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Design of Locomotive Control Device

Tao Liu,

Jing-shuai

Miao

QJilin university instrument science and engineering institute,changchun,130021 )

Abstract—In order to improve the running of locomotives, reducing the impact of human factors on passenger

locomotives, we through the application of automatic control theory to combine sensor technology and design with

MSP430F149 chip as the core processor of locomotive running automatic control device.

The device consists of a

microprocessor module, color recognition module, obstacle detection module, voice-announce module and motor driver

module. The modules by means of a coordinated operation can increase locomotive running safety and avoid

accidents from occurring.
I. INTRODUCTION

WITH the increasing vigorous development of China's
national economy and people's living standards, the
railway passenger and cargo traffic will become
increasingly large [1]. Locomotive running through
the manual control, automatic control plus manual
operation mode and the way in which the latter is now
widely used in a more safe and reliable operation runs.
The development of locomotive has experienced
manual control and automatic control plus manual
operation mode, and the way in which the latter is a

more widely used now safe and reliable operation runs.

Using this semi-automatic operation mode control,
which has the human disturbance factor, makes the
security status of the locomotive run by a certain
degree of threat. In railway transportation there is half
of the accidents of subversion by the aggressive signal
caused by the driver [2]. Reference [3] shows that to
reduce accidents, reduce the incidence of railway
accidents, and study unmanned train control system
intelligent diagnosis and repair systems become one of
the major challenges facing the Railway transportation
of automation technology in current and future period
of time. In this locomotive designed to run automatic
control device which has applied sensor technology to
determine locomotives and added he common
emergency situations (obstacle detection) responses
makes trains safer and more reliable during operation.

II .Procedure for Paper Submission

The design of the device which is combined with
control theory and motor drive technology has the
ability to identify common locomotive desired signal
and make the appropriate maneuver experimental
measures. In this design writer focuses on the ground
system signal lights signal how to pickup,

platform-stop voice prompts, obstacle detection and
motor-driven aspects. Using modular research methods,
the above problem into a microprocessor, ground
system module, color recognition module, a voice
module, obstacle detection module and the motor
drive module of six modules. The microprocessor
module which analysis and processing the signals
from each module, corresponds stress measures to
achieve full automation model locomotive running.

II1. System Hardware Circuit Design

We designed the device consists of six components:
ground system module, color recognition module, the
microprocessor module, voice module, obstacle
detection module, motor drive module. Ground system
module is a necessary part of the locomotive ground
signals required for the design mainly includes site
information, lights set up, and voice prompts, etc;
Color recognition module consists of a color TCS230
sensor is able to pick up the tricolor (red, yellow,
green) signal lights color;  Voice module provides
passenger locomotives internal to remind passengers
to get off the site and other essential message;
Obstacle detection module can detect an obstacle in
front of an obstacle whether has the greater risk
and show that the system has the ability to burst
dangerous matters stress response; Motor drive
module is part of the power system; Also part of the
LCD screen is used for the locomotive running status
considerations and test parts. Its working principle: the
design wakes in the morning at 5:30 by the lights, runs
under the guidance of lights, processing and analysis
the obstacles, achieve roundtrip operation and ends
operations to pit overhaul at 9:30 pm. The hardware
system block diagram has shown in Fig 1.
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Fig.1.The hardware system block diagram.

Pursuant to hardware system block diagram and we
study each module to select the desired components.
Using this method we can get out of the available
hardware circuit diagram shown in Fig 2.
A. Obstacle Detection Module

This module contains the HR-SR04 ultrasonic
sensor integration module, which is to transmit the
ultrasonic ~ probe, ultrasonic  receiver  probe,
CX20106A 74LS04 chip circuit and an amplifier

circuit chip. The module's operating voltage and high
stability at work.The quiescent current is less than
2mA.It ranges from 2cm-5m and the accuracy can
reach 0.3cm, blind only 2cm.[4]. In actual operation
within the range of 50cm stress triggers interrupt and
the locomotive should stop and remove obstacles. On
the position of the sensor arrangement uses inverted
triangle on the lower modes. Using the stable shape
and symmetry of the equilateral triangular design of
the stand makes the existence of obstacles threatening
judge more reliable. As shown in Fig 3, the bottom of
which is a front view where the graph .

Ultrasonic

The uper front sensor

In the middle ofthe Ultrasonic

front sensor

The bracket of the triangle

Ultrasonic

Lower part of front sensor

Fig.3. Location of obstacle detection sensor module.
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Fig.2 Hardware circuit diagram.

