused 

by the voltage response of a big range .And we carry out some measures to solve some problems of SVD when we use it to 

process the ground transient electromagnetic data.At last,we use some simulation data to test and verify it. 

Key words—Dransient electromagnetic  Inversion software   Singular value decomposition 

 

I. INTRODUCTION 

TIME domain electromagnetic method is also called the 
transient electromagnetic method，data processing in 
this paper is through the set back line source coil 
emitted the response generated by the pulse 
current.So-called the set back line source transmitter 
coil position unchanged, namely a method of receiving 
moving coil. 

 SVD is a basic algorithm in matrix operation,but 
bacause of its high cost of calculation in the past,the 
practical applications are often limited.But due to the 
popularity of computer technology and rapid 
development, expanding the computer memory and 
computing speed has been accelerated, computing 
costs are greatly reduced.By dealing with a small 
amount of singular value decomposition,earth 
detecting inversion data volume has been 
achieved.With the improvement of accuracy and 
detecting resolution,seeking new inversion theory and 
systematic analysis,making more in-depth research in 
positive inversion based on the original inversion 
method,establishing a systematic TEM positive 
inversion theory.Among those,we can solve some fine 
detection problems.[1]。 

Ⅱ .TRANSIENT ELECTROMAGNETIC RESPONSE OF 

LAYERED EARTH MODEL 

The electromagnetic response of rectangular loop on 
the layered earth can be derived through reciprocity in 
the electromagnetic field.As shown in Figure 1,in the 
flat land to build a rectangular coordinate system,the 
center rectangular loop is located in the origin of 
coordinates O,Z axis straight down to the depths of the 
earth,the rectangular coil is 2a long and 2b wide. 

 

Fig.1  A rectangular loop on the surface of the earth 

In order to calculate the electromagnetic response
（namely,the vertical component of the magnetic field 
Hz[2][5][4] ） created by the rectangular loop with 
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harmonic current on any point(x,y) of ground.Put a 
small receiving coil Rx with harmonic current Ieiwt at 
the position(x,y).Because the coil is small,we can 
regard it as a magnetic dipote which can only creat a 
component of  electric field EΦ above the layered 
earth. 

In order to get the induction electromotive force of 
the rectangular loop V，we integrate the  component 
EΦsinθ which is parallel to the rectangular edges 
around the transmitter coil.According to the reciprocity 
principle,we can get electromotive force V created by 
the transmitter coil with current Ieiwt at the position 
(x,y). 

by 

S
t
HV z

¶

¶
-=
m

         (1) 

We can get 

S
V

i
Hz wm

1
-=    (2) 

Here,we measured the vertical component of 
magnectic field only,above the layered earth with 
harmonic current,the expression of vertical magnetic 
field component of vertical electranic 
source(transmitter coil)： 

( )
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The integral of the transmitter coil's four edges are 
A,B,C and D: 
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We need to measure the position of transmitter loop 
Tx(x´,y´) and receiving loop Rx(x,y),in order to 
calculate the electromagnetic response at arbitrary 
point inside and outside the rectangular loop[2]。 

Ⅲ. SINGULAR VALUE DECOMPOSITION METHOD 

A .Basic idea of inversion method 
The basic idea of algorithm is to set up an initial 

model liked the measured one first(Here we take half 
of the sum of the upper limit and lower 
limit).Then,calculate the difference value of two 
models' respone(apparent resistivity) Δy.Next,through 
the built-in function of Matlab library singular value 
decomposition to calculate the generalized inverse of 
matrix A.After that,get the adjustment quantity of the 
model.Finally,adjust the initial model to be a new 
one,and repeat the whole process until the error can be 
accepted. 

The algorithm flow chart shown in figure 2 

 

Fig.2  The inversion procedure flow chart 

B.Build Jacobi matrix 
In order to find out the relationship between model 

respone and model parameters,we need to calculate the 
irreversible matrix A in the formula 

xAy D=D               (9)  
Ignore the higher order term of more than two 

times,expand the function according to the Taylor 
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formula in the neighborhood of an initial model,we can 
get the element aij in the matrix A 

i

i
ij x

xfa
¶

¶
=

)(
    (10) 

The function is a very complicated multivariate 
function,we can't calculate its first order partial 
derivative,so we use approximate value to replace the 
first order partial derivative[3]。 

j

kjk

j x
xifxxif

x
xf

¶

-+
=

¶

¶ ),(),()( d
 (11) 

Among them jx¶  equals to 0.001. 

C.SVD 
To solve the linear system of equations bAx = is 

the basic issue of inversion interpretation of transient 
electromagnetic data.A is a irreversible matrix mn· 。

SVD and the least-squares method are the most 
commonly used two methods  solving this kind of 
equations[1][8][9]。 

Here，by solving the equation (9), we can get the 
adjustment quantity of the initial model. 
Δy is apparent resistivity calculated by the measured 

voltage data， set it as (M x 1) matrix.Δxis the 
underground model reduction need to be adjusted,set it 
as (N×1) matrix.A is for Jacobi matrix(M×N)[1]。 

We have known the method of astablish yD  and 
A.We need to calculate the inverse matrix of A to get 

xD .But A is a irreversible matrix,so we can only use 

the generalized inverse matrix +A  to replace 1-A ： 

yAx D=D +

           (12) 

In order to get the generalized inverse matrix of 
A,doing SVD on A 

TVUA L=             (13) 

Among these,U is an unitary matrix MM · ;L  is a 
positive semi-definite diagonal matrix NM · ;as for 

TV ，namely the conjugate transpose of V ,is an 
unitary matrix NN · .The element on the diagonal of 
L  is the sigular value of A. 

So that we can get the generalized inverse matrix of 
A 

TUVA
+

+ L=            (14) 

+

L  is the pseudo inverse of L  

yUVx TDL=D
+

         (15) 
D.Enhance convergence inversion method 

SVD is mainly based on singular value 
decomposition theorem,truncating small singular value 
and keeping large singular value,this inversion method 
requires high accuracy in estimating the initial 
model,but its convergence is fast.The least square 
method is to add a small damping factor d  to every 
singular value.This method has a low convergence 
speed,but it doesn't require that high accuracy in 
estimating the initial model. Combine these two 
inversion method,we use a method of adding damping 
and truncating singular value at the same time.Through 
this we achieve the complementary advantages of two 
methods and good inversion result[3]. 

When calculate the matrix in (15),it's always the 
element  in the position of the denominator on the 
diagonal of matrix L  (namely the too small singular 
value)have the effect of the error amplifier.So we 
usually use the method of truncating SVD or adding 
damping SVD in actual operation. 

Truncating SVD is a method using the larger 
singular value while laying down the smaller 
one.Because there is only a part of singular value 
involved in the operation,the stability of the algorithm 
is very good,but the model parameter precision is not 
high[3][4]. 

Adding damping SVD,(15) wil be changed into  

yUIVx TD+LL=D -122 )( e      (16) 

Adding a quantity 2e  to each element on the 
diagonal of matrix L  can avoid the affected by small 
singular values,and the parameter of matrix won’t be 
too large in the inversion process.All singular value 
involved in the operation,improving the precision of 
model parameters,but due to the damping factor,the 
estimation precision of the model parameters will be 
reduced[5]. 

In order to improve the stability of the algorithm, 
eliminate the influence of the smaller singular value, 
ensure the accuracy of the model parameter at the 
same time,considering all of the advantages and 
disadvantages of two methods,the project use the 
method of adding damping truncated singular 
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value,namely doing truncation base on adding 
damping SVD. 

We choose the damping parameters by trial.The 
parameters should be as small as possible to obtain the 
maximum resolution,as large as possible,yet,to ensure 
operation process of iterative convergence and change 
according to the iterative process.In this project select 
larger damping factor the first iteration,and after each 
iteration minus a small amount eD  to make it 
smaller and smaller.So that we can make operation 
process convergent and improve the calculate 
precision. 

Finish inversion until the residual P of actual data 
and model response is small enough to the seeting 
accuracy 

q£-= ∑
=

2

1
)]([1 xfy

N
P i

N

i
i                （17）                   

Ⅳ ALGORITHM TESTING 

To test the feasibility of the algorithm，we use the 
data of layered earth model,the data and result are as 
the Table 1 shown: 

 Resistivit

y of 1st 

layer 

Resistivit

y of 2nd 

layer 

Resistivit

y of 3rd 

layer 

Thickness 

of 1st 

layer 

Thickness 

of  2nd 

layer 

Upper 500 500 500 200 200 

Lower  10 10 10 10 10 

Model 

value 
400 70 300 50 60 

Result 399.99 70.00 299.99 49.99 60.00 

  At first,the initial model curve (dotted line) and real 
model (* line) vary widely.With the increase of the 
number of iterations,the final curve within the scope of 
error come to a basic agreement with the real model 
curve.  

Fitting curve is shown in figure 3 

  

Ⅴ CONCLUSION 

In this paper, research has shown that under the 
condition of the layer number of layered earth is 
less,the range of resistivity is not too wide,the 
algorithm to simulate data inversion can be 
effective.We use the fixed-loop source late time 
apparent resistivity to replace responsing voltage to 
avoid the loose of Jacobian matrix caused by the 
voltage response of a big range.And the improvement 
of SVD effectively solved the problem of the inversion 
of process 
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to care for other interference, especially the 50Hz 
noise from source supply and interference from other 
module. Solutions are followed: 1. Choose a low noise 
DC-DC converter, reduce the input noise from source 
supply; 2. Set a capacitance paralleling each source 
supply of four amplifiers on the circuit to absorb 
interference from the power supply; 3. Adopt the 
filling GND to shield the signal line. 

3 RESULT 

When adopting signal generator and potentiometer 
to simulate the physiological signal, the conditioning 
circuit acquires the signal successfully and the gain in 
the range of 0~6Hz is equal to 70±3dB. When the 
probe senses the signal from the finger, the pulse wave 
has been acquired and magnify with finite interference 
successfully. Thus, the conditioning circuit meets the 
specification. 

4 CONCLUSION 

With the help of the conditioning circuit, the 
physiological signals have been measured. The 
working condition of the circuit is stable without 
overloading or overheating as the goal we set ahead. 
However, the disadvantage of the conditioning circuit 
is that it takes a long time to separate the signal apart 
by using RC circuit. A further modification is needed 
if the response time is expected to be shorter than this 
device. 
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The design of eighteen leads’electrocardiogram 
equipment based on ADAS1000 

 
Liuhongshi;Chenxin;Wangweijiao;Zhanghe 

(College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130022) 
 

Abstract—In order to observe the state of the posterior wall in the right and left ventricles in the circumstances of 

synchronization ,and solve the problem that it is difficult to monitor the dynamic electrocardiogram (ecg) changes for a long 

time and at the same time caused by the ischemia, damage and necrosis in left ventricle back wall and right ventricle 

myocardium ,topic of this paper is to design a eighteen leads’ acquisition system for monitoring electrocardiogram changes. 

The system includes five parts: power modules, front-end conditioning module, right leg drive module, data acquisition 

modules and controllers. ECG simulation mainly produced by the generator is fed through the front-end analog-digital 

conversion processing circuit into the chip ADAS1000. MSP430F5438A controller via the SPI interface communicates with 

ADAS1000 , receives the ECG data (ECG) for analysis and processing and transmits the waveform to the software. 18 -lead is 

a more advanced method for non-invasive cardiac examination , able to get a lot more comprehensive data, with more 

practical diagnosis value in myocardial ischemia and coronary artery diseases. 

Keywords—Eighteen leads , Heart disease ,  ECG , Arrhythmia ,  Myocardial ischemia. 

 

I. INTRODUCTION 

IN general, the problem about observing ECG signal 
has been partly solved by 12 lead ECG monitor which 
is most popular on the market. However, using 18 lead 
ECG monitor, we can acquire proper physiological 
signal to measure the condition about the posterior 
wall in the right and left ventricle. Therefore, it is 
important to design an acquisition circuit for 18 lead 
ECG monitor. 

II．MEASUREMENT AND SPECIFICATIONS 

A．Principle of measuring 

The system consists of a power supply, a 
Preconditioning module, driver, a DATA acquiring 
module and a controller. In order to test the system, an 
ECG simulative generator is needed to produce signal 
for the system. After going through the 
Preconditioning circuit, the signal is sent into an ADC, 
ADA1000. Via SPI, the controller, MSP430F5438A, 
gain the ability to communicate with ADAS1000. 
Analyzing the signal the system received, the 
controller transmits the result to monitor it on the 
window of a upper-computer. 
B. Content and Specifications 

Designing a 18 lead ECG signal acquisition system 
based on ADAS1000. The content is followed: 

 Multi-power-supply circuit, 

 Preconditioning circuit for original signal, 
 Driver circuit, 
 Realizing multichip ADAS1000 by setting 

several ADAS1000s, 
 SPI communication interface , 
 Realizing 18 lead DATA acquisition and 

algorithm processing by controlling multichip 
ADAS100. 

The specifications are followed according to the 
content we mentioned above. 

 Power consumption of each lead is less than 
15mW , 

 Power consumption in total is less than 100mW, 
 Working temperature is in the range of -30°~80°. 

Ⅲ. CIRCUIT DESIGN 

System consists of a power supply, ECG simulative 
generator, conditioning circuit, driver and 
controller.As shown in figure 1. 
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slave 
acquisition 
chip

master 
acquisitio
n chipECG signal generator

Controller

The +5V adapter the 3.3V 
regulator

the +5V regulator

18 leads ECG acquisition system

slave 
acquisition 
chip

Fig.1  Block diagram of the whole system 

A.   Power supply module 
The specification of ADAS1000 is presented in 

Table 2. ADAS1000 needs at least 2 source, AVDD 
and IOVDD according to the table. Designing a power 
supply by +5 adapter, using a tiny voltage stabilizer, 
ADP2503, to stabilize to +5V, setting a regulator, 
ADP151, to realize +3.3V source to supply AVDD and 
IOVDD.As shown in Table 1 

Table 1 ADAS1000 Voltage specification 
 

Supply rail 
 

Voltage range Function 

AVDD 3.3V±5% 
Analog power supply 

rail 

IOVDD 1.65V-3.6V 
Digital interface 

supply rail 

ADCVDD 1.8V±5% 
ADC supply rail; by 

the internal LDO 
obtained from AVDD

DVDD 1,.8V±5% 

The digital supply 
rail; by the internal 
LDO obtained from 

IOVD 
B. Preconditioning circuit 

Preconditioning circuit is a second-order low-pass 
filter. Since the ECG signal is in the range of 0~150Hz, 
the cutoff frequencies of two order low pass filters are 
1.5MHz and 150Hz respectively. According to the 

equation (1), the proper values of R1、C1、R2、C2 are 

presented in Figure 2. 

 
RC

f c
p2

1
=

           (1) 

 
Fig.2  Passive two order filter circuit English 

C. ADC module 
Data acquisition circuit 

    To realize the 18 lead DATA acquisition system 
for ECG signal, we design a cascading circuit of three 
ADAS1000 chips. The diagram of the circuit is 
presented in figure 3. 

 
Fig.3 ADAS100 cascade frame diagram 

ADAS1000 pacing detection principle 
    Method for operating three digital algorithm from 
the lead wire I, II, III or AVF in three root is called 
pacing detection algorithm.The algorithm is mainly 
for electrocardiogram data operation, and it is 
often for the high frequency parallel execution and 
internal decimation filter.It is often used for pacing 
artifact detection and measurement width ranges from 
100 us to 2 ms and amplitude ranges from 400 uV to 
1000 mV. The  ADAS1000 chip has  bit that 
specially is used to express in which root lead line  
the height and width of the signal are detected.In 
addition, if the user wants to design their own 
algorithm, ADAS1000 chip also provides a rapid 
pacing interface for users, the interface provides the 
ECG data, using a 128 kHz data rate at the same time, 
keep the ECG data on a standard interface of the 
invariant. 

Ⅳ. ALGORITHM PROCESSING 

A.  Noise filtering 
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The noise in ECG signal includes working noise, 
baseline drift and other noise from body. The working 
noise and baseline drift are much larger than others. In 
order to filter out working noise, we use smoothing 
filter: 

y(n)=(T(H)+x(n 1)+x(n 2)+x(n 3)／4)      (2) 

In order to correct the baseline drift, we use average 
fitler: 

y(n)=(x(n)+x(n一1)+⋯x(n一198)+x(n一199))／200                                    

(3)  
B. QRS algorithm for ECG signal 

The basic principles are followed: since QRC is fast 
variation part of ECG signal, the increasing rate or the 
decreasing rate are more observable. Locating the 
beginning of QRC by measuring the changing rate of 
ECG signal and finding the location of the pole of 
QRC is an executable solution. The processing 
diagram is presented in Fig 4. 

           
Fig4.Process of QRS recognition algorithm 

 

Ⅴ. MEASUREMENT AND RESULT 

Sending ECG signal by ECG simulative generator, 
filtering out the noise by the second order low pass 
filter and processing and magnifying the signal in 
ADS1000 chip. From the monitor we could read the 
wave from upp-computer. The waveform of 
measurement presented in table 2 and Fig5,Fig6. 
 

 
 

Table 2 Packet mode 

 
Data 
rate

Different
ial 

analog 
front end 

input 
mode 

Low 
pass 
filter 
cutoff 
freque

ncy 

The test 
lead 

categories

The test 
group 1 

2KH
z 

Single 
end 

input 
40Hz 

RA/LL/L
A/V1-V2
LEADI-II
I/V1/V2 
V3-V6 

The test 
group 2 

2KH
z 

The 
differenti
al input 

40Hz 

RA/LL/L
A/V1-V2
LEADI-II
I/V1/V2 
V3-V6 

 

Fig.5 the result of group 1 
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Fig.6 the result of group 2 

Ⅵ. CONCLUSION 

According to the measurement, we can conclude 
that the system could monitor ECG signal properly 
that it could acquire ECG signal by 18 lead acquisition 
circuit and recognize the lesion part by analyzing the 
ECG wave. 
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Intelligent Home Furnishing curtain system based 
on singlechip 

 

Xu Wei ；Zhang Haoyu；Mao Rui ; Liu Changying 

     (College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026,China) 
   

Abstract—In order to solve currently on the market the traditional curtain single function,complicated operation problem, 
based on AT89C51 microcontroller as the core controller, Home Furnishing curtain system we design the intelligent, human 
nature, security as a whole. The system uses the infrared remote control technology, step motor to control the carrier attitude 
adjustment curtain; set the double gear operating mode, automatic according to the actual light intensityadjusting curtain 
opening degree; peripheral clock module auxiliary control,coordinate the work state; through the GSM module and the 
display circuit to realize man-machine dialogue, security monitoring using infrared sensor and the camcorder. To make 
curtains of functional diversification, simple operation for the purpose of . 
 

I. INTRODUCTION 

THE curtain is indispensable necessities in our daily 
life.With the development of the society and the 
improvement of people's living 
standard ,automation has entered our life.Intelligent 
curtain also has enormous potential in domestic and 
international market.Compared with the traditional 
intelligent curtain,curtain in using can only be 
drawn manually so as to cause unnecessary 
trouble.Currently on the market of the electric 
curtain can only artificially through the remote to 
control the pulling，a single function, and not 
really get rid of the definition of its jewelry. 

For the above，in order to realize intelligent, 
security and humanity as a whole the design of 
intelligent household curtain,this project is based on 
the AT89C51singlechip as the core 
controller .Curtain through two-way stepper motor 
control system stable work,introducing the infrared 
remote control technology, set operating mode, 
using the sensor and the modulus of conversion to 
realize automatic control, through the liquid crystal 
display, GSM module to realize the man-machine 
interface, manifests the visualization of the 
operation .In addition, in view of the modern broken 
windows steal phenomenon, we add the function of 
security monitoring.  

II．THE OVERALL DESIGN OF THE SYSTEM 

Intelligent household curtain a set of remote 
control, light control and time control, remote query, 
security monitoring technology for a product. 
Adopting modular design can be means into four 
function modules system the curtain:curtain control 
module, clock auxiliary module, remote 
communication module, security monitoring 
module, and build the connection between the 
modules to realize the design of intelligent 
household curtain.Automatic control and the 
manual remote control system is divided into two 
parts, can be completed on the curtain attitude 
adjustment, detection, display, alarm module, the 
realization of time setting, display, mark the 
response.Remote communication module with 
mobile communication to realize the man - machine 
interface, security monitoring module to meet the 
monitoring evidence.The system composition block 
diagram is shown in figure 1. 

Fig.1  Intelligent curtain system structure diagram 

III．THE SYSTEM HARDWARE DESIGN           

A．The curtain control module 
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The curtain of main control module is the main 
part of power system.Using infrared integrated 
receiver signal acquisition control mode to realize 
the infrared remote control.Adopts L298 drive 
double step motor, adjust the attitude of the 
curtain;Real-time display of digital tube, 
surveillance gear and the location;Slide the 
photosensitive resistance and resistance in series in 
the circuit, through the intermediate node gathers 
the voltage signal of reflected light intensity after 
analog-to-digital conversion to digital signal is sent 
to the core controller , the controller output drive 
signal is amplified by driving circuit, micro 
adjustment control stepping motor, realize the 
automatic electric.Curtain control module hardware 
connection diagram is shown in figure 2. 

 
Fig.2  Hardware Curtain master module connection 

diagram 

B.  The clock auxiliary module 
The module of the system play a good supporting 

role.Modules provide the year, month, day, week, 
real time display, minutes and seconds and online 
adjustment, through independent setting flags 
produce auxiliary control signals.Using infrared 
remote control technology for function adjusting 
and setting;Using the high performance and low 
power consumption real-time clock chip DS1302 
timing circuit design,additional 31 bytes static 
RAM chip, using the SPI three wire for 
synchronous communication interface with 
CPU;Through the LCD1602 real - time display, so 
as to complete the design of man - machine 
interface.Figure 3 is a clock auxiliary module 
hardware connection diagram. 

 
Fig.3  Clock auxiliary module hardware connection 

diagram 

C.  The security monitoring module 
Security monitoring module is aimed at stealing 

behavior into the window design.Alarm function set, 
using infrared tube using the principle of light 
reflection to detect illegal behavior into the window, 
once found dangerous, through real-time monitoring 
of intelligent video machine field and 
forensics.All-in-one PC through USB interface 
power supply, in order to save power and memory 
resources, alarm signal through the relay for 
all-in-one PC power supply.Figure 4 for security 
monitoring module hardware connection diagram. 

 
Fig.4  Security monitoring module hardware connection 

diagram 

D.  The remote communication module 
The GSM module, the GSM RFchip, baseband 

processing chip, memory, power amplifier devices 
such as integrated on a circuit board, independent of 
the operating system,the GSM RF, baseband 
processing and provides a standard interface 
function module.Design of remote communication 
module based on Huawei GTM900B using 
single-chip microcomputer control GSM module, 
the electricity automatically hang up, and reply the 
curtain work status, realize the online query 
function.Operation process through the LCD 
real-time display, easy to monitor trace module 



Xu Wei etc.: intelligent Home Furnishing curtain system based on singlechip 

125 
 

working condition. 

IV . THE SYSTEM SOFTWARE DESIGN 

System master control system and auxiliary 
system software design is divided into two parts，
Workflow curing in STC89C51 microcontroller 
using C language. 

Figure 5 for the master control system work flow 

chart。After the system is powered on, initialize the 
system, make it into the best work state, prepare the 
way for subsequent correlation processing. 
Real-time infrared signal processing of collected, 
identify command to set function.To automatically 
or manually sub work process, according to the 
control instruction through switch gear and drive 
signal to adjust the curtain. Cycle working state data, 
display and sent to a peripheral modules. 

 
Fig5 .  Work flow chart of main control system 

Figure 6 working for auxiliary system flow 
chart.Mainly including system initialization, signal 
processing, function setting, alarm detection, 

real-time display, etc.Main task is to set a time 
auxiliary work master control module, to achieve 
security monitoring function. 
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Fig 6.  Auxiliary system work flow diagram 

V . THE EXPERIMENT RESULTS ANALYSIS 

In order to examine the pros and cons of the 
design, the intelligent household curtain design 
index for testing.To build a complete device, in 
view of the various functions one by one test, 
measurement results are shown in table 1.From the 
experimental results, the design of various functions 
can be implemented independently.To multiple 
random and complex operation of system, verify 
that the system work stable and communication 
module accurately fast. 

 
 
 
 
 
 
 
 
 

Table1.  Function test list 

The 

module

Function reali

ze 

Master 

control

Infrared remote control √ 

The four state √ 

Digital tube display √ 

Manual control and reversing √ 

Automatic switch according to the 

intensity of light curtain 

√ 

Time 

Year, month, day. The minutes showed √ 

Year, month, day. When the adjustment of 

the minutes 

√ 

Early in the morning and night logo 

independent setting 

√ 

Security

Infrared detection, determine whether 

someone to enter 

√ 

Intruders, taken in real time √ 

Inside, independent alarm √ 

Remote

Access to main control module √ 

Hang up automatically, reply message 

reporting work status 

√ 
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Fig 7.  The system physical map 

 VI.  CONCLUSION 

The design with STC89C52 referred to as micro 
controller, infrared technology to realize remote 
control, step motor as the curtain transmission 
carrier, set up double gear working state.System 
control mode diversification, relating to a variety of 
ways, control, remote control, when the Internet 
control compatible with each other, according to the 
principle of infrared reflective design anti-theft 
alarm, and through the video camera 
monitoring.The design of the curtain security, 
intelligence, human nature, the system economical, 
stable control, with strong promotion and 
practicality. 
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The Design of the Three Degrees of Freedom 
Parallel Motion Platform 

 
Zhu Jing, Zhang Miao, Yu Haiming 

（jilin university instrument science and engineering institute,changchun,130021） 
 

Abstract— In the industrial automatic production, the serial robots with the advantages of large working space 

and simple control have been dominant. The mechanical structure is connected by many joints in order to achieve 

the goal of multi-degrees of freedom control. However, due to various joints will produce certain error which cause 

the error accumulation, and this situation cause the loss of precision. Compared with the serial robots, the parallel 

will not have this kind of  problems. Because there is no cumulative error, the parallel structure is much more 

accurate. At present, the parallel motion platform has been involved in many fields, such as the parallel printer and 

the technology of intelligent sorting. This technology has an advantage of high speed and light load, which is very 

important in many industries and will has a bright future. In our paper, the focus is on the three degrees of freedom 

parallel motion platform and how to use it to realize the function of move on space and intelligent sorting. We will 

introduce its principle , practices and results specifically in the following content.  

 

I. INTRODUCTION 

A. The Research Background and Significance 
IN 1965, the parallel structure was put forward by 

Stewart, which is used to train pilots as  flight 
simulator. In 1978, the famous Australian 
mechanisms professor Hunt put forward that the 
platform can be applied to the parallel robot. Since 
then ,the research and development of parallel 
robot began. After decades of exploration, the 
research of parallel robot has transformed from 
basic theory to actual practice. The parallel robot 
application is very extensive in the machinery 
industry ,aviation industry and mining. With the 
advantage of its good rigidity structure, strong 
carrying capacity, the small cumulative error and 
the simple parts, the parallel robots gradually 
occupy the market of the machine tool industry at 
home and abroad, and it will become the 21st 
century high-speed light nc machining equipment. 
B．  The Classification of Parallel Robot 

Since 1993,the first parallel robot was born in the 
Automation and Robotics institute in the Texas, the 
parallel robot was developed fully both in structure 
and shape, but in terms of its category, it can be 
divided into the following categories:(1) According 
to the classification of the number of degrees of 

freedom, if the parallel robot can do F degrees of 
freedom, we call it F-DOF parallel robot. For 
example, a robot can do 6 degrees of freedom, we 
call it 6-DOF parallel robot.(2)According to the 
classification of the form of parallel mechanism, 
we can divide it into: linear drive input parallel 
robot and rotary actuation input parallel robot. The 
former is researched more, the inverse solution of 
this kind of robot is very easy, and it has 
uniqueness. Compared with the linear drive input 
parallel robot, the rotary actuation input parallel 
robot has the advantages of more compact structure, 
less inertia, and relative capacity; however, the 
input motion form of its rotation determines the 
complexity and uncertainty of the inverse solution. 
(3)According to the length of the pillar change 
classification, we can divide it into: one use the 
changeable pillars to support the platform of 
parallel robot. For example: a kind of 6-pole 
parallel robot is called Hexa2pod, its motion 
platform and base is connected with 6 pillars, 
whose length is changeable, at the end of each 
pillar , it will be connected by a hinge on the 
moving platform and pedestal, by adjusting the 
length of the pillar to change the position. Another 
use the unchangeable pillars to support the platform 
of parallel robot. For example: another kind of 
6-pole parallel robot is called Hexaglide, its motion 
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platform and base is connected with 6 pillars, 
whose length is unchangeable, at the end of each 
pillar, it will be connected by a hinge on the 
moving platform and pedestal, the hinge on the 
pedestal can move along the base fixed chute, in 
this way to change the position of the moving 
platform. 
 C. Kinematics Analysis and Calculating of 
Parallel Robot 

The parallel robot kinematics analysis includes 
two aspects: the platform position and speed is 
known, the length of driving of vice, the angle and 
the speed is to solve, this is called inverse solution. 
If the length or angle of each driving of vice is 
known, the  speed or the angle is to solve, then 
this is called positive solution. There are two of the 
most common research methods: the numerical 
solution and the closed solution. The numerical 
method refers to solving a set of nonlinear 
equations, nonlinear equation is directly exported 
from the vector loop equations after some concrete 
structure of algebraic treatment.  Then obtained 
the position and posture of moving platform, which 
is corresponding with input. The advantage of the 
numerical solution is its mathematical model is 
much simpler, and it get rid of the locked 
mathematical derivation. But its computational 
speed is slow, and it can not get the all the solution 
of the institutions, and the final result has a big 
relationship with the initial value. But  this 
method can solve any problems of parallel 
mechanism, and it is easy for this method to set up 
mathematical model, also, it can analyze the 
position immediately. 
D． The Research Status at Home and Abroad 

The parallel robot has an immeasurable effect on 
nc machine tool, the academic world home and 
abroad and the engineering world both attache great 
importance to the development of parallel robot. 
Parallel machine tool has a wide application in 
engineering. The nc machine tools and machining 
center showed the Hexapod and the VARTAX for 
the first time in the international machine tool fair 
in Chicago in 1994,and this caused a sensation. 
After that, the major industrial countries have 
invested a lot of manpower and material resources 
to the research of the development of parallel 

machine tool. Such as the American companies : 
Ingersoll Milling company, the Giddings & Lewis 
company and the  Hexal company; and the English 
companies such as  the Geodetic Technology 
company. They developed different machine tools 
based on the  parallel  structure.  

The research of  multi-axis machine tool which 
is based on the parallel robot has become a hot 
research topic in the field of robot and the 
machinery manufacture. At present, most of 
parallel machine tools at home and abroad are using 
parallel structure to manufacture machine tools 
simply(especially stewart platform structure). 
According to the degree of freedom of the parallel  
structure , it can be divided into two kinds:6-degree 
of freedom and 3-degree of freedom; according to 
the driving mode of each branch chain ,it can be 
divided into : one  changes the moving platform 
by sliding its leg; another changes the moving 
platform by scaling its leg.  

II． DESIGN SCHEME 

A． Research Principle and Main Task 
Principle: The principle of the robot is made up 

of swinging arm and driven arm connection static 
platform and moving platform. One end of the 
active arm connect with static platform by tuning 
pair. By the driving of the motor or other power 
plant do reciprocating swing movement. The other 
end of the active arm through coupling connected 
to the slave arm, The slave arm has a parallelogram 
structure, The slave arm through coupling 
connected to the moving platform. Along the 
moving platform that can realize three coordinates 
of the direction of movement .  

Our main task is designing a  controlled parallel 
robot., including  automatic control.  We put the 
data acquisition card as the core controller, and we  
use the data acquisition card control the child 
controllers to realize some advanced features. Our 
target is :1. the  construction of the parallel 
platform ; 2. achieve the rapid sorting function.   
B． Module Design Scheme 

You can through computer control center and 
data acquisition card to communicate with the pc, 
through the program control of intelligent machines 
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you can turn left and right, up and down etc. We 
will, through the AutoCAD   to draw models 
of parallel motion platform, to determine the 
proportion of each part and the specific size, 
drawing generation and processing is  to produce a 
prototype.  At the same time through the data 
acquisition card to output the signal to control the 
whole system.  LABVIEW contains a lot of data 
collection, analysis and function signals, its data is 
powerful and the DAQ assistant is powerful  too. 
all above will make the Data acquisition system is 
much easier to build. 

Relevant parts of constitute : 
(1) The rigid coupling ,cut off the rigid coupling 

in the middle, to fix motor, and make motor can 
control the initiative arm, consolidated with screw 
in the middle. 

(2) Motor, compared with the traditional 
three-phase motor, slow step motor has many 
advantages, when has the maximum torque motor 
stalling,( when the winding excitation). Motor 
rotation angle is proportional to the pulse number, 
and the response of the motor only be determined 
by the digital input pulse, thus it can be using open 
loop control. This makes the structure of the motor 
could be simpler and cost control, due to the 
precision of each step from three percent to five 
percent, and would not step error accumulation to 
the next step and thus has good location accuracy 
and repeatability of the movement. Another 
slowdown stepper motor has excellent start stop 
and reverse response, since there is no brush, high 
reliability, so the service life of motor only depends 
on the service life of bearing. Only the load directly 
connected to the motor shaft, can also be extremely 
low speed synchronous rotation. In addition 
because speed is proportional to the pulse 
frequency, and therefore there is a wide speed 
range. Three motors came on static platform into 
120 degrees, the white steel stents to lift the whole 
platform, the motor and coupling and active arm 
together, three motor rotation control active arm at 
the same time, the reduction ratio of 18:1. By 
programming control, data from the data 
acquisition card, each pulse transfer 0.1 degrees. 

(3)  Data acquisition card, used as a vehicle for 
data transmission, connection and computer and 

external control motor power.  
(4)  Stepper Data acquisition card, used as a 

vehicle for data transmission, connection and 
computer and external motor drives, used to drive 
the motor. 

(5)Fold the pen, converted into joint, connected 
with the carbon fiber tube, make the slave arm.  

(6) Carbon fiber tube, and the modified folding 
pen together form the initiative arm, connect to the 
active arm. 

(7) Moving platform materials, refit to moving 
platform. 

III ．  THE SPECIFIC IMPLEMENTATION STEP AND 

PICTURE OF REAL PRODUCTS 

A． Part of the material figure and function 
Figure 1 is the rigid coupling. The middle is a 

hollow steel cylinder and the lateral open holes 
which can embed screw for fixed step motor.  

 
Fig.1 The rigid coupling 

 
Fig.2 The folding pen        Fig.3 Data acquisition card 

 
Fig.4 Carbon fiber tube        Fig.5 Acrylic material 
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In order to conveniently display specific value 
and clearly see the specific shape, the drawings has 
been given according to the actual ratio.  

 
Fig.10 The three view drawing of the moving platform 

Figure 10 is the three view drawing of the 
moving platform that is made of acrylic material. It 
is in the slave arm bottom that the hardness is 
larger and quality is lighter. 

   Fig.11 The three view drawing of the motor bracket 

 
Fig.12 The size of the slave arm 

 
Fig.13 The three view drawing of the step motor 

 

 

 

 

 

 

 

 

 

Fig.14  Hardware block diagram of the overall control scheme 

 

IV.  CONCLUSION 

This project with the subject of parallel robot 
is divided into external hardware structures and 

software programming two parts. We have 
reached the design target. We have completed the 
whole external hardware building, up and down 
platforms connection, and stepper motors, 
stepper motor drives, power connection. We 
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write software using LABVIEW software 
program. Through the data acquisition card, 
program written has autonomous recognition in 
the  
three-dimensional space coordinate, fast sorting 
function of point to point. 

The project has trained our manipulative 
ability, Literature retrieval ability, English 
reading ability, team cooperation ability and 
communication ability. There are still some 
shortcomings, in accuracy and theory still slight 
differences, while it can satisfy the requirements 
of the project, but has not reached the ideal state. 
In the next project, we will fix gap and further 
reduce the error. 
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Intelligent Alarm Lock based on GSM Modules 
 

Wen Xu；Yuan Jingyi ；Liu Tong；Sun Feng 
（jilin university instrument science and engineering institute,changchun,130021） 

 
Abstract—In order to solve the problem that the alarm signal of current alarm lock cannot be delivered in time to outdoor 

users, based on AT89C51 microcontroller as the core controller, we design Intelligent Alarm Lock intelligently user-friendly 

and safely. The product uses MCU as main controller, based on multifunctional six-bit electronic lock and widely used GSM 

modules, to realize wireless man-machine interaction by SMS as alarm information. It uses small motor to achieve automatic 

door opening and closing.  These functions together make Intelligent Alarm Lock multifunctional and safe. 

 

I. INTRODUCTION 

IN recent years, electronic technology and 
Communications technology develop rapidly, 
electronic locks apply very wide in tech safes and 
residential corridor intelligent lock system. At the 
same time, along with the Increasing of  
people’s life level and the safety awareness, people pay 
more and more attention to themselves home 
environment, not only claim the home environment’s 
humanization and comfortable, but also pay more 
attention to the home environment’s Intelligence and 
safe. So in the home environment, a nice alarm system 
becomes the most important section. 

At present, the common home burglar alarm 
Old-fashioned mechanical lock is gradually replaced 
by emerging electronic locks.System in market almost 
is independent alarm system. If nobody is in the home, 
the alarm system is useless. And the alarm system of 
companies is too huge, it often needs to erect internet, 
costs are very high, homes can’t use it. But the smart 
home burglar alarm locks combine the high safe of the 
electronic locks and the high communication of the 
alarm system of wireless communication module based 
on GSM, it is already taking development from simple, 
partial to intelligent, integration. 

For the above, to achieve the design of an intelligent, 
humanity and safe intelligent alarm lock, the project 
makes AT89C51 SCM be core controller, makes 
perfect six electronic locks be the basic architecture, 
combines the GSM module to achieve machine 
dialogue, send alarm messages, increase the stability 
and safety of the lock. It will make sure to let the out 
of users feel at ease. 

Ⅱ.System Design  

Intelligent alarm lock use the modular design ideas, 
The lock system is divided into four functional 
modules: MCU control module, keyboard input and 
screen display module, GSM wireless communication 
modules, power door locks module, we establish the 
information exchanging between modules by the 
controller in order to achieve the design of the 
intelligent burglar alarm lock. Under the work of 
electronic door locks repeatedly entered the wrong 
password, it achieves the function of wireless alarm by 
GSM module, and the motor will control the door 
opening and closing after checking the correct 
password be entered in . Its system diagram shows in 
Figure 1. 
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several times, achieve the wireless communication 
alarm function by GSM module, after checking the 
correct password, then open and close the door by the 
motor control. Fully integrated with today's hottest 
GSM mobile communications equipment to achieve 
human-computer dialogue, enhanced the safety and 
reliability of the intelligent burglar alarm lock. 
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Research on the Simulation of Grounding 
Electrode’s Electromagnetic Characteristics Based 

on ANSOFT 
 

 Ning Wang, Qilin Sun, and Mingliang Ma 

（College of Instrumentation & Electrical Engineering,Jilin University,changchun,130061） 

 
Abstract—In this paper,we studied the problem that when the ground electrical source transient electromagnetic detection 

is applied to high-resistance area, due to the constraint of  transmit power,the emission current is small, which affects the 
detection effect. By ANSOFT electromagnetic simulation platform, the main research applicable to ground electrical source 
electromagnetic detection grounding electrode geometry, changing the electrode tilt angle of the main analysis, the number of 
electrodes to increase the impact of ground-borne electromagnetic field in the earth.And select the best way to reduce ground 
resistance and improve transient electromagnetic electrical source depths. ANSOFT platform is a software targeted to 
analysis and electrode design in electromagnetic field.Finally we draw a conclusion from the ANSOFT simulation images. 
 

I. INTRODUCTION 

IN the field work,the transmitter power mostly is 
1500W,so we need to arrange a km length wire 
source.Grounding resistance can reach tens or even 
hundreds of ohms in high resistivity areas,unable to 
obtain larger emission current.So it is very important 
to reduce the simulation research of grounding 
resistance. 
    By using ANSOFT , we can effectively simulate 
the grounding electrode of different grounding modes, 
and selecting the best layout of earthing electrode, 
which will effectively reduce the grounding resistance 
in the field during the experimental process and 
improve the  signal to noise ratio of transient 
electromagnetic and increase the detecting depth.  

II. BASIC THEORIES 

A．Finit Element Method 

The Maxwell equations is the basis of describing 
electromagnetic field theory and the foundation of 
engineering electromagnetic field calculation and 
analysis.The finite element method is a commonly 
used and efficient computing method based on 
variational principle which is widely used in various 
fields of engineering mechanics, engineering structure, 
water science and technology, building materials 
etc.Finite element method is a product of modern 
computer science, applied to mathematics, mechanics 
combined,its essence is to discrete the whole area,and 
the whole is divided into many small regions.These 

small areas called "finite element" or "unit". The finite 
element method need to transform the it into a 
corresponding variational problem, dividing 
interpolation, transformed into the problem of extreme 
value of multivariate function, eventually transformed 
into the problem of solving multivariate algebraic 
equations.The main steps are as follows: 

--First, finite element mesh: divide the  whole area, 
each finite element shape is arbitrary.For the 
two-dimensional problem, finite element is rectangular 
or triangular, for the three-dimensional problem is 
tetrahedral or polyhedron. 

--Second,interpolation:establishing a linear 
interpolation function,expand any point of the finite 
element  with its shape function and the function 
value of discrete grid points. 

--Third, solve variational approximation equation: 
finite element method is separating the whole problem 
with field functions for each finite element,  finite set 
of algebraic equations can be established on the 
energy equation.The algebraic equations is the finite 
element the numerical solution. 

B．Calculate Vertical Grounding Electrode Resistance  

Calculated as follows: 

4R ln
2

L
L d

r

p
=            

(1) 
(ρ is the resistivity of the ground, L is the length of the 
electrodes, d is the diameter of the electrode) 

By Equation (1),we can draw that the earth 
resistance is relevant to ground resistivity, electrode 
length and electrode diameter. 
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C．The Similarity Criteria of Electromagnetic Method  

In order to make a more accurate simulation results, 
we use similar criteria in the model which the linear 
dimensions followed by the electromagnetic method: 

2 2( )fm

f m

L
k

L
s

s
= =                                                               

(2) 
( σ is the conductivity, L is the length. The subscript m 
is an analog system, f is the simulated field system, k 
is a linear scale) 

Similar criteria can make the response 
characteristics under experimental simulation  
consistent with the corresponding response 
characteristics under field conditions. 

Table I gives a detailed list of the actual size and the 

size of the simulation, , , ,fg fc fg fcL Ls s respectively 

represent the actual ground conductivity, the 
conductivity of the ground electrode, the actual size of 
the earth, the actual size of the ground electrode.