B. Color Recognition Module

The module uses TCS230 that is a programmable
color light-to-frequency converter introduced by the
American company TAOS (Texas Advanced
Optoelectronic  Solutions).The sensor has a high
resolution, programmable color selection and output

scaling, single power supply, etc; It can transform
color information directly into a frequency signal and
directly connected to the microcontroller. It can also
be accurately measured color of an object, and not
affected by ambient light. It has good noise immunity
and measurement accuracy [5]-[7]. Since in the
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acquisition sensor TCS230  tri-chromatic (RGB)
values of the frequency of the red, blue, green
sensitivity of the three primary color lights causes a
different frequency measured RGB inaccuracies [8],
and therefore the need for a white balance adjustment
before the test .After adjusting that, it has accurate
color recognition performance  and  good

resistance in a sealed and natural light conditions [9].

By writing frequency identification red, yellow and
green colors of the program can output the converted,
then by comparing the red, yellow and green band
frequency size can be determined why the input color
signals. This method circuit is simple and practical
program. Since TCS230 integrated sensor module
used, it can be directly connected with the processor,
the hardware circuit is very simple.
C. Ground System Module

This module is independent of the device design,
the separate existence of auxiliary modules. This
module provides signal lamp signal
time ,prompts the current time and suggests that the
timing is on, shut down the system and other
information, which is the normal operation of the
locomotive to provide the necessary conditions. The
module is designed in a long orbital model S = 5Sm.
Module has a total of five sites, in addition to the
originating station and terminal, and has three sites in
the middle. The track has a curved arc of 4.8rad
corners. Its arc length L = 0.24m, and its tilt angle
corners 0.061rad, Then get the locomotive running
through the calculations required speed limit here is v1
= 3cm / s. Then consider docking station is set to 20
seconds time, and the average speed to normal
operating portion is v2 = 5cm/ s.
D. Voice Module

Voice module is designed to train one of medium to
communicate with the passengers, and the use of
user-friendly voice prompts can effectively remind

arrival

passengers to get off, and note compartment’s hygiene.

This module uses ISD4004 wvoice chip that is
manufactured by the United States ISD. It has a long
recording time, recording up to 10 million times
repeated, with the advantages of high-quality, natural
voice reduction technology and other. Before overall
test needs to be a voice entry operations.

E. Motor Driving Module

Motor drive module as part of the overall power
state directly affects the quality of their work running.
The design requirements for stability is relatively high.
There are two ways controlling the drive motor:
closed-loop control and open-loop control. Open-loop
control system to outside interference in the work
process a greater impact, is not conducive to the stable

operation of the locomotive, and closed-loop control
system can effectively solve these problems. Selecting
when using closed-loop control system operated
incremental PID controller algorithm can effectively
avoid the impact of outside interference  [10]-[11].
The mathematical expression of incremental PID
controller is:

Du(k) =u(k) ~u(k -1 =K +[e(k) -e(k -1)] +

Kp%e(k)+ KpTT—d[e(k) ~2e(k - 1) + e(k - 2)]

=K [e(k) - ek - D] + Kie(k) + K [e(k) - 2e(k - 1) + e(k - 2)]
= (K, +K; +Kpek) - (K, +2K ek - 1) + K e(k - 2)
=me(k) + ne(k -1) +re(k) .

Wherein
m=(Kp+Ki +Kd) , n=(Kp+2Kd) ,r=K

p >

K, = is called integral coefficient;
[
KoTa . . .
Kd = is called the differential coefficient;
K p is called a proportionality coefficient;
T is called integration time constant;

Td is called differential time constant;.

Incremental PID controller algorithm has the
advantage of improving the windup, manual and
automatic switching of small shocks, small system
overshoot and dynamic time is shortened and
improved dynamic performance effectively. Using the
above incremental PID controller algorithm
programming, we can make a reasonable adjustment
factor locomotive running smoothly. Closed-loop
system can be designed schematic shown in Figure 3.

| photoelectric 1298 driver
coupler circuit

l

photoelectric stepper
e |
encoder motor

diyo 150680.LS

Fig.4. The closed loop system diagram..
From Fig4, we can get out that STC89C51 chip can
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get through L298 driver circuit and
photoelectric coupler to control the operation of the
stepper motor. Optical encoder play a role in detecting
the motor speed, and the resulting value is returned to
the microcontroller for comparison, thus the
microcontroller could combine with incremental PID
algorithm to adjust the number of pulses by the
difference to smooth the operation of the motor.

IV. Software Design

From half past nine at night to half past five in the
morning the next day, the unit is in standby state,
when early 5:30, locomotive begins operating in green
signal under the action of awakening. The yellow light
encountered in the process of operation, the
locomotive speeds down, in case of a red signal, delay
to slow down and stop, and broadcasting sites, after a
certain time, the locomotive starts at a lower speed, in
case of a green signal, and the running speed
accelerate to normal operation. If large obstacles
encountered in the operation process, we need to brake
the locomotive to overcome the obstacles. Thus we
can design program of microprocessor control process
as shown in Fig 5.