, , ,mg mc mg mcL Ls s  respectively represent the earth 

conductivity of model, the  ground electrode 
conductivity of model, the earth size of model, the 
grounding electrode size of model. According to the 
linear scale for 1000 needs to be set. 

III．SIMULATION MODEL  

A． Grounding Electrode Model 
Use Ansoft Maxwell 3D three-dimensional 

simulation software to build 1000mm·  1000mm· 
1000mm earth model under conditions of transient 
field. Electrode materials made of copper conductor, 
the length and the width is 1mm and the height is 
2mm, according to the similar simulation scaled down. 
Figure 1 shows the grounding electrode and the earth 
model, based on the actual situation of the land set for 
three, in turn to increase the conductivity. 

 
Fig. 1. The model of ground electrode and earth. 

B．Definition and Distribution of Material  

Select the grounding electrode model, double click 
electrode,in the dialog box click on the edit options. 
According to the data in Table I,we define the material 
and create a new earth materials in the material editor 
library,set their own parameters such as resistance, 
and assigned to the earth model. 

C．The Excitation Source  

Selecte the surface of electrode,designated voltage 
excitation.Or use Ansoft Maxwell Circuit Editor 
software into an external circuit shown in Figure 
2.The introduction of an external circuit excitation 
voltage is 1000V,1Hz,R3 represents a long lead source 
resistance, LWinding1 representative grounding 
electrode. 

 

Fig.2. The Circuit of external excitation. 

C．Set the Solution Mode and Precision  

Right click  Analysis/Add Solution Setup, 
respectively  filled 1s and 0.1s in Stop time and Time 
step column , shown in Figure 3. 

TABLE I 
THE PARAMETERS OF THE ACTUAL SIZE AND THE SIMULATION MODEL 

BASED ON THE GROUNDING RESISTANCE OF ANSOFT 

Conductivity(S/m)  Linear Dimension(m)  k 

fgs

  

mgs

  

fcs

  

mcs

  

fgL

 

mgL

  

fcL

  

mcL

  

 
 
1000 

0.
01 

100
00 

5.8E
7 

5.8E
11 

100
0 

1 1 0.00
1 
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Fig.3. Solution setup. 

D ． Set Solution Area and Boundary Conditions 

(Choose the default boundary condition) 

IV．TRANSIENT FIELD SIMULATION AND ANALYSIS OF 

THE ELECTRODE MODEL  

A．Change the Angle of the Electrode  

According to Figure 1,simulate the model.Electrode 
is inclined 15 °, 30 °, 45 °, 90 °. Simulation results 
shows in Figure 4, 5, 6 and 7.Comparing the four 
figures,we can see the distribution of the current 
density basically the same,but the corresponding 
current density distribution is different,in order to 
facilitate comparison, the image formed by the system 
are using the default logarithmic scale, it can be seen 
when the electrode is inclined 45°,the maximum 
current density and the electrode effect are the best. 

 
Fig. 4. The current density of electrode tilted 15 degrees. 

 
Fig.5. The current density of electrode tilted 30 degrees. 

 

Fig.6. The current density of electrode tilted 45 degrees. 

 
Fig.7. The current density of vertical electrode.  

B． Increase the Number of Electrodes 
The single-layer earth model is simulated, Figure 8 

and 9 are single electrode and four-electrode current 
density simulation map.From the simulation chart of 
single electrode and the four electrode model, we can 
see that they are consistent and uniform distribution of 
color, but the color corresponding to the current 
density values are different, four-electrode model 
significantly greater than a single electrode. 
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Fig.8. The current density of one-electrode model. 

Fig.9. The current density of four-electrode model. 

V．CONCLUSION  

By using Ansoft Maxwell electromagnetic field 
simulation software, multi-media simulation setting 
two-electrode earth model.We studied the tilt angle of 
the electrode, the number of electrodes,which have 
some impacts on resistance and ground current 
distribution.The electrical conductivity of earth and 
electrode provided references of similar simulation 
ratio.Through the comparative analysis of the 
simulation results, the conclusion is as follows: 

(1) Electric field spread of the figures are to meet 
energy conservation,the electric field distribution in 
line with the law,Electric field direction tilted 
whenthrough the medium fault .Consistent with the 
theory .         

(2) Compared the current density distribution shown 
in the Figure 4, Figure 5, Figure 6 and Figure 7,we can 
get that tilted 30 degree to 50 degree,the electric field 
distribution is the most widespread, the utilization of  
electrode is the best. 

(3) Comparing Figure 8 and 9,we found that the 
increasing number of electrodes can effectively reduce 
the resistance. 
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Abstract—In view of the complex structure and low intelligence of anti-theft door lock, and design a kind of mechanical 
anti-theft lock with the combination of electronic intelligence door lock state monitoring system. Smart door lock monitoring 
system is processing the STC89C51 microcontroller as the mainly control chip, with mechanical locks as the carrier, using 
GSM information module, the infrared monitoring module, camera monitor module and information displaying module. The 
system realize the monitoring of door lock state situations, such as unlock and forget key... Response show that this kind of 
system design has important significance for home furnishing guard against thief 

Keywords—intelligent monitoring    GSM module   Infrared detection  
 

I. INTRODUCTION 

IN the security issues become increasingly referred to 
a high level of today, a practical, safe door lock set 
there is a great demand in the market. Intelligent door 
monitoring system, is to make life let Home 
Furnishing more safety. For the first point, developed 
a kind of high safety, good reliability, door monitoring 
system of electronic and mechanical durability high 
combination. In view of the existing in the market of 
electronic password lock is complex, complicated 
installation, design a general convenient installation 
and safety of not less than intelligent door lock 
detection system on the market the password lock, 
meet more users and market demand. 

II． INTEGRAL   DESIGN 

Intelligent door lock state monitoring system 
consists of the following modules: power supply 
module, GSM module, infrared monitoring module; 
STC89C51 microcontroller; voice module; a camera 
module; display module. Figure 1 is a block diagram 
of the whole system. 

Fig.1 Diagram of the whole system 

III. MODULE DESIGN 

A． Design of GSM Module 
The  GSM  module  is  connected  with  

the  MCU minimum system, when  the  lock state 
monitoring  module detects   the unsafe state, by 
the GSM module to send  text messages to  
remind users and the video monitoring  module is 
opened at the same time. 

We have selected the Huawei chip GTM900-B, the 
main parameters of the receiving sensitivity: 
<-106dB,which is meeting the  requirements of the  
design, the power supply voltage of 3.3V to 4.8V. 
Supporting the GSM  standard  AT command. It’s  
also  Supports the  computer serial port (232 level) 
and the SCM connected MCU (3.3V-5V can) is 
connected directly, and  can simultaneously connect  
computer when using  MCU  debugging, without 
jumper setting, use the computer serial  debugging 
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assistant monitoring microcontroller to send data, very 
convenient [8]. Using the plug  type  SIM card, very  
convenient to  use,  with  a  SIM  card 
protection circuit. The debugging results in Figure 2. 

 
Fig.2 Debugging results of GSM module 

B． Video Monitoring Module 

Video monitoring module using surveillance 
cameraas the original video camera.The video start 
recording when meeting an unsafe condition, through  
the  host  computer, video monitoring module 
control to realize real-time monitoring of door lock 
within 10m around.The video can be stored and 
terminal real-time displayby the computer. 

The video monitoring module to further improve the 
security  of  the system. The   control circuit of   
the  module, by controlling the  microcontroller  
pin level output opening and closing. The control 
circuit shown in Figure 3. 

 

Fig.3 Module control circuit 
Through the debugging on the GSM module, the 

realization of communication by using serial port and 
GSM microcontroller, to achieve the control of the 
camera equipment, through the serial port debugging 
assistant, online observation of SCM operation results, 

as shown in Figure 4. 

 
Fig .4   Debugging   results 

Video monitoring module to the control signal sent 
by the MCU after the reception, will open the camera, 
at the same time, the LCD screen display camera state, 
LED prompts the camera open, open the video camera 
function. As shown in figure 5. 

 
Fig.5 Recording 

After test and  adjustment  after several  times, 
can  achieve a hand-held  remote control of camera 
device end GSM, and realtime display of the state of 
the GSM module through the liquid crystal. 
C.  Power and Display Module 

Using the 5V1A power adapter, SCM is working 
normally, need current when Ma, while the other 
modules also need power supply, so using the adapter 
can better avoid the current is not enough, can’t drive 
the MCU or sensor case. In practical application, the 
adapter is smaller than 7805 regulated power supply 
ripple, and adapters are also less than the former in the 
volume, as shown in figure 6. 

 
Fig.6 Power adapter 

We select 12864 screen. The Chinese graphic dot 
matrix liquid crystal display module can display 
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Chinese characters, Chinese characters and graphics, 
built in 8192Chinese characters (16X16 matrix), 128 
characters (8X16 matrix) and 64X256 dot matrix 
display RAM, the advantages is that it can display 
Chinese characters and display more content. Module 
size 93 x 70 x 12.5mm. The working state display 
camera module, GSM module for transmitting and 
receiving state, lock state. As shown in figure 7. 

 
Fig.7 Display the lock 

D.  Infrared Detection Module, Voice Module 
Infrared emitting diode TCRT5000 sensor. Used to  

lock and key state detecting whether pull or out. The   
TCRT5000 sensor continuously emit infrared, when    
the emitted infrared isn’t reflected back or were reflect 
back but the intensity is not big enough, the   
infrared receiv tube has been in a shutdown state, this 
module  output is high, indicating diodehas been  
extinguished state; the detected object appear in the 
detection rang-e, the infrared ray is reflected back and 
the  strength is  large enough, the infrared receiving 
saturation, this mo-dule output is low, indicating diode 
is lit.  According  to the transmitting and receiving 
principle, its structure modification, can realize the 
detection to the bolt and the key function, relatively 
small volume. The work  voltage is 3-5V. In addition, 
the output TTL level [7] as the microcontroller can be 
identified. The detection  proess is shown in figure 7. 

Fig.7 Test flow chart 
The host computer to the alarm signal when 

receiving, recording and warning voice control 
module, through the prompt voice prompt strangers 
had been monitoring. Because of the power supply 
voltage of the speech chip is 5V, so it can supply 
power to the 5V power supply for SCM, by any pin 
output low level, control its sound, then its level high 
can achieve its close [10]. If you need to record, you 
can hold down the REC key on the module, can 
realize recording. 

IV SYSTEM TESTING 

Detection of bolt need a pair of tubes, to detect key 
need to have two pairs of tubes, when open the door, 
most of the lock needs the key to rotate two times and 
the light travels in a straight line. 

 In the process of rotation keys, because the key is a 
flat piece of metal, when it transferred to the plane 
andlight it is parallel, there may occur the light can 
still be received  by receiving the infrared tube case. 
So when the key to this position, with another pair of 
tube to det-ection, it is time to key can block another 
pair of tube light. So, as long as the key in the lock, a 
key can be at least a pair of tube detected, this is a 
very reliable dete-ction method. 

Microcontroller on the detection of door lock of all 
States, there were 3 input. One is the detection of bolt 
on tube emits, popular outer tube light is occluded, 
there is also the key and lock door lock case, the 
output is high, no key and no locking is the  opposite, 
as a  low  level.Under such a condition, identified 
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several circumstances. Reactive programming 
according to this several circumstances should arise. 
State 1: 

At this time for the safe state, that is, the doors were 
locked, the key is pulled out. There will be no hint. As 
shown in figure 8-A. 
State 2: 

At this time the door is locked, but the key is pulled 
out. At this time the alarm and the camera is opeded 
bythe MCU, prompting and recording, 30 seconds 
later, the mobile phone will got a short message by the 
GSMmodule. This time display mobile phone received 
tips, content: ULOCK. As shown in figure 8-B. 

State 3: 
When it is detected that the door is not locked, the 

key is not removed the, system will send out alarm 
sound and turn on the camera, prompt and video, timer 
30s, by the GSM module to the mobile phone sends a 
short message, prompt, this time display mobile phone 
received tips, content is: ULOCK AND KEY 
FORGETTEN. As shown in figure 8-C. 
State 4: 

When the key is down, the system will alarm and 
turn on the camera, prompt and video, timer 30s, by 
GSM module sends a message to the mobile phone, 
prompting, This shows that the mobile phone to 
receive prompt, content: FORGET KEY. As shown in 
figure 8-D. 

    
               A                    B 

    
C                       D 
Fig.8 Lock state debugging 

V.   CONCLUSION 

By the use of STC89C51 single chip computer and 
its auxiliary circuit to complete the design of 
mechanical lock intelligent monitoring system, 
realizing the monitoring, SMS to different lock states 
reminder, voice alarm, image monitoring. Intelligent 
Home safety towards more choices. This paper studies 

for the door lock monitoring system, to generate an 
important significance to improve the Home 
Furnishing security, let us live safer and more 
convenient. 
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ICL7107 digital DC voltage and current meter 
based on 
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Abstract—The main module of this design uses ICL7107 chip as the digital meter, so that the circuit has many advantages 

with a simple design, high integration, high reliability, and high performance. The system can measure 0 ~ 1.99V, 0 ~ 19.99V, 0 

~ 199V, 0 ~ 1999V, a total of four scale voltage values, and 0 ~ 19mA, 0 ~ 199mA, 0 ~ 1999mA, 0 ~ 5A, a total of four the 

current value of the measurement range The system is made of a kind and has been tested with good test results. 

Keywords—ICL7107 chip, digital, DC, voltage and current measurement 
 

1 INTRODUCTION 

BECAUSE traditional voltage meter needs latches, ad 
converters, digital control circuits to drive multiple 
modules, making the entire system structure is 
complex, high cost. The integrated chip design based 
ICL7107 meter fully overcome the above 
disadvantages of the meter and has the advantage of 
high stability. 

Given the high rate of laboratories using ammeter 
and voltmeter, the failure rate of large, independent 
design and complete the voltmeter and ammeter can 
effectively improve the experimental environment and 
reduce losses. 

For different measurement requirements, specific 
design meter stalls, can improve the accuracy and 
reliability, economical and practical experimental data. 

2 SYSTEM DESIGN 

In this paper, the accuracy of the meter designed for 
three and a half, five voltage ranges are 0 ~ 199mV, 0 
~ 1.99V, 0 ~ 19.99V, 0 ~ 199V, 0 ~ 1999V, four 
current ranges are 0 ~ 19mA, 0 ~ 199mA, 0 ~ 
1999mA, 0 ~ 5A, by four digital display reading is not 
able to stabilize the beating. This product can be used 
alone or can be shown to DDSZ-1 motors and 
electrical test equipment supporting the use of 
technology system structure shown in Figure 1.

 
 
 
 
 
 
 

Figure 1 System Block Diagram 

 

3 SYSTEM AND THE REALIZATION OF EACH MODULE 

FUNCTIONS 

3.1 Power Module 
Due to the high precision circuit, the power supply 
voltage or power supply ripple instability presence 

will affect the results, so in order to ensure accurate 
supply voltage 5V, the power used for continuously 
adjustable DC power, ripple control requirements 
within 10mv, for ripple requirements can be a simple 
voltage regulator circuit to meet the requirements. 
Power module circuit shown in picture two. 

Power Modules 
PSA 
Rectifier 
Regulators 

Detection module 
AD conversion 
Data Processing 
Data output 

Display Module 
Digital Display 
Conversion stalls 
Fault Display 
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picture2 power module circuit diagram 

 

  
Positive 

power 
Negative supply 

Simulation output 

voltage 
1.26v ~ 11.5v -1.25v ~ -11.4v 

Actual output 

voltage 
1.21v ~ 13.3v -1.23v ~ -12.96v 

Current value at 

the maximum 

output voltage 

500mA 495mA 

Maximum voltage 

maximum current 

lines of Crest 

5mv 5mv 

Table 1 module parameter table 

3.2 Detection Module 
3.2.1 ICL7107 

Basic Features (1) three and a half double integral 
type A / D converter ICL7107 of ICL7107 are 
high-performance, low-power three and a half A / D 
conversion circuit, comprising seven segment 
decoders, display drivers, reference sources and clock 
system. Can directly drive common anode LED digital 
tube, belong CMOS LSI. With conventional A / D 
converter chip ICL7107 the accuracy, versatility and 
low cost real good combination, compared with its 
maximum display value of ± 1999, the minimum 
resolution for 100uV, conversion accuracy is 0.05 ± 1 
words, there is less than 10μV auto zero function, zero 
drift is less than 1μV / oc, lower than the input current 
10pA, the polarity switching error is less than one 

word. ICL7107 pin assignments shown in Figure 3 

 

Figure 3 ICL7107 pin assignment chart 

3.2.2.Voltage measurement section  
Between 30 and 31 pin access divider circuit, 

respectively, 1.9V, 19.9V, 199.9V, 1999.9V, when out 
of range of digital tube display an MSB, the remaining 
bits are not displayed. Digital tube decimal point and 
the corresponding position in each gear, respectively, 
received the keys to manually switch sides, you can 
achieve the beating gear selection and decimal point 
position. 

Each stall divider resistors replaced by a fixed 
resistance adjustable potentiometer, precision 
adjustment of the regulation by 2k potentiometer and 
potentiometer on each gear. 
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Figure 4 voltage measurement part of the circuit 

(2) ICL7107 works 
Double integral type A / D converter is an indirect 

ICL7107 A / D converter. It is through the input 
analog voltage and the reference voltage are integrated 
twice, the average value of the input voltage is 
converted into a time interval proportional thereto, and 
then use the pulse interval, and then come to the 
corresponding digital output of 
3.2.3 Current measurement section 

According to Ohm's law U = IR shows that,for the 
measurement of current by a voltmeter to add a 
parallel resistor to achieve, we have  designed the 
header meter reference voltage for 2.000V, and then 
got a table after the panel as shown in Figure 5 to 
configure a group shunt resistor can get more range 
ammeter to 5A range is shown for example in Figure 
five as shown in Figure 5 to configure a group shunt 
resistor can get more range ammeter to 5A range is 
shown for example in Figure five 

 
Figure 5A span five shunt circuit diagram 

Thanks for 2V header, to design 5A meter range, 
then theoretically necessary to use high-power 
0.4-ohm resistor shunt. Due to limited resistance 
materials as well as high current resistor cause actual 
circuit heat resistance than the theoretical great value 
on some. after the actual measurements and 
experimental results using a seven 2-ohm resistor in 
parallel and add a 100 ohm precision sliding rheostat 

fine-school can get an accurate 0.4 ohm resistor 
divider. 

About digital meter accuracy, the following formula: 
Accuracy = reading accuracy of the reading * + digital 
error, the error range of any digital gear, the gear of 
the resolution, for example, three and a half voltmeter 
with an accuracy of 0.5% + 1dgt, select 20V range 
(maximum display 19.99). If the measured number is 
10.00, so accuracy is calculated as 10.00 * 0.5% + 
0.01 = 0.06, the voltage meter to measure in the range 
of 9.94 - 10.06 can meet the accuracy requirements. 
3.3 Display Module 

The display module includes a digital display, gear 
conversion, fault display. Digital display uses four of 
eight common cathode LED, because of ICL chip 
itself can directly drive common cathode digital tube 
causes the display section is relatively simple, the 
decimal point is used to drive on and off by a decimal 
point and the anode switch connection. 

4 SYSTEM TESTING 

4.1 debugging instrument 
Adjustable DC power supply, adjustable range: 0 ~ 

200V; 
Multimeter, precision four and a half. 

4.2 Analysis of the test data and results 
It is shown in Table 2 

Range Measur

e the 

voltage

Showin

g 

results 

Theoreti

cal error 

The 

actual 

error 

1.9V 1.500V 1.489V 0.1167% 0.1172%

19.9V 15.00V 14.87V 0.1167% 0.1172%

199.9V 150.0V 149.5V 0.1167% 0.1169
% 

As shown in Table 3 

Range Measu

ring 

current

Showi

ng 

results 

Theoreti

cal error 

The 

actual 

error 

19 mA 15.00 

mA 

14.96 

mA 

0.1167% 0.1168%

199 mA 150.0 

mA 

148.6 

mA 

0.1167% 0.1173%

1999mA 1500 

mA 

1498 

mA 

0.1167% 0.1168%

5A 2.50A 2.49A 0.1167% 0.1171%
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U2V=±2/1999=0.001V 
U20V=±20/1999=0.01V 
U200V=±200/1999=0.1V 

Theoretical 2V block with relative error of 
measurement 
γ1 = (± 0.05% * 1.5 ± 0.001) /1.5=0.1167% 

Actual relative error measurement block is 2V 
γ2 = ± 0.05% ± 1/1489 = 0.1172% 
γ1 and γ2 compared to almost equal, with a 
description of the design and testing of four and a half 
meter accuracy rather, that meet the requirements. 
By that calculation, the meter measured experimental 
data more accurate, with a multimeter to measure the 
data errors are reasons divider resistors and switches 
caused 

5 CONCLUSION 

In this study, the ICL7107 chip, according to the 
high integration and low power consumption of this 
chip has designed a multi-range voltage meter. Low 
cost device designed to take this approach, high 
reliability, simple installation and commissioning. And 
passed the test, get a good result. 
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Development of real time monitoring system of 
negative oxygen ion 

 
Liu Tianpeng,Chen Nie,Cong Xin 
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  Abstract—In view of the current measurement of artificial record operation in terms of negative oxygenion 

concentration, developed to be able to receive real-time signal monitoring system of negative oxygen ion real time recording 

and analysis processing directly. The system adopts MSP430F149 as the core processor, 24 bits analog to digital 

converter ADS1240 as the AD sampling module,  and the data transmission to the host computerthrough the serial port in. 

The use of C# programming language in the computer, realize the real-time data display and the data will be stored in 

MySQL database,realize the intelligentmontoring system and standardization. 

  Key words—Real time monitoring      Data processing 

 

Ⅰ.INTTRODUCTION 

WITH the rapid development of chemical industry and 
science and technology, some basic changes in 
chemical reactions need to be accurate cognition, 
real-time monitoring of the ion concentration can be 
good for a reliable analysis of the chemical reaction, 
but the traditional artificial record data is complicated, 
experiment wastes a lot of time,experiment personnels 
need to have been observed in the experimental 
equipment side, working is not efficient. 
  Database technology is an advanced data 
management technology, has strong theoretical and 
practical, it can store and query data. The MySQL 
database is a relational database management system, 
an open source code, SQL language is used for 
database management, MySQL database has been used 
because of its speed, reliability and good adaptability. 

Ⅱ .THE INTEGRAL DESIGN SCHEME OF REAL-TIME 

MONITORING SYSTEM 

  The overall system structure diagram shown in 
Figure 1, the system design mainly includes two parts: 
signal acquisition circuit design, MySQL database 
design. As for the signal processing of the system, we 
don’t study how to collect the signal. 

 

Ⅲ.SYSTEM HARDWARE DESIGN: SIGNAL ACQUISITION 

CIRCUIT 

  The work flow is shown in Figure 2 
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  The main work flow of the system for the following 
4 steps: 
  (1)Analog signal collected by the sensor through the 
BNC interface to reach the acquisition board, the 
collected signal in the range of + 1999mv; 
  (2)For signal preprocessing, first of all to signal plus 
direct flow of uplift, uplift of 0 ~ 4000mv, and then the 
signal attenuation, the attenuation ratio of 0.6 times, is 
the signal can make the acquisition range is 0 ~ 25V to 
A/D converter work normally; 
  (3)For A/D conversion of the signal, converts the 
analog signal to digital signal; 
  (4)The digital signal will be transmitted by MCU 
and the USB module to the PC, SCM also can carry on 
the control to A/D converter. 
B.Circuit diagram 

The circuit diagram shown in figure 3,

 
  The first part: the left part of OPO7 using a DC 
voltage input signal source uplift is 0 ~ +4V; 
  The second part: the OPO7 component of the 
in-phase amplifier will signal attenuation is 0 ~ +2V as 
the input signal after A/D conversion; 
  The third part: the ADS1240 is connected with the 
430 MCU development board through the socket, the 

electrical signal to the input of the A/D conversion. 

Ⅳ.SOFTWARE DESIGN:DATA PROCESSING AND DISPLAY 

  To get the MySQL data in the database in the 
VS2005 real-time display is the core of computer 
operation. Compile the database and display the flow 
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chart shown in figure 4: 

Get Data

Serial 
communication

Stored in the 
database

Data processing

Data backupData read

Historical 
inquiry

Display

Fig.4 The Database operation flow chart  
  (1)In the data access, as the use of USB interface 
output, MySQL can only operate serial signal, so the 
compiler a serial debugging assistant, will signal into a 
serial signal; 
  (2)The establishment of the database, in the MySQL 
command window, type "CREATE DATABASE DC", 
to create a named "DC" in the database, and then 
create the database tables, enter the command 
"CREATE TABLE Jiance (ID INT PRIMARY KEY 
AUTO_INCREMENT, Shijian ITIME, Nongdu 
DOUBLE);" set the properties for each column with 
auto increment primary key; 
  (3)The data will be stored in the database, and the 
database is connected with the vs2005; 
  (4)Using ZedGraph drawing for real-time image 
display of data control, real-time monitoring results; 
  (5)The data backup, easy to carry on the data of 
historical reduction. 

Ⅴ.EXPERIMENT RESULTS AND ANALYSIS  

  After debugging, the obtained data into the database, 
figure 5 is a MySQL database to store data. 

 
  From the graph we can read the display of negative 
oxygen ion concentration time range, the database also 
has the historical inquiry function, can realize the 
query on the ion concentration data. Data backup and 
restore fuctions. 

 

 
Fig.6 Dynamic line chart 

 

  Figure 6 is a real-time data monitoring dynamic line 
chart, can show the change of the concentration of 
negative oxygen ions directly, eliminating the need for 
manual drawing of trouble. 

Ⅵ.CONCLUTION 

  Real time monitoring system of negative oxygen ion 
can accurately for real-time monitoring of the ion 
concentration, when the change, can be the first time to 
find and analyze the causes, even if it is not 
immediately found, can also be a historical query that 
change of time and change of condition, make a deal 
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with it. 
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2. High frequency pulse transformer EI33 
  The output current of SG3525 is enough to drive 

the MOSFET IRF840. But the max input voltage is 
300V, the voltage of SG3525 can too 150V when it 
work normal. And the voltage is so high to damage the 
chip. High frequency pulse transformer is designed, 
prevent damage the chip. The process of designing the 
high frequency transformer is given in the next part. 
3. Half bridge converter with high frequency 

transform 

(1) Introduction of converter 
High-frequency transformer replaces 

power-frequency transformer. We called the dc-dc 
regulated power supply, which use pulse modulation 
technology, as switching power supply. It has a lot of 
features, such as small power consumption, high 
efficiency, wide range of voltage and light weight. The 
main circuit of switching power supply is switching 
mode power converter. The energy conversion and 
voltage transformation of switching power supply is 
achieved by power converter. The converter has 
several topologies, such as push-pull switch power 
converter, half bridge switching power converter, 
single-ended switch power converter etc. This design 
is based on the half bridge converter and high 
frequency switching transformer. 
(2) Choice of converter 

The half bridge converter is simpler and more 
convenient than full bridge converter. According to 
the push-pull converter, the voltage of switch is 
reduced a half, and transformers do not need to air gap 
in the middle. Voltage rating of the circuit is lower. So 
half bridge converter is better. 
(3) The  principle of converter 

The on-off of the MOSFET can transform the input 
current and voltage into high frequency pulse 
square-wave. Through the switch power supply 
transformer and through rectifier filter, the output dc 
voltage can be controlled as a constant. 
(4) Choice and design of switching  transformer 

The magnetic induction intensity is falling which is 
caused by the temperature, which needs to be taken 
into account. It must be less than the magnetic 
saturation strength of the material. 

Magnetic core loss generated by the temperature rise 
shall not exceed the specified value. In general, under 
the rules of working frequency, the unit volume core 
of magnetic should be controlled in the range of 
150-280. 
C.Transformer design 

The parameters of the transformer is show as the table 

ƒ Work frequency 50kHz 

maxinU The highest input voltage DC 300V 

mininU The minimum input voltage DC 500V 

oU  Output voltage DC 12V 

 Output current 4A 

1UD  Switch tube conduction 

voltage drop and  primary 

lateral line pressure drop 

negligible 

2UD Rectifier diode conduction 

voltage drop and line 

pressure drop 

1V 

mB  Magnetic induction intensity 

of work 

0.1T 

uK  Window utilization 

coefficient 

O.2 

a  Transformer regulation 0.5% 

Step 1:Calculate the output power of the transformer    
 

Step 2: Calculate the total apparent power transformer  

 

Step 3: Calculate area of product pA , select the 

magnetic core 
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Dipole radiation field based on the Matlab 
simulation 

 
Sunshikun；Muzongpeng；Songqinrui  

(jilin university instrument science and engineering institute,changchun,130021)  
 
   Abstract - Our goal is to complete the analysis and calculation of dipole radiation field distribution by using Matlab 

simulation. We derive the dipole  radiation field distribution formula and use the electromagnetic duality principle dual 

relationship of the power supply as well as the source of magnetic electric field and magnetic field distribution calculated 

formula .The simulation conclusion is the distribution curve of electric and magnetic fields ,which help to analyse and 

optimize design dipole antenna and its electromagnetic detection system performance . 

 

1. INTRODUCTION 

IF the positive and negative charge on the charged 
system presented dipole distribution and the charge 
weight don't overlap, so it can be as within easy reach 
of both the amount of unlike charges, namely,the 
electric dipole. Antenna is an important 
component of the modern communication 
facilities, it can be to the radiation of 
electromagnetic wave in the space, the antenna 
is the most simple dipole antenna, various 
forms of the new antenna can be regarded as a 
combination of dipole antenna. So the research 
on the issues about dipole excitation of 
electromagnetic field in the space is of great 
significance. Fixed frequency signal radiation 
and receiving often use dipole antenna,among 
them, VHAP and UHAP were designated 
anechoic chamber and open field site 
attenuation measurements of special wire by 
the Japanese VCCI,it  is standard in a lot 
of  laboratory. 

2．PROCEDURE FOR PAPER SUBMISSION 

First of all, our goal is to master the definition, 
formation and types of electromagnetic radiation 
causes, conditions, electromagnetic radiation 
antenna.According to the radiation in the class of 
time-varying electromagnetic field calculation of 
electric dipole field method,we make the calculation 
of magnetic field of magnetic dipole radiation 

analogy.With dipole magnetic field lines and power 
line equation are derived, we calculate the distribution 
of the unit dipole radiation   electromagnetic   field  
radiation. 

Fig.1 System diagram 

3. THE BASIC FORMULA 

Current direction is z，current is I，length is l， so 
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The electric dipole magnetic field 
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Then the electric dipole near zone quasi static field 
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The far zone field for electric dipole 
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  According to the charge, current, magnetic charge, 
magnetic flow principle of duality，the far field of a 
magnetic dipole is shown below 
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   The dipole radiation field in component form： 

r

θ

r

r
θ

r
r

rr

θ

H

0

rrr

θ

rr

θ

jk

jk

jk

e
kk

jkH

H

E

e
k

j
kk

jkE

e
k

j
k

kE

-

-

-

+=

=

=

=

-+=

-=

)
)(

1(
4

cos

0
0

)
)()(

1(
4

cos

)
)()(

1(
2

cos

2

2

32

3

32

3

p

pwe

p

f

f

Il

Il

Il

(9) 

4 . DESIGN OF SIMULATION SOFTWARE   

Electric power line dipole in spherical coordinates 
satisfy the vector equation： 
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Come to conclusion: 
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   Electric field visualization converted to Cartesian 
coordinates： 
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Because the electric field distribution and angle 
independent, so the symmetry on the Z axis and  you 
can use a z plane replacement.  

)arccos(; 2222 zxz/θzxr +=+=    （13） 

The range of x、z is [-r, r]. 
So we can draw the electric field in the space 

distribution plotted dipole by using scalar contour in 
Matlab equation [c,h]=contour(X, Z, m, K) and 
drawing the contour function. K is a function U (x, z) 
in the coordinates X, Z value，V is a vector,it 
designated contour height values (such as power line 
in the K value). The h is the return of the handle value. 

5.THE RESULT OF SIMULATION 

  The Matlab simulation results is shown below： 
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Fig.2.1 The electric field distribution 

 
Fig.2.2Magnetic field distribution 

We can see the power lines and lines of force 
distribution in a moment from the simulation diagram. 
In the near zone, the power line starting from the 
dipole charge and terminated in the dipole charge, this 
is the Kulun field; in the far zone, power line and form 
a closed curve to get rid of the charge due to the 
electromagnetic induction and the displacement 
current,, and the dipole radiation field with axial 
symmetry.

 

6 CONCLUSION 

Since the introduction of dipole antenna radiation 
field from the power lines and lines of force formula, 
we carry on the simulation of the power lines and lines 
by using Matlab, and make it into the GIF simulation. 
Electromagnetic wave can be obtained from the 
simulation of dipole antenna radiation characteristics, 
it is conducive to the study of electromagnetic wave 

communication and dipole antenna. 
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Based on the independent MPPT photovoltaic 
battery charging system design 

 

Feng Jiaxing , Liang Tianxu. Li Jisheng 

（jilin university Instrument science and electrical engineering college ,changchun,130021） 

 
Abstract—The world today is facing energy depletion problem, to solve this problem has two aspects: first, energy 

conservation, and the second is the development of new energy to solve this problem fundamentally, the development of new 
energy is the key. Development and use of new energy technologies is one of the world's economic development in the most 
decisive influence, which is a photovoltaic technology on the development of new energy path most attention. 

Independent photovoltaic power generation is the most important use of the largest PV array, to improve the efficiency of 
power generation. In addition, an effective way to improve the battery charging, longer battery life, but also can greatly 
improve the efficiency of photovoltaic power generation. 

In this paper, design independent photovoltaic charging system. Charging circuit uses BOOST boost circuit, the circuit 
design parameters were reasonable. Among MSP430 MCU controller, using the maximum power point tracking (MPPT) 
algorithm - perturbation and observation method, to achieve the lead-acid battery. Charging by constant voltage fast charging 
method, and the battery charge and discharge were reasonably designed to prevent damage to the battery waste and energy.  
 

PREFACE 

INDEPENDENT photovoltaic power generation systems 
include household photovoltaic power system and the 
independent photovoltaic power station, the power 
supply reliability is highly affected by the factors such 
as environment, climate, load, power supply stability is 
relatively poor, therefore, need to join in the system of 
energy storage and energy management link, so we 
need to research a kind of charging and discharging 
controller. 

Photovoltaic charge and discharge controller is 
combined battery characteristics of photovoltaic power 
generation systems, is can realize the control of battery 
charging and discharging equipment. Effectively for 
the storage battery charging and discharging controller 
should also be charging, with maximum extend the 
service life of battery, prevent excessive charging and 
discharging the battery life. Photovoltaic power 
generation system power supply by the more uncertain 
factors, and the operation is not stable, so the battery 
charge and discharge control system, is much more 
difficult than other applications to charge and 
discharge control. Therefore, in the independent 
photovoltaic power generation system used in good 
charge and discharge controller to manage batteries 
and photovoltaic cells, has very important significance.  

I. THE WORKING PRINCIPLE OF THE SYSTEM  

Independent photovoltaic battery charging system 

schematic diagram is shown in Fig 1 : 
 

 

II.THE HARDWARE CIRCUIT DESIGN  

Independent of solar photovoltaic battery charging 
system of rated output of 12V10W, his request is for 
two 12 V lead-acid battery charging, the DC - DC 
transform circuit, due to the booster, so use the Boost 
booster circuit. DC/DC switching power supply with 
high efficiency, high power density and high reliability 
etc, so it can well meet the demand of the system.  
A. The Boost circuit principle of work  

The Boost converter circuit structure as shown in 
Fig 2: 

Fig. 1. Independent photovoltaic charging system schematic 
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Fig.2  the structure of the Boostcircuit 

B.   Working principle of the circuit: 
In a circuit of IGBT turn-on, the current through the 

booster from E form loop inductance L and V, 
inductance L energy storage; When IGBT turn-off, 
counter electromotive force produced by inductance 
and dc power supply voltage in the same direction each 
other, thus the load side is higher than that of the 
power supply voltage, the function of diode is blocking 
the conduction and capacitor discharge circuit of IGBT. 
Adjust the switching device of V on and off cycle, can 
adjust the size of the load side of output current and 
voltage. The average load side of the output voltage is:  

 
Formulas of switch T cycle, ton is conduction time 

and toff  is turn off time.  
C.   Design and selection of circuit parameters  

The choice of the power switch tube: 
FGA25N120ANTD chosen as the Boost booster 

circuit began to close the tube, between general rating 
of the IGBT and the actual value should have a certain 
margin, make the device work trajectory within the 
scope of work safety. Switch tube under the maximum 
voltage in the design of 50 V, through the peak current 
is 2 A, choose MOS tube FGA25N120ANTD more 
appropriate, its rated voltage 1200 V, also can meet the 
working frequency.  
D.  The calculation of capacitance and inductance 

and the selection 
Here take Iomin=0.5A,Iomax=2A. According to the 

design requirements, need to inductance current work 
in the continuous state, by the formula: 

Based on VO=VS/(1-D) get D=1-VS/VO .When the 
VO = 24V, D = 0.5; when the VO = 30 V, D = 0.6 . The 
duty ratio of the change range is 0.5 to 0.6. The critical 
load current: 

IOBM=VOD(1-D)2/2Lfs 
D = 1/3, IOBM has a maximum value. Here take the 

closest D = 0.5. The minimum load current is greater 
than the critical load current: 

L≥VOD(1-D)2/2fsIomin 
 Generation into the value of the topic request, take 

VO = 30V, can calculate the L = 75 u H. here can take 

slightly larger value, take 1.2 times the size of L = 90 u 
H. Check: when L = 90 u H, D = 0.5, as: critical load 
current IOB = 0.42 A < IOMIN = 0.5 A. Ensures that the 
inductor current is continuous, in line with the purpose 
of the design. Desirable RMIN = 30/2 = 15 Ω, the output 
ripple requirements, can be further calculated C > 1.4 u 
F for a certain margin, C = 4.7 u F. Check: when C = 
4.7 u F, D = 0.5, fc = 50 KHZ: when the ripple is less 
than 1%, meet the design requirements.  
E.   Power switching IGBT drive circuit design 

M57962AL is Japan's mitsubishi company dedicated 
IGBT driver module, its main characteristics are as 
follows:  

Input high speed and output isolation, dielectric 
strength up to 2500 V AC/min.  

Input and output level compatible with TTL level, 
suitable for single chip microcomputer control.  

Internal timing logic and short circuit protection 
circuit, and at the same time also has a time delay 
protection features.  

With reliable on-off measures (with double power 
supply).  

Driving power is big, can drive 600A / 600 A / 1200 
V or 400V IGBT module.  
M57962AL driver protection circuit is shown in Fig 3: 

 
Fig.3  the drive and protection circuit of M57962AL 

This circuit has the IGBT over-current, over-voltage 
protection function. When detected at the input voltage 
of 7 V or more than, a module is judged circuit short 
circuit, circuit through photoelectric coupling output 
shutoff signal immediately, so that the output low level, 
the IGBT gate and emitter on the negative bias 
condition, make the IGBT reliably shut off. At the 
same time, the output fault signal to output as low level, 
so as to drive the protection of the external circuit. 
Delay after 2-3 s, if detected as a high level, the 
M57962AL return to work. Stabilivolt Z1 to prevent 
damage to the M57962AL D1 breakdown; RG in the 
limit of flow resistance; Z2 Z3 and limiting role, in 
order to assure reliable IGBT open and shut off 
without being misled or breakdown.  

III.THE CONTROLLER DESIGN  

A. The maximum power point tracking 
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The solar cell output characteristic curve as shown 
in Fig 4: 

 
Fig.4  the output characteristic curve of solar cell 

Known under different light intensity of the voltage 
of maximum power point of approximately equal, so 
constant voltage tracking method is proposed, similar 
to realize MPPT.  

Certain circumstances temperature, light intensity 
changes is the main influence of photovoltaic cells of 
short circuit current Isc, and has little influence on 
working voltage Vm at maximum power point, and the 
greater intensity, the greater the short circuit current Isc 
and photovoltaic battery output power P. Light 
intensity a certain case, the change in temperature 
mainly affects work voltage of maximum power point 
of Vm, for short circuit current Isc impact is not big, and 
the higher the temperature, maximum power point 
voltage Vm and photovoltaic battery output power P is 
smaller. The output characteristics of photovoltaic cells 
are photovoltaic maximum power point tracking 
control system.  

Disturbance observation method is a commonly used 
MPPT method, by changing it Up, and to give certain 
disturbance, real-time tracking of sampling Up and Ip, 
calculated their product, and get the output power of 
solar cell at the moment, and it compared with the 
power of a sampling time, if is greater than the power 
of the moment is to maintain the original voltage 
disturbance direction; If less than the power of a 
moment, then change the direction of the voltage 
disturbance. This ensures that the Up change in the 
direction of the increased output power, so as to realize 
MPPT.  

Disturbance observation (P&Q) algorithm process as 
shown in Fig 5: 

 
Fig.5  the algorithm flow of P&Q 

B.   MSP430 single chip microcomputer 
Selects the 16-bit single chip MSP430f149 as the 

core of control circuit, its biggest clock frequency is 8 
MHZ, a powerful peripheral resources:  

12 bit ADC, with internal reference voltage source, 
and with functions of sampling, maintain, and 
automatic scanning. With 12 AD converter can get 
high accuracy, and save the use of dedicated to the 
design of adc circuit board of the trouble.  

Have on chip comparator, can produce PWM signal, 
can realize external pulse signal capture again.  

Timer function, not only can produce timing 
interrupt, can external pulse signal counting again.  

Has the dual serial port, the use of these interfaces 
can realize single chip microcomputer and PC 
communication and external devices.  

In this system, the sampling of the solar cell output 
voltage Up and output current Ip, Ub and battery 
voltage and charging current Ib. Internal timer module 
microcontroller timer interrupt service subroutine 
calculate Up and the product of the Ip, find Upref for 
should the voltage of maximum power point. Capture 
compare unit microcontroller timer interrupt, 
completion of the Up and the calculation of the voltage 
loop, consisting of Ub get duty ratio D, through output 
PWM module, repass VQ isolation drive circuit to 
drive the power switch, and according to the Ub and Ib 
complete charge and discharge management and 
monitoring. 
C.   The software design 

The system software is mainly A/D sampling 
program, the maximum power tracking control.  