V. Results and Analysis of Test Systems

After the completion of the design, we need a

Green lignt? H

Y

Start locomotives
and accelerate to
normal levels

LCD docking site
information ,
deceleration and

Deceleration Immediately stop

slow start

A

Green light?

Start locomotives
“— and accelerate to
normal levels

Fig.5 Software design of microprocessor control section.
functional test. The test method is: for the first time,
set the ground module signal the open and shut down

time (after only a design, no need to design), test the
performance of the system module on the ground, and
then put the locomotive model on the orbit, ground
system reopened, observe the running state of
locomotive model, mainly check and ratify color
recognition module, motor operation, voice, liquid
crystal display module whether or not working
correctly. Also observe the continuity and automation
of locomotive in the process of running, at the same
time, using a stopwatch measure the locomotive
round-trip time used at a time and the time through the
corner, a total of three groups
TABLEI
TEST AND PREDICTED RESULTS

Determination of the number

Serial

first second third
number
The average
Round-t
rip 270.5 255.8 260.9 262.4
time(t/s)
Round-t
rip predict 263.2 263.2 263.2 263.2
time(t/s)
Bend
. 7.5 8.2s 7.8 7.8
time(t/s)
Bend
predict 8 8 8 8
time(t/s)

From the data in front of the formula we can get the
locomotive round-trip time is: the total time t =
(sites dock time) t1 + (bend time-consuming long) t2 +
(work correctly time) t3, which in the process of back
and forth there are eight dock sites, each of them uses
the 20 s, bend arc length L = 0.24 m, the default rate is
3 cm/s, according to t2 = L/v1, obtained the curve time
= 8 seconds . Works part time length according to t3 =
(S - L)/v2, about 95.2 S. Therefore, a trip back and
forth, model locomotive time-consuming t1 =20 + § +
8 x 95.2 =263.2 s, forward bend time-consuming t2 =
8 s. Combining with the measured data and the
analysis, the comparison results can be obtained are
shown in table 1.

Through the test, basically, each module can be
effective to finish the task, but the color sensor module
identification efficiency is a little low, the voice
module works slower, the main reason is that the
strong light during the day affected the sensor for
identifying the color light, causing the slowing , which
we can plus shield method to make the interference
intensity reduce to the range we can allow, at the same
time , reduce the running speed of locomotive, give
sensors more time for recognition . After modified the
model locomotive running speed is about 5 cm/s, the
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voice module is improved to avoid the problem that
the locomotive arrived at the site but has not reported
to the site. After modification , by table I we can see
the test data is close to the predicted value, the average
gap and predicted value has a slightly smaller
difference , so we can predict the system running time
of after debugging ,the locomotive operate 80 times
back and forth in one day, under the condition of this ,
the error can be controlled in a minute or so, so the
overall performance can get effective guarantee.

VI. Conclusions

In locomotive running control device design process
focuses on the combination of automatic control
theory, sensor technology and power electronics theory,
based on the idea of modularization to overall design,
model of locomotive can be implemented in the
practical application of automatic control operation,
meet the design requirements. It provides no one
wanted by the operation of the train operation control
system key technology, the model of locomotive are
compared with actual locomotive in such aspects as
technology there is a big gap, but still we can see it as
a kind of model of unmanned train operation system to
explore in the laboratory which has certain innovation
exploring significance. In addition, this design has the
clear and pure and fresh, simple structure, reasonable
performance, the characteristics of low cost, suitable
for children educational toys as product promotion,
help children's development of thinking and cognition,
have certain commercial value and market prospect.
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Wireless Dynamic Electro-Cadio-Gram Mornitring

System

Ling zhen-bao ; Jiao Ye-jun; Liu Jin-xin; Pei Li-ran

(College of instrumentation and electrical engineering,Jilin University,Changchun 130061,)

Abstract—Since the lead wires of the traditional ECG monitoring devices inter wine with each other,it will distort the

ECGlead to activity restriction of the patients.What’s more,The ECG can’t be saved in time after collecting it and so on.We

put forward the idea that using ZigBee wireless transmission technology,with the core control device based on MSP430F149

processor system and TF card for data storage devices,to assemble a real-time collection and storage of human ECG signal

portable lead wires electricity storage system prototype.With the function of data collection,wireless transmission and the file

storage,and the characteristics of low power consumption,lead-free detection and remote monitoring,the prototype can provide

with convenience for ECG signal acquisition and timely data storage.

Keyword—Portable; No lead wire; Storage signal; Remote monitoring; Signal analysis

LINTRODUCTION

AT present,the heart head blood-vessel disease cause of
death in the column of the first in our country,is the
chief diseases affect human health today''.Its
morbidity,mortality,recurrence  rate,morbidity  are
among the first,and become the top killer of harm to
people's health™.Ordinary ECG examination can only
record a short ECG signal When the client is
reflect the

arrhythmia and myocardial ischemia,etc”’!.at the same

quiet,Cannot  objectively malignant
time,Its can't record sleep,sports,work tired or mood
of ECG

waveform'*. The limitation of lead wire would make

swings,and other specific condition
patient feel limited ,also makes the operation of the
monitoring exists great inconvenience.Mostly used in
detecting method is fixed ECG monitoring
instrument,Always cable system,These complicated
equipment and attachment bring to patients and doctors
a lot of inconvenience and its expensive.Only a
single monitor.So a timely manner or long-term ECG
monitoring and storage is particularly important for
patients.

The currently existing ECG monitoring system or
ECG signal is stored by the PC,Or only a small amount
of ECG signal by a microprocessor implementation of
been difficult to meet the further

development of ECG monitoring, ECG monitoring

storage,has

instrument has been toward the trend of a more
portable,networking and no lead.there is a wireless
radiation safety,seamless roaming and wireless
network costs,and other issues in ECG monitoring
system Based on the infrared,blue tooth, GPRS wireless
transmission technologies,So the IEEE 802.15.4 /
ZigBee wireless communication standard combined
with TF portable storage technology has become the
effective ways to solve ECG detection and storage.

To this end,the author designed Holter monitor
prototype without lead wire based on ZigBee,through
the method of modular ,choose CC2530 wireless
wireless ECG
network,which realizes the ECG data wireless
transmission,through the MSP430 SCM ECG signal
acquisition and processing and the data deposited in
the TF card,Then the PC analysis data of TF card and

diagnosis .

module to construct sensor

II.THE SYSTEM DESIGN

The design of the hardware system structure
diagram is shown in figure 1,The system hardware
design with low power consumption,portable design
concept,Mainly includes the acquisition
module,ZigBee RF transceiver module and control for
with  MSP430

acquisition module is composed of signal pickup

the center storage module,The

circuit and control circuit,its mainly responsible for



Jiao Ye-jun etc.Wireless Dynamic Electro-Cadio-Gram Mornitring System

ECG signal acquisition and front-end processing,RF
transceiver module is responsible for acquisition
module after the preliminary processing of ECG
analog signal digital and sent to the receiver,Eventually
msp430 main controller to deal with the data
received,and stored in the TF card,The obtained data
can be directly uploaded to the PC through the main
controller,can also be done by the TF card uploaded to

PC ECQG signal analysis judgment.

III. ACQUISITION MODULE DESIGN

signal-to-noise ratio,low amplitude,etc,So weak in the
of ECG

interference,especially the work of 50 hz frequency

process of acquisition signal  to
harmonic interference.In order to be able to accurately
capture the ECG signal,the design use as shown in
figure 2 a circuit for signal disposal.The low power
consumption,low  noise,low  offset voltage,high
precision instrument amplifier AD620 chip was used as
the front-end

module,the pick up of ECG signal is amplified,and the

amplifier circuit in Acquisition

gain formula:

G 49.9 1
. . = +
In view of the ECG signals are weak,low (1)
Control buttons
i - i - |
ECG ECG.S}g.nal ere!es.s w1rgl§ss — . The Storage 7J\ computer
electrode acquisition transmission receiving "/'| microprocessor module j/

Signal acquisition module

The wireless module

Control storage module

Fig.1 The whole structure block diagram

R, Choose 10 kW ,the gain value is about six
times ,With the right leg drive circuit for AD620
reference ground,High-pass filter cutoff frequency is
0.3 Hz,the cut-off frequency of 130 Hz low pass filter
and the center frequency of 50 Hz trap constitute
filter circuit, Secondary amplifying choose low
noise,the chopper stabilizing zero op-amp chip OP07
enlarged signals 50 times.Finally,the signal disposal
adder to 0-3.3 V range,in order to satisfy the

requirement of ZigBee A/D conversion,

Button batteries

) I
—p

> = =4 ] 2

o 2 =4 «

L 0.8 » 5 2 = o2 @ =

2 3 a c.5 a8 5

5% EHE 2. o —Pé :?%-P I
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RL iven-right-
> drlven. rlght leg
circuit