The system main program design is shown in fig 6:  
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Fig.6  the main program flow chart 

Mining program design process shown in fig 7: 

 
Fig.7  routine sampling process 

D. PWM waveform 
Control power switch IGBT PWM waveform 

generating MCU, after effect on IGBT drive, by 
adjusting the duty ratio, to adjust the output voltage. 
The waveform is shown in Fig 8:  

 
Fig.8  PWM waveform 

Can be seen from the oscilloscope, the waveform of 
50 KHZ, meet the requirements, the duty cycle of the 
waveform is 0.5, the duty ratio through peripheral key 
regulated, oscilloscope waveform as shown in Fig 9: 

 
Fig.9  adjustable PWM waveform 

IV.CONCLUSION  

Independent photovoltaic cells due to the 
particularity of itself, in the way of battery charging 
will also choose a special way. Improve the charging 
efficiency and prolong the service life of the battery is 
the key of the independent pv charging. This article 
main research content includes the independent pv 
charging system hardware circuit, the method of 
maximum power point tracking algorithm process, the 
design of the controller and the software design 
process.  
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Design of Programmable DC Power Supply 
 

Xu Depeng; Zhang He; Wang Xiaodan; Sun Feng 
(College of Instrument Science and Electrical Engineering, Jilin University,Changchun 130021) 

 
Abstract--This design uses MSP430F149 MCU as control core, using voltage feedback and current feedback loop control 

mode, realizing step control of voltage and current. Using internal AD reads and displays the output voltage and current. 

Using DA controls current and voltage output of the main circuit. Using LM2576 series regulator can provide all kinds of 

function of step-down switching regulator. After verification, using linear feedback BUCK topology structure can improve the 

conversion efficiency of DC/DC to about 85%. By using conversion chip with 12 bit D/A which controls reference source, the 

output voltage error is less than 20mV and the current error is less than 100mV. 

 

INTRODUCTION 

WITH the rapid development of electronic technology, 
the electronic system is more and more widely used, 
and the types of electronic devices are more and more. 
The relationship between electronic equipment and 
people's daily work, life is increasingly closed. Any 
electronic devices cannot do without the reliable 
power supply, and their requirement to the power 
supply is more and more high. Power supply is the 
heart part of electronic equipment, and its quality 
directly affects the reliability of electronic devices, 
and 60% faults of electronic equipment are from the 
source. Therefore, the power supply has been paid 
more and more attention. 

In the single chip microcomputer system as the core, 
the design and manufacture of a new generation of 
regulated power supply not only has the advantages of 
simple circuit, compact structure, low cost, excellent 
performance, but also SCM has calculation and 
control function, using it for all kinds of sampling 
techniques for calculating, which can eliminate 
voltage stabilized power output voltage and output 
current problem of insufficient precision, and reduce 
error due to disturbance signals and analog circuit, 
greatly improving the requirements of analog circuit. 
Intelligent power supply can be set to use the single 
chip microcomputer protection detection system 
carefully, to ensure the reliability of power supply. 
Output of voltage and current uses digital display, and 
input uses keyboard. The power supply has beautiful 
appearance, convenient operation and use, and higher 

use values. 

I. DESIGN OF SYSTEM 

A. The design of Main DC/DC Circuit 
The main circuit topology uses BUCK by the 

method of linear feedback. Due to the BUCK topology 
structure of main circuit for Buck, it can ensure the 
high efficiency of the DC/DC converter circuit; linear 
feedback mode can simplify the debugging process 
circuit. Structure diagram is shown in figure 1. Using 
LM2576 series regulator can provide step-down 
switching regulator features, and drive 3A load with 
excellent line and load regulation ability. 

 
Fig.1 Linear feedback BUCK topological structure diagram 

B. The design of the feedback loop 

LM2576 is a highly integrated switching power 
supply chip, because of its built-in reference source, so 
not by the way of changing the reference source to 
control the output voltage, the fact is that 
LM2576-ADJ changes the voltage output only through 
changing the sampling resistor division ratio. N 
channel MOS tube IRF540 can act as a voltage 
controlled resistor, in IRF540 D, S end-to-end access 
10K potentiometer, in D pin and the LM2576 output 
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The program flow chart of the main controller is 
shown in figure 6. 

The program flow chart of the main controller 
includes the initialization function, the main function, 
the keyboard function, the DA function, the AD 
function and the display function. The main task is to 
realize the keyboard settings and display. 

 
Fig. 6 Flow chart of main program 

IV. TEST PLAN AND TEST RESULTS 

A. The test scheme 
Voltage, current hardware test schematic diagram 

are shown in figure 7 and figure 8. 

 
Fig. 7 Schematic diagram of voltage hardware test 

 

Fig. 8 Schematic diagram of current hardware test 

B. The test results 
The test results of the voltage signal are shown in 

table 1 (carrying 6Ω)               (unit /V) 

TABLE I 

THE TEST RESULTS OF THE VOLTAGE SIGNAL 

The signal 

value 
6.000 7.000 8.000 9.000 9.500 10.000 11.000 12.000 

Display 6.00 7.01 8.01 9.01 9.52 10.02 11.01 12.00 

 

UIN 20.00 21.00 22.00 23.00 24.00 26.000 28.00 30.000 

Uout 12.00 12.01 12.01 12.01 12.01 12.02 12.02 12.02 

When UIN=24V, UO=12V, IO =2A, UOPP=0.17V. 
The test results of the current signal are shown in 

table 2 (carrying 4.5Ω)              (unit /A) 
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TABLE II 

THE TEST RESULTS OF THE CURRENT SIGNAL

The signal 

value 
0.3000 0.6000 0.9000 1.2000 1.5000 18000 1.9000 2.000 

Display 0.30 0.60 0.91 1.20 1.49 1.80 1.89 1.99 

 

RS 3Ω 6Ω 
IO 2.00A 1.90A 

 

C. Analysis and conclusion of the test results 
According to the test data, the following 

conclusions can be drawn: 
1、When the input of DC voltage is 20V to 
30V, the output voltage can be set to 6 to 
12V, and the maximum output current is not 
less than 2A, and the voltage step accuracy 
is 100mV; 
2、When the input voltage UIN is 20V to 30V, 
output voltage is 12V, and the voltage 
adjustment rate SU is less than or equal to 2% 
(IO =2A); 
3、The output voltage ripple peak-peak value 
UOPP is less than or equal to 0.2V (UIN=24V, 
UO=12V, IO =2A); 
4、When the output current changes from 0 
to 2A, the current step precision is 100mA, 
and the load impedance is less than 6Ω; 
5、When the output current IO is 2A and the 
load is from the 3Ωto 6Ω, the current 
adjusting rate SI is less than or equal to 5% 
(UIN =20V); 
6、Regardless of the working mode of the 
voltage source or current source, under the 
full load condition the efficiency of 
converter is higher than or equal to 70% 
(UIN=30V). 

In summary, this design can meet 
requirements. 

V. CONCLUSION 

This paper design a programmable DC 
power source. It uses MSP430F149 
microcontroller as the control core, and uses 
double loops of voltage feedback and 
current feedback. Program-controlled DC 

regulated power supply system has the 
advantages of simple design, low cost, wide 
application range, and applicable in different 
fields such as laboratory, factory. 

Of course, there are also many problems, 
such as the more complex algorithm and AD 
conversion is not linear change. 
Investigating its reason, the ground is a 
plane, and it is largely affected by the 
outside interference, so it has large output 
ripple. When it changes from low-end 
sampling into high-end sampling, it can 
effectively reduce the outside interference, 
so that the output is stable. 
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Abstract—As a representation of the physical properties of a variety of media resistance, resistivity is influenced by many 
factors, such as the medium material composition, the water content in the pore structure, the environmental temperature etc. 
Conducting marine or terrestrial electromagnetic detection probe, the probe of the different depths uses different frequencies 
of signal. The difference in resistivity of different frequency detection medium except with the probing depth change impact 
may be influenced by the frequency change. In order to understand the impact of frequency change on medium resistivity, 
developing a set of medium resistivity tester for frequency characteristic is very necessary. Resistivity measuring instrument 
can realize the measurement of the common medium resistivity and to detect the temperature and other parameters, but the 
tester of frequency signal generator based on the research of medium resistivity is not for development. Based on this, this 
paper introduces a direct digital frequency synthesis (DDS) theory, based on this principle to put forward a kind of circuit 
designed to MSP430F149 MCU to control a direct digital frequency synthesis chip-AD9850 to produce a sine wave signal 
generator with adjustable frequency. It lays the foundation for studying the impact of frequency change on medium 
resistivity. 
 

I. INTRODUCTION 

WHEN doing indoor proportional simulation both in 
the marine electromagnetic exploration and land 
electromagnetic detection, it needs to improve the 
frequency to reduce the size, and this will lead to error 
that exists in the measurement of dielectric parameters 
which is likely from the source of the frequency 
change. On the other hand, when studying on the 
influence of water content in materials, and 
environmental temperature and other parameters of 
medium to medium resistivity, the influence of 
frequency on medium resistivity has been always 
neglected. Therefore, exploring the impact of 
frequency change on medium resistivity is very 
important. At the same time, the signal in the wild 
environment frequency range is very wide, so in the 
room it should be ensured a wide band range when 
texting the frequency characteristics of the resistivity. 
A sine wave signal generator which has high 
resolution, wide range of frequency band with 
adjustable frequency can ensure the effect of change 
of medium resistivity in the study of frequency and 
provide a good signal source. 

In response to these requirements, the direct digital 
frequency synthesis (DDS) technology can satisfy. 
Frequency synthesis technology has gone through the 
direct analog PLL, indirect, direct digital three 
development stages. Early direct frequency synthesis 
due to extensive use of analog components lead to its 
arbitrary structure, large size and weight, and the 

output harmonics, noise and difficult to suppress 
the spurious frequency [1]. Phase locked loop (PLL) 
frequency synthesis technology has the filtering 
characteristics of tracking and the disturbance 
rejection ability good narrow-band, the wide 
frequency range, but the frequency resolution is not 
high, to improve the resolution of the frequency 
conversion the frequency switching time is relatively 
long, so it commonly used in the radio frequency 
electronic circuit. Compared with the traditional 
frequency synthesizer, direct digital frequency 
synthesis (DDS) technology is a Nyquist sampling 
theorem based on direct synthesis of waveforms 
required for the new all-digital frequency synthesis. 
DDS has the advantages of small volume, low power 
consumption, high resolution, fast switching time, the 
characteristics of wideband orthogonal signal can be 
output, higher reliability, and more flexible to use [2]. 
Because the DDS technology has the incomparable 
advantages of the other frequency synthesis, so it has 
obtained the rapid development and wide application 
and is a promising technology. 

II. BASIC PRINCIPLE OF DDS 

Direct digital frequency synthesis (DDS) is the use 
of digital technology to achieve a method of 
generating a signal, which is a departure from the 
direct synthesis of the desired waveform phase 
concept of frequency synthesis. Generally consists of 
the following components: a phase accumulator, sine 
lookup table, digital to analog converter (DAC), a 
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low-pass filter (LPF) and the reference clock source 
(fc) and so on. The basic principle of DDS block 
diagram shown in Figure 1. Among them, the 
frequency of the signal of the entire circuit system 
reference frequency source output will be used for the 
work of the various components of the clock, so you 
must use a high-stability crystal oscillator. When each 
of the phase accumulator clock input, the accumulated 
frequency control word, the data is output from the 
phase accumulator is a phase, the phase accumulator 
overflow signal is frequency synthesizer DDS output 
signal frequency [3]. 

 
Fig.1 DDS principle diagram 

Based frequency control word is M, N-bit phase 
accumulator, the DDS system signal output frequency 
is: 

2
c

out N

ff M= ·                           (1) 

Its frequency resolution, i.e., the frequency variation 
interval is: 

2
c

out N

ffD =                               (2) 

As can be seen from Equation 1, the output 
frequency and the reference clock frequency 
proportional to the control word, if you want to change 
the size of the output frequency can be controlled by 
changing the frequency and magnitude word M fc of 
the reference clock value to carry out, in practical 
applications can be changes in the value of M and fc 
to change the size of the output frequency. In this 
paper, a method to change the frequency control word 
M to change the frequency of the output size. 

III. DESIGN OF HARDWARE CIRCUIT  

MSP430F149 is the core of the system, AD9850 is 
the core technology of the system. System can change 
the size of the output frequency through the keyboard, 
and show frequency by 1602 the LCD, the output of 
AD9850 through elliptic low-pass filter output sine 
wave, and finally through the amplifier output to the 

load. System block diagram shown in Figure 2. 

 
Fig.2 The system structure diagram 

 

A． Signal generation module 
The system uses ADI's DDS device AD9850, 

including its internal programmable DDS systems, 
high performance DAC and high-speed comparators, 
to achieve all-digital programming control of the 
frequency synthesizer and clock generator. Connect 
precision clock source, AD9850 generates a spectrally 
pure, frequency and phase are programmable 
controlled analog sine wave output. This sine wave 
output can be directly used as the source or into the 
AD9850 high-speed comparator resulting square wave 
output [4]. AD9850 simple control interface, you can 
use the 8-bit parallel port or serial port directly to the 
input frequency, phase, and other control data. 32-bit 
frequency control word, in the 125MHz clock, the 
output frequency resolution of 0.029Hz, the frequency 
range of 0.1Hz - 40MHz, amplitude range 0.2--1V. 

AD9850 is reset at the start of the default mode for 
parallel placement, so the use of the serial 
configuration must be switched. That writes a byte 
control word W0 in parallel, the use FQ_UD pulse can 
update to take effect. AD9850 and switching hardware 
connection string configuration is: make D2 = 0, D1 = 
D0 = 1, so that each AD9850 power-up or reset the 
configuration of the system are all serial manner. 
AD9850 peripheral circuit shown in Figure 3. 

 
Fig.3 The peripheral circuit of AD9850 
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B． Microcontrollers 
The design of the microcontroller uses 

MSP430F149, with low power consumption, 
interference is strong, simple structure, easy to 
develop, etc., and support online system programming, 
without programming for easy system development 
and maintenance [5]. When the system works, the 
microcontroller frequency control parameters and 
commands sent to the AD9850, AD9850 after 
receiving the command, you can generate the 
corresponding frequency sine wave signal. Parallel 
interface mode or serial interface between the AD9850 
and the microcontroller way, in this system, using a 
serial interface with the microcontroller DDS way to 
achieve a connection. 

C． Filter circuit 
DDS has a significant disadvantage, the output 

frequency closer Nyquist bandwidth high, the less the 
number of samples, the output spurious interference 
becomes greater, the output of the DDS chip having a 
large number of harmonic components and system 
disturbances. Therefore, in order to get the output 
frequency of 50 kHz frequency limit, as far as possible 
to select the output capacity is much greater than the 
upper limit frequency of 50 kHz DDS chip, which can 
improve the quality of the output frequency signal. 
The AD9850 is much greater than the value of the 
frequency of the desired output frequency of the 
system to meet the requirements. Low-pass filter can 
be better filter out clutter, smooth signals. In order to 
more effectively filter out the interference must also 
be added to a low-pass filter. 

Low-pass filter frequency response have mainly 
three kinds: Butterworth filter, Chebyshev filter, 
elliptic filter. Features Butterworth filter is relatively 
flat passband, the disadvantage is the transition 
bandwidth; cut has Chebyshev filter passband ripple 
and other undulating, steep transition zone; elliptic 
filter passband and stopband are there ripple, etc., but 
the steep transition zone[6]. In summary, select the 
transition zone steep elliptic filter. In this paper, the 
elliptic filter whose circuit diagram shown in Figure 4. 

 
Fig.4 Elliptic filter circuit diagram 

D． Output amplifier 
Because the AD9850 output voltage is relatively 

small, in order to get around 5V output, the system 
uses a wideband amplifier signal power amplification. 
System power amplification circuit shown in Figure 
5[7]. 

OPA603 is a wideband current feedback op amp, 
-3dB gain-bandwidth product up to 160MHz, the 
maximum current output up to 150mA, the conversion 
speed, the power supply voltage for single or dual 
input, ranging from -4.5V change to 18V. Fully meet 
the requirements of the system, and therefore can be 
used for broadband amplifying OPA603 module 
circuit of the present system. 

 
Fig.5 The power amplification circuit diagram 

IV. DESIGN OF SOFTWARE  

The system software has three main modules: 
AD9850 operation module, LCD module, keyboard 
module. Which AD9850 module to complete 
initialization and output corresponding frequency 
control word; LCD module to complete the frequency 
display; keyboard module is used to set the output 
signal frequency. Software design flow chart shown in 
Figure 6. After power-on reset, initialization and 
interrupt LCD; microcontroller keyboard scan to 
determine whether there is press the Enter key, if the 
further processing, such as no continue scanning; 
when the Enter key is pressed on the input values 
determination, it is determined whether the value of 
the input frequency of the output range[8]; the input 
data is processed, it is converted into a frequency 
control word; write frequency control word to the 
AD9850, changing the output frequency value; the 
frequency value to the liquid crystal display 1602 . 
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Fig.6 The flow chart of software design 

V． SYSTEM TESTING AND RESULTS ANALYSIS 

The system design ideas, building hardware circuits, 
hardware debugging, software debugging and 
prototyping FBI. Sinusoidal signal generator physical 

map shown in Figure 7. 

 
Fig.7 The physical picture of sinusoidal signal generator 

Output waveforms Instep GDS-2202A digital 
oscilloscope to test the actual output waveform shown 
in Figure 8. We analyzed the output waveform data, 
and selected frequency 1Hz, 10Hz, 100Hz, 1kHz, 
10kHz, 50kHz waveform tested, the actual output 
frequency as shown in Table 1. 

 
Fig.8 The actual output waveform 

 
Table 1      Test data 

Set frequency 
(Hz) 1 10 100 1000 10000 50000 

Test Output 
Frequency 

(Hz) 
992.5m 10.00 100.01 1000.5 10002 50001 

Relative error 0.75% 0 0.01% 0.05% 0.02% 0.008% 

From Table 1 we can see that the test point at the 
maximum frequency error is less than 1%, and the 
system performs well, fully meeting requirements that 
the output range of frequency is 1Hz-50kHz, 0.1Hz 
accuracy, and the output amplitude is up to 5V. 

VI．CONCLUSION 

As we use MSP430F149 as the controller, its 
flexible interface, simple structure ensures the system 
work stably, and improves the stability of the system. 
As using AD9850 as the signal generator module, it 

ensures the high precision of the system. This design 
scheme can improve the problem of complex structure 
and high cost of sinusoidal signal generator, and the 
output waveform distortion rate is low. At the same 
time, the design lays a good foundation for the 
research of the influence of the frequency change on 
medium resistivity, and provides a good signal source 
for the tester of the frequency characteristics of 
dielectric resistivity. 
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III． MATHEMATICAL MODELS 

A. Sweep Signal Generator 

AD9850 embedded programmable DDS systems 

and high-speed comparators, to achieve frequency 

synthesizer that all-digital programmed to control. 

programmable DDS system is the core of  phase 

accumulator, which consists of an adder and an N-bit 

phase registers, N is generally 24 to 32. Every external 

reference clock to come, phase register it in steps M 

sliding scale. The output phase register and phase 

control word summed can be entered onto sine lookup 

table address. Sine lookup table contains a sine wave 

cycle of digital amplitude information, each address 

corresponds to a sine wave in phase point 0 °— 360 ° 

range. The lookup table phase information input  

addresses mapped sinusoidal signal amplitude, then 

the amount of driving DAC to output mode. Every 

phase of the register returns 2N / M external reference 

clock to its original state after a phase to sine lookup 

table each cycle returned to its initial position, so that 

the entire output of a sine wave DDS system. 

Start MCU reset switch on the MCU initialization at 

the same time through procedure  parallel AD9850 

module initialization,40 of the control word 

transferred five times, each time sending a control 

word shall end W-CLK AD9850 send command word 

to finish loading the data, After five control data 

transmission is complete, then control the FQ-UD 

frequency output signal waveform after the phase 

update. Key scan, detect whether a button is pressed, if 

a button is pressed, the microcontroller I / O detected 

low, Execute commands, key1 is a slight step 

increases, key2 for a slight reduction step, key3 for 

substantial step increases, key4 for a substantial 

reduction step. 

  

B. Eliminate the glitch amplitude-frequency 
characteristics plus fitting method based on LabVIEW 

B-spline fitting VI in the number of control points 
used to fit polynomial designated control point data 
collection. Control points must be greater than the 
degree. The default value is 10. Y value of the 
dependent variable is an array composed. Y must 
contain at least two points. X is an array composed of 
independent variables. Element number X must be 
equal to the number of elements Y. Weight is the 
observation point (X ， Y) of the weight array. 
Weighting the number of elements must be equal the 
number of elements of Y. If weights unwired, All 
elements such as weights set to 1 by VI.As the weight 
of an element is less than 0, VI will use the absolute 
value of the element. Earmarked for the formation of 
the order of the polynomial B-spline curves and fitting 
data set. The default is 3.parameter Select the volume  
specifies the calculation method of the temporary knot 
vector. Best B-spline fit to return to the input set Y (X， 
Y) has the best fitting B-spline curve Y values. Best 
B-spline fit to return to the input set X (X，Y) has the 
best-fit values of X B-spline curves. An error return 
any errors or warnings of VI. The error code to 
connect to the wrong conversion error cluster VI. The 
error code can be converted to an error or warning 
return fitting weighted residuals cluster model mean 
square error.   

Control Points

Y

X

Weights Error

Residuals

Parameter 
Options

Degree

Best B-spline Fitting

Y of Best B-spline Fitting

Fig.3 B-spline fitting VI Information 
The VI minimize residuals based on the 

following equation to calculate the best B-spline 
fitting X and the best B-spline fitting Y: 1Nw୧ିଵ

୧ୀ ∙ ‖ሺx୧, y୧ሻ − ሺx୧ᇱ, y୧ᇱሻ‖ଶ 
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but due to the step value itself is small, the absolute 
value of the error is not real. 
b ． Plus fitting method amplitude-frequency 

characteristics eliminate glitches based on LabVIEW 
Use based on B-spline fitting eliminates the original 

amplitude-frequency characteristic curve of glitches, 
make smooth curves, eliminating the reading errors 
due to burrs. 

V .CONCLUSION 

Sweep signal generator design based on the AD9850 
and software based LabVIEW B spline curve fitting to 
eliminate frequency glitches by hardware ,Basically 
completed the optimization of the design of electronic 
measuring instruments frequency domain based 
VIIS-EM. 

Through testing, signal accuracy higher sweep 
signal generator, test equipment to meet the needs, but 
has not yet been integrated into the frequency 
characteristics tester module on the board. 
Optimization software eliminates the original glitch 
amplitude-frequency characteristic curve, improved 
reading accuracy. 

Currently, the frequency characteristics tester 
module also has some measurement error in the use of 
the process,That is the measured value and the actual 
value of the offset certain influence the accuracy of the 
test results, the optimization work remains to be 
improved. 
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Abstract—Automatic solar tracking system has important practical significance to effectively improve the 

utilization of solar energy, this paper presents a microcontroler as the core of the two degrees of freedom automatic 

solar tracking device, highlight the drive and software components of the tracking device, and with the host wireless 

communications and data transmission machine, the device has an automatic sun tracking and tracing program two 

tracking mode, tracking system is simple, wide tracking range, high precision tracking and has great value. 
 

0. INTRODUCTION 

SOLAR energy is the most primitive known energy, 
it is clean, renewable, abundant and widely 
distributed, having a very broad utilization 
prospects. But the low efficiency of solar energy 
utilization always impacts and hampers the 
popularity of solar technology. The designed of 
Automatic solar tracking system provides a new 
way to solve this problem and greatly improves the 
efficiency of solar energy. This design uses optical 
tracking method using stepper motor driven by a 
photoelectric sensor generates a feedback signal to 
the computer processor according to changes in the 
strength of the incident light. Micro-processor run 
the program by means of horizontal trace to control 
two degrees of freedom, to adjust the angle of the 
solar panel to track the sun to achieve. By means of 
SCM to achieve a solar tracking system can 
effectively improve the photoelectric conversion 
efficiency of the solar panels, and has a wider 
application prospect[1]. Currently, solar tracking 
methods are mainly the following three[2]: First, 
sensors tracking mode, the second is to track the 
trajectory of the sun; the latter is a closed-loop 
stochastic systems, which is based on astronomical 
calculations beforehand sun trajectory data 
open-loop process control system. The third is a 
combination of the use of the previous two tracking 
modes. 

1.SOLAR AUTOMATIC TRACKING HARDWARE 

DEVICE COMPOSED. 

Figure 1 is a schematic block diagram of the 
automatic solar tracking devices, solar tracking 
device designed to automatically dual-axis tracking 
system. 

 
Figure 1 device theory of solar power automatic tracking 
While the track in both directions azimuth and 

elevation angle consisted of sensors, signal  
processing , control circuit, azimuth and height 
angle adjustment constituent bodies. Sensors 
convert received optical signals into electrical 
signals. After the signal is processed and control 
circuit, the control circuit outputs a corresponding 
control signal to drive the azimuth adjusting 
mechanism and the height adjustment mechanism 
to achieve the appropriate angular position 
adjustment. 
1.1 Optical detection module 

Sensor is mainly composed of a four quadrant 
silicon photo voltaic cells and four parameters like 
light battery. Arrangement shown in Figure 2, in 
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order to make external interference light on the 
sensor to minimize the four quadrants around the 
silicon photo cell is provided with a dark opaque 
cylinder; dark cylinder opening diameter and the 
quad photo cell diameter is equal. 4 parameters like 
photocells are arranged in four directions dark tube 
outer east, south, west and north; photocell (E, G) 
east-west direction on the completion of the solar 
azimuth rough positioning, photocell (H 
north-south direction , F) completed a rough 
location of the solar elevation angle. The role of the 
barrel into the dark interior of the four-quadrant 
silicon photocell is to complete the precise 
positioning of the sun. 

If the sun is the center of a dark spot in the 
opening formed by the cylinder and four-quadrant 
photocell coincide with the center, that center spot 
in the east-west direction (X-axis) and offset Δx 
and Δy north-south direction (Y-axis) are zero, then 
At this time the sun exactly perpendicular to the 
quad photo cell, four quadrants of the output 
current IA, IB, IC, ID are equal in magnitude, then 
do not track. If the axis of the sun's rays and dark 
tube has an angle, the east-west direction in the 
center of the light spot (X-axis) and the north-south 
direction (Y-axis) on the shift amount Δx and Δy 
will not be zero, then the controller controls the 
motor by the size of the offset to track the sun [3]  

 

Figure 2. schematic diagram of sensor distribution 

During practical application, using an 
operational amplifier to transform a current value 
into a voltage value, and use voltage values to 

achieve the control of the software. 
1.2  Communication Module 

Selecting nor way company NRF24L01 new  RF 
transceiver devices. 

NRF24L01 built-in frequency synthesizer, power 
amplifier, crystal oscillators, modulators and other 
functions, integration of enhanced shock burst 
technology, including addresses, output power and 
communication channels can be configured through 
the program suitable for machine communications. 

It has four main operating modes: transmit mode, 
receive mode, standby mode and off mode. This 
modeof operation is determined by the four 
PWR_UP register, PRIM_RX register and CE 
combination of the three state [4]. 

 
Figure 3. PC monitoring interface 

1.3  PC Monitoring Module 
PC detection module manual mode control 

system can also be automated through multi-mode 
detection system running. 

Figure has four parts wherein: 
The first part is setting section which is divided 

into manual mode and set the automatic mode.The 
second part is the part that can be pulled angle 
setting, when the system can be controlled 
manually setting the rotation by pulling the slider. 
The third part is the angle of 

the display section, the system can display the 
rotation angle while the angle which can be set by 
the control system. 

The fourth part is divided into four groups of 
photoelectric detection module voltage display 
section and display the real-time voltage data of 
four parts. 

2. SOLAR AUTOMATIC TRACKING SOFTWARE 

DEVICE CONSISTING 

Currently, there are two types of automatic 
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tracking adjustment control: coordinate method and timing method.  

 
Figure 4.the flow chart of System software 

Coordinate mainly by AT89C52 to control the 
first predetermined voltage threshold Uz, in order 
to determine the rough location and precise 
positioning. And then according to the layout of the 
sensor, the UA and UC difference between the two 
is set Ux, UB and UD difference between the two is 
set Uy, UE and UG difference between the two is 
Upx, UF and the difference between the two UH to 
Upy, Mx and My are two degrees of freedom of the 
motor. 

Proceed as follows: 
Step 1 determines Uz is less than zero if less than 

zero, then judge UPX, UPY is zero, and if it is zero, 
then the evening or have rainy weather, stop 
tracking, if not zero, it may be a solar cell a larger 
angle of deflection plates, such that the sensor is 
not receiving cylinder sunlight, according to the 
value UPX, UPY output by the microcontroller 
respective tracking control signal controls 
adjustment means to achieve the appropriate 
position adjustment. 

Step 2, If Uz is bigger than or equal to zero, and 
then determine whether UX zero, if not zero, 
depending on the value of the output from the 
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micro controller UX tracking control signal 
corresponding to the azimuth adjustment 
mechanism to achieve the appropriate position 
adjustment, if UX is zero, UY then determine 
whether zero, if not zero, depending on the value of 
the output from the micro controller UY tracking 
control signal corresponding to the height 
adjustment mechanism to achieve the appropriate 
angular position adjustment, if UY zero, then stop 
tracking [5]. 

Timing method is based on the local latitude and 
longitude parameters and time information, solar 
declination, hour angle calculated elevation angle 
and azimuth of the sun; then stepping motors are 
controlled by a micro controller, changing the 
orientation of the panel through a transmission 
mechanism to achieve automatic, accurately 
tracking the purpose of the sun. This first count the 
rotation angle of the panel at different times, then 
drive control tracking method, although there is an 
error, but because of the offline computing, time 
control ,the position of the panel followed the sun, 
running manipulation is more convenient. 

As we all know, the sun goes down every day 
seemingly unchanged .In fact, the position of 
sunshine and the north-south movement throughout 
the year are quietly changing. Solar elevation angle 
also changes along with the place where the solar 
declination varies. Usually  for the convenient of 
easily tracking adjustment control, setting the 
sunrise and sunset angles are 0, when midday sun 
elevation angle maximum. By the position of the 
sun elevation angle and azimuth A h determined by 
the solar elevation angle h Ref. [7] obtained the 
formula provided by: 

tcoscossinsinsinsinh += djdj            
(3) 
Azimuth a regarded by the following formula: 

( )( )ddj coscosh/sinsinsinhcos -=A       

(4) 
Where is the solar declination for the local 

latitude, t when the angle of the sun. 
Summer solstice sun azimuth is the maximum 

value of the year, the winter solstice is the angle of 
the minimum height of the sun in one year. These 
two special days by solar elevation angle and 

azimuth, we can clearly know the year the sun's 
rays to the illumination device coverage . System 
works program stored in eprom. The use of device 
location determined from the date of the day 
declination angle δ, and then determine the sunrise 
and sunset time of day with the local latitude, 
self-control procedures to determine whether the 
regulation time after sunrise sunset before [8-10]. 
According to the formula (3-4) and the movement 
of the sun, the solar panel can be calculated to be 
the angle of rotation per minute. Due to the stepper 
motor step angle is a fixed value, tracking routines 
in the software design should take full account of 
the results of the step angle relationship. 
Theoretically long as the regulation of solar panels 
solar elevation angle and azimuth can be 
maintained and sun vertical, photo voltaic 
conversion for optimal results. 

3 SIMULATION AND EXPERIMENT 

With the spotlight instead of sunlight, solar 
automatic tracking system to detect whether the 
tracking light. The experimental results for the 
in-mode controlling panel center coordinate method 
in real time alignment light, and can transfer data to 
the PC, and can be rotated by a manual control 
means. In timed mode method, no external light 
source, automatic solar tracking device to 
automatically follow the sun in real time to locate 
the rotation angle. 

4 CONCLUSIONS 

In this study, a more detailed description of the 
AT89C51 micro controller based on automatic solar 
tracking adjusted to control system hardware and 
software design. 

Determined from the date of first use of the 
declination angle δ day, then use the local latitude 
to determine sunrise and sunset time of day control 
procedures to determine whether the regulation 
time after sunrise before sunset, as conditions are 
met, according to the time of day of sunshine, and a 
mechanical adjustment device to control the 
tracking system, automatic time-adjustment control 
work throughout the day. Under sunny light strong 
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enough, but the wind does not affect the safety of 
the device's case, the system will adjust the amount 
depending on the day according to the trajectory 
and the trajectory generated by the optical tracking 
system, a reasonable time-tracking. In 
thunderstorms, cloudy or inadequate lighting 
conditions, due to the photoelectric detection 
circuit does not generate a control signal, trajectory 
generation optical tracking system to adjust the 
amount of zero track system based solely on the 
amount of correction as the day movement to 
calculate the trajectory and stored procedures to 
track . The system by calculating the solar elevation 
angle, day and night in order to determine, if it 
doesn’t meet the operating conditions of the step, 
the stepper motor stop thereby reducing power 
consumption. The device has a simple structure, 
high reliability, strong anti-interference ability and 
economic and practical advantages, having good 
application prospects. 
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Design of a Flip-flop Circuit with in Digital Logic 
Analyzer Based on LabVIEW 

 
Mu Liu, Xin Liu, and Qiuyi Li 

（jilin university instrument science and engineering institute,changchun,130021） 
 

Abstract—The article introduces the logic analyzer trigger function and application method. In view of the 

application characteristics of virtual logic analyzer trigger function to capture the signal to trigger function put 

forward a design method of virtual logic analyzer based on LabVIEW. Articles respectively based on LabVIEW 

design sequence of delay trigger, edge trigger, trigger function application has carried on the detailed instructions.  

Keywords—logic analyzer virtual instrument LabVIEW flip-flop FPGA

I. INTRODUCTION  

LOGIC analyzer is a simple logic signal as the 
measurement and analysis instruments. It can be used 
to observe the relationship between the timing 
relationships between the data on the bus, and to 
analyze the bus information on the interpretation of 
the microprocessor.[1]When using LA detection and 
analysis of digital circuits, LA needs to collect a 
plurality of channels of digital circuits or lines, and 
produce large amounts of sampled data. 

Due to its relatively limited memory depth, were 
measured in the collection process is usually 
concerned with the relationship between the 
measurement signal of the logic circuit data state at a 
given moment and at that time. Hence the need to 
establish a basis to judge, on the basis of this judgment 
is the triggering event. 

Trigger design is a key point in this virtual logic 
analyzer design. 

The use of trigger events required for accurate 
sampling data, one can effectively solve the LA due to 
limited memory depth required to store user data can 
not be accurately problems; on the other hand also 
able to rid itself from the mass of the test data in the 
search data painful problem, easy and efficient 
positioning of circuit failure. 

Fig 1  Logic analyzer structure 

II . TRIGGER FUNCTION OF LOGIC ANALYZER  

Evaluation logic analyzer of the most important 
performance indicator is the ability to the trigger. [2] 
Observed large amounts of data is to use a logic 
analyzer to set specific starting point observation, 
observation points or terminate the sampling data to be 
analyzed has a particular point of reference certain 
relationship.  

Logic analyzer trigger function modules are usually 
triggered by internal and external trigger module. 
Internal trigger module is triggered by the completion 
of the internal instrument circuits, logic analyzer in the 
work process, the sampled data after the data is 
latched sequentially sent to the data memory. 

While the captured data word with a preset trigger 
word Compare and find the trigger word recognition 
circuit by triggering word, by the trigger logic circuit 
to generate a predetermined trigger signal.[3] Trigger 
logic circuit to generate a trigger based on a 
predetermined trigger signal, and to control the storage 
of data into the memory and data reading, the purpose 
is to analyze the measured data. Modules are usually 
triggered by an external trigger signal output and 
external trigger input signal, and is used to achieve 
synchronization of two test tool testing. 

III . TRIGGER FUNCTION SELECTION 

Logic analyzer makes use of the trigger word or 
trigger event sequence to control the data storage and 
display in order to choose a proper observation 
window in the data stream. It is one of the most 
important that triggered ability is indicators of the 
logic analyzer, especially in complex procedures for 
handling state analyzer with logical, reasonable 
function and eligible trigger setting can make the 
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instrument flow quickly find the track the target in 
large and complex program. And logic analyzer is 
used in the analysis of error location and the fault 
nature, which can greatly shorten the debugging and 
development period of the software and hardware, 
bringing good effect and great economic benefit. 

Observation of a large number of data is to set a 
specific observation start, end, or with the analysis of 
data has a certain relationship between a reference 
point, this particular point in the data stream in the 
event, they form a trigger event, the data stored in the 
corresponding memory, this process is called a trigger. 
[4]This particular reference point is not an analog 
signal parameters, but a data word, word, or it may be 
a sequence of events, in short, is a logical combination 
of a multi-channel, the data word is called a trigger 
word. Triggered by a word or sequence of events is 
referred to as sequence trigger. In short, the trigger 
word is a word used for data selection data window. 
[5]Use trigger word, logic analyzer is the most simple, 
basic trigger, but also complex trigger important 
content. Because the logic state analyzer used to 
analyze software, so often choose computer address 
lines or data lines specific data word as a trigger word. 
Sometimes the use of some control signals and address 
or data together constitute the trigger word. 

The trigger word choice refers to determined base 
of display window position. If the choice is 
undeserved, the content could not reflect the issue 
even has no response. The trigger word properly can 
display to observation the content or soon to be 
analyzed to the fault point approximately. When there 
is a malfunction in the computer because of the 
program can’t run normally, the trigger word sets 
difficult sometimes. If the program runs to where is 
capturing, the trigger word will be set any item of 
them, continuous tracking mode or finding  interested 
from multiple to single track results in the content or 
choosing from the contents of the trigger word further 
analysis. 

IV .DESIGN OF VIRTUAL LOGIC ANALYZER TRIGGER 

CIRCUIT 

A. Design of virtual logic analyze 
Each functional virtual logic analyzer uses a 

modular designing, the instrument will correspond to a 
separate hardware or software module, signal 
acquisition module, microprocessor module and 
FPGA modules to constitute hardware modules. 

LabVIEW is the software module part. Theoretical 
basis for virtual logic analyzer is a virtual instrument 
technology. Infrastructure is VIIS-EM system. A 
template is the structure of a module. Hardware is 
based on FPGA. Software is the core of LabVIEW. 

Probe circuit, the detection circuit and the delay 
circuit together make up the analog circuit. Chip 
comparator and 74LVC4245 voltage level shifter. The 
role of the microprocessor module is initialized, and is 
responsible for communication between the FPGA 
chip and VIIS-EM system. Instrument control center is 
also responsible for parsing command issued PC and 
controlled module performs the appropriate action to 
achieve control of the entire operation of the 
instrument. FPGA module is a virtual logic analyzer's 
main hardware chip to complete the basic function of 
the entire hardware capture card, including the 
realization of the basic functions of virtual logic 
analyzer, provides analytical signal used for the timing 
of the sampling clock, and the signal acquisition 
channels collected all the data temporarily stored in 
the FIFO, then VIIS-EM system bus data transmitted 
to the host. As PC software module LabVIEW module 
is the core module of the system, trigger circuit design 
also focused on the LabVIEW front panel control 
module as a man-machine interface, and manages the 
entire virtual logic analyzer, and give different types 
of The results show. 
B. Design of LabVIEW block diagram 

The design of the virtual logic analyzer software 
main program block diagram form in all realized in 
the rear panel.[6] the block diagram is used to accept 
USB upload data, the instrument initialization, control 
the direction of the flow of data, real-time control 
signal, for processing data and analysis of data, the 
results show the waveform data, and to achieve the 
output waveform. Most of the features of this 
instrument, and all controls are implemented in 
LabVIEW.  

 
Fig2  Program block diagram of LabVIEW 

Trigger circuit is designed to use a portion of the 
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front panel three trigger modes, this part can trigger 
type, content and triggering series of choices. You can 
choose which part of the delay trigger type trigger, 
edge trigger, trigger sequence. When selecting a delay 
trigger, trigger delay long to choose what appears; 
when selecting edge trigger, trigger content displayed 
on the rising edge or falling edge trigger, then the 
trigger word 1 all show 0and trigger word 2 all show 
1,and they are similar in the secondary trigger of a 
sequence triggered, indicating rising edge trigger, 
When the rising edge of the trigger is the opposite. 

Fig3  Trigger circuit design on the front panel 
Trigger circuit design of the rear panel, the collected 

data is first uploaded first bit machine via USB bus, 
call the DLL's way into LabVIEW by CLF node, the 
array will first enter into a simple digital filter and 
block diagram of integers, its filtering shaping process. 
Then, according to the order of the array data structure 
will be converted into the block diagram. First, under 
the FOR loop, the array will be the value to be 
converted to a Boolean control 1D array into a 
Boolean array. Then an array of controls will be 
indexed in accordance with the corresponding data 
acquisition card hardware channel eleven split open, 
converted to a value. Finally, the Boolean value to (0,1) 
conversion control, the data is converted into a final 
(0,1) sequence set in the order of acquisition channels. 

After the trigger part of the panel programming 
designed in two parts, one part is integral part of the 
sequence is triggered and edge-triggered design 
section with loops and conditional statements.  

 
Fig4  Edge triggered program chart 

 
Fig5 Sequence trigger program chart 

Virtual logic analyzer outputs the result in real time 
save function block diagram in the rear panel to reflect. 
When they find valuable waveform appears, you can 
quickly click on the Save button to save the complete 
real-time waveforms, in picture form output.  

 
Fig6  Instantly save program chart 

V. CONCLUSION 

As an advanced measuring instrument, the logic 
analyzer has been widely applied in the field of digital 
systems testing. The emergence of virtual instrument 
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brings a lot of convenience. Flexible, efficient use of 
virtual logic analyzer trigger a variety of powerful 
features, can easily find a hardware failure, timely 
access to adjust the system software structure, the 
hardware and software to run work more smoothly. In 
this paper, the trigger circuit reference design is based 
on a modular design LabVIEW way to make complex 
trigger conditions designed to simplify the logic, the 
circuit is designed by hardware design into software 
design, which improves design flexibility, reduces the 
complexity of the circuit extent, but also reduces the 
cost of the design. 
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Abstract—The idea is to design a system to test the key parameters of optical pumping magnetic sensor. This detection 

device includes three parts, the high-frequency oscillation circuit, the detection device of the absorption chamber and 

sine-wave generator. The spectrum light is excited by the output of the high-frequency oscillation circuit. And then we could 

obtain and compute the absorption ratio through the detection device of the absorption chamber. Based on parallel control 

and cycle control mode of AD9850 module, the AD9850 module could generate a series of sinusoidal signal with tunable 

frequency. Through the sinusoidal signal with tunable frequency, the detection device could draw resonance signal of the 

optical pumping on display screen, including draw its first harmonic resonance signal and the second harmonic curve, and 

store the waveforms in SD card.  

 

I. INTRODUCTION 

THE optical pumping magnetic sensor is based on the 
Zeeman effect and its atomic energy level, and it is a 
kind of magnetic measurement instrument which is 
combined by the optical pump technology and the 
magnetic resonance technology and has the 
advantages of high accuracy, high sensitivity. Due to 
high efficiency of the magnetic sensor optical pump, it 
has been widely used in geological exploration and 
development, oil collection, Bio Medical Engineering 
and other aspects [1]. The main factors to determine the 
optical pumping effect have the volume of absorption 
chamber, the type of inflatable gas and gas purity, so 
its quality will directly effect on the accuracy of the 
measuring instrument and the high efficiency, and 
even will decide whether the magnetic sensor optical 
pump can work normally or not. And therefore it’s 
crucial to measure the key parameters of optical 
pumping magnetic sensor detection device. 

This paper adopts the optical pumping magnetic 
sensor is a set of apparatus for measuring its key 
parameters which has the feature of no zero drift, 
continuous recording, telemetry and other advantages, 
The conventional measurement devices which finish 
the absorption chamber first and then fix the probe 
determine the overall effect according to measuring 
value of probe. However this method has lots of 
problems, for instance, it need check for many times 

and recreate the absorption chamber, and waste 
materials as well as delay the cycle of the experiment 

[2]. The paper's significance lies in revising 
deficiencies of traditional testing method, and 
inventing the key parameters of magnetic sensor 
optical pump testing device based on microprocessor. 
The device can be used to measure the output voltage 
of the photosensitive element and absorption ratio of 
absorption chamber in the vacuum - inflatable 
equipment in real time. And it doesn’t only draw out 
the resonance signal curve and its first harmonic, two 
harmonic curves, but also has the waveform storage 
function. In addition, depending on absorption ratio, 
the absorption chamber adjusts the pressure in order to 
achieve a better effect of the sensor. 

II. THE THEORY OF THE DETECTION DEVICE 

Generally, helium chamber is non-magnetic, and in 
other words, magnetic moment that helium atoms are 
zero. When the pressure is low and gas purity is high, 
the high-frequency oscillation circuit will excite 
helium chamber. The high-frequency oscillation 
circuit discharges, as a result, helium will transit from 
steady state to the metastable state and helium 
chamber will be magnetic. When the helium atoms 
enter the measured external magnetic field, Zeeman 
Effect occurs and atoms split into Zeeman sublevel. 
And then helium chamber which is excited produces 
1083nm of light and helium lamp is lit. Through lens 
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this light becomes circularly polarized light. While 
atoms in the helium chamber absorb D lines, these 
atoms transit from the metastable state to high-energy 
level and then transit from metastable state to sublevel 
with equal probability spontaneously. If spectrum 
lamp is lit and the absorption isn’t excited, ଵܸ	 is 
output voltage of the photosensitive element through 
the absorption; if spectrum lamp is lit and the 
absorption is excited, ଶܸ	 is output voltage of the 
photosensitive element through the absorption. 
Defining absorption ratio formula is as follows: δ = భିమభ × 100                          (1) 

The measuring data of absorptance can reflect the 
ability and level that helium atoms absorb lines of D. 
As one of the important indexes to measure the 
function of optical pumping magnetic sensor, 
absorption ratio is also a key parameter of the 
measuring device in the paper [3]. 

Another part of the device is a set of sinusoidal 
signal generator which use DDS theorem. The signals 
go through the RF coil for value of voltage and 
drawing resonance curve. 

Based on sampling theorem and phase interval, 
sinusoidal signal is sampled, quantized and coded by 
direct digital frequency synthesizer. The waveform 
data is stored and build a query table to form a wave. 
Direct digital frequency synthesizer stores frequency 
control word in the register. Given K, the output 
frequency is f୭୳୲ = ଶొ fୡ                               (2) 

Phase increases by the control of phase accumulator. 
The output is Δθ, and Δθ is the phase sequence code 
∆θ=Kδ=2πK/2^N. Through a query table, phase 
sequence code will be converted into the amplitude 
sequence code; the amplitude sequence code will be 
converted the stepped waveform by DA conversion. 
The sinusoidal output signal can be observe from the 
filter to filtering the waveform. And finally the clock 
signal controls sampling time interval Δt. If required to 
produce a square wave signal, a sine wave could be 
converted square wave by the comparator output. the 
basic principle of DDS shows on Fig.1. 

 

Fig.1.  DDS work Block Diagram. 

II. System Design and Implementation 

This system includes a high-frequency oscillating 
circuit, the absorption ratio of the detection device, 
DDS sinusoidal signal generator. 
A． High-frequency oscillating circuit 

High-frequency oscillator adopts Peerce C-B form 
with a crystal oscillator. As fig.2 (a) shows, regarded ܴଵ as inverter bias resistance, the inverter works in 
range of linearity and becomes an inverting amplifier 
with high gain to ensure that oscillation occurs. Both 
X1 and C1 corm as shown in 2(a) shows,  ଶ constituteܥ
the π-type band-pass filter to provide the required 
voltage gain and 180 degrees phase shift at the 
resonant frequency of 	 ଵܺ . Generated oscillation 
frequency, ଵܺ is inductive, and it may be regarded as 
a high Q value inductor. Negative gain of Inverter and 
π type networks to provide 180 degree phase shift, it 
will have positive loop gain, so bias voltage which 
set	ܴଵ	by cannot be stable and produce oscillation. As 
fig.2(c) shows High-frequency oscillation circuit has 
the feature of the high impedance resistance and 
frequency with high stability. While by ܥଷ,  ,ଵܮ	ସ andܥ
the circuit adjusts the value of resonant frequency 
16MHz, and it could excite helium chamber and lit the 
helium lamp. In order to prevent the load from having 
negative influence on the work of high-frequency 
oscillation circuit, the circuit adds buffer to the output 
of circuit. As Fig.2 (b) shows, emitter has the 
advantage of high input impedance and low output 
impedance. 
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voltage –y. Drawing resonance curve, the amplitude of 
the fundamental signal can be seen as first order 
differential, and the second harmonic amplitude seen 
quadratic differential [6]. 

TABLE I 

STEP OF SWEEP FREQUENCY SIGNAL TEST DATA 

Number 

preset 
step 

frequency 
/Hz 

actual step 
frequency 

/Hz 

fractional 
error 

   1 10 10.32 3.10% 

2 20 19.81 0.96% 

3 30 30.32 1.06% 

4 50 50.65 1.28% 

5 100 100.74 0.73% 

6 1000 1050 4.96% 

IV. CONCLUSION 

This key parameters optical pumping magnetic 
sensor detection device use high-frequency oscillator 
to excite spectrum of light and measure the absorption 
ratio. And then the data of absorption ratio could 
ensure whether helium chamber can achieve the 
standard value or not. AD9850 DDS sinusoidal signal 
generator could produce small step sweep frequency 
signals, which is controlled by MSP430 
microcontroller. And then resonance curves are drew, 
displayed and stored. This device not only saves 
material, improves the passing rate of absorption 
chamber, shortens the cycle of producing 
magnetometer, but also has a simple operation, low 
cost and so on. The detection device can provide the 
basis for optical pumping magnetic sensor directly and 
effectively. 
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Abstract—To measure the static magnetic field, a detection system for residence times difference fluxgate is developed. To 

improve the precision and accuracy of the detection system, the optimization of the system is carried on in three aspects of 
signal conditioning, data storage and processing algorithm. In electromagnetic shielding enclosure, the detection system is 
tested on self-designed detector with Helmholtz coil given the external field. Result shows that in the range of ±5×104nT, the 
fluctuation of time difference is less than ±0.1us, linearity error is ±0.21%, sensitivity is 22.4ns/nT, and repetitive error is less 
than 0.03. The system is suitable for the detection of static magnetic field. 

Key words—Fluxgate sensor; Residence times difference (RTD); Signal conditioning; Data processing 
 

I. INTRODUCTION 

IN many types of magnetic measurement instruments, 
fluxgate has the best overall performance [1-2]. 
Fluxgate has the advantages of small size, high 
sensitivity, good stability, low power consumption and 
so on. In earth and space magnetic field measurements, 
satellite and missile attitude control, magnetic 
prospecting, fluxgate has broad application prospects 

[3-5].  
 Fluxgate is a magnetic measurement technique. 
Under the effect of periodic alternating excitation 
magnetic field and magnetic hysteresis, the external 
magnetic field is transformed into voltage output by 
the changes of magnetic flux. Conventional fluxgate 
magnetometers detect second harmonic of the probe 
output signal, use differential symmetrical structure. 
On account of fabrication process, quality of magnetic 
core and detection circuits’ noise, the performance of 
conventional fluxgate magnetometers has been 
restricted [6-7]. The residence time difference (RTD) 
fluxgate magnetometers use the single core structure, 
detect time difference between two adjacent peaks of 
the probe output signal [8]. Compared with the 
conventional fluxgate, because of the advantages in 
volume, magnetic core, detection circuits, and so on, 
the RTD-fluxgate has better performance [9]. This 
paper describes a detection system for RTD-fluxgate 
which has been tested in the electromagnetic shielding 
room with self-designed detector and got near-ideal 
results. 

II. THEORETICAL ANALYSIS OF RTD-FLUXGATE 

The RTD-fluxgate is the single magnetic core 
fluxgate with excitation coil and induction coil wound 

on the same framework. The fluxgate structure and 
output signal are shown in Figure 1, with Hx: external 
magnetic field, Ie: excitation current.   

Ie

Hx

Ie

Magnetic coil

Excitation 
coil

Induction 
coil

Excitation 
coil

 

Fig. 1. Structure and output signal of the RTD-Fluxgate 

The ideal static hysteresis loop of the magnetic core 
is shown in Figure 2(a), with H: magnetic field 
strength, Hc: coercivity of magnetic core, B: magnetic 
induction density, Bs: saturation induction density. 
With external magnetic field applied on the magnetic 
core axially, when magnetic field strength |He|<Hc, the 
permeability of magnetic core is μ (for ideal magnetic 
core, μ approaches infinity); When |He|≥Hc, the 
permeability is zero. The magnetic induction density 
generated in the induction coil is shown in Figure 2(b), 
when sinusoidal current signal which can saturate the 
magnetic core periodically is applied on the excitation 
coil. When the external magnetic field is zero, the time 
of positive saturation is equal to the time of negative 
saturation (solid line shown in Figure 2(c)), namely 
the time difference 0T T T+ -D = - = (solid line shown in 
Figure 2(d)); When the external magnetic field is 
nonzero, because of the bias effect of the external 
magnetic field, the time of positive saturation is 
unequal to the time of negative saturation (dashed line 
shown in Figure 2(c)), namely the time difference 

0T T T+ -D = - „ (dashed line shown in Figure 2(d)).  
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Fig. 2. Working principle of the RTD-Fluxgate 

Supposed that the excitation magnetic field applied 
on the magnetic core is a sinusoidal magnetic field 
with period Te and amplitude Hm, namely He=Hmsinwt 
(w=2π/Te). Hx is the external magnetic field intensity 
applied on the magnetic core axially. The total 
magnetic field intensity is shown in equation (1). 

sinx e x mH H H H H wt= + = +                  

(1) 
Combined with Figure 2, we can obtain the relation 

between time difference and external magnetic field 
which is shown in equation (2). 
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(2) 
Based on the equation (1) and equation (2), we can 

obtain the time interval of magnetic core in positive 
saturation and negative saturation in a period Te, 
which is showed in equation (3). 
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(3) 
So that, the time difference detected by 

RTD-fluxgate can be calculated, which is showed in 
equation (4). 

2 arcsin( ) arcsin( )c x c x

m m

H H H HT
w H H
⎡ ⎤+ -

D = -⎢ ⎥
⎣ ⎦

       

(4) 

Ⅲ . DETECTION METHOD AND FLUCTUATIONS 

ANALYSIS 

The output signal of the fluxgate is processed by the 
method of hysteresis comparation and time counting. 
The output signal from the induction coil is 
transformed into TTL rectangular signal by hysteresis 
comparator, and then count the time interval of high 
level and low level, so that the time difference can be 
calculated. 

Because of the stability of output signal, thermal 
noise of resistors, voltage noise and current noise of 
operational amplifier, voltage fluctuation of addition 
circuit, threshold fluctuation of comparator [10], and 
so on, the time difference has some fluctuation. As 
shown in Figure 3, the solid line represents the ideal 
time difference output signal, the dashed line 
represents the practical output which includes tnoise.  

t

e

t
tnoise tnoise

1
 

Fig. 3. Fluctuations of the output signal 

 In response to these fluctuations of output signal, 
in order to minimize these fluctuations Aimed at the 
fluctuation appearance of the output, we optimized the 
detection circuits and designed the data processing 
algorithm in dealing with the noise. 

Ⅳ. OPTIMIZATION OF THE DETECTION CIRCUITS 

The detection circuits of RTD-fluxgate is composed 
of analog circuit part (signal conditioning) and digital 
circuit part (counting and storage). Several aspects of 
the detection circuits optimization as follows: 
a. In order to reduce the noise of operational amplifier, 
select the ultra-low noise precision amplifier with 
35nVp-p noise; 
b. In order to reduce the bias voltage fluctuation of 
addition circuit, select the ultra-low noise LDO XFET 
voltage reference with 1.2uVp-p noise; 
c. In order to reduce the threshold fluctuation of 
comparator, select the ultra-low noise LDO XFET 
voltage reference with 1.4uVp-p noise; 
d. In order to reduce the influence of external 
environment on detection circuits, use SD card direct 
storage to replace computer serial port, avoiding the 
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influence of grounding circuit outside. 
The analog part of detection circuits is shown in 

Figure 4, the amplifier A1~A4 is LT1028, the 
comparator C1 is AD8561, VREF1 and VREF2 are 
provided respectively by ADR441 and ADR443 
voltage reference chip. The output signal of fluxgate is 
connected with Vin+ and Vin-, after the 
pre-amplification circuit (Figure 4(a) shows) and 
addition circuit (such as shown in Figure 4(b)),  and 
then the signal is transformed to rectangular signal 
which contains time difference information by the 
hysteretic comparator (Figure 4(c) shows). The digital 
part is composed of FPGA (clocked at 200MHz) and 
MSP430, FPGA is responsible for the rectangular 
signal high and low timing, the time difference is 
calculated by MSP430 and stored by SD card. 
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Fig. 4. Analog part of the detection circuits 

 In electromagnetic shielding room, with the same 
experimental environment, the detection circuits of 
before and after optimization are tested, and the 
performance before and after optimization is 
compared by the fluctuation magnitude of time 
difference. Comparing Figure 5 and Figure 6: the time 
fluctuation of no optimization is about ±2.5us, the 
time fluctuation of optimization is ±1us or so, the 
fluctuation of time difference is significantly reduced 
after optimization. 
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Fig. 5. Time fluctuation of detection circuit before optimization 
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Fig. 6. Time fluctuation of optimized detection circuit 

Ⅴ. PROCESSING ALGORITHM OF DETECTION SYSTEM 

For long time measurements, because of the 

vibration of foundation, the stability of components 
(mainly the thermal noise), fluctuations of supply 
voltage, and changes of ambient temperature and other 
factors, gross error and random error appear in the 
time difference data [11].  

Aiming at the gross error (worst value) appeared in 
the measured data, adopted limiting filtering method 
for discrimination and rejection. For each time 
difference data, calculating the standard deviation σ 
via the Bessel formula, as shown in equation (5): 

2 2

1 1

1 1 ( *)
1 1

n n

i i
i i

u x x
n n

s
= =

= = -
- -
∑ ∑           

(5) 
In the equation, n: data number of each group data, xi: 
data of the time difference, x*: arithmetic mean value 
of each group data, xi- x*: residual of each data. 
According to Pauta criterion, with 99.73% confidence 
probability, data with residual more than 3σ can be 
considered to be gross error, and should be removed 

[12]. In order to ensure the continuity, use arithmetic 
mean value to replace the data which needs to be 
removed. By comparing the fluctuation magnitude of 
before and after limit filtering, as shown in Figure 7 
and Figure 8, the gross error has been identified and 
replaced. 
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Fig. 7. Time fluctuation of the data before limiting filtering 
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Fig. 8. Time fluctuation of the data after limiting filtering 

Aiming at random error in the data, because it has 
the characteristic of boundedness and symmetry, the 
effect of random error on the measurement results can 
be weaken by taking arithmetic mean value[13-14], 
namely mean filtering method. For the data after 
limiter filter, taking the arithmetic mean value as the 
time difference of this group. By comparing the 
fluctuation with no mean filter, as shown in Figure 8 
and Figure 9, we can get: Mean filter algorithm can 
effectively reduce the random error of time difference 
data, the fluctuation is in ±0.1us. 
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Fig. 9. Time fluctuation of the data after the average filtering 

Ⅵ. EXPERIMENT RESULTS 

In order to test the performance of detection system 
designed for RTD-fluxgate, a group of external 
magnetic field were measured. In the electromagnetic 
shielding room, the fluxgate probe is arranged in 
Maxwell coil (for generating the measured external 
magnetic field), then the output signal is processed by 
the designed detection system with measurement and 
data processing. 

In the experiment, excitation signal is a sinusoidal 
current signal with 300Hz frequency and 40mA 
amplitude. 300 time difference data was stored per 
second, in data processing every 300 data was 
considered as one set. The relation between time 
difference and external measured magnetic field is 
shown in Figure 10. Within ±50000nT, the system has 
very good linearity. The change of time difference is 
about ±1122us when measured magnetic field changes 
in ±50000nT. 
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Fig. 10. Time difference with magnetic field changing 

Curve fitting for the time difference data by using 
the linear regression (least squares). Given n points of 
data(xi,yi)(i=1,2,…,n), assuming linear fitting 
polynomial is y=ax+b(a≠0), so the deviation square of 
each point to fitting curve is shown in equation (6), 

( )
2

2

1

n

i i
i

d y ax b
=

= - +⎡ ⎤⎣ ⎦∑             (6) 

Applied d2=min(d2) on the time difference data 
obtained a=0.0224,b=4.0406. Namely, the relation 
between time difference and measured magnetic field 
is ΔT=0.0224Hx+4.0406 within ±50000nT, linearity 
error is ±0.11%, the sensitivity is 22.4ns/nT. 

Every 5000nT selecting a group of magnetic field to 
be measured, for each magnetic field measured 
multiple times, repeatability of measurement error is 
small, the standard deviation of sample is less than 
0.03, the measurement result is ideal. The 
measurement result and standard deviation calculated 
is shown in Table 1, 

Table 1 Measurement results under different magnetic field 

Hx/nT △T /us  S 
50000 1122.1179 1122.1318 1122.1007 1122.1418 1122.0994 1122.1159 0.0168 

45000 1010.0628 1010.0869 1010.0782 1010.0609 1010.0252 1010.0630 0.0211 

40000 899.7107 899.6692 899.7279 899.7054 899.7168 899.7322 0.0226 

35000 789.3279 789.3270 789.3183 789.3285 789.3294 789.3366 0.0059 

30000 678.8909 678.8686 678.9061 678.8880 678.8898 678.9019 0.0131 

25000 567.1618 567.1513 567.1521 567.1729 567.1784 567.1541 0.0115 

20000 454.9151 454.9261 454.9402 454.8952 454.9092 454.9049 0.0160 

15000 342.6880 342.6832 342.6946 342.6986 342.6972 342.6662 0.0122 

10000 230.2609 230.2364 230.2664 230.2624 230.2661 230.2729 0.0127 

5000 117.5102 117.4986 117.5285 117.5197 117.4985 117.5058 0.0120 

0 3.7541 3.7625 3.7476 3.7527 3.7549 3.7529 0.0048 

-5000 -109.6262 -109.6029 -109.6258 -109.6407 -109.6150 -109.6463 0.0160 

-10000 -222.2665 -222.2673 -222.2642 -222.2671 -222.2587 -222.2754 0.0054 

-15000 -335.0474 -335.0264 -335.0527 -335.0593 -335.0426 -335.0583 0.0123 

-20000 -446.8633 -446.8591 -446.8499 -446.8688 -446.8818 -446.8570 0.0110 

-25000 -559.3833 -559.3792 -559.3960 -559.4022 -559.3774 -559.3616 0.0144 

-30000 -670.9705 -670.9830 -670.9474 -670.9620 -671.0049 -670.9555 0.0208 

-35000 -781.5557 -781.5547 -781.5601 -781.5536 -781.5767 -781.5332 0.0139 

-40000 -891.3556 -891.3401 -891.3570 -891.3520 -891.3635 -891.3654 0.0091 

-45000 -1001.0527 -1001.0579 -1001.0637 -1001.0602 -1001.0392 -1001.0426 0.0099 

-50000 -1113.4267 -1113.3829 -1113.4137 -1113.4471 -1113.4633 -1113.4264 0.0277 
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Ⅶ. CONCLUSION 

This paper describe a detection system for 
RTD-fluxgate which is composed of optimized 
detection circuit and limiting mean filter algorithm, 
and the system is tested by self-made fluxgate in 
electromagnetic shielding room. Result showed that in 
the range of ±5×104nT, the fluctuation of time 
difference is less than ±0.1us, linearity error is ±0.21%, 
sensitivity is 22.4ns/nT, and repetitive error is less 
than 0.03. The system is suitable for the detection of 
static magnetic field. 
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Abstract—Automobile high beam allows the driver to see distant road at high speed in the night, but if not timely switch to 

low beams when meeting, the strong light can make the vehicle lose their way, thus easily causing traffic accidents. This paper 

takes the single chip processor as the core, making use of velocity sensor, illumination intensity sensor and ultrasonic ranging 

sensor. Then the sensors integrate the signal and the single chip processor focus on it. The single chip processor controls 

various states of lamplight and achieves automatic switching between high beam and low beam. This system can solve the 

problem of long latency of manual switch and the drivers’ distraction due to frequent manual dimming in traditional manner, 

thereby effectively reducing the probability of having an accident. This paper introduces the specific methods of designing 

and achieving the system in software and hardware. 

 

0 INTRODUCTION 

0.1 The Background and Significance of the Research 
THERE are many traffic accidents caused by illegal use 
of the automobile high beam. With more and more 
new cars appearing during each year, traffic accidents 
caused by improper using high beam at night is rising 
rapidly. Most solution of the high beam light dazzling 
problem solutions is not perfect, and can’t solve the 
problem of high beam damage completely. According 
to the demand for the automobile high beam detection 
and control system in actual circumstances, it is 
important to ensure the cars running safely, simply and 
effectively. At present, except of handful luxury cars, 
most of the cars do not have intelligent control 
function of high beam. It is decided by characteristic 
of the automobile industry production. Every little 
increased cost of a car will change its sales volume, 
and even affect the market orientation of a car. To 
achieve a good results, the system must cost little and 
easy to promote. In a word, the trend is to develop a 
secure, simple, effective, low cost and easy to promote 
the automatic control system of high beam. 
0.2 The Domestic and Overseas Research Analysis 
and Evaluation 
  Now some abroad auto companies have started to 
take test of automatic high beam auxiliary control 
system, Germany Bavarian automaker developed a 
high beam assist system. The main component is a 
sensor installed in front of the rear view mirror 

housing, which contains a camera. Camera image is 
feedback into an electronic evaluation system, it will 
analysis what is in front of the car to automatically 
control the opening and closing of the high beam. The 
system is implanted in the BMW 5 series, 6 series and 
7 series of the company. Domestic companies also do 
research of automobile anti-glare Forward Lighting, 
Polarized light anti-glare, automatic automobile 
headlamps, but not yet reach the level of practical 
application. 

To solve the problem of car headlamps glaring, 
there are many different solutions, but all of them have 
problems. We did researched on the parking cars in 
campus, and it haven’t install automatic switching 
system yet. By looking up technical data, some cars 
already have automatic light switch configuration, 
such as Changan Peugeot Citroen new DS5, Mazda 
CX-9, FAW Toyota new RAV4, BWM 6 series 650i, 
Audi upgrading A8L, Changan Ford Mondeo and 
brand new Benz S level. Although there is a 
considerable part of the car still haven’t far and near 
light automatic switching system, it is a trend in the 
future. 
0.3 innovation point of this paper 

The design is difference from far and near light on 
manual control common control system. With the 
development of science and technology, it is necessary 
to liberate drivers from the driving complex operation. 
The system combines the speed, ultrasonic ranging, 
integrated with all kinds of complicated situations in 
which the lights on the far and near alternately control, 
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comprehensive consideration of the actual situation to 
coordinate the overall situation. In the view of wasting 
resources situation and indiscriminate using the high 
beam light during the day and forget to turn off the 
headlights when through the tunnel, the paper is 
proposed to solve the solution by developing 
automatic control system. 

1 THE OVERALL DESIGN OF THE SYSTEM 

Automobile far and near light automatic switching 
system is mainly composed of single chip computer 
system, motor and speed measuring part, light 
intensity detecting part, ultrasonic distance measuring 
part, LCD display and LED light. MCU collects 
Comprehensive information gathering speed, distance, 
intensity of light, then automatically control far and 
near light. System block diagram is shown in figure 1.  

Fig.1  System diagram 

2 SYSTEM HARDWARE DESIGN 

2.1 MCU Control Part 
The passage selects STC89C52 MCU as the control 

core, the minimum system schematic diagram is 
shown in figure 2. 

 
Fig.2  STC89C52 minimum system schematic diagram 

2.2 Motor and Speed measuring Part 
The motor driving part adopts L298N drive circuit, 

and achieved to make the stepping motor rotates in 

forward direction as well as inversion, acceleration 
and deceleration. The schematic diagram of the circuit 
is shown in figure 3. 

 
Fig.3  L298N schematic diagram 

The system measures the speed by using the smart 
car speed measuring module, it uses the photoelectric 
encoder and can be triggered when non-transparent 
objects through the groove. The module outputs 5V 
TTL level and uses the Schmitt trigger to rule out jitter 
pulse. Single chip microcomputer can control 
headlight switch according to the measured speed. If 
the speed is too high to meet the demand of visibility, 
it will switch to high beam light, otherwise switch to 
dipped beam. 
2.3 Light Intensity Detecting Part 

The light intensity detecting part adopts the design 
of photosensitive resistance. The specific method is 
put a photosensitive resistor and a certain value 
resistor connected in series, then apply to the control 
circuit. The changing of light intensity will cause the 
change of photosensitive resistance, thus affecting the 
distribution of the circuit of current and the voltage 
value. The analog voltage becomes digital voltage 
through ADC0804, and the digital signal is sent to 
single chip microcomputer for processing. Light 
intensity detection circuit diagram is shown in figure 
4. 

 

Fig.4  Light intensity detection diagram 
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The design uses two light sensors, one of them is 
installed on a car roof, the other installed in front of 
the car. If the roof photosensitive sensor detects the 
light intensity is less than a certain value, it will open 
the lamp. If the light intensity light sensor in front of 
the vehicle detects light intensity is higher than a 
certain value, it will changes the high beam light 
switch to dipped beam. Otherwise, it will be switched 
to the high beam light. 
2.4 The Ultrasonic Ranging Module 

Ultrasonic generator internal structure has two 
piezoelectric wafer and a sounding board. When its 
two poles is added with pulse signal, the frequency is 
equal to the natural vibration frequency of the 
piezoelectric wafer, piezoelectric wafer resonance will 
happen, and drive plate vibration resonance, then 
generate ultrasonic. Conversely, if not applied voltage 
between two electrodes and it receives the ultrasonic 
resonance plate, it will be vibration oppression 
piezoelectric wafer and will convert mechanical 
energy to electrical signals, thus becoming a ultrasonic 
receiver. In ultrasonic detecting circuit, the output 
pulse of the transmitter is a series of square wave, its 
width is the time interval of launch ultrasonic, the 
larger measured object distance, the greater the pulse 
width, the number of output pulse is proportional to 
the distance being measured. There are some roughly 
methods for Ultrasonic distance measurement : (1) 
take the average of the output pulse voltage, the 
voltage (fixed amplitude) is proportional to the 
distance, measure the voltage can get the distance; (2) 
measure the width of the output pulse, which is the 
time interval of launch ultrasonic wave and receiving 
ultrasonic t, so the distance being measured is S=1/2vt. 
The measurement circuit adopts the second solution. 
The circuit diagram shows in figure 5. 

 
Fig.5  Ultrasonic ranging system diagram 

The MCU controls the headlight according to the 
measured distance. When the distance is too near, the 
high beam light is switched for dipped beam. 

3 SYSTEM SOFTWARE DESIGN 

According to the system function, the design of 
system can be divided into several sub programs to 
design, such as the detection of speed subroutine, the 
light intensity subroutine, ultrasonic ranging 
subroutine, light switching subroutine and display 
subroutine. The system uses Keil μVision4 integrated 
developing environment and C language for software 
design. The program flow shows in figure 6. 

 
Fig.6  The main program flow chart 

4 THE TEST RESULTS 

The system circuits are good through hardware and 
software debugging during a long time running, no 
adverse situation is happened, it can realize the 
following functions: 

(1) Realize the control of stepper motor acceleration, 
deceleration, start and stop. MCU can control the 
headlight according to the measured speed. If the 
speed is too high to meet the demand of visibility, it 
will switch to high beam light, otherwise switch to 
dipped beam. 

(2) Realize the measurement of two photosensitive 
resistance detecting light intensity. If the light sensor 
of the roof detects the light intensity less than a certain 
value, the MCU turns the light on. When the light 
sensor in front of the vehicle detects the light intensity 
higher than a certain value, it will change the high 
beam light to dipped beam. Otherwise, it is switched 
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to the high beam light. 
(3) The automatic switching of the automobile far 

and near light is based on the measured distance by the 
ultrasonic sensor. When the cars run in the same 
direction, the rear car will not be able to open the high 
beam light if there is a car in front of it in the detection 
range. When the cars run in the opposite direction, the 
cars can’t switch on the high beam as long as in the 
detection range. If the two cars open near light, they 
will through the road peacefully. 

5 CONCLUSION 

The design uses STC89C52 micro-controller as the 
control core, realizes a car headlights automatic 
switching system. According to the information of 
measured speed, light intensity and distance, it realizes 
the function of controlling the headlight switching on 
or off through the single-chip microcomputer to 
reduce the possibility of high beam light using 
mistakenly. 
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SG3525 
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Abstract—According to the design requirements, in this paper, several kinds of schemes of the constant voltage sources are 

compared and analyzed. This design adopts the push-pull topology for the constant voltage source main power circuit. The 

chip SG3525 is used as PWM controller. The design of switch constant voltage source which is based on PWM control is 

proposed. It discusses the control process and working principle of PWM method. The SG3525 chip produces the PWM signal. 

Finally the experimental results are given. The test indicators meet the conditions. And the reasonable feasibility is verified. 

 

I. INTRODUCTION 

IN circuits, a constant voltage power supply is often 
used. It belongs to a kind of power supply. Advantages 
of PWM control technology [1] is simple, flexible and   
good dynamic response. In power electronics 
technology it has become the most widely used control 
method. It is also a research focus. This article is using 
SG3525 to produce adjustable PWM waveforms, 
which is used to control the 12 v power supply. 

II．PROJECT DEMONSTRATION AND COMPARISON 

  According to the design target, design block diagram 
is as followings. 

 

Fig . 1.  The overall block diagram 

A  The primary loop selection 
The main circuit of constant voltage source is its 

power part. There are two kinds of selection scheme of 
main circuit [2] [3]. 

Solution A is using full bridge topology. The 

topology of the excitation transformer is bidirectional. 
And it is easy to achieve high power. This topology is 
complex and costly. It has a straight through problems. 
It requires a complex multicomponent isolation circuit. 
It is suitable for high-voltage power supply. 

Scheme B is using the push-pull topology. Two 
MOS transistors alternately turn, drive simple. Output 
power is larger. The switch can withstand twice the 
supply voltage at turn-off. In this paper the output 
power and the input voltage are smaller. So this 
solution is chosen. 
B  PWM Control circuit 

Solution A is using the STM32.It generates an 
adjustable PWM waveform by process control. 

Solution B is using SG3525 chip. It generates an 
adjustable PWM waveform by building a peripheral 
circuit. Although using STM32 procedure can easily 
control PWM waveform, but the cost of STM32 is 
higher. And SG3525 is easy to satisfy the design 
requirements. So the option b is chosen. 
C  Current sampling 

To make the output current is constant, it need an 
output current sampling. There are two main current 
sampling programs. 

Solution a:  
It samples with resistance. This program requires to 

plus bridge attenuation common-mode voltage across 
the sampling resistor. The voltage across the sampling 
resistor will decay in the electric bridge. Amplification 
of the differential amplifier should be properly 
compensated. In this solution the output voltage has 
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zero drift. 
Solution b:  
It uses the Hall current transformer. Its conversion 

efficiency is low, and temperature drift is large. In this 
problem it requires a relatively high accuracy. It needs 
to be temperature compensated. 

Considering the design of the output current and 
high switching frequency, we choose solution a. 

Ⅲ. THE WHOLE CIRCUIT STRUCTURE 

A  Power supply module 
After external input AC voltage is rectified and 

filtered, it is converted to high voltage DC. As shown 
in figure 2. 

 
Fig . 2.   Power supply module 

It has functions that through the high frequency 
blocking low frequency, and through the AC blocking 
the DC. D1, D2, D3, D4 constituting the rectifier 
bridge. It rectified AC into DC. RD3, CD2, D5FR107 
compose protection circuit. It can reduce the ringing 
voltage. After the secondary voltage is rectified and 
filtered, it generates + 12V output voltage. The IC3 
TOP222P needs to provide an external bias voltage 
during operation. At the instant of the circuit power, 
the IC3 TOP222P starts working properly. Through 
the PWM control, it can realize the regulation of the 
output voltage waveform. In order to improve the 

stability of the IC3 TOP222P chips work, will 
PC817B parallel with Z1 form an external error 
amplifier. R1, R5 can adjust the nominal of output 
voltage.R3, C2 can adjust the frequency response of 
the loop. RD5 controls loop gain. 

B  PWM waveform generating circuit 
PWM wave produced by SG3525 is easy to control. 

And its efficiency is high. The PWM waveform 
generation circuit as shown in figure 3. 
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Fig. 3.  PWM waveform generating circuit 

SG3525A pulse width modulator control circuit may 
control various types of switching power supply. The 
chip is also suitable for embedded and soft-start 
circuitry. It allows only one external timing capacitor.  

SG3525A has the following several characteristics: 
It enables control of 8.0V to 35V, 5.1V 1% reduction 

in the reference value, 100Hz to 400 kHz oscillator 
range. Dispersion oscillator synchronization pin is 
adjustable dead time control. Input under voltage lock 
limits the variety of pulse width modulation, and close 
pulse. 

SG3525 output stage uses a push-pull circuit, and 
SG3525 has dual channel outputs. Its drive current for 
each channel is up to a maximum 500mA, which can 
directly drive GTR and MOSFET. Its operating 
frequency is up to 400 kHz, with under voltage 
shutdown, programmable soft-start characteristics. 

The oscillation frequency is decided by the 

following formula: 

DCHG
osc

TT
f

+
=

1
 

  Type, TCHG is the charging time of capacitor CT. 
When CT charging, an output driver of the PWM 
controller operating in the conductive state. TD is the 
dead-time, that two output drivers are in a off-state. 
TCHG is proportional to the product of RT and CT.TD 
is proportional to the product of RD and CT. So the 
oscillation frequency can be calculated as 

TDT
osc

CRR
f

)37.0(
1
+

=  

HZfosc 37003= . 

C   Push pull control main circuit 
The circuit of the power transistor is driven by the 

push-pull output shown in figure 4. 
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Fig. 4.  Push pull output circuit 

  Resistors R2 and R3 are the current limiting resistor. 
They used to prevent the forward base current that 
injection Q1 and Q2 to exceed the permissible output 
current of controller. 

In half bridge converter applications, SG3525 can be 
used for upper and lower leg power MOSFET isolated 
drivers, as shown above. RG1 and RG3 compose the 
driver circuit protection aspects. It uses good 
performance absorption circuit.  MOSFET can work 
in ideal switch status. It also can short the switching 
time and reduce the switching losses. 

Power tube kept on and off lets the high-frequency 
transformer T3 primary produce low-voltage 
high-frequency alternating current. It outputs a 
high-frequency alternating current through the 
high-frequency transformer, then through fast recovery 
diode full bridge rectifier MBR2060 output a high DC. 

Inductance T5 and E3 composition LC oscillator 
circuit.R11 and capacitor C8 composition filter circuit. 
Because the high-frequency is easy to produce   
interference and some parasitic coupling, it is 
necessary to filter out the effects of these factors   
through the filter circuit to increase the stability of the 
circuit. 
D  The high frequency transformer design 

Transformer design 
In this circuit, transformer design tasks as: 

  (1) Circuit forms: half bridge 
  (2) Operating frequency: 50 kHz 

(3)Converter maximum input voltage : DC500V 
(4)Converter minimum input voltage:  DC300V 
(5)Output voltage: DC12V  

Ⅳ. THE TEST RESULT  

A  The test conditions 
Voltage measurements: Using the 12E digital multi 

meter produced by FLUKE. 
  Waveform measurement: analog oscilloscope. 
B  The display circuit 

 
Fig. 5.  The display circuit 

C   Circuit SG3525 pin 11 and 14 pin waveform
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Fig. 6.  Circuit SG3525 pin 11 and 14 pin waveform 

D  Circuit efficiency test 
  Load R = 200 ohms. Efficiency: 

%10012

·
*

·=
ii

O

IUR
U

h
 

TABLE I 

 Circuit test data 

iU /V iI /mA oU /V h / % 

25 2.40 1.95 31.7 

40 3.22 3.54 48.6 

50 3.90 4.60 54.3 

60 4.70 5.80 59.6 

75 6.13 7.51 61.3 

90 7.32 9.15 63.5 

100 8.33 10.30 63.7 

  The table 1 shows that when the input voltage from 
25 v to 100 v, the power efficiency has been increased. 

And when the Ui = 100 v, η=63.7%. 

Ⅴ. CONCLUSION 

  The design is reasonable to choose the main loop 
circuit and PWM control circuit. The PWM control 
circuit receives signals from the feedback system. Then 
it generates the appropriate waveform to control the 
main circuit output voltage constant. The whole circuit 
structure is mainly composed of power supply module, 
PWM waveform generating circuit and push pull 
control circuit. It is based on the specific parameters of 
the circuit to design the transformer reasonably. The 
indicators obtained by the final test results meet the 
conditions. It proves that the constant power supply of 
the system can be well controlled by PWM waveform. 
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Design of handwritten drawing board based on 
Stm32 microprocessor 
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Abstract—Design of handwritten drawing board based on Stm32 microprocessor ’s main point is measurement of small 

resistance,and to our design, we transform the measurement of resistance to the measurement of voltage,then enlarge it.In our 

design,the method we used is welding a 1Ω precision resistance at the midpoint of the rectangle copper clad ’s each side,and 

use OP07 to assemble a differencing circuit.Using LM317 to produce constant current and connecting pen,when the pen touch 

the rectangle copper clad,between the midpoint of the rectangle copper clad ’s each there will be tiny voltage differences.We 

enlarge these tiny voltage differences,and filter them,then connect stm32 Microcontroller,we can use its own A/D converter to 

transform these analog signals to digital signals,  and through the programming process, the final will be showed on the 

display Nokia5110.In this way,horizontal electric potential is about to be parallel to the horizontal sides and vertical electric 

potential is about to be parallel to the vertical sides.So we can make sure a point,it will be easy to deal with by the  stm32 

Microcontroller. 

Key word—Copper clad  Differential circuit stm32  Nokia5110 

 

I. INTRODUCTION 

THE drawing board is a working platform of designing 
and drawing.It mainly is used in engineering, design, 
mapping, geology, clothing and other fields. The 
traditional Drawing board material are wood, synthetic 
materials and so on, into the end of the twentieth Century, 
digital drawing board gradually popularized in the field 
of computer graphics. At present, the very popular 
drawing board are through drawing board and digital 
drawing board and other forms. The design designs and 
products handwriting drawing input device using 
common PCB copper clad laminate, measures the 
contact point position through the pen in contact with the 
copper clad laminate,  and then realize the handwriting 
drawing function. 

II. COMPARISON AND SELECTION OF SCHEMES 

A. Measurement Scheme 
Scheme one: the measurement use power supply of 

constant voltage source using four probe method, 
schematic diagram shown in figure 1. In measurement, 
between 1, 2, 3, 4 is measured copper clad laminate and 
its access to prevent short circuit resistance and powered 
by 12 v constant voltage source.In the copper clad 

laminate surface ,resistivity is smaller, with 
constant voltage source power supply, the change 
of sampling equivalent resistance between the 
probe and the copper surface can easily cause 
current change, and the voltage unstable jump 
when sampling, the presence of the same voltage 
point , don't display coordinate position accuracy 
on the LCD screen. So the plan would never 
work. 
 

  
Figure 1 Measuring circuit voltage source 

Scheme two: Figure 2 black rectangle 
represents the application of ordinary copper clad 
drawing board, thick black arrow at the upper 
right is representative of pens and one side is 
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connected to the constant current source. When the pen 
contact to the drawing board, because the different 
locations of the pen and the drawing board resistance 
distribution is not uniform, in each edge midpoint, i.e. A, 
B, C, D point produces a slight different voltage, the four 
small signal voltage is what we need to collect, so we 
select scheme two. 

 
Figure 2 Differencing midpoint measurement circuit 

B. The Overall Scheme Design 
  The overall design diagram as shown in figure 3. 

 
 Figure 3 The overall program design 

C. Reference Source 
Scheme one: using the constant voltage source, 

measure current change. Because the resistance of is 

very small, in the case of constant voltage, if the 
voltage is too large, current of copper plate is too 
large, the copper clad laminate will consume too 
much power,it may damage the copper clad 
laminate; if the voltage is too small, copper-clad 
plate voltage variation is not obvious,and not 
easy to collect data. 

Scheme two: using the constant current source, 
measure the voltage change. In the constant 
current mode, it is easy to collect the appropriate 
voltage data on the copper clad laminate, and 
convenient for differential amplification and 
filtering. 

Taking integrated multi aspects into 
consideration,we select scheme two, using the 
constant current source, measure the voltage 
change. 
D. The Power Supply 

Scheme one: using fixed three-terminal voltage 
regulator L7812 and L7912 forms ±12V DC 
voltage source. After testing, the DC voltage 
source which is composed of L7812 and L7912, 
the input voltage is between 14-35V, the 
maximum output voltage value is 12V, basically 
meet the design demand of us, but the loading 
ability is poor, it will seriously affect the next 
difference circuit and the normal work of a 
low-pass filter circuit. 

Scheme two: using adjustable fixed voltage 
regulator of LM317 and LM337 forms ±10V DC 
voltage source. After testing, the DC voltage 
source which is composed of LM317 and LM337, 
the output voltage is between 1.25-37V, meeting 
the need of±10V DC voltage in the design of 
circuit, and the loading ability is strong, meet for 
the differential circuit and the normal work of the 
next low pass filter circuit design requirements. 