Fig.2 Acquisition module principle diagram

IV.Z1GBEE RF TRANSCEIVER MODULE

A.ZigBee technology introduction

ZigBee technology is a kind of information in
small scale wireless transmission systems,strong
anti-interference ability “O],it is a short distance,low
cost,Jow power consumption,low rate of wireless

(121 As A new generation of SOC

network technology
chip CC2530 on-chip support
IEEE802.15.4 standard,it is A combination of A fully
integrated,high-performance RF transceiver and A
8051 microprocessor,also integrates 8 KB of
RAM,128 KB of programmable flash and 14 ADC

converter (A/D),etc.,to meet the requirements of the

system,ZigBee

system of high integration,low power consumption.
B.ZigBee module

ZigBee wireless module is composed of the sender
and the receiver,the main implementation of ECG
signal D/A conversion,signal receiving and data
processing,initial data through serial communication
by the receiving end to MSP430 single chip
microcomputer.

ZigBee module circuit structure as shown in figure
3,ZigBee delivery module first served as the data
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conversion/task,so using ZigBee chip internal 14 A/D

8051
Micro controller

ZigBee
Launch module

Conditioning module
Signal output ADC

Jr LR#CC2530

Rf front end

Button batteries

Fig.3 ZigBee Schematic Diagram

module,P0.7 as electrical analog signal input port,set
the reference voltage of 3.3 V,the clock frequency to
DIV = 128 points,and adopts the 00 - FF reshipment
counting mode interrupt automatically,set twice for

an A/D sampling interrupt.Sampling period Ts:

Ts=2-256-D|v-fL 2)

osc

The DIV is the clock points frequency number,fosc
is clock frequency of timer T3,sampling period
calculated Ts = 2 ms,the sampling rate is 500 hz.Each
time the conversion results are 14 bit,only 12 bit
effectively.There are two bytes.Once every 15
conversion results package sent to the receiver via a
wireless network,collect send program flow chart as
shown in figure 4.

ZigBee is not immediately sent to the
microprocessor after receive data from serial port,but
after the data scale transformation,binary data is
converted to electrical signal voltage value,and
magnified 100 times sent to the microprocessor as
integer.

Conversion formula:

33
ECGV=adc, —; -100

2 3)

single-byte ECGV is converted in ECG

signals, ADC is A/D conversion value,converted

signal is sent to the microprocessor.

ECG data processing
system
Initialize v
i ECG data storage

Open the timer

Data is full?

h
T En.tetrt N 2 ZigBee sent
imer interrupt? the data
ECG signal Clean up the storage
A/D conversion ECG data

Fig.4 acquisition and send flow

V.CONTROL STORAGE MODULE

A.Data reception and processing

Data received by the receiver of ZigBee,the main
controller complete processing and data analysis in
the TF card,because the data needs to be deposited in
the PC to consult,analyze,so master controller need
to produce Windows support FAT16 file system on
the TF card.The flow chart of data receiving stored as

shown in figure 5.

The second
light flashing

l

Data is full?

l

system initialization

The first light ECG d;_\la
processing
SD card Data stored in

initialization SD card

| l

Interrupt remove
initialization Cache data

NY

Fig5 receive and storage flow diagram

B.The data of dynamic storage
Signal acquisition part using the ZigBee internal

A/D convert analog ECG signal into digital signal
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with 500 Hz sampling rate,each sample point eight
occupy the space of A byteso for A day of
continuous recording the space used for:

500(b/s)* 3600(s/h)*24(h)=42187.5(kb)=41.2(MB)

When we use the TF card produces Windows
support FAT16 file system TXT document data,every
512 bytes of data file of the building space size is 2
KB.TF card used in the continuous recording of
space for:

500(b/s)* 3600(s/h)*24(h)*2(kb)/512(b)=16875(kb)

=164.79(MB)

The design of the actual use 2G TF card as the
storage medium,so this design can achieve up to 12
ECG data
playback.Overcomes the traditional shortcomings of

days of acquisition and
the electrocardiogram machine records only a short
time,the long time of ECG signal dynamic storage
requirements.
C.The realization of real-time acquisition and storage
ZigBee wireless transmission speed is faster,so
when the receiver and the main control issue of
communication rate is greater than a part of the
gathering,data loss will not occur.
So ZigBee is realized by using 9600 baud rate of
the of the

communication,due to the acquisition of signals for

receiver and the main controller

4000bit/s,and the data transmission to the control
system is 9600 bit/s,so the signal collected in the
process of data transmission to the control system of
no signal loss.