Taking integrated multi aspects into 
consideration, we select scheme two, using 
adjustable fixed voltage regulator of LM317 and 
LM337 forms ±10V DC voltage source. 
E. The Amplifier Chip 

Scheme one: use the LM324 amplifier chip. 
LM324 series which is four Operational 
Amplifier with low cost, have a true differential 
input. In single supply applications, they have 
obvious advantages. The four Operational 
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Amplifier r can work in low to 3V or up to 32V, the 
quiescent current is about 1/5 MC1741 (each amplifier). 
But its input offset voltage is the maximum value is 7mV, 
obviously does not meet the design demand of us. 

Scheme two: use the AD8065 amplifier chip. AD8065, 
with the very low working noise and very high input 
impedance, is single amplifier.With 5 -24V wide supply 
voltage range, it can be operated from a single supply 
and has 145MHz bandwidth. In addition, it also has a rail 
to rail output. But the maximum value of input offset 
voltage is 1.5mV, the same can not meet the design 
demand of us. 

Scheme three: use the OP07 amplifier chip. OP07 is a 
low noise, The chopper stabilizing zero bipolar 
integrated circuit operational amplifiers (double power 
supply).Because the OP07 has very low input offset 
voltage (OP07's maximum is 25 V), so the OP07 do not 
require additional zero adjustment measures in many 
applications. OP07 also have characteristics of low input 
bias current (OP07 is ±2nA) and high open loop gain 
(OP07 is 300V/mV). The characteristic of low offset and 
high open loop gain makes it suitable for the measuring 
device of OP07 especially high gain and a weak signal 
amplification sensor, etc.The maximum input offset 
voltage is 75μV.It meets the demand of our design [3]. 

Taking integrated multi aspects into consideration, we 
select scheme three, using the OP07 amplifier chip. 
F. The Single Chip Microcomputer 

 Scheme one: use MSP430 MCU. MSP430 Series 
MCU is a 16 bit microcontroller, using the reduced 
instruction set (RISC) structure, having the rich 
addressing mode(7 source operand addressing, 4 
destination operand addressing),27 kernel instructions 
and a large number of simulated instructions; a large 
number of registers, on-chip data memory can be in 
many kinds of operations; efficient lookup table 
processing instruction; a higher processing speed, with 
the 8MHz crystal driven, instruction cycle is 125ns. 
These characteristics ensure that produce a high 
efficiency of the source. 

Scheme two: use 51 single chip computer. 51 MCU is 
general flexibility, low price, convenient use, but the 
word length is finite, data processing ability is very weak, 
the processing speed is slow,and resources is not rich, so 
peripheral circuit usually need to expand more, which 
greatly reduces the reliability of the system and increases 
the production cost and manufacturing difficulty.It is 

difficult to meet the design requirements. 
Scheme three: using STM32 microcontroller. 

STM32 has a very good performance: low price; 
many peripherals, including FSMC, TIMER, SPI, 
IIC, USB, CAN, IIS, SDIO, ADC, DAC, RTC, 
DMA and many other peripherals and function, 
which has a very high degree of integration; 
excellent real-time performance, including 84 
interrupt and the 16 stage programmable priority, 
and all the pins can be used as an interrupt input; 
all the peripherals own independent clock 
switching ,so we can reduce power consumption 
by closing the corresponding peripheral clock; 
the development of low cost, no need of 
expensive emulator. Obviously,It is very suitable 
for our design. 

Taking integrated multi aspects into 
consideration, chips that have fast operation 
speed are not needed in the design, the key is 
micro signal processing, so we select scheme 
three, using STM32 microcontroller. 

Ⅲ.THE OVERALL CIRCUIT SYSTEM DESIGN 

A. The Unit Circuit Design 
(a) Signal Acquisition 

Signal acquisition diagram is shown in Figure 
2, we collected A, B, C, D four different micro 
voltage. 
(b) The Difference And Amplification Of Signals 

The first step of acquisition of the four voltage 
signals are divided into two groups, including A, 
C, as a group, B, D as a group, and use them as 
the two input ends exactly the same difference 
circuit, thus, two new voltage signals can be 
obtained at the output end of the differential 
circuit. After OP07 amplifier,we can gain voltage 
that be distinguished by stm32 microcontroller 
built-in A/D conversion function module, the 
differential circuit is shown in figure 4. 
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Figure 4 Differencing circuit diagram 

(c) Low Pass Filter Of Signal 
The voltage signal has large noise through the 

difference and amplified, so I need a low pass filter 
circuit to filter, and the cut-off frequency of filter is 

1327Hz ( ),table voltage signals we get can be 

sent to A/D conversion function module of stm32 single 
chip microcomputer.Low pass filter circuit is shown in 
figure 5. 

 
Figure 5（Filtering circuit diagram） 

(d) Signal A/D Converter 
A/D conversion of the drawing board use STM32 

microcontroller with the A/D function module, which has 
12 channels and the 0.8mV minimum resolution 
voltage.The voltage signal that has been filtered,, 
through the A/D conversion function module, is 
converted from analog signal to digital signal, and then 
handed over to the microcontroller processing. 

(e) The Display Of Signal 
  Display module use Nokia5110 display screen. 
It has high performance price ratio and simple 
interface, can be driven by only four I/O line, has 
fast speed which is 20 times of LCD12864, and is 
convenient to carry and a series of advantages. 
Therefore, through the MCU analysis, the digital 
voltage signals can be directly displayed on the 
screen. 

Ⅳ. PROGRAM DESIGN 

Handwritten drawing board use STM32 
microcontroller as the control core of the whole 
system. After system starting, the voltage 
information on different positions of the pen will 
be read automatically, and A/D transform, finally 
show the corresponding data in the display [4][5], 
the program flow chart is shown in figure 3.  

Ⅴ. THE TEST RESULTS 

A. The Circuit Theory Calculation And Test 
Results 

After measuring, when the 125mA constant 
current source was chosen as the reference source, 
per unit (0.5cm) voltage variation is about 
0.008mV on the drawing board.Therefore,we 
dispose magnification is 300 times in the 
differential amplifier portion, and set the 
magnification of 2 times in the low pass filter 
section, finally voltage change can be magnified 
600 times per unit, that is, 4.8mV. 

With the power supply voltage of 3.3V,the A/D 
module of SCM has 12 channels. We can 
calculate the measurement accuracy for chip: 

mVVV 8.00008.02/3.3 12 ==  
Obviously, the voltage change per unit on 

drawing board can be acquired by A/D 
acquisition module of MCU. 
B. The Method And Result Of Coordinate 
Measurement Of System 

As shown in Figure 2, on the drawing 
board ,we set up Cartesian coordinate systemthe 
using O point as the origin point..The system is 
provided with two identical circuit in difference 
amplifying and filtering part, so when the pen 
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contact to the drawing board, we can measure the voltage 
difference produced by two points A and C and voltage 
difference produced by two points B and D .In the two 
voltage difference of A/D conversion, the two numerical 

value can be used to determine unique position 
and quadrant on the drawing board . The 
measurement results are shown in table 1. 

Table1 Measurement results 

Coordinate points (0,0) (1,1) (3,3) (-1,1) (-3,3) (-1,-1) (-3,-3) (1,-1) (3,-3) 

The actual measured 

voltage in the X-axis(mV) 
151 155 167 144 133 145 137 156 167 

The  measured voltage in 

the X-axis in theory(mV) 
150 155 165 145 135 145 135 155 165 

Error in the X-axis(mV) 1 0 2 -1 -2 0 2 1 2 

The actual measured 

voltage in the Y-axis(mV) 
150 156 165 155 166 145 133 145 136 

The  measured voltage in 

the Y-axis in theory(mV) 
150 155 165 155 165 145 135 145 135 

Error in the Y-axis(mV) 0 1 0 0 1 0 -2 0 1 

The actual quadrant origin one one two two three three four four 

Quadrant in theory origin one one two two three three four four 

Remark:Per unit is 0.5cm  in the copper clad,and the actual measured voltage of the origin is(151,150). 

Results showed that potential changes in arc shaped, 
so in any parallel lines ,measurement data each unit is 
not linear, but is monotonous. So we can determine the 
contact point coordinates and quadrant according to 
the monotonicity . 

VI.CONCLUSION 

STM32 microcontroller as the core element, we 
design a handwritten drawing board. When the pen 
contact drawing board, the system will automatically 
capture each edge midpoint voltage of the drawing 
board, and then by the differential amplifier, low pass 
filtering and A/D conversion, data will be shown in the 
display. In addition, the design also added a button 
control function,so we can realize the switch between 
positioning of coordinates and drawing functions 
through the key. 
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Abstract—The frequency meter is designed with indirect measurement method, Using the timer produces a 
relatively stable and accurate time, At the same time converts the signal into amplitude and waveform can be 

recognized by the digital circuit pulse signal (generated by the timer), And then calculate the number of pulses 

within this time interval counter and custom formulas by frequency meter, After scaling up from its 1602 

LCD. This design works the final test results, An accuracy of 1 ‰, meet design goals 1% accuracy, and show 

stable and can be applied to. Groundwater Investigation. 
Keywords—Frequency meter, indirect measurement, Groundwater Investigation 
 

I. FOREWORD 

USING NMR method of detecting groundwater in 
recent years developed a new technology. The method 
is emission of electromagnetic waves with the local 
Larmor frequency excitation groundwater proton. 
Accurately measure the local Larmor frequency 
becomes an important task. Range of Larmor 
frequencies is 1000-3000Hz[1] .Design a device that 
can quickly measure the Larmor frequency error is less 
than 1 ‰, you can give nuclear magnetic resonance 
analyzer provides accurate excitation frequency, for 
high precision detection of groundwater, there are 
significant [2] . 

1.ORIGINATION AND PROGRAMME OF  DESIGNMENT  

1.1 Origination of designment  
The main functions of the digital frequency meter 

are to measure the frequency of the periodic signal. 
Frequency is the number of times per unit time (1S) 
signal generating periodic change. If we are able to 
count the signal waveform in a given 1S time, and 
Counting results are displayed, can be read frequency 
of the signal. 

Digital frequency meter is first generated by the 
internal timer is relatively stable and accurate time and 
the amplitude of the signal is converted into a 
waveform can be recognized by the digital circuit 

pulse signal (generated by the timer), then by the 
definition of the counter and frequency meter formula 
to calculate the number of pulses within this time 
interval, will be converted by 1602 after it came out 
LCD. This is the basic principle of digital frequency 
meter [3]. 
1.2Programme of Designment 

A frequency measurement in many ways, but the 
most common is the direct measurement and indirect 
measurement method. Direct frequency measurement 
method is based on the frequency of the meaning of 
the measured frequency signal is applied to the input of 
the gate only at the gate opening time T (in 1s dollars), 
the pulse test (number) to a decimal counter to count. 

Setting the counter value N, the frequency of the 
measured signal can be obtained as f = N. However, 
due to the opening of the shutter, the closing time and 
the measured frequency hopping synchronization 
signal is difficult, the lower the signal frequency, the 
fewer the number of cycles within one second. The 
pulse count often produce errors a pulse, so at low 
frequencies with a direct frequency measurement 
method error is relatively large, so the use of this 
measurement at low frequencies relative measurement 
error may be high, that is, in the low frequency does 
not meet the design requirements. 

Direct frequency measurement method is simple and 
convenient and feasible, direct frequency measurement 
method disadvantage is larger error at low frequency 
measurements. Indirect frequency measurement 
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method most commonly used method is the direct 
measurement cycle. The principle is that when a cycle 

（ xT ） measured in frequency（ xf ）, record the 

number of standard frequency （ cf ）changes（M ）, 

then /c xf M T=  there is that the frequency of the 

signal being measured /x cf f M=  ，using this 

method, only use a single-chip timer T2, T2 timer has 
a capture function due , may be implemented in the 
falling edge of the signal pulse at this time is 
approaching the time of capture, and this time 
difference is captured on both sides of the measured 
frequency of the cycle, its frequency is the inverse of 

the period. Using this method can be measured at 
frequencies within the frequency 5000Hz, shown in 
Figure 1，Since this issue is 1000-3000Hz, so the use 
of low frequency indirect measurement method. 

T2 capture

Microcontroller clock

T2 timing
Arithmetic 
processing

display

fx

 

Fig. 1 Schematic block diagram 

2.ELECTRIC CRITIC OF HARDWARES 

 

Fig. 2 Schematic 

Hardware circuit shown in Figure 2, based on 51 
single-chip counts and timing, and the 1602 screen 
display. Count the number of the rising edge of the 
microcontroller P3.3 and P3.5 provide frequency per 
unit time. Finally, the display and display incoming 
32-39 lead. 

 

Fag.3 Software Process 

Wherein xT  and xN  respectively, and the number 

of cycles of the rising edge of the signal being 
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measured, sN  and sT   is the number of rising edges 

and the shutter cycle. 

3.ASSESSMENT OF TESTING RESULTS  

First, access to 5V power supply, and access to the 
input of the signal generator, adjust the frequency of 

the signal generator between 1000-3000Hz each take 
an actual frequency 100Hz, observe the display data. 

After the data is stable, changing waveforms (sine, 
square and triangle wave) amplitude of the waveform 
data is a significant change was observed. 

Change the frequency observed in the range 
1000-3000Hz completely accurate test whether the size 
of the frequency, rather than a larger error. 
 

Table 1——Measured value comparison table 

Reference frequency 

f/Hz 

Measuring frequency 

f/Hz 

Absolute error 

f/ Hz 

Relative error 

1000 1000.12 0.12 0.12‰ 

1100 1100.10 0.10 0.09‰ 

1200 1200.17 0.17 0.14‰ 

1300 1300.32 0.32 0.24‰ 

1400 1400.37 0.37 0.26‰ 

1500 1500.42 0.42 0.28‰ 

1600 1600.57 0.57 0.35‰ 

1700 1700.32 0.32 0.19‰ 

1800 1800.36 0.36 0.20‰ 

1900 1900.07 0.07 0.03‰ 

2000 2000.65 0.65 0.33‰ 

2100 2100.52 0.52 0.25‰ 

2200 2200.59 0.59 0.27‰ 

2300 2300.41 0.41 0.18‰ 

2400 2400.47 0.47 0.20‰ 

2500 2500.46 0.46 0.18‰ 

2600 2600.70 0.70 0.27‰ 

2700 2700.51 0.51 0.19‰ 

2800 2800.26 0.26 0.09‰ 

2900 2900.77 0.77 0.27‰ 

3000 3000.74 0.74 0.25‰ 

Inspection, 100Hz sine wave were taken at 
intervals by a signal generator, square wave, triangle 
wave as a reference frequency, measuring three kinds 
of waves recorded as the average of the measured 
frequency. When the voltage is less than 0.5V, because 
of the voltage amplitude is too small, resulting in 
inaccurate microcontroller detects a rising edge, large 
errors may occur, in addition to waveform distortion, 
resulting in a rising edge is not clear, will also affect 
the measurement accuracy. As can be seen from Table 
1, the frequency between 1000-3000Hz, the error is 
less than a few thousandths, to meet the design 
expectations. 

4.CONCLUSION 

Larmor frequency meter is designed to find water in 
a nuclear magnetic resonance instrument of great 
significance, this frequency meter optimization by 
indirect measurement method, resulting in a relatively 
stable and accurate time by a timer, while the 
amplitude of the signal is converted into a waveform 
digital circuits can be identified by the pulse signal 
(generated by the timer), by examining the different 
waveforms, accurate to 1 ‰. Precision frequency 
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meter in science also has a wide range of application 
areas. 
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Research on Based on the Available Solar Mobile 
Power Transformer Output 

  
Wang Chong, Ren Hang, and Song Chengzhuo  

(College of Instruments Science and Electric Engineering, Jilin University, Changchun 130022) 
 

Abstract—This article is based on the solar mobile power output can swing design. Design a microcontroller as the control 

center. Use C language programming. The mobile power can be used for solar and mains power supply for charging and 

powering appliances. The input and output voltage monitoring results by software modules will be displayed in the 

LCD12864 display. The basic components of a control circuit, solar charging circuitry, analog to digital conversion circuitry, 

DC design and LM2577 variable volt control circuit and MCU control circuit. The experimental design from the design 

direction of its huge advantage there, it lives in a very easy to obtain but not deep enough resources to use as an energy source, 

and this design uses and lives, with good usability. 

 

I. INTRODUCTION  

THE rapid development of mobile Internet, the 
emergence of a large number of all kinds of mobile 
terminal, digital communication products performance 
to intelligent mobile phone as a representative of the 
continuous improvement of cell volume, but the 
product itself  can accommodate  more and more 
small, portable digital products with lead battery 
energy can not meet the needs for everyday use, 
thereby  promoting the development of mobile power 
supply. The current mobile digital products built-in 
battery mainstream use time is short, can not meet the 
long time outdoor use weakness,  and mobile power 
existing  can also give the number of mobile digital 
products charge is limited, if long-term not connected 
to a power supply for charging, mobile power supply 
will be unable to  work,  through the variable output 
charging research and production of mobile power 
supply on the design of a solar energy, not only can be 
recharged using power, can also be charging effect  
to  complete  based on solar energy, electric energy 
and  reserve  for charging  electronic products,  so 
as to achieve the  effect of saving resources,  but 
also can change the output voltage, can give  
different mobile equipment charging voltage  for 
charging. The advantages of using solar energy can 
swing mobile power supply, this type of promotion 
can achieve practical, energy saving target. 

II.THE OVERALL DESIGN OF THE SYSTEM 

In this paper, the design of solar mobile power 
supply is mainly composed of  variable:  solar 
charging circuit,  control circuit,  LCD12864 display 
circuit,  the boost output circuit composed of four 
parts. The overall system block diagram shown in 
figure 1. 
 

USB enter

Solar input

The control 
circuit

Mobile Power 
Battery

LCD display 
circuit

Mobile power 
boost output 

circuit

  

Figure1  The overall block diagram of the system 

III.THE HARDWARE CIRCUIT DESIGN 

A.Solar charger design 
The solar energy input to supply power for 

the  control circuit,  can be  accepted  voltage 
into 5V voltage to supply power for the control circuit. 
When the input voltage is greater than the supply of 
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low voltage value and the chip enable input end is 
connected to a high level, to start charging circuit to 
charge the battery; By solar energy 
input voltage through the power supply circuit, the 
voltage to 5V, thereby driving and protecting 
circuit, through program control input circuit  voltage 
display,  also  for external use electric charge using. 
B. Part of the design of LCD display 

Based on the  input  voltage  of the 
collection, use the software of the control displays the 
input voltage and making the project name 
in 12864 on the screen. The LCD12864 display 
circuit in Figure 2 as shown in fig. 
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Figure 2  LCD12864 Schematic 

C. The boost output circuit design 
The boost circuit is designed by LM2577  boost 

chip,  LM2577-ADJ switching power supply  chip 
is the overall  integration  in integrated circuits,  as 
the fly back  switching regulator  and forward 
switch  regulator provides  power  and  control the 
two  regulator. Power supply by solar energy, kinetic 
energy or internal power supply, through the DC DC 
module to buck or boost the voltage voltage to a 
desired value of out put. If the output voltage, output 
low voltage  DC  obtained at this time  is not 
stable, need to go through the low voltage filter circuit 
for filtering to ensure the current output of pure; If the 
boost output, the highest voltage can be increased to 
12V power supply. The boost output circuit design as 
shown in figure 3. 

 

Figure 3  Boost Output Circuit 

D. Control circuit design 
The control circuit first can be charged from 

the  normal charging mode  access circuit, then 
control circuit  requirements  when the 
internal lithium ion battery voltage is insufficient, can 
adopt silicon board to charge the internal lithium ion 
battery pack in the sunlight, the adaptation the 
internal lithium ion battery charging. The MCU 
AT89S52 circuit as shown in figure 4. 
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Figure 4  AT89S52 Schematic 

IV.THE PART OF SOFTWARE DESIGN 

A. Control circuit design 
  The control circuit through the program control of 
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the  data collected  by displaying the  input 
voltage and the designer name display. 

B. The display part design 

start

The A / D 
converter, timer 

interrupt and 
associated I / O 

ports are 
initialized

A / D converter to 
read the input 

voltage and the 
character display

 
Figure 5  Software design flow 

V.THE TECHNICAL ROUTE 

  Design and manufacture of solar mobile power 
supply first need to collect data, including solar  
panels,  solar  charge  control  principle,  the 
principle of LCD display 
circuit  principle,  transformer output voltage 
regulation  principle; After the  power 
production  welding,  the solar charging board 
comprises a power plate welding, charging and 
discharging  combining  parts of circuit are made, as 
shown in figure 6. 
 

Solar power 

Data Collection Power Production

Solar battery panels 
principles

Detection and 
Application

Solar charging control

LCD
 display circuit

Variable-volt output 
voltage adjustm

ent

W
elding pow

er supply 
board

Solar charging panels 
w

elded

Charge-discharge binding

  Figure 6  Technology Roadmap 

VI.TEST AND DISPLAY THE RESULTS 

A. The test results 
(1) Have the basic realization of circuit part for 
charging function, USB can be voltage power 
supply, also can supply power to the circuit by 
the solar energy, the charging voltage can be reduced 
to 5V into the circuit; 
(2) The variable V output design some functions have 
been achieved, the ultimate realization of5V can 
be increased with adjustable voltage output; 
(3) The control circuit part of the basic function of the 
realization, accept 5V voltage charging 
circuit supply, the final output 5V voltage to 
the variable V circuit; the basic function of the 
realization of LED display. 
B.  Exhibition 

 
Figure 7  Physical display 
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VII. SUMMARY 

Some features of this circuit design has been 
basically achieved, USB voltage power supply, 
also can supply power to the circuit by the solar 
energy, the charging voltage can be reduced to 
5V  into the  circuit; The variable  V  output 
design some functions have been achieved, the 
ultimate realization of5V~12V output 
voltage adjustable; LED display the input voltage and 
the design of the name of the author. This design 
also exist some problems, including can not accurately 
measure the output voltage, the overall design of 
mobile power supply is not enough light. 
Next, improve the overall design and implementation 
of the output voltage measurement. 
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System design and implementation of the receiver 
coil stance and track record 

 
Qiu Shuo, Lu Yihan, and Chen Shiwen 

    ( College of  Instrumentation & Electrical Engineering, Jilin University,Changchun 130022 )  
 

Abstract—In order to get information of the receiver coil stance and track record and read the data we get,the system is 

based on Cortex-M3 platform, and use MPU9150 nine-axis stance sensor to get the data of gyroscope, magnetometer, 

accelerometer  and NEO-6GPS chip return data to finish the fusion of stance by quaternion algorithm.Finally we get the 

pitch angle, roll angle, yaw angle and GPS information stored in the SD card and achieve measurement accuracy of 1°. 

 

I. INTRODUCTION 

AVIATION is one of the airborne geophysical 
electromagnetic method commonly used measurement 
methods,geophysical methods based on electromag-  

netic induction
]1[

widely used in oil and gas  

exploration, ore prospecting and groundwater survey, 

etc.
]2[
.AEM system can be divided into fixed-wing  

airborne electromagnetic system and helicopter 

airborne electromagnetic system
]3[
,and the former has 

a deeper probing depth, and a higher efficiency
]4[
.As 

the aircraft stance, speed, wind speed and other factors 
that cause the coil pitch yaw rotation,the system 

parameters will be changed
]5[

.Fixed-wing 

time-domain airborne electromagnetic system using 
dipole - dipole mode, the transmitter coil set up in the 

surrounding aircraft
]6[
, receiving pod connected to 

sling hanging below the aircraft, the researchers need 
to be able to timely, rapid and accurate determination 
of the stance of the coil. 

The project aims to study for geological exploration 
of the receiving coil used to gesture, track 
record.Current aircraft stance determination of the 
receiver coil design less.GPS track measured in this 
regard, foreign countries have get successful results

]7[
,while in our country it is just a beginning.Current 

research on the stance has been more thoroughly 
mature record, a variety of integration is very high 
angle sensor, gyroscope, accelerometer widely. 

Above all, the project focused on the stance 
recorded on the receiving coil applications, flight 
stance, track and other detailed information on the 
receiving coil complete record, and then use the more 
friendly interface output stance information.So 
researchers can easily obtain information receiving 
coils during the geological exploration work, to 
always adjust the detection method based on the 
detection and assessment of the accuracy of the coil 
stance. 

II.DESIGN 

A.The overall design 
System consists of a controller data processing 

module, BMP9150 stance sensor module, NEO-6GPS 
modules.The overall design diagram shows in Figure 
1. 

 

Figure 1  The overall block diagram 

220v power adapter rectified after 5v DC voltage 
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regulator chip respectively after AMS1117-3.3 voltage 
for the main chip and other modules, so that all parts 
can work properly.MPU9150 acquired stance 
information for data processing via a main chip 
STM32VETRET6, in the SD card and the final data 
storage.NEO-6GPS module collected tracking 
information, via the main controller among the data 
stored in the SD card. 
B  Power circuit design 

220v AC power supply rectifier circuit for 5v 
DC .And then 5v DC will chip into a regulated 3.3v.5v 
power supply can be directly used in the market 
adapter, 3.3v,AMS1117-3.3 regulator chip to get 
through. The input voltage regulator chip is + 5v, and 
the output voltage is + 3.3v.Shown in Figure 2 

 

Figure 2  Power circuit  

C  Stance sensor circuit design 
MPU9150 within a single chip integrated 

accelerometers, gyroscopes and magnetometers, the 
collected data fusion algorithm for stance, 
self-calibration function.Due to its high integration, 
saving PCB area and high axial overlap effect, so the 
design uses MPU9150 sensor for measuring coil 
stance information,shown in Figure 3 

 
Figure 3   stance sensor circuit 

D  GPS circuit design 
  NEO-6 module can be used for three-dimensional 
position and heading angle positioning precision can 
reach 5 °.Module connected via serial port and 
external systems, and supports a variety of 
communication baud rate,thus the design chosen 
NEO-6 module is used to determine the coil track

]8[
,shown in Figure 4. 

 

Figure 4.  GPS circuit design 

E Storage circuit design 
Storage circuit selects SD card.SD card interface 

supports two modes of operation:SD and SPI 
modes.SD mode allows four lines of high-speed data 
transmission.The SPI mode allows simple common 
SPI interface, this model relative to the inadequacies 
of SD mode reduce the speed.We chooses SD mode to 
meet the need of the speed of storing as high as 
possible.Shown in Figure 5. 

 
Figure 5  Storage circuit 

III  SOFTWARE DESIGN AND DATA FUSION ALGORITHM 

A  The overall program chart 
The main system program block diagram is 

shown in Figure 6. 
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Figure 6  The overall program chart 

B  stance logger map 
By MPU9150 stance measurement unit, three-axis 

acceleration data can be read and triaxial angular and 
three-axis magnetometer data, and  after IMUUpdate 
algorithm solver,getting information coil 
stance.Specific process shows in Figure 7. 

 

Figure 7 stance logger map 

C  Track record program chart 
After power supplies ,the system initializes the GPS 

operation,  the timer and serial port and turns the 
timer interrupt, waiting to receive GPS location 
information.Specific process shows in Figure 8. 
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Figure 8 Track record program chart 

D  Data storage section 
With the development of single-chip 

microcontroller applications,the demand of control 
system for storing large amounts of information are 

more and more 
]10[
.By 9 wire connection between SD 

card and controller：CLK,CMD,D0-D3,VDD and two 
VSS.Commands and responses in the CMD line 
transmission, data transmission on the D0 or D0-D3

]9[
. 

SD cards’ all commands are six bytes in length..A 
command always begins with a start bit (0), followed 
by the transfer direction bit, followed by six command 

index, followed by 32 command parameters, CRC7 
parity, stop bits (1). Response SD card into R1, R1b, 
R2, R3, R6, R7 six kinds, wherein R2 is a 17-byte 
length, for reading the SD card CID / CSD register 
contents, while the rest is 6 bytes in length. 
E  Control algorithm 

The design of the control algorithm, divided into 
two parts： first with IMUUpdate calculated Pitch 
(pitch angle) and Roll (roll angle), then combine the 
complementary filter obtained Yaw (heading).Specific 
process shown in Figure 9. 

 

 
Figure 9 Control algorithm 

IV  TEST METHODS AND RESULTS ANALYSIS 

A  The overall program 
Complete detailed records, and then use the more 
friendly interface output stance information, so 

researchers can easily obtain information receiving 
coils during the geological exploration work at any 

time to adjust and evaluate the results of the detection 
method based on the detection coil stance 

accuracy.The final design shows in Figure 10. 



Qiu Shuo etc.: System design and implementation of the receiver coil stance and track record 

235 
 

 
Figure 10 Physical map 

In tests, the use of computer serial display data 
shows in Table 1. 

Table 1 Test Data 

 Yaw Pitch Roll 
First 245.093 7.078 17.607 
Second 245.097 7.048 17.611 
Third 245.093 7.077 17.628 
Forth 245.005 7.151 17.743 
Fifth 244.936 7.116 17.730 

As can be seen by the data, the design of error is 
less than 1 °. 

V  IN CONCLUSION 

This article designs track recording device posture, 
based STM32 microcontroller and 9-axis 
measurement data MPU9150 stance sensor fusion 
algorithm using quaternion data obtained stance angle 
device, GPS location data, and the data is stored on the 
SD card . Which, by the self-calibration function 
algorithm effectively improve the accuracy of the 
system. 

In addition, the paper also tests the overall 
equipment, and the device’ measured results are 
compared with the turntable actual measured data. The 
device’results and experimental results agree well with 
the rotary table, demonstrating the effectiveness of the 
calculation method and apparatus. 
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The design of vehicle micro traffic weather station 
based on 51SCM 

 
AN Yan;  SHI Jing;  WEI Xin 

（College of Instrumentation and Electrical Engineering, Jilin University,Changchun130061,China) 
 

Abstract—With the continuous promotion and application of microcomputer, a new generation of communications 

technology and new type sensors，the development of weather monitoring system in China will inevitably turn to the 

direction of  micro power, intelligent, high reliability, low cost, which will provide more reliable detailed meteorological 

information for our production and life. The design of vehicle traffic micro weather station is made by using a single chip 

microcomputer, which can make the station more small and concrete. Combining multiple nodes with different regions, a 

wide range of real-time data is collected and uploaded to the network with application scene of the Internet of things. It 

provides a new idea for data storage of the onboard Internet. 

 

I. INTRODUCTION 

IN today's society, real-time and accurate data about 
meteorological data like temperature, humidity, wind 
speed and direction can be nationwide collected as 
large scale as possible. But the acquisition mode is of 
high input and high consumption. Therefore, this 
research project is based on vehicle network, low cost, 
a wide range of meteorological data collection. 

Because the meteorological cause are inseparable 
with civil and industrial activities, meteorological 
acquisition technology plays an important role in 
national defense construction, social progress and 
economic development, and along with the 
implementation of the national strategy of sustainable 
development, meteorological acquisition technology is 
more and more important for us; With the needs of 
meteorological information changing continuously, the 
traditional meteorological model has been unable to 
meet the people's needs. Therefore, the automatic 
meteorological data acquisition technology develops 
well in our country. Meteorological data acquisition 
system of things directly affects the practicability of 
data. Thus, how to realize data collection and summary 
widely from all over the country and all over the world 
and must be a very meaningful research direction in 
the future. 

Although domestic meteorological data acquisition 
system has achieved greater development at present, 
compared with foreign development level, there is still 

a big gap. Therefore, in order to improve the overall 
level of the meteorological cause monitoring in our 
country, we must focus on the development of a new 
generation of automatic weather station and improve 
the key technology of meteorological sensor and data 
processing. 

II. SYSTEM DESIGN 

The hardware system structure diagram used in this 
design is shown in figure 1. The hardware design of 
the system adopts the design idea of low power, 
portable, which is mainly comprised of a sensor 
module, a display module and a control module with 
51 single chip computer as the center. The sensor 
module is comprised of a DHT11 temperature and 
humidity sensor, air pressure sensor of MS5611 and 
photoelectric encoder. Then, they transmit the data to 
the MCU, display it, and transfer data to the PC 
terminal via serial to USB. 
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Fig.1 The whole structure block diagram 

III. DESIGN OF THE KEY MODULES 

A. The main control chip ST89C51 microcontroller 
The main system choose the single chip STC89C51 

as the core chip of the system. STC89C51 is a 8 bit 
microprocessor developed by America company 
STC,which is embedded with 4kB Flash ROM. The 
voltage ranging from 3.8V to 5.5V, its working speed 
ranges from 0 to 40MHz. The characteristics of the 
STC89C51 chip has also include low power 
consumption, high performance, low price, high speed, 
high reliability, anti-interference, PLCC package, a 32 
bit programmable multifunctional I/O ports and three 
16-bit timers / counters. This makes it easy to process 
data accepted. 
B. Temperature and humidity sensor DHT11 

 
 
 
 
 
 
 
 
 
 
 

Fig.2 DHT11 

DHT11 digital temperature and humidity sensor is a 
kind of temperature and humidity compound sensor 
with calibrated digital signal output. The single wire 

serial interface makes the system integration easy and 
fast. It has extremely low power consumption and 
small size. The measurement range of the humidity is 
20~90%; the measurement range of the temperature is 
0~50 degrees Celsius; the range of the supply voltage 
is 3~5.5v; the resolution is 1; it is suitable for onboard 
weather station. 

DHT11 can transfer 40-bit data once, the data format: 
8bit (Integer data of humidity) + 8bit (Decimal data of 
humidity) + 8bit (Integer data of temperature) + 8bit 
(Decimal data of temperature) + 8bit (Checksum). 

The communication process is as follows: Idle state 
of the bus is high. The host computer pulls it to low 
and waits for the DHT11 to response. (The host 
computer must pulled the bus to low for more than 18 
ms to ensure that DHT11 can detect the starting 
signal).  

After DHT11 receives the signalfrom the host, it 
wait for the host signal to end and then send the low 
level 80us response signal. Then DHT11 pulls the bus 
up to 80µs and ready to send data,（When high level 
lasts for 26~28µs, it is' 0 '; when high level lasts for 
70µs, it is'1'）. Every data is announced at the low level 
of 50µs. When the last bit data transfer is completed, 
bring the bus 50µs the DHT11 down, and then pull the 
bus into the idle state from pulled-up resistor.  
C.  Pressure sensor MS-5611 

MS5611 pressure sensor ,with SPI and I²C bus 
interface ,is a new generation high resolution pressure 
sensor announced by MEAS（Switzerland）, and its 
resolution is up to 10cm. The sensor module comprises 
a 24-bit sigma ADC (Factory calibration factor)of low 
power consumption and a pressure sensor of high 
linearity an ultra  (Factory calibration factor) . the 
MS5611 pressure sensor has small size of only 5 mm * 
3 mm *1 mm, which can be integrated in a mobile 
device. The sensor uses the leading MEMS technology 
and benefit from mass manufacturing experience of 
more than ten years of mature design of the MEAS 
(Switzerland) to ensure that the product has a high 
stability and very low pressure signal hysteresis. The 
measuring pressure value ranges from 10 to1200mbar 
(MB = HPA); working temperature ranges for the -40 
to +85 degrees Celsius; power supply voltage ranges 
from 1.8 to 3.6v. Stored factory calibration data in 
MS5611 6 are:  

Wind speed 
and direction 
sensor and 
interface 

Temperature and 
humidity 
sensor and 
interface circuit 

Pressure sensor 
and interface 
circuit 

SCM and peripheral 
circuit (A/D 
Collection) 

LCD display 

CH340 

PC terminal（USB）
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TABLE 1THE FACTORY CALIBRATION DATA 

Variable Description | Equation 

C1 Pressure sensitivity |SENST1 

C2 Pressure offset| OFFT1 

C3 Temperature and pressure sensitivity coefficient | 

TCS  

C4 Pressure offset of the temperature coefficient | TCO

C5 Reference temperature |TREF 

C6 Temperature coefficient |TEMPSENS 
(Variable type table above is unit16) 

MS5611 is an integrated circuit which is composed 
of piezoresistive sensor and sensor interface. The main 
function of it is to convert the measured simulated 
pressure value  without compensation into 24-bit 
digital value output or 24-bit digital temperature value, 
respectively called D1 and D2.Then, calculate the 
actual temperature. The calculation formula is as 
follows:  

The difference between actual and reference 
temperature dT: 

82 2 5*2REFdT D T D C= - = -             (1) 

The calculation of the actual temperature TEMP
（0.01 degree resolution） 

    
23

20 *
2000 * 6 / 2

T E M P C dT T E M P SE N S
dT C

= +

= +

     (2) 

Then, calculate the pressure value under the 
temperature compensation. The calculation formula is 
as follows: 

The actual temperature offset（OFF）: 

1
16 7

*

2*2 ( 4* ) / 2
TOFF OFF TCO dT

C C dT

= +

= +
                (3) 

The actual temperature offsets（SENS）: 
1

15 8

*

1* 2 ( 3* ) / 2
TSENS SENS TCS dT

c C dT

= +

= +
              (4) 

The final result（P）: 

21 15

1*
( 1* / 2 ) / 2

P D SENS OFF
D SENS OFF
= -

= -
              (5) 

When the temperature is below 20 degrees Celsius, 
two order temperature compensation was needed to 
make the pressure and temperature achieve the best 
accuracy. The flow chart is in figure 3. 

TEMP<20C

Low temperature

Very low temperature

TEMP<-15C

High temperature

Calculation of pressure and 

temperature

2 31

2 1

2 2

2 / 2
2 5( 2000) / 2
2 5( 2000) / 2

T dT
OFF TEMP
SENS TEMP

=

= -

= -

2 0
2 0
2 0

T
OFF
SENS

=

=

=

2

2 1

2 2 7( 1500)
2 11( 1500) / 2

OFF OFF TEMP
SENS SENS TEMP

= + +

= + +

2
2

2

TEMP TEMP T
OFF OFF OFF
SENS SENE SENS

= -

= -

= -

Yes No

Yes No

Fig.3 The flow chart of the second-order temperature 

compensation 

IV.  WIND DIRECTION AND SPEED TEST MODULE 

Wind speed and wind direction of the design are 
measured by using photoelectric encoder. Respectively 
measure the angle and rotate speed with two 
photoelectric coder, and then evolved them into the 
wind speed and wind direction. 

Photoelectric encoder is shown in figure 4. On the 
edge of the disc are many small holes. In a fixed 
position, there are a light source and a light receiving 
device respectively on its two sides. Every time the 
light received by the light receiving device, the 
working encoder will output pulse, and using 
microcontroller interrupt can record every pulse. If the 
number X of holes of the disc and number M of pulse 
in a certain period of time are known, the speed N of 
photoelectric encoder will be obtained. Setting time at 
1s, the speed N=M/X.   

In fact, the photoelectric encoder has two such pulse 
output port（Measuring speed only need one port）. 
When the encoder works, the deferent pulses of two 
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port are not coincidence. That is to say, when the port 
A output high level at a time, port B may be low at this 
time. Interrupt signal to the microcontroller from two 
port is not at the same time. We can determine the 
direction of rotation of the encoder, thus easy to 
calculate the addition and subtraction value of the 
angle, and calculate the angle by using this point. 
Schematic diagram is shown in figure 5. If interruption 
A happpens before interruption B, it is positive turn, 
calling‘+’; Conversely, calling‘-’. The pulse number is 
M ， The point of changing value of the 
angle±d=(360*M)/X (If M=360，then d=0) 

Fig.4 Photoelectric encoder 

Port A: 
 
Port B: 
 

Fig.5 The pulse of A and B  

V. 4SYSTEM SOFTWARE DESIGN  

Using C language to program can improve the 
working efficiency and reliability and continuity of the 
program. Four part of program were written including 
the temperature and humidity reading program, 
pressure reading program, temperature compensation 
program, interrupt counter program of the encoder and 
LCD display program. Because the encoder using the 
communication interruption would interrupt the serial 
port of the temperature and humidity, so read the 
temperature and humidity by another piece of single 
chip and displayed them with two pieces of LCD 
screens finally. 

VI.  SYSTEM TEST EXPERIMENT 

Test method: After the design is completed, product 
the design and run the function test. The test system is 

as follows: measure 20 times in different places and 
time, and choose 6 groups of records of great 
difference. Then, calculate the error and mean value 
and analyze whether its error size is within the allowed 
range. 

The test results is listed in Table 2: (The air pressure, 
temperature and humidity values are selected and 
arranged again, and each serial number is not unified 
location) 

TABLE 2 WEATHER STATION DATA TABLE 

Tem 

（T）

(oC）

Tem 

(A）

(oC) 

Hum

（T）

(%) 

Hum

（A） 

(%) 

Pre 

（T） 

(mbar) 

Pre 

(A） 

(mbar)

1 19 19.3 35 34.5 987.76 987.5 

2 20 21.2 37 36.6 988.24 988.3 

3 22 20.8 40 41.1 988.77 988.6 

4 23 21.6 42 42.6 989.32 989.2 

5 24 25.2 45 43.5 991.86 991.7 

6 26 25.5 50 49.6 992.34 992.3 

In the table above， 
Tem——Temperature; 
Hum——Humidity; 
T——Test; 
A——Actual. 
During the test, we test it in different floors, location 

and environment purposely. Comparing the final 
measured results with temperature meter bought in the 
market and outdoor humidity meter, the measurement 
error is in the allowable range. 

VII. CONCLUSION  

The micro meteorological station of the design used 
very skilled and widely used technology like the MCU 
and a variety of sensor module. The overall 
construction was based on the idea of modular, and it 
can realize the uptake and acquisition of part of 
meteorological data, meeting the requirements of the 
original design. The biggest feature of the system is: 
they are low energy consumption, small size, low price, 
can be a large number of loading in various locations 
and various types vehicle, transmits the information 
through the serial port to USB to be sent to the PC side, 
and the collected information can also be spread to the 
interne. 

The shortcomings of the design:(1) Measurement of 
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temperature and humidity only achieve the single 
digits, and the temperature below zero cannot be 
measured; (2) Because the material parameters of the 
wind cup is not clear, the measurement error of the 
wind will be very big; (3) When the vane on the 
photoelectric coder kept swinging, angle measurement 
error will increase. After several experimental 
measurement, the data of the system can be measured 
and displayed stably, and it can serve customers very 
well.  
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The design of Power quality monitoring system 
based on LABVIEW 

 

 Zhang Bing-Ren; FuYu-Ce;Fu Hua ; Liu Huan 

（Jilin university instrument science and engineering institute,Changchun,130021） 

 
Abstract —Through the virtual instrument technology for detection of power quality . With the help of the premise of the 

analysis using the LABVIEW software.we design a powerful signal processing and data analysis ability of virtual instrument 
testing device.The device can satisfy the functions that the real-time capturing the power quality index data.Besides,real-time 
parameters have been collected into the device that can be accurately displayed through the different modules. 
 

I．INTRODUCTION 

LABVIEW is a kind of application development 
environment, which using graphical editor language 
program G to write the program, and the program is in 
the form of block diagram.What’s more,it’s the most 
ideal choice of developing measure or control system. 
All the necessary desired tools that engineers and 
scientists used to quickly build varies applicationsis 
integrate in the LABVIEW development environment. 