Single chip MSP430 through hardware USART
communicate with ZigBee in 9600 baud rate,using
interrupt way to receive ECG data.And then through
the USART module in communicate with SD card
SPI synchronous communication mode,make data

save in the SD card.
VI.THE SOFTWARE DESIGN AND TEST RESULTS

A.PC software design

PC software is the core of the application of
system,it was carried out on the patient's ECG data
display,analysis and storage convenient staff analysis
of patient's condition and rehabi- litation
instruction®’,PC software written by matlab program
to analyze the ECG data of TF card and display of

ECG waveform,at the same time a certain automatic

5, 83e+06

5. §25e+06 -

%
2
u

R

° 5826406

analysis of ECG waveform,display is shown in figure
6.

T : : — : : : — T
2 i q

Time (Seconds)

Fig.6 ECG signal display in principal computer

B.Transmission distance

Holter monitor without lead to reduce the patient's
bondage,patients can move freely after wearing,so
experiment test the prototype of the sender and the

receiver in the condition of different transmission

distance,test results are shown in table 1,the
transmission distance outside obstructions in the
table for sending and receiving the linear

distance,indoor obstacles choice in a different

room,maximum distance measurement can
transfer. Transmission effects differ due to different
obstacles,so the test result is at a maximum distance
of transmission test under different kinds obstacles of
average.

TABLELl

No lead Holter system transmission distance test

The maximum the maximum

transmission transmission

distance is an distance there is No

obstacle obstacle
outdoor
50m 80m
indoor 30m 50m

Because the system is mainly used in hospital or
family,so the system can meet the needs of users.

VII.CONCLUSION

The lead Holter

monitoring system has the characteristics of low

author designed without

cost,module integration and convenient

carrying,prototype is mainly through the signal
conditioning module and ZigBee module to get the
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digital ECG signal,and then sent to the master
node,the data stored in the form of TXT file,stored
data can be analyzed by PC software.Laid the
foundation for product of Holter monitor.But the test
results show that the prototype work time less than
ideal state.So plan to improve the software

program,in order to reduce power consumption.
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Intelligent power socket of reducing the mounting
current

Zhang Linhang; Xie Mingxue; Xiong Yuan; Liuyajiao
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130022,China)

Abstract—in view of the standby power consumption of household appliances, this paper proposes an intelligent power

socket based on MSP430F149 MCU for cutting off the mounting current. It samplings mounting current by a coil current

transformer, compares with the preset value after analog-to-digital conversion to drives relay to cut off the power supply

current. Severally tested on different appliances, it achieves the purpose of reducing power consumption.

Keywords—mounting current  intelligent power socket

0 FOREWORD

WITH the development of Technology,Household
appliances have entered the intelligent-age.Although
these appliances have been closed,If not timely supply
unplug the plug from the socket will cause power
loss,The current generation of this state is Standby
Current.Common electrical standby current and
standby power consumption as shown in Table
1.According to information,Currently the average
standby power consumption of urban households
Equivalent these families the equivalent of a 15 ~ 30W
incandescent lamp every day, Standby power
consumption accounts for 3% to 13% of household
consumption,National standby power consumption is
equivalent to the total electricity generation of several
large thermal power plants

For reducing standby power consumption in the
literature  [1], [2], [3]

solutions.Generally speaking there are two aspects,

mentioned  several
first, national regulations common electrical standby
power standards, appliance manufacturers from
improved internal circuitry, the second is to set the
total household power control switch. But the crux of
the problem lies in the standby state and people's
consumption habits prevalent.This paper presents a
new socket, it electricity from people's bad habit of
starting, ultra-low power microcontroller detects
electricity by the state, in the non-working state
automatically cut off the electrical circuit.Greatly
reduces the standby power consumption, fit today's
low-carbon energy, green environmental protection

requirements of the times.

current transformer  relay

Tab. 1 Standby current value of household appliances

24
Standby
Standby | Standby | hours
. current
Device current Power standby
measure
Name average | Consum | power
ments/ .
/mA ption/W | consum
mA )
ption
Laptop 11~87 43 10 0.24
19~
Television 53 12 0.29
106
DVD
10~34 27 6 0.14
player
Microwave 2~3 2.5 0.6 0.01
Air
conditionin | 10~23 16 4 0.10
g
Washing
7~15 10 2 0.05
machine
Modem 52~81 61 13 0.31
Speakers 7.3~60 30 7 0.17

1 THE OVERALL SYSTEM ARCHITECTURE

The system set forth herein by a power module,
MSP430F149 microcontroller, a current transformer,
the relay drive circuit, short circuit protection
components. The overall system structure shown in
Fig 1.

11
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Power
supply

|

Current ¥ Microprocessof

Transformer

Relays ‘

[ ]

PPIC

|
'- o

Load ‘

Fig.1 The principle diagram of the system

2 HARDWARE DESIGN

2.1 Host Controller Module

System using MSP430F149 microcontroller as
controller. MSP430F149 is Texas Instruments has
developed a class of single-chip 16-bit bus with the
FLASH. It uses a 16-bit bus, unified addressing
peripherals and memory addressing range of up to
64K, you can also expand the memory with a unified
external interrupt management, has a wealth of
on-chip peripheral modules. Due to FLASH type, you
can online and download to the microcontroller for
debugging, because the JTAG port and FET (FLASH
EMULATION TOOL) is directly connected, without
additional simulation tools, convenient and practical,
and can work in ultra-low-power mode [4] . You can
choose to run in the ultra-low-power mode, which is
one of the biggest advantages of the single-chip, in
addition, there is a single-chip peripheral A / D,
simplifying the design of the circuit structure.
2.2 current detection circuit

Is the core module of the current detection circuit,
which is the source of the measurement data obtained.
This design uses two scenarios. A program using the
current transformer, the circuit shown in Figure 2. The
circuit structure is simple, low cost, efficient use of the
electromagnetic 220V mains isolation separates the
microcontroller to ensure safe performance. But the
drawback is the low measurement accuracy, the
specific relationship between the ratio of the number
of turns and the tightness of circling about, there will
be a strict ratio between the volume slightly, is not
conducive to smaller footprint. Option II, the use of
Hall current sensors. ACS712 current sensor is a linear
Allegro launched, the device built-in precision linear
Hall sensor circuit low bias, AC or DC current
proportional to the energy output of the detected

12

voltage. Low noise, fast response time (corresponding
to step input current, output rise time is 5us), 50 kHz
bandwidth and maximum total output error is 4%
higher output sensitivity (66mV / A ~ 185 mV / A),
easy to use , cost-effective and high insulation voltage
[5]. Measurement circuit shown in Fig 3.

Fig.2 the measuring circuit of current transformer

+

GND

+5V
1 8
ps VCC v
2 7 out
P+ VIOUT}——0 Coe
I 0.1 pF
Ip ACS712 L
3 FILTERE
IP- 1 C,
|_E P- 5 1nF

Fig.3 ACS712 measuring circuit

ACS712ELCTR-05B-T, the detection range is + 5A,
sensitivity of 185mV / A. The master controller
module design uses MSP430F149 own 12 ADC, an
internal reference voltage is set 1.5V, 1LBS =
0.366mV. The 1LBS corresponding current sensor
input current I = (0.366/185) A = 1.978mA. Table 1
shows that can meet the standby current measurement
accuracy can distinguish operating current and standby
current.

Measurement accuracy because there is demand for
the product is not very strict, just need to have a more
rough comparison capabilities, determine with the
current state of electrical work can be. From the point
of view of product promotion need to reduce costs,
reduce production difficult, so a final option.

2.3 thedriver circuit of relay

The relay system is an execution unit, the choice is

HKA4100F. The driving circuit shown in Figure 4.



Xie Mingxue etc.: Intelligent power socket of reducing the mounting current

HK4100F 3V
IN 4148
P24
R1
01 8050
3.3V

Fig.4 the driver circuit of relay
2.4 Overcurrent protection circuit
Overcurrent protection circuit for protection of the
line, more important is the protection of certain
in the

damaged.two methods can be considered: one, using a

electronic components system are not
fuse. Thermal fuse can not be restored once burnout,
so in this work try to use recoverable fuse, such as
PPTC; the other is to lap fast protection circuitry:once
short , in order to reduce the judging time, the voltage
comparator generates a TTL signal, which controls
relay disconnected, as shown in Figure 5.

+5V
Vref R2=200 R1=10k
vV Vout
Vin —

Fig.5 comparator with Hysteresis
2.5 level conversion circuit
In order to reduce the volume and weight of power
socket , the system uses a battery-powered. But
MSP430F149 MCU support 3.3V power supply, so a
level conversion is required, level conversion circuit

shown in Figure 6.

ue

vee LM1117-3.3V 3.3v
, -
—Il—— Vin Vout
€26, c24
GND = __
100fF/16V | 104
5 R2

0

Fig.6 circuit of Level conversion

3 SOFTWARE DESIGN

By comparing the real-time current and a preset
current, judges the state of the appliances to control
the relay . Fig.7 shows a flowchart of the program:

e
( Start \j

- -

Y
Initialization
settings,
connectivity
relay

h 4

Detection of
electric power
consumption

'y

v

~Ts below 2~
“regrtain valugT
\\\ //
f yes
no
1
v
Record the
power of
working power,
delay waiting to
enter the next

A

measuremen™
[ A TR iR
I

ower is lower than t&ﬁ—yes
~aperating power of 1710~

b 4
Tudged appliances stop
working or go into standby
mode, turning off the relay,
waiting for reset.

no

Judged as a normal state,

the relay connectivity,
delay and waiting to
enter the next test.