II．COLLECTIVITY DESIGN 

Power quality monitoring will be done in 
LABVIEW.First of all,  the three-phase signal go 
through the signal conditioning circuit ,then,the data 
transport to the voltage signal that is suitable for data 
acquisition  board (usually ±5 v to ±10 v), DAQ can 
change the analog signal to the digital signal that the 
software recognizes, further,the digital signals are 
transmitted into the LABVIEW software. After further 
analysis, the measurement task will be done. 

 One of the characteristics of this system is that ,it 
combines  the power system analysis and analog 
electronic technology and virtual instrument 
technology.The system chooses the suitable sensors, 
making the measurement much more accurate. And 
taking the advantage of the knowledge of the analog 
electronic technology, designing a suitable signal 
conditional circuit.  

In addition to common power quality indicators’ 
monitoring , it also monitors the transient disturbance 
the of power quality. Mainly is the voltage rising and 
dropping drastically in the monitoring and recording 
with strong practicability. 

With the powerful data processing ability and 
logical control, software using a high-level language 
programming, it ensure that the system have high 

reliability and high misappropriation  
 The traditional power quality tester with MPU and 

MCU as the core, but the function is relatively single. 
Signal processing and data analysis ability is weak, 
However it’s more suitable for the power quality 
inspection and special regular inspection. Focusing on 
the passive testing, they does not have comprehensive 
ability to show the panorama of power quality 
problems actively. On behalf of the trends of testing 
technology and virtual instrument, promoting and 
researching the power quality monitoring method that 
based on virtual instrument technology and monitoring 
device which is a new technology in the field of power 
quality monitoring and the new scheme, i believe it is 
the inevitable trend of current development. 

III．DEVELOPMENT PLATFORM DESIGN 

Labview development platform is mainly composed 
of power measurement module,unbalanced harmonic 
analysis module and phase angle module and based 
parameter module. . 

 
Fig.1  The labview diagram 

The module choose labview as platform, using the  
graphical editing language to project. When digital 
signal transmits into the module, then the software can 
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use these data to analysis data, and analysis of data or 
information through the icon or intuitive  to display, 
thus achieve the goal of measuring power quality. 

IV．DATA ACQUISITION MODULE DESIGN 

Data acquisition module chooses the NI company 
acquisition card PXI - 4472, after the analog signal 
transmitting into the card, the module will  change all 
analog signals to digital signals, thus,it transmits 
through the data transmission to the next module. 

 
Fig.2  data collection system diagram 

V．REMOTE MONITORING INTERFACE DESIGN 

If taking advantage of the local area network (LAN) 
transmit to the power quality of real-time data 
information to the virtual power quality measurement 
instrument, and real-time monitoring the grid data, so, 
not only  saving much hardware requirement, but 
also wasting  human resources that is reduced 
greatly. 

Users can simply download the relevant 
program,then they can be convenient to log in and to 
view the data on the browser, at last users can extract 
data from the database. 

 
Fig.3  remote monitoring software window interface 

VI．MEASUREMENT AND ANALYSIS  

Power quality monitoring system based on Labview 
uses the virtual software , the measurement results can 
make  the true value measurement much more close 

to the software than hardware.In order to show the 
measurement results,we will compare measured value 
with simulation data measure in the permitted range 

 MA MB MC 

measurment cu
rrent 

78.1252 77.6884 77.5635 

measurment vo
ltage 

156.292 155.34 155.122 

true current 62.5089 62.0839 62.0851 

true voltage 156.272 155.21 155.213 

Tab. 1  The results of staff turnover statistics 

VII．EPILOGUE 

Power quality monitoring system based on labview 
monitors the grid the indicators  accurately , and with 
the combination of software and hardware, it achieves 
more efficient and accurate data information display. 

Through actual test ,it can show the exact 
three-phase electric wave. 

Three-phase power quality key parameters of 
current value also has much bigger error, error rate 
even up to 2.5%. 

Power measurement module can accurately measure 
the power.  

In this way, it makes the system that has good 
practicability, also,because it is based on the labview, 
good portability,.It means that power quality 
monitoring and management has great significance. 
Not only that, the software can also enhance the 
further development of scientific research. 
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Multi-point wireless environment monitoring 
system 

 

Peng Liu, Yankai Ma, Chuan Jiang 

（College of instrumentation and Electrical Engineering, Jilin University, Changchun 130021, ） 

 
Abstract—In combination with convenient concise and cheap design method, we propose a project of multi-point wireless 

environment monitoring system, which is based on STC89C52 single chip microcomputer, DHT11 sensor, MG811 sensor, 
DSM501 sensor and the wireless module of the NFR905. And this structure can monitor the temperature and humidity, 
carbon dioxide concentration, and PM2.5 of the surrounding environment in real time. Systematic testing and analysis 
showed that environmental data collection performance were qualified, the environmental data transmission was stable and 
reliable. 
 

I. INTRODUCTION 

AS people's living standards improve, more and more 
people yearn for a high quality of life and a 
better  living environment.This requires us to be able 
to design a instrument,which can measure 
environmental parameters and puts forward 
the reasonable suggestion. 

This paper designs a Multi-point wireless 
environment monitoring system to measure 
environmental parameters,such as temperature, 
humidity,concentration of carbon dioxide and PM2.5. 

II．THE OVERALL DESIGN OF THE SYSTEM 

A．System design 

   The overall design of the system takes a 
single-chip microcomputer as the core, through the 
wireless transmission module, transmits the 
information collected to the display module, can also 
be through the control module to the specific operation 
of the host display screen display which one specific to 
the data collected from the machine. Structure 
diagram of control part as shown in Figure 1, part of 
the structure diagram of monitoring as shown in figure 
2. 

Signal acquisition part choice of temperature, 
humidity, carbon dioxide concentration and PM2.5 
sensor signal acquisition, and signal processing by the 
micro controller, the results will be displayed through 
the LCD screen. 

Single 
chip 

micro-
computer

Wireless 
transmission

Display 
module

Control 
module

 

Fig. 1. control part of the structure 
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sensor

Gas 
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PM2.5 
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amplic
ation A/D 

convers
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Single 
chip 

micro-
computer

Wireless 
transmission

Display reveal

     Fig2 monitoring part of the structure 
1.Temperature and humidity sensor is DHT11 digital 

temperature and humidity sensor.  It is a digital signal 
output with a calibrated temperature and 
humidity compound sensor.It has high reliability 
and excellent long term stability.And the product 
has excellent quality, fast response, strong 
anti-interference ability. 

2.We use  MG811 as the gas sensor. MG811 gas 
sensor can detect CO2, CO, methane and other gas.It 
has High sensitivity and good stability. 

3.We use DSM501 to monitor PM2.5.It can detect 
the number of particles which is  more than one 
micron diameter. 

4.The output signal of the sensor is generally weak.It 
need to be adjusted after the pre amplification 
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circuit, the filter, comments, to meet the requirements 
of the micro controller on the input signal. 

5.We use NRF905 to achieve wireless 
transmission.The circuit diagram of the wireless as 
shown in figure 3. 

 
Fig.3 wireless transmission modul 

 Ⅲ. THE DESIGN OF SOFTWARE  

A.  Software design of  the host machine  

   With the measurement device,  we can measure 
on multiple nodes. What the DSM501 provides is a 
PWM signal, which need 30s to complete. So 
the display cycle time is 30s.Between the machine and 
the host ,we use the indirect way of communication. 
The measurement results will be sent to the machine 
which is closer from the host  at the first,  then the 
data will be sent to the host machine .Flow chart as 
shown in figure 4. 

B. Software design of  the slave machine  
   The  output signal of DHT11 is a digital 
signal.But the signals of DSM501 and MG811 are 
analog signals, which need The AD conversion of 
PCF8591. Signal data will be deal with by the  right 
algorithm . 
And the data will be sent to the host machine through 
NRF905.Flow chart as shown in figure 5. 
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Microcomputer 
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Fig.4 the flow chart of the host 
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Fig.5 the flow chart of the branch 
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Ⅳ．THE TEST RESULTS OF SYSTEM 

We  tested many groups of data at different time 
and in the same location data,and the results can 
display on the screens.The machine  as shown in 
figure 6. 

 
Fig.6 the system entity 

 We chose four groups of the experimental data,as 
shown in table 1. 

table. 1 the test results 
 Test

 te
mpe
ratu
re
℃ 

Act
ual 
tem
pera
ture
℃ 

Tes
t 
Hu
mid
ity 
 
% 

Act
ual 
hu
mid
ity 
 
% 

Test 
CO2 
 
 
 
 
ppm 

Actu
al 
CO2 
 
 
 
ppm 

TestP
M2.5
 
 
 
kpcs 

Actu
al 
PM2
.5 
 
 
kpcs

1 20 20.
3 

23 24 370 340 9.3 9.8 

2 21 21.
2 

26 27 415 433 10.5 10.3

3 22 22.
3 

30 32 768 794 14.8 15.2

4 23 23.
3 

34 36 1567 1634 17.3 17.5

Ⅴ．CONCLUSION 

   The Multi-point wireless environment monitoring 
system includes a host  machine(the master) and two 
slave machines.We designed and built the main 
hardware, and select the appropriate data algorithm. 
And we Wrote a program of  C. The machine can 
monitor the data of surrounding environment. 
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The Comparison Study of the SPWM Signal 
Generator between two methods Based on FPGA 
 

Yao Yao, Teng Yongping, Hu Yanan 

（College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130000,China) 
 

Abstract—This article describes the self-developed by using Altera's Cyclone FPGA series of digital platforms.Using the Q

uartus II11.0 software in the FPGA design out of the PWM signal generator.The whole system can implement a frequency-tun

able, high-frequency modulation of the PWM signal generator and its dead time is adjustable, and the realization of the two-

way signal output interlock.At the same time, compare method used in this paper and DDS technology , design a more suitabl

e PWM signal generator. 

Key word—FPGA   SPWM control   Dead time   

 

I. FOREWORD 

NEW power electronic devices and the emergence and 
development of high-performance microprocessors 
sinusoidal pulse width modulation (SPWM) 
technology has been widely applied in the field of 
digital control, there are many ways to generate 
SPWM pulse width modulation wave, but it is a 
technical difficulty to produce highly accurate and 
stable output waveform with SPWM technology, this 
is related to the quality of SPWM wave. There are 
many methods to generate SPWM, mainly in the 
following two ways: one is the use of direct digital 
frequency synthesis (Direct Digital Synthesizer, DDS) 
to generate a sine wave and triangular wave, sine wave 
as the modulation wave, triangle wave as the carrier 
amplitude, and generated consistent with the size and 
the duty cycle amplitude sinusoidal signal SPWM 
relations. Another is to use Simulink simulation 
SPWM signal is digitized and show SPWM signal by 
0.1 sequence .Such 0.1 sequence generated SPWM 
signal by FPGA according to a certain timing with 
high and low level control . 

II. THE PRINCIPLE OF SPWM TECHNOLOGY 

Sinusoidal pulse width modulation technique: 
Through a series of pulses of varying width 

modulation, to the equivalent sinusoidal waveform 
(amplitude, phase and frequency).The principle is 
shown in Figure 1: 

 

Fig.1.The principle of SPWM technology 
 How to use square wave varying width equivalent 

to the sine wave is the basic idea of SPWM 
modulation, to ensure a square wave varying width 
corresponding to the fundamental wave and the sine 
wave of the desired equivalent amplitude, phase and 
frequency are the same. 

So there are following disadvantages SPWM signal 
generation based on DDS technology:(1) Since the 
internal DDS sine waveform amplitude value stored in 
the memory is a binary representation, the amplitude 
of the sine value memory for crossing the word length 
must be quantized, so that the introduction of a 
quantization error. (2) ROM addressing a large 
number of bits, the comparator compares the re-export, 
the duty cycle changes slowly. 

III .THE GENERATION OF SPWM SIGNAL BASED ON 

DDS TECHNOLOGY 

DDS using the reference clock and the technology 
of phase accumulator control storage address changes, 
so as to control the output waveform of the phase and 
frequency. DDS using the reference clock and the 
technology of phase accumulator control storage 



 Yao Yao etc.: The Comparison Study of the SPWM Signal Generator between two methods Based on FPGA 

247 
 

address changes, so as to control the output waveform 
of the phase and frequency. 

 

Fig.2 .Flow chart 
Use QuartusII 11.0 integrated software development 

environment existing module, on FPGA, VHDL 
hardware description language used to build the phase 
accumulator, dividers, etc. The method uses DDS 
technology digitized and the digitized triangular wave 
modulated sine wave, with the intersection of the 
triangular carrier wave and the modulation sine wave 
to determine the pulse naturally sampling point and 
the switching point, then control the switching device 
off. Sampling point and switch point is determined 
using a comparator to compare, thereby modulating 
the SPWM waveform. The module includes the 
multiplier module, DDS sine wave generator module, 
a triangular wave generator module, the comparison 
module and dead-time control module and five 
modules. Set sine wave frequency of about 50Hz, the 
frequency of the square wave is about 10kHz, the dead 
time is 3 * (1/100000) is 30us. 

IV .THE FPGA TO GENERATE SPWM BASED ON 

SIMULINK  

Extracted from the Matlab simulation library model 
to the Simulink simulation platform.In this 
environment, we can fundamental generator, carrier 
generator, and other components of the comparator 
model represented by a block diagram, set the input 
and output of the system is moving dynamic 
simulation. In the operation of which, we performed to 
generate simulation signal SPWM, the control signal 
can be obtained that contains 0,1 sequence. 

Fig.3.The simulation diagram 
Under load resistor size 2Ω, inductor size 1mH the 

case, the simulation of Simulink SPWM signal is 
digitized, export data in Simulink scope inside by 
LABVIEW get the number 0 and 1 cycle. We can get 
450 0,1 sequence with a period represented SPWM 
signal, FPGA timing in accordance with certain 
frequency division will take advantage of the high and 
low SPWM signal generation. We were divided by 
operating through the FPGA clock signal control 
SPWM duty than conduct programming. 

Design ideas for the definition of the two output 
signals in the structure of: PWMH and PWML, also 
defines a count signal: CNT, as an intermediate value. 
When the count value of the count value signal CNT is 
smaller than the set value, at every clock pulse signal 
CNT will be incremented by one, if the count value 
when the count value signal CNT is smaller than or 
equal to the D input signal values, will PWMH signal 
is set high, PWML signal low. When the technical 
value of the count value is equal to the input signal 
CNT value D signal when the output signal inversion 
put that PWMH low, PWML high. When the count 
value of the count value CNT is equal to the signal 
when the setting value CNT, CNT put to zero, the 
program will again cycle effect, constant output pulse 
width modulated signal. Thereby achieving the 
purpose of the pulse width modulation. 

V. THE PRINCIPLE OF THE DEAD BAND TIME SETTINGS 

The basic structure of the bridge circuit is actually a 
large number of the inverter circuit, in the ideal case, 
each leg of the upper and lower switching tube strictly 
alternately turned on and turned off. But the reality is 
that each switch pass, off will take some time, 
especially in the off-time longer than the turn-on time. 

In the process of switching off the tube, if another 
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switch has been turned on, it will definitely lead to a 
short circuit arm. To prevent this from happening, so 
that the trigger signal is usually some delay, called the 
dead time. Thus creating dead time is very important, 
let's generate SPWM waveform contains dead time by 
the following method. 

When we produce a normal control signals, the 
control signals all the way to the rising edge of each 
one as a trigger to produce a square wave around 10us, 
and then use this square wave or will operate, so that 
you can get what we want SPWM waveform contains 
dead time, the principle is shown below: 

 
Figure.4.theory to produce the signal containing the dead time 

As shown in Figure 4, we give specific practices 
produce dead time, In practice, we do the trigger at the 
rising of the upper side of the square wave to produce 
a shorter delay, thus generating a certain time delay in 
the rising edge of each square wave are the two signals 
do the same for a different Yihuo i.e. 0 such operations, 
will generate a square wave signal including a certain 
delay, another way to do the same operation signal, the 
time difference between the two signals is the dead 
time we produce. Get out of the two signals is to 
include complementary SPWM signal dead time. 

VI. THE EXPERIMENTAL RESULTS 

The output signal based on DDS shown in Figure 5: 

 

Fig.5. The SPWM signal based on DDS technology 

The method successfully produces SPWM signal, 
but the duty cycle changes implemented SPWM slow 
and poor continuity. 

 

Fig.6. The real produce of the signal 
The method successfully produces SPWM signal 

frequency is adjustable, the signal is good. By this 
way we can find the actual output and simulation 
results comparison, the frequency changes rapidly, as 
compared with FIG. 5 up changing rapidly, we meet 
the opening requirements of the switching circuit off 
faster frequency variations. 

VII. CONCLUSION 

Contrast the above two methods, frequency 
generator based on DDS technology SPWM signal is 
low, the duty ratio changed slightly. But the second 
method of generating SPWM signal frequency is high, 
a large duty cycle. Because we SPWM signal is 
generated to control the H-bridge circuit switching 
devices off, you need to work at a certain frequency 
conditions, the error based on DDS technology to 
generate SPWM signals at high frequency is large, and 
it is less stabler than second method, Therefore, the 
second is more suited to our actual needs. 

In summary, we will use the second method SPWM 
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signal is generated. 
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Abstract—The microtremor carried information closely related to the shallow crust media, and we can take advantage of 

the microtremor to do site evaluation and nondestructive testing, etc. We design a microtremor characteristic waveform 

automatic analysis system, for the convenience of field data scrapers and waveform characteristic analysis in the microtremor 

exploration experiment, etc. We write the corresponding program to microtremor anomaly characteristics of the signal 

recorded data to using to mathematical software MATLAB collect, record, analysis, etc. The signal characteristic waveform 

quantization processing, characteristic waveform automatic picking can be realized. The waveform amplitude spectrum 

analysis, automatic generation of the data file and results graphics can be automatically generated. The application results 

show that microtremor signal waveform characteristics of the automatic analysis system can analysis of microtremor signal, 

which can meet the actual needs of users. 

Keywords—microtremor signal; waveform characteristics; automatic analysis; MATLAB  

 

I. INTRODUCTION 

THE microtremor is weak moments existing in the 
earth’s surface, mainly caused by man-made and 
natural factors such as the source of randomness. 
Research shows that the microtremor closely related 
to shallow crust information, can be used in micro 
site evaluation, NDT etc. Because the microtremor 
itself has some excellent characteristics, people 
constantly collects microtremor data, and carries on 
the analysis. However, the experimental data is 
difficult to treat. For example, with the development 
of digital seismic observation process, as well as the 
characteristics of dynamic, seismic instrument of 
wide band, high sensitivity, the seismic data 
contains a large number of crustal activity 
information. In earthquake monitoring and daily 
discovery before the earthquake, there are abnormal 
changes of fretting. In the course of the study, we 
need to browse and analysis of the recorded data a 
lot of earthquake, which is time-consuming and 
laborious. At present, the domestic and foreign 
scholars do more research for it, and put forward 
various data processing methods. However, there is 
no micro wave sound analysis software or there is 
no systematic software. Therefore, this paper 
summarizes the waveform characteristics of micro 

data and related processing methods and the 
preparation of the corresponding procedures, 
applications of mathematical calculation software 
MATLAB for automatic anomaly characteristics 
picking, recording, analysis of the micro signal 
recording data, and develops the corresponding 
software, with the image, intuitive, scalability, and 
provides technical support for the subsequent signal 
processing etc. Automatic analysis system can be 
used in Earth Science, medicine, military, economic 
and other fields, which has broad application 
prospects. 

II． OVERALL DESIGN OF THE SYSTEM 

The design of the microtremor characteristic waveform 
automatic analysis system includes microtremor 
acquisition module, normalizing process module, 
calculating power spectrum module, interactive spectrum 
module and spatial autocorrelation coefficient module. 
The overall structure of the system is shown in Figure 1. 
The microtremor signal acquisition module collects 
experimental microtremor data and reading function so as 
to carry out data processing. The normalizing data 
processing module makes data normalized by distribution 
in the interval [-1, 1]. Calculating power spectrum module 
can facilitate the analysis on the data of energy, which is 
an important basis for data analysis. Interactive spectrum 

Design of Automatic Analysis System for 
Microtremor Waveform Characteristics 
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module is used to require interactive spectrum, and 
smooth the result. Spatial autocorrelation coefficient 
module gets the spatial autocorrelation coefficient curve 
with frequency, which is used to determine whether 
the frequency points are in space and how is the degree of 
correlation. 

Microtremor Signal Acquisition Module

Normalizing Process Module

Calculating Power Spectrum Module

Interactive Spectrum Module

Spatial Autocorrelation Coefficient Module
 

Fig. 1. Overall system design diagram. 

 III．SOFTWARE DESIGN 

A．Microtremor Acquisition Module 
The measuring equipment is used to collect the 

microtremor signal feature data from different 
geographical positions. A data process example, as shown 
in Figure 2, we analyze No. 1546 data by measuring the 
waveform characteristics. By this way, we can know No. 
1546, No. 1645, No. 1636, No. 1654, No. 1606, No. 1628 
and No. 1651 data values. We have a lot of data, so we 
write a data reading function. The function can process 
different signal characteristic data. The signal 
characteristic data is gathered in the experiment, by 
programming, sampling on the existing data, thus we can 
realized the reading function of experimental data.  

 

Fig. 2. Microtremor signal acquisition. 

B．Normalizing Process Module 
Normalizing the reading data is convenient for data 

process. In MATLAB, there are three ways of 
normalization. We use the premnmx statement to 
normalize. The syntax of the premnmx statement format 
is [Pn, MINP, maxp, Tn, mint, maxt]=Premnmx (P, T), 

where P, T are respectively as the original input and output 
data, MINP and maxp respectively, the minimum and 
maximum value in P. Mint and maxt are the minimum 
and maximum value of T. The premnmx function can be 
used to input or output data network is normalized, 
normalized data will be distributed in the interval [-1, 1]. 
C．Calculating Power Spectrum Module 

Defining the sampling frequency, observing radius, and 
dispersion frequency curve by using frequency function, 
and calculating the dispersion curves of the data points by 
using the length function, we call a user-defined data 
reading function to read the center measuring micro signal 
data points, storage center survey data points, calculate the 
length of time of observation data, vector data. The 
observation data is from the observed radius of 200 meters 
circumference data. The first reading observation radius of 
200 meters data get the dispersion curve from the 
measured data of re-001, re-005 and re-007. By using the 
same method to read and process the radius of 100 meters 
circumference data. The data was normalized by the 
function. We read different length by basic data segment, 
and power spectrum of the corresponding data segment is 
as shown in figure 3.  

 

Fig. 3. Data segment power spectrum. 

D．Interactive Spectrum Module 
Computing to smooth data points, we set the 0.1Hz 

smoothing window, different power spectrum by 0.1Hz 
Parzen window smoothing processing, and it display 
power smoothed spectrum. The basic data center and the 
surrounding cross spectrum show mutual spectra. Finally, 
we get the interaction patterns and interactive spectrum by 
comparison of figure Parzen window smoothing 
treatment, as shown in figure 4. 
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Fig. 4. Comparison of interaction patterns and interactive 

spectrum. 

E．Spatial autocorrelation coefficient module 
Comparing ideal frequency line spectrum is as shown 

in figure 5. Smoothing spatial autocorrelation coefficient 
spectrum is as shown in figure6. Spectrum analysis of 
data flow diagram is as shown in figure 7. Data 
characteristics of the test program flow diagram is as 
shown in figure 8. 

 

Fig. 5. Comparing ideal frequency line spectrum 

 
Fig.6. Smoothing spatial autocorrelation coefficient 

spectrum. 

 

Fig.7. Spectrum analysis of data flow diagram. 

Read function

Sampling

Transformed spectrum

FFT transform

The original signal time domain 

Standard deviation

Activate Excel Form

Sending data

Variance

Start

End

RMS MeanExpectation

Data show

 

Fig.8. Data characteristics of the test program flow diagram. 

Ⅳ．RESULTS OF SOFTWARE TESTING 

A．The Signal Acquisition 
Data reading function is used to lead in the measured 

signal, and statistical methods is used for testing signal 
stability,etc. In order to get the measured signal 
data acquisition in Tianjin, we carry on tests. The 
measured signal collected in Tianjin have a total of three 

groups of data, which are the first channel west and 
east, the second channel north and south and the third 
channel vertical data. Each data is divided into 14 
groups of experimental data, and we get a total of 42 sets 
of data. We test the signal amplitude (records): observing 
the changes in the amplitude, judgeing intensity the 
change, using 

Start

Initialization

Sampling parameters initialization

Normalized

Read the measured data

Data analysis and processing

Seeking spectrum

Data Smoothing

Draw the characteristic curve

End

Cross spectrum Fitting
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    (1) 

to the conversion formula, in which  is 

voltage sampling value,  is obtained after 

the voltage conversion value, the longitudinal coordinate 
conversion to the micron order by the formula. 

By data acquisition module calls in fretting test signal 
getting from the field experiment. With the formula (1) for 
transformation of amplitude, the measured signal 
recording of measuring points are as shown in figure 9. 

 

Fig.9.The measured signal recording of measuring points.  

   B．The numerical results  
The 20ms sampling interval, were measured on 42 

sets of data sampling in Tianjin. This 
paper respectively measured in Tianjin to get three 
groups of data in the first channel west and east, 
second channel north and south and third channel 
vertical data. The root mean square value, standard 
deviation, variance, the expected value and 
mean value of the measured data are compared in 
table 1.We can judge non-stationary from the data 
comparison.  

 
 
 
 
 
 
 
 

TABLE I 

THE DATA CHARACTERISTIC CURVE 

  RMS Standard 

deviation 
Variance Expectation Mean 

 

 
Group 1 

 
6000.07033087

252 
6000.0753169578

5 
36000903.8091

6698 
-0.40958333 -0.40958333

First  channel 

West and East  
Group 2 

 
3600.86028158

133 
3600.8632785328

8 
12966216.3506

8663 
0.97030666666

6667 
0.97030666666

6667 
 Group 3 

 
13441.8969053

222 
13441.908071895

9 
180684892.613

301 
0.97030666666

6667 
0.97030666666

6667 
 Group 1 

 
5996.111946133

09 
5996.1169088223

9 
35953417.9842

658 
0.63926333333

3333 
0.63926333333

3333 
Second Channel 

north and south 

Group 2 3787.18205560

48 
3787.1852115831

8 
14342771.8268

343 
0.008685 0.008685

 Group 3 

 
18365.3246218

043 
18365.339904671 337285709.814

1028343 
-0.890505 -0.890505

 Group1 

 
7298.26778346

376 
7298.2738529964

9 
53264801.2333

322 
-0.42483666667 -0.42483666667

Third channel 

vertical 
Group 2 

 
4270.99465941

756 
4270.9982185811

8 
18241425.7831

236 
0.00495666666

666667 
0.00495666666

666667 
 Group 3 

 
32416.1866803

83 
32416.213691501

1 
1050810910.09

306 
-0.39483 -0.39483

C．The signal spectrum analysis 
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We can see from Figure 10, based on the time 
domain curve of the first east-west first set of data. We can 
see the non-stationary of the amplitude. Figure 11 is 
the FFT transformation of the signal frequency spectrum. 

 
Fig.10.Original signal time domain chart.  

  
Fig.11.Spectrum FFT transformation. 

Ⅴ．CONCLUSIONS 

This paper designed the microtremor characteristic 
waveform automatic analysis system, which realized that 
it can apply to computer voluntarily to carry on anomaly 
characteristics picking up, recording, and analysis of the 
microtremor recorded data. The long time continuous 
observed data can timely treat. The method is simple, 
convenient and can save time and effort. By writing 
different functions, we can calculate the different data 
patterns, and further analyzes the main characteristics of 
the microtremor. It can provide technical reference for the 
characterization of dynamic characteristics of site and can 
be applied to the research of exploration, seismic 
monitoring, housing construction and the strata structure, 
etc. 
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Research of the portable multi-index oil quality 
analysis instrument   

 
SONG Ji-bin, WANG Tian-zi, and QIN Jia-nan 

            （jilin university instrument science and engineering institute,changchun,130021） 
 

Abstract—In recent years, the production and extensive use of “gutter oil”,mainly in restaurants,caused great harm to the 

health of consumers. Thus,developing and designing a portable, civilian oil quality analysis equipment is of great 

importance.Detecting gutter oil based on the dielectric constant and the shading degree of cooling oil, can achieve higher 

accuracy .Then using near-infrared spectrometer to verify the experimental results ,which proves that the system can 

distinguish between a variety of edible oils and fats are inferior with pretty high accuracy. 

  Key words—oil quality; waste oil; portable;oil analysis; dielectric constant; shading degree 

 

I. PREFACE 

ACCORDING to Nutrition And Health Survey Of China 
Residents issued by the ministry of health, urban 
residents  consume as high as 85.5 grams of fat  per 
day, and more than half of that is consumed through 
cooking oil.However, police have dismantled several 
nationwide illegal cooking oil ring,which confirms the 
rumors that many restaurants  in China use gutter oil to 
cook food, which exerts a serious threat to the health of 
consumers. 

At present, the common methods to detect gutter oil   
include instrument analysis methods[2] ,such as near 
infrared spectrum, gas chromatography and liquid 
chromatography ; physical and chemical indexes 
analysis methods such as density, viscosity, water 
content [3] , refractive index[4], saponification value, 
optical activity and peroxide value [5] ; aspergillus 
flavus detection[6],as well as  other specific gene 
detection method [7]. Lots of companies and 
organizations are also try to detect waste oil.Shanghai 
Key Laboratory Of Modern Optical System developed 
a terahertz technology to identify the gutter oil , which 
determine the ingredients contained within the fat by 
detecting  resonance absorption  of the oil[8], but the 
price is pretty expensive.STD-XG grain and oil quality 
detector  developed by Xiamen Stan Scientific 
Instrument Co., Ltd  tests the  acid valence which is a 
traditional method, can get strong characteristic 
information (such as fatty acid content),but it is 
time-consuming and more complicated. 

In summary,using instruments to analysis the oil may 
achieve higher accuracy ,but it’s complex, 
time-consuming and difficult,and it’s not suitable for 
general public using  in their daily life.While 
considering the complex composition of gutter oil, 
using the traditional physical and chemical index 
analysis method to generate a single criterion for the 
identification of gutter oil  is unconvincing.  
Therefore, we design a portable multi-index oil quality 
analysis instrument ,which  measuring the  dielectric 
constant and the shading degree of oil under different 
temperature to analyze product quality.In the PC 
software, we establish the BP neural network 
forecasting model for the determination of waste oil.  
Experiments show that it is a portable, low cost, high 
accuracy instrument. 

II．TEST METHOD AND TEST PLAN 

  System is divided into two modules: Data acquisition 
module, as well as PC data processing and analysis 
module. Data acquisition module collects  dielectric 
constant values of different oil as well as  shading 
degree of oil  under different temperatures.Then PC 
data processing and analysis module processes the raw 
data and extract feature information, which is imported 
into BP neural network afterwords to establish 
classification prediction model. When the model is 
finished,we can input the dielectric constant and 
shading information of a sample to the model and it 
could output the  probability that the sample belongs 
to several  type of oil, respectively .To further verify 
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the reliability of the test results, using near-infrared 
spectroscopy for oil analysis.  Block diagram of 
overall system is shown in Figure 1. 

Fig1. Block diagram of overall system 

A.. Dielectric constant detection system 
Oil is a mixture of various hydrocarbons whose 

dielectric constant is about 2.3[9]. After frying at high 
temperature, being exposed to the air for a long 
time,cooking oil will set off a series of chemical 
reaction such as  hydrolysis, oxidation, 
condensation ,polymerization and produce the free fatty 
acid, fatty acid dimers and polymer, peroxide, 
polycyclic ,which  result in great changes of dielectric 
constant of oil[10]. 

Dielectric constant detection system uses variable 
media capacitive sensor as well as a high resolution, 
Σ-Δ capacitance-to-digital converter  in the 
measurement circuit .By three parallel capacitance 
sensor spacing of d = 0.8 cm double-sided copper-clad 
boards, both sides of the copper clad copper as 
electrodes, each electrode for d = 2.1 cm long, high for 
H = 4.5 cm.The lateral electrodes on both sides of the 
two pieces of copper clad insulation, each other on the 
side of the two electrodes connected together as the 
sensing electrode (CIN), in the middle of a piece of 
copper clad on either side of the electrode together, as 
incentive electrode (EXC).Electrodes coated on the 
surface of 0.1 mm thick teflon material to prevent the 
short circuit.Structure diagram of dielectric constant 
detection system  is shown in figure 2.Air dielectric 
constant is known as ε0, when no load capacitance 
sensor capacitance value is: 

02= DHC
d

e

            (1) 

The capacitance value of the capacitance sensor after 
into the oil : 

2= r DHC
d

e
            (2) 

The relative dielectric constant grease to be tested: 

      0
r

C
C

e =
               (3) 

CI 2

Fig.2 Structure diagram of dielectric constant detection system  
B. Shading degree of cooling oil detection system 
  Compared to a lot of waste oil with high fat content, 
vegetable oils are not more likely to freeze [11].With 
sample cooling, at the same time,  launching a certain 
intensity laser through sample and measuring the 
transmission light intensity, which reflects its 
solidification degree . Structure diagrams of the system 
are shown in figure 3 and figure 4. 

 
Fig.3 Measurement part of the Shading degree of cooling oil 

detection system 
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Fig.4  Circuit diagram of Shading degree of cooling oil 

detection system 

Using semiconductor laser as source of light  and 
silicon photodiode G1115  as photosensitive devices . 
PWM controller generates waves through MOS 
transistor drive to control semiconductor chip cooling. 
Semiconductor refrigeration piece needed a circulating 
water system for cooling.Temperature is measured 
using current output integrated temperature sensor 
AD590. Its output current proportional to the 
thermodynamic temperature T. The temperature sensing 
circuit shown in figure 5. 

   

 C. PC software     

PC software of oil Identification System  analyzing 
the dielectric constant and the cooling oil shading and 
get the oil sample type and quality of information. Its 
main features include: 
① Dielectric constant and light intensity - 

temperature data points display in real-time; 
  ② Pretreatment and storage of the data ; 
  ③ Comparison of the oil sample ; building 
mathematical models to identify oil;  
  ④ Oil sample test data import and export the result 
of discrimination. 
PC software of oil identification system includes four 
parts: 
① oil analysis part of the system; 
② dielectric constant detection portion; 
③ cooling oil shading detection portion; 
④ Establish and update somemodels. 

 Block diagram of PC software is shown in Figure 7。 
 
 
 

 
 
 
                      

Fig.5  AD590 Temperature detection circuit 

Fig.7   Block diagram of PC software 

 
Based on the model and update interface, the 

measured characteristics of information known as the 
training samples of oil imports the BP neural network 
model.Using 20 groups for training,10 groups for 
calibration to build each model of each oil. Model 

parameters are shown in Table 1 



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2015 

258 
 

Table.1 Product identification model design parameters 

 Input layer Hidden layer Output layer 

Number of neurons 21 10 3 

Matrix format 
1 2x x⎡⎣

 

1 2 nh h h⎡ ⎤⎣ ⎦

 

1 2 3

1 2 3

1 2 3

y
a a a
b b b
c c c

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

 

Activation function / Logarithmic  

transfer function 

Linear function

The largest iterations 4000 

The target of error 0.01 

vector 0.01 

Based on the above design, we set up the BP neural 
network model for identification of the product, the 
model convergence curve is shown in figure 8. 

Fig.9 Product identification model convergence curves 

III. CALCULATION RESULTS AND COMPARISON  

Using the model analyzes the  quality of three 
groups of  soybean oil, three groups of peanut oil and  
two groups of old frying oil.The  dielectric constant 
of the above groups is shown in table 2. 

Table.2  Oil capacitance measurements 
Oil type  Average of the 

Dielectric constant  

MSE 

Soybean oil 1 2.42 0.01 

Soybean oil 2 2.43 0.01 

Soybean oil 3 2.47 0.01 

Peanut oil 1 2.01 0.03 

Peanut oil2 2.12 0.02 

Peanut oil3 2.24 0.02 

Old frying oil 1 5.36 0.04 

Old frying oil 2 6.29 0.06 

Shading degree of different oil while cooling  is 
shown in figure 10,Ordinate represents the voltage of 
the  silicon photodiode . 

Soybean oil
Peanut oil

Old frying oil

Temperature/(℃)

V
ol

ta
ge

 /(
V

)

Fig.10  Cooling oil shading degree contrast pattern 

  Model output the probability of an oil sample 
belongs to respective oils. Near-infrared spectroscopy 
output the probability for comparison.Table 3 shows 
the result.Table 6 shows the evaluation parameters of 
the model. 

Table. 3 Model output information 
Oil type The BP neural 

network output (%) 

Near infrared spectrum 

analysis instrument 

output (%) 

Soybean oil 1 96.0 99.4 

Soybean oil 2 95.1 99.0 

Soybean oil 3 96.9 99.5 

Peanut oil 1 92.9 95.8 

Peanut oil2 91.3 94.9 

Peanut oil3 92.1 95.1 

Old frying oil 1 89.4 90.1 

Old frying oil 2 87.3 89.9 

Table.4   Evaluation parameters of the model 
The prediction 

accuracy（%） 

 mean square error

（MSE） 

相关系数（R） 

93.3 0.015 0.09942 

IV. CONCLUSION 

Portable multi-index oil quality analysis instrument 
can obtain valuable quality characteristic information 
to build a good product identification model.Using the 
near infrared spectra of oil analysis instrument to 
verify the product identification model,and result 
shows that this instrument could achieve high acuracy 
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and can replace traditional single index analysis 
method whichl has practical guiding significance to the 
quality control of the cooking oil. 
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Solar energy and piezoelectric power generation 
shoes combined application technology research 
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Abstract—With the challenge of the 21st century energy shortage, looking for new energy in place of traditional energy has 

become the key to solving the problem. In the past few years, Harvesting ambient energy has gradually come into focus , 

especially for outdoor travelers who need a portable power supply for the safety of themselves. This paper mainly describes a 

practical application to harvest the energy which can be converted from vibration and photo-voltaic. On account of the 

restriction of natural condition and the existing technologies, we utilize the piezoelectric devices installed in shoes and the solar 

cells sewn on the clothes to harvest energy from vibration and photo-voltaic, respectively. The combination of the two energy 

harvesting applications can improve the insufficiency of the existing portable power supply with only single power source, and 

provide users with great convenience on the trip. In order to demonstrate the feasibility of the application we have put forward, 

we actually measured the relevant data about the energy harvested from vibration and photo-voltaic.  

Keywords—ambient energy  solar  piezoelectric devices  outdoor travel  

 

I. INTRODUCTION  

AS the fossil fuels are  depleted increasingly, the 
demand for new energy has been more and more 
urgent to achieve sustainable development and develop 
green economy. Solar energy is one of the most 
promising renewable energy which is safe and clean[1], 
and the technology of solar energy generation has been 
mature. Besides, the emerging technology of 
piezoelectric generation gains more and more attention 
of researchers from all over the world on account of its 
unique advantages of simple structure, no producing 
heat and no electromagnetic interference[2]. Although 
there have existed many kinds of outdoor power 
supply products using one of the two energy as the 
source, which are restricted by the environmental 
factors. To improve the performance of the existing 
power products, we utilize the combination of solar 
clothes and piezoelectric power generation shoes to 
provide energy for the electrical equipments. The 
meaning of the combination of two energy sources lies 
in compensating each other’s weakness, and the main 
innovation points in this paper can be listed as follow: 
the selection and the layout of polar panels, the design 
of piezoelectric power generation shoes and the 
connection of two types of generation. 

II．THE OVERALL PRINCIPLE  

A．Solar Photo-voltaic Power Generation Principle 
When solar cells are not applied to a voltage, carrier 

mobility caused by light will produce electromotive 
force on both ends of p-n junction. This conversion is 
called  photovoltaic effect. According to the principle 
of photovoltaic effect, solar panels can convert the 
sun's rays directly into electricity. If the p-n junction is 
connected with the external circuit, there will be 
current through the circuit when solar cells are under 
illumination. In that case, the p-n junction is equivalent 
to a current source[3] .There are some relevant 
applications at present, such as solar camera charging 
belt, solar umbrella and so on. 
B．Principle Of Piezoelectric Power Generation 

 Piezoelectric effect is divided into positive 
piezoelectric effect and inverse piezoelectric effect. 
The positive piezoelectric effect can convert  
mechanical energy into electrical energy , and the 
inverse piezoelectric effect can convert electrical 
energy into mechanical energy. Piezoelectric power 
generation is a technology of converting mechanical 
vibration energy into electrical energy utilizing the 
positive piezoelectric effect of piezoelectric materials[4]. 
There are some relevant applications at present, such 
as the piezoelectric power generation shoes. 
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III．THE OVERALL STRUCTURE 

Solar energy collected by solar cells and mechanical 
energy generated by piezoelectric materials are two 
main sources which can be converted into electrical 
energy. On the one hand, the electrical energy 
generated by solar cells is direct current, and can be 
directly harvested. However, the randomness of 
individuals’ actions leads to the variation of received 
solar energy by solar cells with time, so the output of 

solar panels shall be connected to a regulating circuit. 
On the other hand, the output electrical energy of 
piezoelectric materials is alternating current, therefore 
a rectifier is required to convert AC to DC power. 
Because the output voltage varies with the stress over 
the piezoelectric materials, the output of rectifier must 
be connected to a regulating circuit. In the end, the 
energy harvested by two sources is stored in the 
lithium battery, which can charge electrical equipments 
through a charging circuit. The structure of the system 
block diagram is shown in Fig.1: 

 
Fig. 1.  The block diagram of the system 

 
 Fig.2 The structure diagram 

The hardware connection diagram is shown in 
Fig.2, In the figure 2, solar panels are labeled as 
1-6, piezoelectric materials are labeled as 7 and 8, 
and the energy harvesting circuit and charging 
circuit are integrated in the small box labeled as 9. 
The design of the structure diagram accords with 
human body shape, utilizes the shortest line among 
components, and increases the durability and life 
cycle of the product.   

IV．THE SYSTEM DESIGN  

A．The Selection Of Solar Panels 
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           Fig.3  statistics of charging time of solar panels 
Taking into account the fact that the solar panels 

shall be installed on clothes, we choose solar panels 
whose material is relatively soft and highly reliable in 
case of the arrival of the bad weather and other adverse 
factors outdoors. In view of the above characteristics, 
we choose solar panels which can cater to our need 
shown in the Fig.4. 
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Fig.4  physical map of solar panel 

The output power of solar cell is 1W, the measured 
data in the summer noon are as follows: the voltage of 
solar panel is  2 V(1.96 V to 2.06 V) , and the range 
of current is 550 mA- 650mA. As for the energy 
storing battery, we choose the li-lon battery for the 
purpose of economy and portability by contrast with 
lead accumulator which has high capacity but also 
large in volume. The popularity of li-lon battery has 
spread swiftly in recent years, especially for the use of 
mobile phone. The capacity of mobile phone battery on 
the market is  commonly range from 600 to 1600 
mAh, and the parameters of our solar panel can meet 
the requirements of the practical application. To store 
the electrical energy into the li-lon battery, the output 
voltage and current of solar panels must reach the 
condition of charging. So we use the parallel of two 
series of three solar panels to meet our need, which 
performs well in 1000 mAh, 2000 mAh, and 5000 
mAh li-lon batteries from the Fig.3. 
B．The Layout of Solar Panels 

From the discussion above , we have come to the 
conclusion that the parallel of two series of three solar 
panels can cater to our demands. However, the 
randomness of  individuals’ actions will lead to the 
problem that all the solar panels installed in clothes can 
not receive enough solar energy at the same time, so it 
is of great necessity to design the layout of solar panels 
on clothes properly. The solar panels on chest and on 
shoulder will receive enough solar energy while the 
solar panels on the back can hardly receive solar 
energy when a person in solar clothes faces the sun, 
and the solar energy receiving situation is just the 
opposite when the person turn his back to the sun. 

Considering the two situations, we decide to take solar 
panels labeled as 1、3、5 and solar panels labeled as 2、
4、6 in Fig.2  in series，respectively, and then connect 
two series branches in parallel. The advantage of this 
design can compensate the limitation of solar panels 
installed on chest and on back , and provide the storage 
circuit with enough voltage and current. 
C．The Installation Design of Solar Panels 

Given the convenience of installation of solar panels, 
we utilize the magic tape to install solar panels on 
clothes which can be removed anytime in case that 
there is something wrong with some of solar panels on 
clothes. The circuit connection will be achieved by the 
way as follows: Put some conducting material fixed on 
both the edge of the cathode of solar panels and in the 
center of cathode of solar panels separately, and 
connect the cathode and the anode of solar panels with 
the marginal and central areas, respectively. The magic 
tape is fixed on the remaining area, and make the areas 
which are connected to solar panels  have the same 
structure in order to install solar panels on clothes and 
achieve the circuit connection.     
D．Booster Circuit 

In order to reach the minimum voltage that the 
storage circuit requires, we need to find a proper 
booster circuit to step up the output voltage of two 
sources. But the energy from piezoelectric materials is 
very little, so we want to find a way to solve the 
problem. In the beginning, we decide to choose the 
triple voltage rectification shown in Fig.4 to achieve 
our requirements, but we finally failed to obtain an 
ideal output. By analyzing, we drew the conclusion 
that the quantity of capacities leads to the lost of 
energy during the transmission of electrical energy. To 
decrease the energy lost , we utilize the combination of 
rectifier shown in Fig.5 and the booster circuit shown 
in Fig.6, which achieve our demands in the end. 

 
 Fig.4 triple voltage rectification 
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Fig.5  schematic circuit of rectifier 

 
Fig.6  schematic circuit of boost chopper 

E．The Structure Design of power shoes 
The power shoes is mainly based on the application 

of PZT, therefore we need to find a best position in 
shoes to place PZT on. In view of the fact that the 
bending degree of the back section of shoes is largest, 
we fix the some PZT in parallel on the back section of 
shoes to harvest the mechanical energy as much as 
possible. The instant energy from piezoelectric 
materials is so little that we install a small box in 
which there is a energy harvesting circuit to 
accumulate the little electrical energy generated by 
power shoes. When the collected energy is large 
enough, we can take part the storage battery to charge 
electrical equipments.   
F．The Connection of Solar Clothes and Power Shoes 

The initial purpose of our study is to provide 
electrical energy source for electrical equipments 
outdoors, especially for the outdoor travelers, so the 
connection of  two energy sources is also very 
important. At first, we want to connect the outputs of 
solar clothes and power shoes in parallel to store 
electrical energy into the storage battery, but the wiring 
method is too inconvenient. Therefore, harvesting their 
own energy separately is our plan to achieve our aim. 
The input of charging circuit can be from either of the 

two storage battery. 

V．THE MEASURED  DATA 

A．The Measured Data of  Solar Clothes 
Using the connection of the parallel of two series 

branches which is described above, we have measured 
the actual data of the electric quantity generated from 
solar cells shown in Fig.7 during three time intervals in 
a sunny day . From the figure 7, it is easy to figure out 
that the charging rate between 13:00-14:00 is highest 
among the three time intervals, and the charging rate 
between 16:00-17:00 is lowest. So we can draw the 
conclusion that the charging rate of solar panels is 
proportional to the illumination intensity. 
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Fig.7 statistics of solar battery charging 

B．The Measured Data of  Power Shoes 
Because the energy collected by piezoelectric 

materials is so little that the output of power shoes 
can’t drive a load, we measured the voltage of the 
storage battery of power shoes to get the measured data 
of power shoes. The  result is shown in Fig.8. 
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   Fig.8 statistics of power shoes 

From figure 8, we can conclude that the charging 
rate of exercising is highest among the three actions, 
and the charging rate of walking is lowest. Therefore, 
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the quantity of energy stored in the battery depends on 
the type of actions. 

VI．THE SUMMARY 

According to the measured data of both solar clothes 
and  power shoes, we can come to the conclusion that 
the two power sources can compensate each other’s 
limitation. When the solar energy is plentiful, solar 
clothes and power shoes can harvest energy at the 
same time. The power shoes will accumulate the little 
energy to charge electrical equipments when there is 
no enough solar energy. So the application we have 
studied in this paper can be applied to the outdoor 
power supply, which can ensure the safety of outdoor 
travelers by keeping in touch with outside world.  
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Somatosensory Robotic Arm 
 

BAI Yang,   SHI Zhen,  WANG Da-ren 
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Abstract— By analysing the comfort situation of human arm in somatosensory control , based on fatigue theory, we put 

forward the somatosensory manipulator comfort control algorithms. Modeling for arm comfort zone , controlling robotic arm 

movement in somatosensory way, through the "radial testing laboratories" and "dot point experiment" for the comfort of the 

control arm movement parameter setting, we fit control the mapping function,and raise comfort control algorithms. By 

grasping motion tracking and remote objects experiment, the relative error of the measured comfort control algorithms in less 

than 5%, the absolute error of tip position [the end of mechanical arm] is less than 2mm, improved the comfort of 

approximately 51.8% compared with conventional control algorithms , ensured the comfort of the user at the same time  

meeting the accuracy ,and improved the efficiency of somatosensory control. 

Keywords— comfortable level   somatosensory   fatigue  Robotic-arm  comfort-control-algorithms 

 

0 DERECTION 

SOMATOSENSORY technology is meaning through body 
movements without operation of any complex control 
equipment can be personally on the scene to 
human-computer interaction technology[1]. Apart from 
traditional key-press and touching , somatosensory 
technology greatly enhance the flexibility of operation, 
and intuition.There are more and more 
applications[2][3[4][5] in the field of game, mobile 
application, rehabilitation, virtual learning system and 
so on. 

The somatosensory manipulator control algorithm, 
for the mapping between the human arm and 
mechanical arm posture, mainly based on geometric 
relations for the forward and inverse kinematics  
which core idea is the linear mapping[6], so that the 
mechanical arm completely imitate the human-arm. 
While the human arm structure and mechanical arm 
are different, physiological structure determines its 
mechanical joint that have no completely freedom, 
taking into account the efforts, energy consumption 
and other factors, the most difficult degree is that arm 
made different movements are not the same. This 
process leading to complete a series of actions in the 

operation of the mechanical arm of the operator fatigue, 
low efficiency, can not long time operation[7]. 

In order to alleviate user’s fatigue, improving the 
comfort and efficiency of control , considering the 
influence of human arm comfort and energy 
consumption and other factors, put forward a mapping 
relationship between somatosensory manipulator based 
on comfort control algorithm. 

1SYSTEM DESIGN 

1.1 Overall design 
The design of the mechanical arm somatosensory 

control system is divided into the overall motion 
capture module, the manipulator control module, the 
mechanical arm movements module three parts, as 
shown in Figure 1. 
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The attitude information collecting module collects 
human arm movements, according to the attitude 
computation and wireless transmission to the main 
controller, through the comfort control algorithm 
processing, realizes mapping from the arm posture to a 
mechanical arm, to make the mechanical arm shoulder, 
elbow and wrist joint servos to the target point of view, 
the realization of somatosensory control mechanical 
arm. 
1.2 Design of mechanical arm system 

As the time and cost reducing arm structure 
processing machinery consumption, use Bo steering 
gear Gen robot kit and assembled parts, built a five 
degree of freedom rigid mechanical arm, and shoulder 
arm to people for the origin of the coordinate system 
of the plane, as shown in figure 2. Analysis of 
somatosensory attitude used forward and inverse 
kinematics algorithm, collecting arm angle α, β, 
calculated mapped to five joints on the right side of the 
steering angle of the mechanical arm (1 ~ 5), realize 
the mechanical arm positioning. 

 
Based on the somatosensory technology ,a small, 

wearable wireless attitude monitoring module design 
an integrated gyroscope of MPU6050 module, 24L01 
wireless transmitting module and the STM32 
single-chip microcomputer in one was designed , 
through the network communication , the information 
of attitude, real-time collected after processing transfer 
back to the main control device. The overall design of 
the circuit as shown in figure 3. 

 
1.3 Procedure of the algorithm 

On the basis of the existing fatigue theory, 
somatosensory manipulator controlling experiments 
with, establish space model for the regional arms 
control people more comfortable. Somatosensory 
mechanical arm device into a lot of experimental 
samples, measured the comfort zone of the sample, and 
the theoretical calculation results comparison, 
combined with the establishment of comfortable space 
by the method of mathematics, quasi. Using the 
measured arm comfort zone as a feedback, make step 
to improve and optimization algorithm, modified 
action mapping relationship, the final establishment of 
comfort control algorithm.  

2 THEORETICAL ANALYSIS AND CALCULATION 

At present comfortable is a fuzzy 
concept,quantitative indicators there is no generally 
accepted, but there are still some researching results 
can be used for reference. According to theoretical 
analysis and calculation of quantitative indicators, and 
then analyzes the comfort conditions. 
2.1 Comfort theory 

There is a lot of experiments proposed joint 
maximum torque formula[8]that NASA researchers 
from the dynamic perspective on human isolated.  

2angle c  angle*b a  torque *++=  

Torque for maximum torque, angle for the joint 
angle, a, b and c respectively for the coefficient of least 
square regression fitting, based on the speed of rotation 
and rotation mode (such as the elbow joint stretching 
or bending) check coefficient table is obtained, as 
shown in Table 1 and table 2. 

 

figure 3.The system hardware circuit 
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Table 1 the right elbow extension direction of fit coefficients 

Angular 

velocity(deg/

s) 

a 

(*E-1) 

b 

(*E-2) 

c 

(*E-3) 

60.0 2.382 1.609 -7.057 
120.0 3.998 1.352 -6.401 

180.0 6.186 7.465 -2.948 

240.0 6.797 5.123 -1.389 

Table2 right elbow bending direction of fit coefficients 

Angular 

velocity(de

g/s) 

a 

(*E-1) 

b 

(*E-3) 

c 

(*E-5) 

60.0 9.436 1.385 -7.300 

120.0000 9.559 2.457 -1.990 

180.0000 10.249 0.760 -1.120 

240.0000 11.811 -2.677 0.312 

  According to the joint movement of maximum 
torque analysis, draw comfort is defined as 

ij

ijcij

torque
torquetorque

cl
max,

,max,

)(
)(

a

a -
=

  
 ( 2 ) 

Ergonomics, generally think the energy utilization 
rate is the highest when half of the maximum strength 
was used, work for a long time will not feel fatigue [9]. 
Combined with the experimental object, when cl>0.5, 
namely when the actual torque is less than half the 
maximum torque ,the area for human comfort 
operation domain. 
2.2 The results of analysis theory 

Combination the comfort and relevant research in 
the field [10][11][12], presumably hand comfort zone 
should have the following characteristics: the comfort 
range possible perspective and the arm movement, 
direction and speed; in order to simplify the 
calculation, taking the speed of 60deg/s to simplify the 
calculation, somatosensory manipulator control 
practice, considering the elbow joint stretching and 
bending two directions (corresponding to the Y axis 
coordinate system, the movement of the shoulder joint) 
incurve and abduction (corresponds to the direction of 
X axis in the coordinate system of motion) calculation 
of comfort, right angle coordinates to draw the comfort 
conditions such as shown in Figure 5 

According to the calculated result analysis, in the 
assumption that the simplified model under the 

conditions of comfort control area arm partial 
coordinates the bottom left, into elliptical sphere. In 
order to further determine the arm comfort control area, 
designed by the experimenter arm out in front of the 
following nature as the center, drawing the largest 
circle to obtain perceptual maximum comfort zone, the 
experimental results as shown in figure 6. By the 
analysis of the overall trend can be found with the 
theoretical calculation is similar, the comfort zone bias 
beneath coordinates left. This provides beneficial 
reference for the follow-up sample experiment. 

 

 

3 DETERMINATION OF COMFORT RANGE 

In order to ensure the theory has a guiding 
significance in the model and algorithm in the design 
process, the design of A, B two groups of experiments, 
were quantitatively tested radial plane POz and P =C 
(constant) of the cylindrical surface inner arm comfort 
range. 

Systematic 30 students are right-handed as volunteer 
to measured by the attitude, wear monitoring module, 

Figure 6 comfortable space scatter 

diagram 

Figure 5 comfort range modeling 
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made a series of provisions of the control instruction 
according to their own habits and control the degree of 
comfort. All the actions after the collection of 
summary analysis. 
3.1 The experimental A ：radial test 

This experiment measured the comfort zone 
distribution operator's wrist movement in P oz plane 
situation. The experimental set of nine typical 
manipulator position, please the test set for the most 
comfortable control action in accordance with the 
intention of operation, through the measurement and 
attitude calculation, such as attitude control is shown 
in Figure 7 Schematic diagram. 

The following three conclusions experiment: 
Conclusion 1: in addition to the special action 

(needs to control mechanical arm held high, straight 
and so on), wrist position maintained in the shoulder 
for the vertex to approximate cone cone, cone angle of 
60 degrees within the location away from the shoulder, 
the farthest distance is about straight under the state of 
9/10, the closest position is about straight state 1/3, as 
shown in figure 8. 

This conclusion can be used as a reference condition 
defined hand comfort zone. 

Conclusion 2: the wrist in the comfort range 
(activities within the cone), arm direction and the 
manipulator hand of No. five, No. three joint 
connected line segments parallel to the direction and 
wrist to shoulder, the approximate distance and 
distance between five joints, the joint is directly 
proportional to the number three. 

This conclusion when the arm in a comfortable 
range, control of mechanical arm will tend to the linear 
mapping. 

Conclusion 3: when the wrist is uncomfortable 
position (conical surface), such as the control of 
mechanical hands held high, the operator is always 
hope that their hands not raise too high (too fatigue) 
can control the mechanical arm for higher sensitivity 
settings control, should be higher in the range of hands 
is not comfortable so when designing algorithms to 
reduce the burden of human arm. This conclusion 
provides the reference for the establishment of the 
mapping relations in the Rho oz plane. 
3.2 The experiment B： dot matrix specified experiment 

This experiment measured the comfort zone of wrist 
movement in the distance distribution of the operator A 
and axis as the constant C in the situation when the 
cylinder. 

Because of conical comfort range is concentrated in 
a cone angle of 60 degrees in the conical, cylindrical 
by cutting the remaining part arc small, the experiment 
can be similar to that of graphic processing. The design 
of the same plane of 5 * 5 dot matrix, the average 
distribution can reach in the front area of manipulator. 

A series of point according to certain order, please 
test subjects will tracked controlling in accordance 
with the wrist to each corresponding position, 
recording arm posture. Make every movement will 
hand drooping naturally short rest, to reduce the 
influence of the fatigue test. 

Each measured by the trajectory according to the 
difference points depict that action to make summary, 
draw a line chart. Analysis of relationships between the 
line position, the distance between two nodes in 
adjacent smaller, shown that the operator for the 
mechanical hand making operational posture in the 
range of magnitude smaller, indicated that the area is 
more from the comfortable range. 

Comprehensive experiments concluded: the arm 
comfortable range in the cylindrical inner 

approximation manifests for the oval, the length axis 
and the horizontal direction of the angle of 

approximately 45 deg. The position of the recording 
level scanning motion diagram as shown in figure 9.    

Fig. 7 radial attitude control 
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4 DESIGN AND EXPERIMENT OF ALGORITHM 

The experimental results shown through the actual 
measured arm comfortable range based and theoretical 
derivation comfort range are basically consistent, 
especially in the distribution range of the shape and the 
distribution form of the direction and the expected 
difference, this description can be based on 
experimental verification and theoretical analysis of 
the calculation results derived for comfort algorithm. 
4.1 Design mapping algorithm of attitude 

Because the control mode for the somatosensory, 
inevitably along with the human subjective 
consciousness errors, the overall trend in the correct 
and reasonable error range can be considered credible 
test data. In the error allowed, can according to the 
method to establish the control model. Concludes the 
control relationship between action and the target 
position can be drawn: when the arm in a comfortable 
range, control of mechanical arm will tend to the linear 
mapping; in the comfort range, hand control 
movement amplitude will be smaller. 

So in the improving of the mapping algorithm, 
models can be built for comfortable range, the range of 
boundary conditions as the segment, will control the 
action segment treatment: if the decision wrist within 
this range, the hand movements of linear mapping to 

the manipulator wrist action space; when this out of the 
range, which makes the control sensitivity is increased, 
in send the control command when multiplied by a 
ratio greater than 1 coefficient K, will pose mapping 
small amplitude to control space greatly. 

In the direction, the center point the hand position 
and a comfortable range distance, the direction of 
comfort range farthest point and comfortable range of 
center distance, in the direction of K values, and 
beyond the comfort zone was positively correlated with 
the degree. 

Located in the θ direction, the center point hand 
position and a comfortable range distance, the direction 
of comfort range farthest point and comfort range 
center distance is the θ, then the K value in the 
direction, size and beyond the comfort zone was 
positively correlated with the degree of. 

qqq n/)n(m -  

This approximation satisfies elliptic to elliptic 
midpoint distance relation of each point, where the use 
of oblique elliptic equation defines the comfort range: 
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The horizontal coordinate plane x wrist comfort 
range surface approximation into the inside, said long 

arc, i.e. 0Lφx =  

Y wrist height, i.e. 0zy =  

(x, y) said the wrist coordinate, theta is the major axis 
of the ellipse and the horizontal direction angle from 
45 degrees. 

In order to ensure uniform out of comfort zone by 
the hand when the mechanical arm movement 
smoothness, is should be segmented point lateral 
proportional coefficient curve slope is zero. The 
scheme satisfies the K value: 
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Finally, using the inverse kinematics algorithm, so 
that the robot arm to complete the corresponding 
action. 

Figure9Experimental results dot 
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4.2 Testing and verification algorithm 
Improved mapping relationship, we invited some 

monitoring, experience the somatosensory operation. 
Selecting 20 volunteers were randomly divided into 
two groups, each group of 10 people,  designed of 
control mechanical hand to catch the ball and 
experimental evaluation of algorithms, allows the 
operator to make the control action according to the 
intention to get single, many times with many people 
and many times a total of 500 test data. The first group 
using the traditional linear mapping algorithm 
somatosensory control scheme, the second groups 
using the improved algorithm body comfortable sense 
of control scheme. 

After repeated action, will clearly feel fatigue after 
passengers to complete the action denoted as fatigue 
number. The first group of 250 test results of fatigue 
for 141 times, second groups of fatigue for 68 times. 
Calculation of comfortable algorithm makes the 
fatigue times reduces 51.8%. 

Comparison of mechanical hand tip position and the 
operator to the location, the average error is less than 
2mm. 

The operator in accordance with the wishes of 
mechanical arm motion control times successfully 
recorded as the effective number of times, the results 
shown the effective number of times a total of 477 sets, 
the accuracy rate was 95.4%. 

5 CONCLUSION 

Experiments shown that the improved mapping 
relation can ensure the manipulator accurately 
according to the control instruction to complete the 
action, effectively improved the comfortable degree. 
The improved algorithm, the majority of the tests can 
be relaxed and comfortable and accurately control the 
robot arm to completely some complex, skilled 
movements, such as grab the ball and place on the 
bottle cap, the degree of fatigue than the traditional 
algorithm of lower body feeling. 

In this paper, the man-machine engineering based 
on existing research results, considering the use of 
strength and energy relations between the rate and the 
fatigue degree of comfort, combined with the scope of 
activities of the arm, followed the energy utilization 

rate as high as possible, body movements as 
comfortable as possible principle, through simulation 
and experimental analysis to research the influence of 
various factors on the control results, eventually 
established the mapping the relationship between a 
control action and the target action, and put forward the 
mechanical arm comfort control algorithm, effectively 
improve the somatosensory control mechanical arm 
comfort, let the body feeling more humanized control. 
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Design of low-altitude observation system on crops 
based on Raspberry Pi and wireless network 

 
ZHANG Huaizhu,  YAO Linlin,  SHEN Yang,  YAO Xinyi 

( College of Instrumentation and Electrical Engineering, Jilin University,  Changchun 130061,  China) 

 
Abstract—Taking Raspberry Pi to the core, the system perform crops observation on low-altitude and ground together 

through wireless network. For the low-level part ,building temperature-humidity and light intensity acquiring circuit  by the 

Raspberry Pi GPIO. Filming on crops growth on low-altitude by the Raspberry Pi IP camera. Data and image store in 

Raspberry Pi. For the ground part, STC89C51 microcontroller connecting temperature-humidity sensors. The collected data 

then transfer to the Raspberry Pi through nRF24L01 wireless module. Landing the Raspberry Pi VNC access interface on 

PC,then building upper computer ,real-time monitoring and analysis through it. 

Key words—Raspberry Pi;wireless network; low-altitude observation; temperature-humidity acquisition；real-time monitor. 

 

NOWDAYS , agricultural production plays much more 
important role in our life . Temperature and humidity , 
light intensity , which will affect the growth of crops 
over the suitable range, is particularly essential for 
monitoring and analysing[1]. Traditional crop data 
monitoring has great limitations ,especially in some 
cases limited by the environmental factors when 
setting up lines for crop observations ,which brought 
great inconvenience [2]. 
  Raspberry Pi , a computer carry "Linux" system, 
which is small and easy to carry, can connect a variety 
of sensors. By using Raspberry Pi , microcontroller 
and wireless network can achieve monitoring of crops 
remotely, reduce unnecessary expenditure on line 
equipment ,as well. Data collected by the system 
transfer to the PC upper computer , analysts can obtain 
detailed information on crop growth by the collected 
data and images.Improving temperature and humidity , 
light intensity when needed,through which promote the 
growth of crops and crop yields. 

1.SYSTEM  

Taking Raspberry Pi to the core, the design of 
system is divided into two parts with  low-altitude 
and ground. Equipped by small aircraft, Raspberry Pi 
collects air temperature, humidity, light intensity, and 
shoots photos of crop growth at the same time, then 
transfer data to the Raspberry Pi SD-card in 
low-altitude ; For the ground,using multi-node 
method to collect soil temperature and humidity of 

plants roots with DHT11 sensors, the microcontroller 
then send the collected data to raspberry Pi by 
wireless network .Landing the Raspberry Pi VNC 
access interface on PC,then building upper 
computer ,real-time monitoring and analysis through 
it. the structure of the system is seen in Fig.1 . 

 
Fig.1 the structure of the system 

2.HARDWARE  

2.1Raspberry Pi[3] 
As the core part,Raspberry Pi is a small 

computer based on Linux system , it provides 
Ethernet,USB, HDMI interface, providing Python, 
Java language development environment by 
loading the Linux system and corresponding 
application program, small and low-cost ,which 
has powerful features.The clock of Raspberry Pi 
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CPU defaults to 700MHz, and allows 
overclocking more than 1G ,  it 's rated power is 
only 3.5W, with great endurance ability. With open 
source hardware,Raspberry Pi embedded  system 
application development platform , based on the 
Simple CV image development package, via TCP / 
IP communication protocol IP cameras with 
Raspberry Pi , and work to achieve real-time 
acquisition of the image ; or by connecting to the 
router with a client on a real-time video 
monitoring .Specific hardware resources and 
peripherals interface reference of Raspberry Pi is 
in Fig.2. 

 
Fig.2 the hardware resources and peripherals interface 

reference of Raspberry Pi 

Raspberry Pi comes with Python development 
environment , download and install RPi.GPIO library, 
you can use the Python language development , 
control Raspberry Pi 's GPIO pins corresponding 
function . The GPIO pin of Raspberry Pi is seen in 
Fig.3. 

 
Fig.3 the GPIO pin of Raspberry Pi 

2.2Raspberry Pi build wireless network 
Raspberry Pi USB interface can be used to connect 

to a wireless network card, Most general -free drive is 
available by viewing the list of compatible peripherals 
Raspberry Pi , the final selection of TL-WN721N, 

TL-WN721N using 11N wireless technology , 
wireless transmission rates of up to 150Mbps, and 
efficient data transmission within the LAN . 

2.3 DHT11 temperature and humidity collection[4] 
  DHT11 sensors are used to low-altitude and ground 
temperature and humidity collection . It contains a 
calibrated digital signal output of the temperature and 
humidity sensor complex . The sensor consists of a 
resistive element and a sense of wet NTC temperature 
measurement devices , and with a high-performance 8 
-bit microcontroller connected . This sensor uses a 
single-wire serial interface , ultra-small size , low 
power consumption , making the signal transmission 
distance up to 20 m above.The connection of 
DHT11pin and  Raspberry Pi  GPIO is seen in 
Tab.1 and the connection diagram of  DHT11 with  
MCU is seen in Fig.4. 

Tab.1 the  connection of 
DHT11 pin and  Raspberry Pi  GPIO 

DHT11 Raspberry pi 

VCC GPIO1，+3.3V 

DATA GPIO7 

NC NC 

GND GND 

 
Fig.4the connection diagram of DHT11 with MCU 

2.4 BH1750 Light intensity collection[5] 
  Raspberry Pi light intensity acquisition using 
BH1750 module. BH1750 is a type of light intensity 
sensor used in digital integrated circuit two-wire serial 
bus interface. The IC can be based on data collected 
by the light intensity or brightness of the keyboard to 
adjust the LCD backlight. Use of the high resolution 
can detect a wide range of variation in light 
intensity .The connection of BH1750 pin with 
Raspberry Pi GPIO is seen in Tab.2. 
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Tab.2 the connection of 
BH1750 pin with Raspberry Pi GPIO. 
BH1750 Raspberry pi 

GND GPIO2-3 

VCC GPIO1-1 

SCL GPIO1-3 

SDA GPIO1-2 

2.5 IP camera for crop[6] 
  The project selected camera modules produced by 
OmniVision OV5647 camera can be connected 
directly with the Raspberry Pi control board by soft 
cable with a 5-megapixel image sensor , and can 
record 1080p 30 frames per second, full HD video , or 
shoot 2592 *1944 resolution images , suitable for 
taking pictures. 

2.6 Wireless Module  
By nRF24L01 wireless module, ground data 

transfer to Raspberry Pi .  
nRF24L01 is a wireless transceiver single-chip 

working in the 2.4GHz to 2.5GHz ISM band. Its 
wireless transceiver comprising: a frequency 
generator , enhanced "Schock Burst" mode controller , 
a power amplifier , a crystal oscillator , modulator and 
demodulator . Set output channel selection and 
protocol can be set via the SPI interface. Almost 
single chip can be connected to a variety of complete 
wireless data transmission work .Specific connection 
diagram of nRF24L01 with MCU  in Fig.5 .And the 
connection of nRF24L01 with Raspberry Pi GPIO is 
seen in Fig.6 

 
Fig.5  the connection diagram of nRF24L01 with 

MCU 

 
Fig.6 the connection of nRF24L01 with Raspberry Pi 

GPIO 

3.SOFTWARE 

3.1Set up the VNC interface of Raspberry Pi 
  First, connect the Raspberry Pi computer via a 
network cable , use the command prompt to find 
Raspberry Pi Dynamic IP, initialization via putty and 
VNC Raspberry Pi Raspberry Pi interface and log 
in .Specific Raspberry Pi VNC interface in Fig.7[7]. 

 
Fig.7 Raspberry Pi VNC interface 

  Secondly, on the Raspberry Pi input interface 
LXTerminal or putty instruction Raspberry Pi static IP 
settings and Chinese display settings and a series of 
personalized settings. Finally, install  the wireless 
card in the wireless network mode , connect aspberry 
Pi and PC by TPC / IP protocol . 

3.1.1 Wireless LAN connection  
①View mount USB devices Sudo lsusb Appear the 

words RT5370 Wireless Adapter, indicates that the 
device is available  
②test wifi signal  
Sudo iwlist wlan0 scan  
Find your wireless router ssid  
③edit card configuration information  
Sudo nano / etc / network / interfaces Wlan0 modify  

in order to achieve a static ip settings  
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3.1.2 Raspberry Pi automatically connect Wifi After 
the above settings, in the same LAN , power rear 
Raspberry Pi , will automatically connect Wifi  
3.1.3VNC interface establishing  

Static Ip setting of choice is the computer is turned 
360 free Wifi in ssid etc , can be seen in the Wifi 
connection interface IP TP-LINK devices , MAC 
address and other information, enter the IP interface in 
PUTTY login information , so as to realize the 
establishment of VNC interface . 
3.2Raspberry Pi acquisition of temperature and 
humidity 

This part uses wiringPi library control Raspberry Pi 
and DHT11, for the collection and transmission of 
temperature and humidity through the C language to 
achieve a circulating collection of temperature and 
humidity , and the data transfer first bit machine 
interface. This part of the software flow chart shown 
in Figure 8 . 

 
 
 
 
 
 
 
 
 
 
Fig.8The flow chart of temperature and humidity 

acquisition 
3.2.1WiringPi[8~9] 
  WiringPi is applied to the Raspberry Pi platform 
GPIO control library functions. On wiringPi can use 
C language development of Raspberry Pi . WiringPi 
contained within a GPIO control commands through 
the command of the Raspberry Pi 's GPIO pins can be 
extended using MCP23x17 / MCP23x08 (I2C or SPI) 
extend GPIO interface enables the light intensity 
acquisition, expansion nRF24L01 module functions.  

3.2.2Temperature and humidity collection 
Write temperature and humidity collection of C 

language program by WiringPi, and generate files gcc 
compiler , and use sudo invoke the executable file. 

3.3Raspberry Pi light intensity acquisition 
The module uses Raspberry Pi and BH1750, 

through wiring Pi library , using the software write C 

language to collect light intensity , so that the part has 
a collection of light intensity , spread to the PC 
interface, while recycling collection function. Figure 9 
shows a flowchart of the software part . 

3.3.1 Connect the BH1750 sensor 
1)Set up the IIC drive        
   nano  /etc/modules 
2)Cancel the IIC driver blacklist 
   nano /etc/modprobe.d/raspi-blacklist.conf 
3)Set up i2cdetect  apt-get install i2c-tools 
4)Write C language program by WiringPi and the 

preparation of related files compiled with gcc, call 
and run the file. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.9 Light intensity gathering flow chart 
3.4 Shoot on crop  
3.4.1 Install Raspberry Pi camera , 

Use the following command : sudo apt-get update 
sudo apt-get upgrade sudoraspi-config And set the 
camera is enabled.  

3.4.2 Raspberry Pi consecutive time taking pictures 
① Use the command 'touch name.sh' new name 

for the name of the script.  
② Enter the command 
'nano / home / pi / name.sh'  
open a new script file portability Raspberry Pi 

program time taking pictures .  
③  Enter the following procedure in the newly 

opened script:  
var = $ (date% y.% m.% d_% H.% M.% S) 

raspistill-o $ {var} .jpg -t 60000  
Raspberry Pi achieve photographed and stored as a 

file name different photos .  

 Start 

Initialize camera 

  shoot 

 Upper 

Start 

Start IIC drive 

Cancel IIC blacklist 

Install IIC detect 

Acquire light intensity 

Upper computer 
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④ The modified internal controls Raspberry Pi 
script executiontiming . Enter 'crontab-e' command to 
open the bottom of the script and add the command '* 
/ 1 * * * * / homg / pi h' Raspberry Pi achieve one 
minute intervals execute script 'name.sh'. 

3.5Ground temperature and humidity collection[10] 
  Ground temperature and humidity acquisition and 
transmission using the C programming language , 
programming is divided into: a few partial 
initialization DHT11 and nRF24L01 , collecting data 
DHT11 , nRF24L01 wireless transmitters and other 
data . First modular programming method for the 
preparation of the underlying drivers of each module , 
then the system debugging[11]. Specific software flow 
chart in Figure 10 . 

Ground data received using nRF24L01, receiving a 
plurality of nodes transmit data , and stored in the 
memory tree Mei school . Receiving portion of the 
program. 

 
Fig.10  Program flow chart 

3.6The design of upper computer 
  Using  modular design ideas on designing the 
upper computer [11~14]. PC interface and low-level part 
of the ground segment includes the ground floor 
section can show the roots temperature and humidity. 
Altitude section can display altitude collect 
temperature, humidity , light intensity, and the picture 
was taken . Based on the design , the PC with the start 
button to directly call the Raspberry Pi internal 
storage of images and data , real-time display on the 
PC screen. . IDLE PC interface written in Python 
language , Python is an interpreted , object-oriented , 
dynamic data type -level programming language . 
Tkinter module ("Tk Interface" ) is a standard Python 
Tk GUI toolkit interface. Direct application from 
Tkinter import * command can be invoked to write 
GUI. 

4.RESULT          

Tab.3 the collection result of system 

 Low-altitude Ground 

 Temperature

（℃） 

Humidity

（％） 

Light intensity（lux） Temperature（℃） Humidity（％） 

First 

Time 
9 7 40 37 48200.668 48200.668 10 8 9 0 36 35 36 36

Second 

time 
8 8 35 36 17551.666 16173.333 8 7 7 9 38 38 36 37

Third 

Time 
11 10 33 36 3587.507 4047.500 10 11 10 12 37 36 36 38

  After testing, seen from Tab.3 about the 
experimental data , the final design data and image 
acquisition and transmission,and remote display and 
monitoring on the PC , the PC real-time display of the 

current low-level timing and ground temperature, 
humidity, light intensity , as well as crops photographs. 
PC display as shown in Figure 11 . 
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Fig.11 upper computer 

The system uses a modular design concept , come 
true the goal of full range of monitoring crop 
temperature , humidity, light intensity , growth . The 
control system is stable, reliable, and realize the 
remote data , intelligent transport and monitoring , 
with a very wide range of applications.On this basis , 
the system can be further improved, Observing the 
growth of the agricultural sector can be used to 
measure data such as terraces or shed so difficult to 
enter the place of crops ; In addition, the system can 
also be used in other fields such as geological 
exploration . 
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A Frequency Noise Eliminating Design for the 

NMR Water-detecting Instrument 
 

Wangzheng, ZuoLianrui 
(Jilin University, Instrument Science and Engineering Institute, Changchun, 130021) 

 
Abstract--Based on the working process of the nuclear magnetic resonance (NMR) sounding instrument, this article puts 

forward a method of restraining the harmonic noise with power frequency while using the NMR method to look for 

groundwater. The author adopts the method of regression by subtracting the power frequency interference, and puts forward a 

new method of generating cancellation signal by copying the noise. This method avoids the difficulty of measuring the power 

frequency interference’s parameter, further more, improves the anti-jamming performance of filter. This paper is presented by 

simulating the cancellation result of power frequency interference with a signal generator, proving that this method has a good 

effect. 

Keyword—Nuclear Magnetic Resonance  cancellation filtering  power frequency interference 

 

I. INTRODUCTION 

USING nuclear magnetic resonance (NMR) to look for 
groundwater is currently the only direct method of 
finding groundwater[1]. The signal only runs from few 
nano-volt to hundreds of nano-volt level[2], which makes 
the signal easily drowned in surrounding environment 
noise and difficult to be read directly. After amplification 
and filtering, the noise whose frequency is of harmonic 
power frequency and close to local Larmor frequency 
will still exist in the filter’s pass-band. To filter out the 
noise, cancellation is one of the methods, and the main 
principle is to generate a cancellation signal who has the 
same wave parameter as the noise, and to eliminate the 
noise by subtracting the cancellation signal from 
acquired NMR signal. But it is quite common that the 
power frequency interference signal often mixes with 
other faint noise, which makes the effect of filtering and 
the anti-interference ability limited. 

II. A NOISE COMPONENT ANALYSIS OF NMR 

INSTRUMENT  

Nuclear magnetic resonance instrument needs to record 
the data before and after transmitting excitation pulse. 
Before transmitting the excitation pulse, all it receives is 
the noise data, and after transmitting the excitation pulse, 
if there were no interference noise, the recording should 

be relatively pure (ideal) NMR signal, as is shown 
in Figure 1[3]. Its frequency is determined by the 
local Larmor frequency. Around the world, the 
frequency range of the NMR signal is 
800Hz~2800Hz[4]. 

 
      Fig. 1. The ideal NMR signal 

 
However, in practical application, the very 

weak NMR signal (nano-volt) often drown in a 
complex noise. Actually NMR signal collected is 
shown in Figure 2 and Figure 3, and we can see 
that the attenuation trend of the ideal NMR signal 
has been unable to identify. 

 
Fig. 2. NMR signal amplitude-time curve 
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Fig. 3. NMR signal amplitude-frequency curve 

 

III. THE PRINCIPLE AND WORKFLOW OF CANCELLATION 

FILTERING 

A. The principle of cancellation filtering 

To achieve the cancellation technology, the 
prerequisite is that the signal, needed to be eliminated, 
has unchanged amplitude, frequency and phase. Power 
frequency noise has little-changed amplitude, frequency, 
phase, which can restrictively meet the prerequisite of 
the cancellation method[5].  
  Assuming that the filtered signal after amplification 

)(ts is superimposed on a pure NMR signal )(tf  with a 

frequency noise signal )(tn ,  

that )sin()()()()( aw ++=+= tUtftntfts M .  

If the frequency, phase and amplitude of the noise signal 

)(tn  can be obtained, which can be used to generate a 

same signal )(tn¢ , then put the )(tn¢ and the filtered 

signal )(ts into a subtractor, finally the noise-frequency 

harmonics can be filtered out . Principle of the system 
block diagram is shown in Figure 4. 

 
Fig. 4. Functional block diagram of cancellation filter 

The first difficulty of cancellation technology 
is to obtain the frequency, phase and amplitude 
information of a noise signal and to generate the 
same wave as the cancellation signal. The second 
one is to achieve the same phase of the 
cancellation signal with the noise signal, so that 
the subtractor is fed to get the best results. 

To deal with the first difficulty spot of 
cancellation filtering, the traditional method is to 
measure the indexes of original signal by 
technology of electronic measurement then 
generate a same cancellation signal as original 
signal by the technology of DDS. But it’s 
difficult to accurately measure the phase and 
frequency of the power frequency noise in the 
actual measurement and the faint signal in power 
frequency noise greatly affected the measurement 
of phase and frequency. So, the practical 
application result of this method is not quite 
satisfying. Owing to this,the author creatively put 
forward a method by copying the harmonic 
power frequency noise to generate a cancellation 
signal. It makes the cancellation signal very close 
to the original signal. The accuracy of the 
cancellation process is only determined by the 
accuracy of ADC and DAC. It greatly reduces the 
error between cancellation signal and original 
signal and avoids the difficulties in the 
measurement of index of waveform. 

For the problem of alignment of phase in 
cancellation filtering, the aspect of phase isn’t the 
only solution, but the faster, simpler and more 
accurate method with amplitude feedback, 
adjusting the phase of cancellation signal by 
observing the amplitude of the signal after 
canceling[6].  

B. The workflow of cancellation filtering 

  Considering the principle of cancellation 
technology, it’s important to make a proper 
workflow of the process while using cancellation 
filtering in NMR signal processing. Specific 
process is shown in Figure 5. 
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  Fig. 5. Schematic diagram of cancellation filtering 

  The start of working process of the instrument is 
Pseudo launch, the instrument acquire the NMR signals, 
but it did not send the pulse. The signal passed by the 
former filter circuit is a pure noise signal. At this point, 
the module of noise cancellation starts the noise 
acquisition step, the noise signal is stored in digital form 
through the ADC. In phase tracking step, cancellation 
module will start the D/A conversion of noise waveform 
that it stored before, forming a cancellation signal, then 
puts the cancellation signal and noise signal into 
subtracter at the same time, and adjusts the phase of 
cancellation signal by judging the amplitude of output 
signal of subtracter. When the amplitude of output signal 
reaches the least value, we can believe that the phase of 
the cancellation signal and the noise signal has been the 
same. Then keep the cancellation signal’s phase 
unchanged, waiting for the instrument to launch pulse, 
then it enters the formal launch phase. 

IV. RESULT AND ANALYSIS 

A. Test of the ruled sinusoidal noise 

According to the workflow, we generate a 1000 Hz ~ 
3000 Hz frequency range of sine signal with signal 
generator GWINSTEK AFG-2225, as the simulation of 
the ideal power frequency harmonic signal. The module 
produce cancellation signal, then put two signals into 
oscilloscope GWINSTEK GDS-2202A. No relative 
movement between the signals can be observed. After 
adding the two channel signals together, we can see that 
the analog power frequency harmonic amplitude 
decreased to 10% of the original, verifying the feasibility 
of producing cancellation by copying waveform signal, 
the waveform is shown in Figure 6. 

 
Fig. 6. Wave of signal after canceling(above)and 

wave of signal before canceling(below) 

B. The test of sine superposed signal  

  In order to make it more similar to the real 
situation, the author designed a test of de-noising 
of superposed signal synthesizing the workflow 
of cancellation filter.  
  Firstly, generate sine wave in 2300Hz whose 
value of Vpp is 900mV by GWINSTEK 
AFG-2225 generator. Then start cancellation 
filter to acquire noise, after the acquisition, filter 
begin its phase track step, continuing to adjust the 
phase of cancellation signal until it’s same to 
noise’s. As Figure 7 shows, phase tracking step 
lasts about 600 ms. Then use the other channel of 
the signal generator to generate frequency sine 
wave in 2350Hz with 3.4 Vpp to simulate pure 
NMR signal, then put the above two sine signal 
into the adder to simulate the actual collection of 
NMR signal mixed with noise. Finally the 
cancellation filter start the formal step of 
de-noising as Figure 8 shows. 

 
  Fig. 7. Superposed signal in tracing(above)and 

cancellation signal(below) 
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Fig. 8. Signal after process(above), signal before process(below) 

  After many tests and calculations, the signal 
processing scheme can deal with signals whose 
frequency ranges between 1kHz~3kHz and frequ- ency 
interval greater than 3 Hz. The power freq- uency 
interference in output signal is less than a quarter of 
original signal. 

V. CONCLUSION 

  The author puts forward a method based on replication 
technology to remove power frequency harmonic in 
NMR. This method can produce cancellation signal 
without frequency offset with noise signal. On the basis 
of principle analysis, completed design for groundwater 
detected by NMR based on the theory of elimination of 
single frequency reduction wave module, and 
accomplished hardware implementation and basic 
experiment. Through the experiment, this method is 
feasible and effective in practical application. 
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The automatic tuned pre-amplifier of TEM receive 
coil 
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Abstract----The purpose of the research is to realize automatic tuning of the pre-amplifier of TEM 
receiver coil ,to make sure that damping resistor can be automatically tuned to the optimal damping i.e. the 
critical damping state. Naturally, it change the condition where mechanical adjustment in the laboratory is 
necessary, besides it bring lots of convenience. It also create the better conditions for geological exploration, 
In a nutshell, it is of high application value and innovation value Anyway, this paper contains SCM 
technology and simulation technology. 

Key words—TEM  Critical damping state  Automatic tuning  SCM 
 

INTRODUCTION 

IN the process of mining, water oozing in 
its tunnel threatens the property and personal safety 
seriously. Transient electromagnetic method(TEM) 
can find out water bearing geologic bodies. So it can 
solve the problem of water oozing in its tunnel. In the 
present, scientists depend on TEM instrument. From 
the research of abroad, stable, practical and reliable 
transient electromagnetic instruments began in the 
early 70s, and the PEM and EM series which is 
designed by CRONE is more complete in abroad, they 
are stable and reliable. From the point of the research 
of domestic, many colleges and universities, research 
institutes and instrument manufacturers are developing 
transient electromagnetic instrument due to the 
demand. In recent years, and more or less six or seven 
types are applied in the exploration of mining[1]. 
Although, our country are improving the transient 
electromagnetic instrument constantly ,there are still 
many defects: in the complex condition the adaptation 
ability and stable ability are poor. Besides, it is 
difficult to achieve high precision .There is still a gap 
compared with advanced foreign products  In the  
system   there are three kinds of state ,i.e. owe 
damping state ,over-damping state and critical 
damping , the most ideal is the critical damping 
state[2]. So, the paper will describe the pre-amplifier 
of automatic tuned TEM receiver coil, It can 
automatically adjust the matching resistance (damping 

resistors according to the electrical structure of 
measurement site . Make it change to the ideal 
working condition, and reduce the oscillation of 
impulse response and step response ,what’s more, 
make the measurement results more accurate. 

0 THE RESEARCH CONTENT: 

Transient electromagnetic method (TEM) belongs 
to the time domain electromagnetic method, it uses no 
grounding line or grounding line source sends a pulse 
electromagnetic fields to the underground ,then under 
the stimulus of  primary field , the eddy current was 
induced in underground conductor, while during the 
clearance of a pulse magnetic field, eddy current of the 
secondary magnetic field will not disappear 
instantly ,so people can use coil or grounding 
electrode to observe and study the secondary magnetic 
field ,and its relation with the change of time, so as to 
determine the distribution of electric and the structure 
and space form of conductor[3]. The working process 
of the transient electromagnetic method is divided into 
three parts i.e. launch, electromagnetic induction and 
receive. The subject is about pre-amplifier of receiving 
coil . 

The content of the subject focus on realizing the 
automatic tuning of TEM receiver coil’s preamplifier 
by matching resistance to the critical damping state, 
thus it can increase the resolution of received 
signal ,improve measurement accuracy , make the data 
more valuable, and streamline operations. The subject 
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is mainly divided into four parts : the theoretical 
calculation and system simulation; the regulation of 
the matching resistance; waveform acquisition, 
analysis, judgment of signal of receiving coil; 
establish a feedback control loop, use single chip 
microcomputer to adjust digital potentiometer to gain 
ideal output. The basic framework is as follows: 

1. THE THEORY ANALYSIS AND SYSTEM SIMULATION 

1.1 Establish equivalent structure of TEM receiving 
coil 

Figure1.1 Equivalent structure of TEM receiving coil 

Kirchhoff's law is used to calculate the step response 
of the TEM equivalent circuit and system's 
characteristic equation is obtained. According to the 
damping coefficient K of the characteristic 
equations ,step response under the different conditions 
are obtained  : when K < 1, the system is owe 
damped state; When the K > 1, the system is over 
damping state; When K = 1, it is the critical damping 
state, further people can calculate the value of Rt at 
this time[4]. In the process of actual production, we 
have to add the matching resistance value is Rt. 
According to the above three step response formula, 
use MATLAB to program, and draw the step response 
curve when K take different values , as shown in 
figure 1.2. 

The three step response curves when K take 
different values  

 
Figure1.2[5] The three step response curves when K take 

different values 

 

2.2 The control of matching resistance  
In TEM , matching resistance plays an important 

role in the signal distortion, because the different 
measurement environment and conditions require 
different matching resistance, and to ensure the 
accuracy of the signal, you need to real-time monitor 
and adjust the resistance value, so we adopt 
single-chip microcomputer to control the ADI digital 
potentiometer to implement SPC regulation of 
matching resistance. 
1.3 Collect waveform,  analyze and judge the 
oscillations of the signal. 

Use converter (ADC) to convert analogue signal to 
digital signal, then analyze signal by using single chip 
microcomputer ,and determine the current state of 
matching resistance, further determine whether need 
to adjust again. 
1.4 Establish a feedback control loop, realize 
automatically control of digital potentiometer 
resistance by single chip microcomputer  

According to the state, make SCM adjust the ADI 
digital potentiometer resistance automatically . 
Establish a feedback control loop, collect signals, 
analyze, and adjust resistance constantly, the system 
can be automatically tuned until the desired state. 

2.  HARDWARE DESIGN: 

2.1 The determination of system parameters and the 
selecting principle of matching  resistance 

The main electrical parameters of TEM receiving 
coil :resistance (R), inductance(L)of coil, and 
electrical parameters are mainly depend on physical 
parameters of receiver coil such as coil turn 
number(N),coin area (S), wire radius (R), conductor 
material, and wire winding way . 

The parameter selections of resistance: in order to 
improve the accuracy, we choose 1024 tap resolution, 
end-to-end resistance is 1kΩ ADI digital 
potentiometer here. 

The parameter selection of MCU: in the process of 
signal acquisition, we need to collect accurate samples 
as much as possible when impulse response of 
receiving coil attenuate within 100 us, and the 
sampling frequency is 1 us. What’ more , accuracy of 
measurement is improved . Also, we need to deal with 
a large amount of data. So MCU AD conversion speed 
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must be fast, and CPU frequency is faster, and require 
large capacity storage. The parameters of single chip 
microcomputer as follows : 

 

       Fiure2.1 Parameters of STM32F103 

2.2 Draw the circuit diagram and  weld the device, 
then debug successfully. 

Schematic diagram is divided into three modules: 
power supply module, single-chip microcomputer 
control module, ADI digital potentiometer module 

Power supply module as shown in figure 2.2,it  
used LM7805, LM7905, AMS1117 voltage chip.± 7.4 
V voltage can be converted to ± 5 V power supply and 
3.3 V power supply for these chip. 
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Figure2.2 Power supply module 

Single-chip microcomputer control module as 
shown in figure 2.3,use the application of single chip 
ADC conversion function and external interrupt 
functions to collect signal, then convert analog signals 
into digital signals. And recognize the state of system 
through relevant algorithm and further achieve the 
SPC of ADI. 
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Figure2.3 Single-chip microcomputer control module 

ADI digital potentiometer module as shown in 
figure2.4  
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Figure2.4 ADI digital potentiometer module 

3. SOFTWARE PART 

3.1 Realize the program control of digital 
potentiometer by single-chip microcomputer  

According to the programming requirements ,device 
definition and the waveform parameter of the digital 
potentiometer, use C language to program ,thus 
control sliding end location through read and write 
operations for different output resistance. 
3.2 The implementation of automatic identification of 
the system state  

Use ADC to convert analog signals which is 
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received by coil into digital signals. The modulus 
conversion process includes quantization and coding. 
Quantification is the process that divide analog signal 
range into many discrete magnitude, and decide the 
magnitude of the input signal. Encoding is the process 
which distribute only digital code for each magnitude, 
and determine the corresponding binary code 
according to the input signal. We can see from the 
front of the MATLAB simulation, the step response of 
owe damping state appears oscillation, and there are 
multiple intersection with the horizontal axis ;  the 
attenuation speed of over damping state is too slow, 
and its transition time  is so long; critical damping 
state, its attenuation is fast ,while it has no overshoot, 
so it is the best state.  people can use single chip 
microcomputer to determine the number of zero point 
and transition time length according to the 
corresponding binary code with the input signal, 
further determine the system state. 
3.3 Establish a feedback mechanism, realize the 
automatic regulation of system state 

After the MCU receives digital signals  , MCU  
begin to identify  the system state automatically. If 
the initial state is owed damping state, microcontroller 
send instruction to ADI digital potentiometer  to 
reduce the current value, then judge the system state 
again. If it have not reached critical damping, continue 
to minus 1 until it reached the critical damping; If the 
initial state is over damping state, MCU output reset 
instructions to the ADI digital potentiometer, clear  
current value, make the system state owed damping 
state, and then use the minus 1 instruction gradually to 
adjust to the critical damping state, eventually realize 
the automatic adjustment of  system state by using 
single chip microcomputer .The system  adopts 
modularization program, the flowchart of  the system 
as flows: 

 
Figure3.1The flowchart of system 

4. CONCLUSION 

Through theoretical calculation, we have selected 
parameters and determined the model of each 
chip ,and draw the circuit diagram, then complete the 
welding of circuit. 

The results of theoretical analysis shows that, the 
method adopted by us has certain feasibility and 
scientific rigour. 

The result: single chip microcomputer collected 
accurate100 sampling points  when impulse response 
of receiving coil attenuate within 100 us, and the 
sampling frequency is about 1 us. MCU can realize the 
analog-to-digital conversion quickly, then after the 
data collection process ,these data was stored in the 
FLASH, preparing for automatic identification  of 
single chip microcomputer. Further determine the 
sampling point state according to the related algorithm 
and finally realize SPC ADI and adjust the resistance 
value through the feedback mechanism. The research 
had achieved good effect. Although ,there are many 
respects need to be improve. We  will improve the 
sampling accuracy and analyse systematic error. Then 
we will use five points sampling method to smooth 
these curves thereby reducing burr.  
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(College of Instrumentation and Electrical Engineering, Jilin University, Changchun, 130061) 
 

Abstract— To improve the intelligent performance of traditional air humidifiers, we use MCU( Micro Controller Unit) as the 
control core and integrate humidity-measuring circuit, LCD12864 displaying circuit, ultrasonic nebulizer-driving circuit and 
GSM module circuit, achieving monitoring humidity data and telecontrolling air humidifiers through mobile phones. Our tests 
prove that this design can analyse its received messages and then consequently answer with humidity data in real time, reset 
expected humidity range or switch the on-off condition of ultrasonic nebulizer. Furthermore, it can operate automatically 
according to its set conditions and avoid working without water in its water tank, which improves its intelligence and practice 
performance. 

Key words— Humidifier  Remote control with mobile phones  Intelligence 
 

I. INTRODUCTION 

IN a dry environment, germs are easy to spread and 
cause people’s catching colds, skin allergies and 
decreased immunity. A dry environment also brings 
about deformation of wooden furniture or static 
electricity which damages appliances. Therefore, it can 
improve the quality of   people’s life in many ways if 
they use humidifiers properly. However, according to 
the surveys carried out recently, most household 
ultrasonic humidifiers on the market still require 
manual control, thus many users have not used their 
humidifiers efficiently. In addition, most humidifiers 
are equipped with no hygrometer, so it can not be 
effective to control indoor humidity. These problems of 
traditional humidifiers cause a lot of inconveniences to 
users' lives. 

In consideration of these shortcomings, this design is 
improved on the basis of traditional humidifiers, with 
microcontroller 89C52 working as its control core, 
digital sensor DHT21 detecting humidity and liquid 
crystal display 12864 showing indoor 
temperature and humidity in real time. The 
microcontroller compares the current humidity with 
the preset target value to determine whether to activate 
the atomizer. A mobile phone can communicate with 
the microcontroller with the help of GSM module, 
achieving remotely monitoring indoor humidity and 
controlling working conditions of humidifier. This 
design effectively fills the gap left by traditional  
humidifiers and brings users  the experience of 
convenience and intelligence. 

II. System’s Function Composition  

This intelligent air humidifier is composed of 
temperature and humidity sensors DHT21, 
microcontroller STC89C52RC, liquid crystal display 
12864, ultrasonic nebulizer, GSM module, etc. Its 
system function diagram is shown in figure 1. 
Temperature and humidity sensor detects indoor 
temperature and humidity and the real-time data is read 
by the microcontroller. After a suitable humidity target 
value is set, microcontroller can determine whether to 
activate the atomizer or not by comparing the preset 
value and the current humidity value. Meanwhile, 
users’ mobile phones can send messages with 
instructions to ask for real-time data or reset the indoor 
humidity target remotely at any time. 

 

 
 

Fig. 1.  Schematic diagram of the system’s function 

Ⅲ. HARDWARE DESIGN 
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A. Displaying Circuit with LCD12864 
Figure 2 shows the circuit connection diagram with 

LCD12864. It is connected to the microcontroller in a 
parallel-transmission way and rheostat R2 is used to 
balance the brightness of displayed characters and 
LCD’s backlight. LCD12864 is a kind of liquid crystal 
display module for dot-matrix graphs with a resolution 
of 128×64. It can work under different interface modes, 
including four-bit-parallel, eight-bit-parallel, 
two-wire-serial and three-wire-serial modes. Moreover, 
it contains an internal library of national standard level 
1 and level 2 simplified Chinese fonts, with 8192 
characters (16×16) and 128 ASCII characters (16×8) 
inside. This module’s flexible interface modes and 
simple instructions make it easy to structure a 
human-computer interaction interface in Chinese. This 
module’s application circuit configurations and 
programs for displaying are both quite simple, and its 
price is slightly lower than the same kind LCD module 
for dot-matrix graphs, so in this design it is chosen to 
display humidity data. 

 
Fig. 2.  Circuit connection diagram with LCD12864 

B. Humidity-detecting Circuit 
This design uses digital sensors DHT21 to measure 

the indoor temperature and humidity. DHT21 is a 
complex sensor that can measure both humidity and 
temperature with calibrated digital signal output. It 
uses special digital-module collecting technology and 
temperature and humidity-sensing technology, 
ensuring that products have high reliability and 
excellent long-term stability. Each DHT21 sensor has 
been calibrated in a calibration chamber of extreme 
precise humidity. Calibration coefficients are stored in 
OTP memory in the form of a program, and they will 
be called during sensors’ internal processes of handling 
detected signals. This sensor is a 4-pin single-row-pin 
package, so its connection is quite easy when used. 
Figure 3 shows the connection diagram of DHT21 and 
the microcontroller. The duration of DHT21 
communicating with the microcontroller every single 

time is about 5ms, then the collected data will be 
compared with the preset target in the microcontroller 
to determine whether the nebulizer should work. 

 
Fig. 3.  Circuit connection diagram with DHT21 and 89C52 

C.  Remotely Monitoring and Resetting Humidity 
GSM module is connected to the microcontroller 

and they will maintain communications with each 
other when power is on. After a mobile phone sends 
text messages to the GSM module, the microcontroller 
can identify the content of these messages by sending 
GSM some query commands and then execute users’ 
requirements, including sending the current indoor 
humidity information back to the mobile phone via 
GSM module and resetting humidifier’s target value.  
Telecontrolling-intelligence is achieved in this way. 

The schematic diagram of the GSM module circuit 
used in this design is shown in Figure 4. 

 
Fig. 4.  Schematic diagram of GSM module circuit 

IV. SOFTWARE DESIGN 

This system’s software flow chart is shown in Figure 
5, including initialization, real-time humidity detection, 
display on LCD12864, communication between GSM 
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module and microcontroller, atomizer-driving, etc. Its 
main task is to show the indoor humidity value in real 
time, operate the atomizer automatically by comparing 
the current humidity and the target humidity and reply 
mobile phones with the current humidity value or reset 
the target humidity value promptly after users’ mobile 
phones send out those orders. 

 
Fig. 5.  The system’s software diagram 

When power is on, the display device, 
microcontroller and GSM module will be initialized. 
Then two parts of this program will be circulated: (1) 
The current humidity will be measured by sensors, 
displayed on the LCD12864 device, and compared 
with the target humidity. If the current value is smaller, 
the atomizer will be activated; otherwise, it will be 
turned down. (2) It will be judged whether the GSM 
module has received messages from user’s mobile 
phone. If it has, these messages will be analyzed to 
distinguish what order the mobile phone is trying to 
deliver. When it is asking for the current humidity data, 
the latest value will be sent back to the mobile phone; 
when it requires to set a new humidity target, the 
received value will be displayed on the screen and 
compared with the latest humidity, then if needed, 
according to the comparison, activate the atomizer. The 
system is designed to operate as above circularly and 
repeatedly. 

V. OUTCOME OF TESTS 

To check out this design’s actual performance, tests 
were carried out regarding monitoring- indoor 
humidity function, resetting-target humidity function 
and telecontrolling-atomizer function. 

 (1)Send messages that ask for the current humidity 
to the GSM module, compare the feedback value with 
the displayed value on the screen and measure the 
duration between mobile phones’ sending and 
receiving messages. The time data is recorded as table 
1. 

TABLE I 
  SYSTEM’S RESPONSE TIME WHEN MOBILE PHONES ASK FOR 

HUMIDITY INFORMATION 
Number 1 2 3 4 5 6 average
Time(s) 34.4 37.4 36.6 38.7 37.7 39.0 37.3 
It is shown in table 1 that the system’s response time 

when mobile phones ask for humidity information is as 
long as 37.3 seconds on average. Also, comparisons 
prove that the humidity values received by mobile 
phones are the same as those displayed on the 
LCD12864 screen. This means the design can truly 
monitor the indoor humidity. 

 (2)It was 18 degrees Celsius during the tests, and 
the suitable humidity range in this condition would be 
between 40 RH and 60 RH, so 55RH was set as the 
new target humidity value. After sending the 
resetting-target instructions to the GSM module, the 
initial indoor humidity value (marked as H1) and the 
value when the humidity exceeds the preset target 
value for the first time (marked as H2) were recorded. 
Meanwhile, by timing from mobile phones’ sending 
out instructions, the time the GSM module used to 
receive these instructions (marked as t) and the time it 
took to exceed the preset target value for the first time 
(marked as T) were also measured and recorded. All 
data from tests was shown in table 2. 

TABLE II 
DATA FROM MOBILE PHONES TELECONTROLLING-FUNCTION 

TESTS 
 H1(RH) H2(RH) t(s) T(min ,s)
1 15.1 55.7 21.7 4min 45s
2 17.7 55.4 23.1 4min 27s
3 16.5 55.8 20.9 4min 31s
It can be seen in table 2 that it took the GSM module 

21.9 seconds on average to receive those instructions 
from mobile phones and the system needed 4 minutes 
34 seconds on average to get the preset target humidity 
under this test condition. Moreover, the atomizer and 
electric fans would stop working as soon as the 
humidity detected by sensors was above the preset 
target value, and they would also work again instantly 
when the humidity decreased to a value below that 
target. This proves that the design can telecontrol 
humidifiers with mobile phones and these humidifiers 
can operate completely automatically by judging 
changes of the environment’s humidity. 
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Ⅵ.  CONCLUSION 

This design uses microcontroller STC89C52 as its 
control core, together with digital sensors DHT21, 
liquid crystal display 12864, GSM module and 
nebulizer, composing a humidification system which 
can operate automatically and respond to remote 
control commands. It makes people's lives more 
comfortable and its intelligence performance that is 
different from the traditional humidifiers brings people 
healthier and more convenient experience. 
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Abstract--In order to improve the utilization of solar energy,we propose dual-mode and dual-axis solar tracking system.The 

control method combines Sensor Tracking with GPS location tracking.Using this method selects more efficient operating 

mode according to weather conditions.The collected data will be transmitted to the SCM,and servo motor drive accurately to 

tracking where the current position of the sun in order to achieve efficient utilization of solar energy object. 

Key words-- Utilization   Sensor   GPS   SCM   Servomotor 

 

I. FOREWORD 

WITH the development and progress of society,The 
traditional non-renewable energy sources can not 
meet the needs of human development,Solar energy 
as a renewable clean energy will become one of the 
future energy essential for social 
development.However, the utilization of solar 
energy has always been the problem hindering the 
widespread use of solar energy,How to improve the 
utilization of solar energy has become an 
international hotspot,according to the theoretical 
study shows,there is a difference of 41.34 
acceptance rate between the dual-axis tracking way 
and the traditional fixed reception way.The tracking 
device can be less affected by weather 
conditions,runs normally without manual 
intervention,has a simple structure and can be better 
able to improve the utilization of solar energy. 

II. SOLAR TRACKING SYSTEM 

A. Scheme Selection 
At present,there are two methods of control solar, 

sensors to detect solar intensity and apparenting 
trajectory day.Besides there are two kinds of 
tracking methods,uniaxial and biaxial. 

Single-axis tracking mode can only change the 
position of the angle of the rotation axis of solar 
panels.According to azimuth tracking the solar,and 
the elevation is adjusted seasonally. 

Dual-axis tracking system tracks the sun from the 

azimuth and the elevation two 
directions.Apparently,the dual-axis solar tracking 
system has a higher utilization than the uniaxial 
tracking mode. 

The method of sensors detecting light intensity is 
through the photoelectric sensor to judge whether  
the sun’s ray is vertical to solar panel.Put four 
Photoelectric Sensors at the edge of the solar panel 
in order to collect the data of optical signal.After 
AD converting the data,driving the servo motor 
makes it to adjust the position of facing the sun to 
achieve the efficient use of solar energy.This kind of 
control method has a commond of higher sensitivity，
less demanding on system installation,no error 
affected by the accumulation and low 
cost.However,the disadvantages of the method are 
stable problems of tracking,affected by the weather 
more serious,unable to track the sun accurately 
when in bad whether and influenced by external 
light interference seriously. 

The second method is through GPS to receive 
real time and through longitude and latitude to 
determine the location of the sun every moment in 
order to drive the servo motor makes it to adjust the 
position of facing the sun.this kind of method can 
achieve real-time weather tracking and be used 
widely.But has a lower accuracy. 

Based on the above program strengths and 
weaknesses,adopt the idea of combinating of two 
control methods. 
B. design of trajectory tracking 

The position of the sun relative to Earth is 
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decided by the elevation angle sa  and azimuth 

angle sg .the elevation angle is pointed to the angle 

between the sun's rays and the horizontal surface.Is 
given by the following formula: 
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In where each angle units are degrees.Among 
them,q  is the local latitude angle;d  is the solar 
declination angle;w  is the hour angle which is 
represented the time.The azimuth angle is pointed to 
the angle between the sun's rays in the projection 
and the horizontal plane of the local meridian.Is 
given by the following formula: 
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The calculation of the solar declination angle and 
the hour angle is decided by time.Because the 
motion of hour time is very complex in year.The 
clock adopts mean solar time in daily life,the 
average rate of the sun surrounding the earth.In 
engineering calculations,there will be jet 
lag.Therefore,it is a must to adopt the real time 

0t ,or can not be reached the accuracy requirements 

in the actual calculation.To get the accurate real 

time 0t ,we can correction difference based on 

timing standards.Time difference of the area in our 
country is determined as follows: 

6015
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0
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-
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In where the longitude is the geographic 

location longitude PV,the standard time of the China 
region,beijing’s longitude is 120 . e  is Jet lag,is 
given by the following formula: 
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Because the earth rotates a circle per 24 
hours,every 15 degrees is one hour.At the noon,hour 
angle w  is equal to zero degree.Is given by the 
following formula: 

)1215 0 tt -+·= （w  

In where t  is the Ticker.Besides n is the date 
serial number in a year.From January 1st to 
count,Plus one day for each a new day, 1+= nn . 
C. Solar Tracking Control System Design Overview 

Solar Tracking System is consist of Photoelectric 
sensor module,AD converter module,External 
communication interface,MCU control unit,drive 
circuit,servo motor and so on. 

 

Figure1  System Block Diagram 

At first the system detectes light intensity through 
the photoelectric Sensors.After the AD 
conversion,put the data to MCU to judge and 
choose the work mode. 

III. SOFTWARE DESIGN
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Figure2  System software flow chart

 

IV  TEST RESULTS 

The Solar Tracking System can track the the 
trajectory of the sun accurately under different 
weather conditions.When the weather conditions is 
in a relatively sunny,it can mobilize the 
photoreceptor cells to tracking the sun 
conveniently;When it is in rainy and cloudy weather 
conditions,it can mobilize GPS unit to caculate 
where the sun to complete real-time tracking.The 
system can choose the tracking mode by Light 
intensity detected to achieve high efficiency solar 
tracking. 

V. CONCLUSION 

This paper describes a high-precision dual-mode 
dual-axis solar tracking system based on a single 
chip.The system acquires the position information 

of the sun through independent GPS positioning 
system and photographic system.It can achieve the 
function to automatic track azimuth and elevation 
angle of the sun though the servo motor control.The 
system has Anti-interference function that can work 
in cloudy day,night light interference and other 
weather conditions. 
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Abstract—Based on PID control algorithm, a quad-rotor aircraft is designed to configure real-time image transmission and 

GPS locating in the core of Cortex-M3, which controls the posture of the quad--rotor aircraft by the angle of yaw, roll, pitch, 

acquiring the data including flight posture, throttle range and position parameter, building a dynamical model. With the 

additional wireless transmission, the data measured practically are transmitted to upper computer to compare with theory 

data. Then the controlling parameter is adjusted to shorten the response time, to steady the flight in accoradance with 

algorithm and to accomplish plotting and saving with the sensors data. The results show that the control algorithm is feasible 

with flying steadily and the distance of aerial photography transmission can reach 110 meters. 
Key words— quadrotor; Cortex-M3;PID control algorithm; GPS; real-time aerial photography 

 

PREFACE 

IN recent years, unmanned aerial with extensive use has 
been a focus of researches in many countries, such as 
the United States, Japan and France. Since the 
market-oriented civil aerocraft is expensive, single 
function, and is difficult to be controlled actively, the 
domestic research and development has not made great 
progress so far. From the point of this, we designed a 
four-rotor aerocraft with real-time shoot and GPS 
positioning function. The aerocraft is able to complete 
the tasks in the upper air. To solve the problem of 
smooth flight control, we designed a PID controller 
based on a dynamic model. When the aerocraft is in 
smooth flight, the status and image information 
acquired by the camera will be wireless transmitted to 
the PC through GUI interface programmed by software 
Matlab. The flight path and status parameters can then 
be clearly displayed on the PC. 

I. PRINCIPLE AND ALGORITHM 

A．Dynamic Modeling 
The aerocraft is of ‘X’ type four-motor structure. It 

has the capability of loading and adjusting its posture 
flexibly to taking off and landing, hovering, pitching, 
rolling and yawing.     

Equivalent Model 
Four rotor aerocraft control the flight attitude by 

changing the balance between the gravity and the lift 
generated by four rotors. This aerocraft is an 
underactuation system that has six movement DOF and 
four controllable input. Its dynamic tension f is 
proportional to the square of the angular velocity, and 
direction is always positive, as shown in figure 1. 

 
Fig.1. Four-rotor aircraft structure diagram 

and stress analysis 

2)(
2
1

iiTi RACf = wr        （1）   

In formula 1, ρ is the air density, CT is the drag 
coefficient, Ai is the area for the ith propeller, ωi is the 
revolving speed of the ith motor, Ri is the radius length 
of the ith propeller. The propellers used have the same 
performance, leaf size and material, so ρ, CT, Ri 
approximate to constant parameters, formula 1 be 
simplified into formula 2:  

                
2
ii kf w=                （2）           

According to the force analysis, we can draw a 
conclusion that the pull u on the aerocraft is the sum of 
each propeller’s tension, while the pitching moment of 
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force τθ is the function of difference of sum of tension 
of M2 and M3 and tension of M1 and M4, that is:  

lffff +-+= )]()[( 3241qt         （3）       

Among them, l is the center point of the motor two 
axis line adjacent to the center of gravity of the aircraft 
axis vertical distance. Lateral rolling moment τΦ is the 
same as the pitching moment, the function of difference 
of sum of tension of M2 and M3 and tension of M1 and 
M4, that is:   

        lffff +-+= )]()[( 3421ft        （4）                                                           

The level yaw moment τΨ consists of reaction torque 
τMi generated by the acceleration of each rotating shaft 
and resistance of each propeller, i.e. 

4321 MMMM ttttty +++=        （5）        

Suppose the rotating shaft of rotor is τdrag , according 
to definition of the Rotary motion moment, we can get 
the formula 6:  

             dragiMiirotI ttw -=
         

 （6）
                

Irot is the rotary inertia when motor rotor rotates 
around its own axis, ωi is the angular acceleration of 
motor rotor, τMi-τdrag is the combined torque, according 
to the definition of resistance moment in aerodynamics:  

              2

2
1

iidragi vA= rt          （7）                

vi is the speed of the ith propeller, the formula 7 can be  
simplied to formula 7: 

              2
idragdragi k wt =             （8）        

In particular, kdrag>0 depends on the air density. For 
the flight motion of quasi stationary aerocraft, ω is 
constant, so we can get: 

                dragiMi tt =
 

              （9） 

Flight Posture  
① Vertical flight: Increase the output power of four 
motor at the same time to increase the output rotate 
speed, the pull u will have larger capability to 
overcome gravity, namely u>mg, then the aerocraft will 
fly upward, as shown in figure 2. 

 
Fig.2. Vertical flight 

② Forward and Backward Filght: Increase the speed 
of M2 and M3 motor, decrease the speed of M1 and M4 
motor at the same time, the value of (f2 + f3) will 
increases, (f1 + f4) will be reduced, providing the 
horizontal component for flying forward. 

③ Rolling flight: Principle of rolling flight is the same 
as that in ②, increase the speed of M1 and M2 motor, 
decrease the speed of M3 and M4 motor at the same 
time, the value of the (f1 + f2) will increases, the value 
of (f3 + f4) will be reduced. When (f1+f2)-( f3+f4)>0, 
resultant force will provide the horizontal component to 
fly right. 

④ Yaw flight：Control the motor M1 and M3 to 
increase the rising tension f1+f3, control the motor M2 
and M4 to decrease the rising tension, ensure the 
resultant force u=mg, then the aerocraft will be in 
horizontal counterclockwise flight.  
B. Quarternion 

Quaternion is the main and most fundamental in the 
process of control algorithm. The precision of attitude 
algorithm is the premise to realize stable flight, while 
small four rotor aircraft use micro-electro-mechanical 
systems (MEMS) devices, the problem such as low 
accuracy, prone, restricting the navigation features of 
the stability of the aircraft[4].Considering the above 
reason, we use quaternion compensation algorithm, 
which is simple and effective and has low requirement 
for accuracy of inertial device, making posture values 
after processing remain stable for a long period of time. 
Here is a brief introduction for how to use quaternion to 
obtain Euler angle: 

① Initializes the quaternion: 

         TT ]0  0  0  1[]q q q q[q 3210 ==     （10）  
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②  Obtain acceleration and angular velocity from 
gyroscope: acceleration ax、ay、az , angular velocity gx, 
gy, gz . 
③  Transform the three values of acceleration into 
three-axis uint vector (standardization ), as shown in 
the following formula: 

          （11） 

ay and az can be calculated in the same method. 
Obtain triaxial values of gravity from quarternion: 
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④ Vector outer product’s Subtraction is deviation that 
can be correction for gyroscope.: 
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              （13）                                                         

⑤ Use the deviation to correct the measured value of 
gyroscope: 

                    （14） 

eyint and ezint ditto.   

                  （15） 

gyint and gzint ditto.                      
⑥ Make use of revised value of gyroscope to update 

the quarternion. 
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     （16）             

⑦ Normalize the quaternion updated:  

                  (17) 
q1 and q2,q3 ditto.                             
⑧  Above ① ～ ⑦  steps complete updating of 
quaternion one time, the updated quaternion will be the 
initial quaternion in the next time. Transform the 
quaternion to three Euler angles, the preliminary 
operation of posture completed. 
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C.  PID Control Algorithms 
We use PID controller in this aerocraft. The four 

motor aerocraft is a nonlinear system, which can 
approximate to a linear one. PID controller is a 
feedback loop frequently-used in industrial control, 
consists of proportion unit P, integral unit I and 
differential unit D. The TDDE (time-domain 
differential equation is:        

])()(1)([)( ∫ ++=
dt

tdeTdtte
T

teKtu d
i

p
 （19）        

Kp is proportional coefficient, Ti is integral time 
constant, Td is differential time constant, u(t) is the 
control value. After discretization, we obtain the 
equation of PID controller:       
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K =  is  integral coefficient，

T
TK

K dp
d =  is 

differential coefficient，T is sampling time. PID 
controller’s principle diagram is shown in figure 3. 

 
Fig.3. A typical PID control system structure diagram 

D. Kalman Filtering Algorithm 

(1)Establish a Model of the Spacecraft Posture 
Kalman filter is an algorithm that uses linear system’s 
state equation and the input/output data to make 
optimum estimation for system state. In consideration 
of the influence of noise due to the observation data are 
included in the system the interference of the noise we 
can regard the optimum estimating as filtering process. 
State equation: 

kkkk qBuAxx ++=+1          （21）     

Output equation:  

              kkk rCxy +=               （22）     
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k is time factor，A,B and C is matrix，x is state 
variable，u is known inputs of the system，y is output 
signal，q is process noise，r is measurement noise[6]. 
(2)Kalman filtering algorithm implementation steps 

Since the sampling and operation time in the process 
of flight are very short, we can consider the changes of 
angle as linear. Processing signal through Kalman 
filtering algorithm can reduce noise. 

The process of filtering the gyroscope data is 
asfollows: 
① Get the current gyroscope data u and angle y gained 
through acceleration sensor; 
② According to the system model, we can estimate the 
current state of the system from the last moment: 

)()1|1()1|( kUBkkXAkkX +--=-  （23）  

③ Update Covariance:  

QAkkPAkkP T +--=- )1|1()1|(   （24）          

P(k|k-1) is the corresponding covariance of A(k|k-1), 
P(k-1|k-1) is the covariance of k-1 optimal system state 
in the k-1 moment, AT is the transpose matrix of A, Q is 
the covariance of system processing. 
④  Calculate the Kalman Gain: 

))1|(()1|()( RHkkPHHkkPkKg TT +--=  (25) 

⑤ Get the optimal estimation of the current state: 

))1|()()(()1|()|( --+-= kkXHkZkKgkkXkkX  (26)  

⑤ Update the covariance of system: 

)1|()()|( --= kkPHkKgIkkP ）（     (27) 

II．HARDWARE DESIGN AND SIMULATION  

A. Main Body Parts 
Dajiang DJI Hotwheel F450 rack is chosen to 

loading airframe with low price, high strength, 
abundant expansion I/O, etc. Electron speed regulator 
matched with brushless DC motor is applied to 
dynamical system, changing DC into AC to brushless 
motor in the way of inductionless reversing. GPS 
module LEA-6H of UBLOX series is chosen to 

locating.NRF2401 of wireless transceiver module is 
applied with ISM frequency band between 2.4Ghz to 
2.5Ghz. SONY 700 line high definition aerial camera is 
used with12g in weight. Minitype TS5823 of wireless 
figure module is applied with emission frequency 
between 5.6GHZ to 5.9GHZ,200mw in transmitted 
power,7.3g in weight,200m in theory of launch distance. 
Receiving part adopts RC805 receiver of receiving part 
is uesd to make output terminal connect through the AV 
line and image display. 
B. Main chip 

Equiement to controller of aircraft is higher than any 
other normal control system,leading to needing high 
picking rate, short response time and low power 
dissipation in the whole period of calculation, so 
STM32F103 enhancement mode series is chosen to 
apply, being as CPU with Cortex-M3 in ST, based on 
the CPU core of ARMv7 system structrue. The sensor 
that detects deflection angle is MPU6050 with high 
accuracy, picking rate and calculation, meeting the 
requirement of sensitive perception on posture in flight. 
Orientation of aircraft needs detecting to ensure angle 
of yaw in the process of flight. Triaxial digital compass 
HMC5883 is chosen with Honeywell patent integrated 
circuit including amplifier and automatic degaussing 
drives and simple I2C series bus interface to use 
conveniently, the error of which can be controlled 
below 1°~2°. 
C. Hardware Framework 

According to the functional division, the system can 
be divided into five parts: main control part, GPS signal 
emission, video capture part, USB to PC connection 
part and image receiving part. These parts interwork to 
make up a data network. 

 
Fig.4. USB connection
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Fig.5. Main control block diagram 

Ⅲ. PROGRAM DESIGN AND SOFTWARE PROGRAMMING 

A. The Core Program 
(1)The Posture Control Program 

System control language is written in C language, 
the main function receives remote control instruction. 
To control the movement of aircraft, spacecraft attitude 
through gathering the signal at the same time, the 
closed loop control was carried out on the aircraft. 
Control program using the inner loop of PD and outer 
loop of PID--double loop control method, the outer 
loop of the PID output values to the inner loop with 
twice PD control. After Quadrotor’s attitude algorithm 
and filtering, there is a deviation between the output of 
the Angle and initial Angle, through four motors 
deviation reduced gradually will need to adjust the PID 
controller. Pitching Angle (pitch), for example: 
suppose the initial static value is pitch_offset , real 
value getting by the sensor is PITCH,then deviation 
can expressed as e(k)=PITCH-pitch_offset. When 
integral the deviation（pit_increment+=e(k)），due to 
integral saturation, so the need for integral limiter 
|pit_increment|<=pit_increment_max.And because 
e(k)-e(k-1),so the output is Pid_out =kp *e(k)+ ki * 
pit_increment + kd *[e(k)-e(k-1)] .   

Eventually combine pitch, roll and yaw 3-way PID 
output value and the 4-road throttle PWM output wave 
to, control four motor speed. Due to four rotor aircraft 
four motors and the vibration of the body, three-axis 
angular velocity ωdata contains a lot of noise, and 

gyroscope is affected by noise is small, must be to 
kalman filter ofaccelerometer data, remove noise and 
combine thegyroscope data, in order to eliminate the 
cumulative error of gyroscope. 
（2）GPS Positioning System 

To get GPS position data using a serial port of MCU, 
GPS positioning by satellite will get seven kinds of 
model of data information, the recommended format 
"GPRMC" is adopted. First determineswhether the 
received data to recommend mode, and then will be 
acceptable to the ASCII data and aerial video image 
real-time trajectory analysis to the upper machine. 
（3）Send and receive data  

Through the set of NRF24c01 CH0 to flight data 
reception, CH1 set to receive the GPS data (as shown 
in figure 6), can achieve NRF24c01 "Multiple sent 
single recieve" function, improve the operation 
efficiency of the flight control program.  
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Fig.6. Receive part flowchat 

B.  PC Software Writing 
By using the GUI function of MATLAB can realize 

the data acquisition and processing. To establish the 
connection port via a serial port object, through a call 
to a serial port object support the attributes of the 
object function and set up a serial port, user can 
configure a serial port himself. Then each data which 
was got from serial port displayed in the form of 
discrete points. 

Ⅳ. TEST AND RESULT ANALYSIS 

A. Kalman Filtering Algorithm Parameter Adjustment 
By putting a aircraft attitude data collection and 

output curves of contrast, can adjust kalman 
parameters of aircraft. The application fields (as shown 
in figure 7) shows that only through empirical method 
to adjust parameters can make the system stability. (Q 
is the process noise, Q increases, faster dynamic 
response and stability of convergence becomes bad; R 
to measurement noise, increase R, slower dynamic 
response, better convergence stability) 

 

Fig.7. Kalman field parameter adjustment program 

 
Fig.8. The simulation Kalman filtering effect 

From the image, when the wave surge or plummet, 
wave form remained stable after by kalman filter, does 
not appear drastically change, visible kalman filter 
parameters can be used. 
B. Flight Posture Algorithm Parameter Adjustment 

Device via the USB connection on the LCD screen 
can obtain the accelerator of aircraft parameters and 
attitude angle data, such as screen function interface as 
shown in figure 9. 

 
Fig.9. Screen 

Stable hover for spacecraft attitude Angle can be 
appropriately adjust the PID parameters of aircraft. The 
application fields (as shown in figure 10) shows that 
only through the experience method changes the inner 
loop of PD and outer loop PID parameters. 

 
Fig.10. Parameter adjustment application field 

At the same time of changing parameters can be 
revised on the stability of the attitude correction, until 
the vehicle stable hover yaw angle and roll angle 
values are based on "000". Data records in the 
following table: 

 
 
 

TABLE I 
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FLIGHT POSTURE ADJUSTMENT FORM 

 

C. Graphical trajectory of the GPS sampling data 
GUI programming based on MATLAB, display the 

coordinate was get from serial port, location coordinate 

was obtained. Figure 11 is the result of location 
coordinates when aircraft approximately do hovering 
attitude. By the test results can be seen that the 
aircraft’s location are probably on the 43.8807 °north 
latitude and 125.3012 ° east longitude. GPS signal drift, 
but within the measure precision of the GPS module. 
GUI graphical interface for location information can be 
very clear and intuitive display, eliminating the steps 
for the complex data conversion and processing.

Fig.11. GUI perface 

D. Real-time Image acquisition result 
Real-time image acquisition results by wireless 

transmission module in the process of flight can be 
displayed through the TFT screen after image 
acquisition (as shown in figure 11).  Cooperating on 
the STM32 control, MPU6050 module level sensor is 
driven by brushless motor PTZ, which makes the 
aircraft flying in any position, they can always keep 
camera horizontal, provides a convenient 
manipulation. The small TFT screen image compared 
with PC screen screenshots as shown in figure 12. 

 
Fig.12. Fly effect 

Flying screen effect from screen can be seen, the 
system can reflect spacecraft environment clearly and 
truly and have good effect, conform to the anticipated 
target. Experiment as a whole works as shown in 
figure 13. 
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Fig.13. Experiment equipment 

V. TAG 

Quadrotor real-time aerial photography and global 
positioning System, can not only realize stable flight, 
attitude control, the aircraft can also fly through 
real-time camera monitoring environment. The 
location data can be gathered by GPS module, which 
makes the function of the aircraft more 
comprehensive. And eventually makes the 
humanization and practical of small uavs come true. 
Quadrotor real-time Aerial Photography and Global 
Positioning System sold on the market is expensive, 
instable and has singular function. It is also har to 
debug. for the civil uavs is expensive, that sells on 
the market instability, single function, not easy 
debugging and so on, hardware schemes of economic 
and reliable ,software schemesof high efficiency, 
energy saving, stable, make uav has the advantages 
of low cost, high performance, provides certain 
theoretical basis of the small and medium-sized 
Quadrotor real-time Aerial on the market.  
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