Fig.7 program flow char

4 SYSTEM TESTING AND RESULTS ANALYSIS

Physical model shown in Figure 8. Phone, electric
iron, monitors, drinking fountains and other appliances
were tested, the specific method is: let the appliances
in working condition, and then press the reset switch,
observe the power socket wether timely break the
circuit channel or not when the appliances in standby
mode. After several tests, the power socket can
identify with the electrical work status,with fast

power-down features.

13
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5 CONCLUSIONS

After the actual anti-mount current smart design,
this article describes the power socket, capable of
real-time identification of household appliances in
standby, and then cut off the circuit path. Has a low
rate of false positives, the response time is short,
simple structure, easy to use and so on. In the

contemporary environment protection and energy,

must have its broad application prospects.

Fig.8 System real figure

References

[1] Li yi. Household appliances and home standby
power saving mode analysis to explore [J]
Electrical Building 2013, 2: 39-43.

[2] Zeng Yanguang.States Stand EER analysis [J].
Certification and laboratory .2011, 1:57-61.

[3] Wang Jingjing, Bai Leishi, Yan Hui,Wang
Xiaoying. On the standby power consumption of
household appliances [J] China Science and
Technology Information 2008, 10: 140-141.

[4] Yang ping, Wang wei.MSP43 series of
ultra-low-power microcontroller and application
[J]. Foreign Electronic Measurement
Technology .2008.

[5] Dong Jian huai. Principle and should ACS712
current sensor [1] information

Technology.2010,5:94.

14



HAN Ming-yang etc.: The implementation of multi terminal communication research based on Bluetooth

The implementation of multi terminal
communication research based on Bluetooth

HAN Ming-yang, HU Qiang, LI Wen-ming
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract—Since the date of birth of bluetooth technology , It has extensive application in the field of mobile

communication, wireless data acquisition. computer network control .In this paper, with the Bluetooth technology as the

theoretical basisin, design of control system of multi terminal bluetooth universal with the single chip microcomputer. mobile

phone. PDA and PC to realize the communication between hardware platform.After the verification, this system can meet the

design requirements and completed the communication among the four platform.

Key words—Bluetooth technology; Multi terminal; Wireless communication; Information transmission

|. Introduction

BLUEBOOTH is a short distance communication support
equipment (usually 10m) wireless technology, wireless
information exchange between the support of many
equipment. multi terminal bluetooth commun- ication
system refers to the system between the various
hardware platforms communicating with Bluetooth
technology, including the experimental system for
microcomputer, mobile phone, PDA, PC, can realize
the transmission of any two characters, numbers and
receiving. According to the four terminal, development
platform including the visual studio ,eclipse, and keil.
Design of MCU uses STC89C52 to complete the
hardware platform..

Il. Procedure for Paper Submission

A, Design for the system

According to the system design and communication
requirements, multi terminal bluetooth communication
system design as shown in Figure 1, including four
modules of MCU system, mobile phone, PDA and PC.
MCU system module is based on HC-06 Bluetooth
module through the serial port, using low power
microcontroller STC89C52 of STC company as the
main control chip, peripheral keyboard, LCD. The
main control chip to control the keyboard input
transmission character and control of liquid crystal
display of the receiving and sending character. Mobile
phone system module is Meizu MX2 mobile phone,
based on the bluetooth4.0, by calling its Bluetooth
function, design of communication software, the
completion string, digital transmission and the receive,
with clear, save, save the file in TXT format storage

and memory card. PDA is based on the HP h2210
(FA103A), built-in Bluetooth module JSR-82,system
language is Windows CE,VS2005 programming
environment. Design and implementation of set,
receiving, sending, preservation, removal and other
functions. PC based matlab design serial
communication software, the parameters can be set to
achieve the communication between devices.
Eventually, mobile phone, PDA MCU, PC Quartet
based on Bluetooth, transmission and exchange of
internal information through the serial communication,
information processing platform will be received.
through the screen is displayed.

520C4 - PC
Bluetooth module Bluetooth module
7 3~
‘ ‘ \Q\;\}/j// ‘ ‘
/\/// = \\\\\\\
<~ >
PDA - Mobile Phone

Fig.1 Diagram of the system

B. design for system module

Multi terminal Bluetooth communication system
mainly consists of MCU, mobile phone, PDA, PC
machine parts. Through serial communication, set the
COM port (different equipment settings are different),
baud rate 9600, 8 data bits, 1 stop bit and a series of
operations, complete the connection, communication,

equipment storage, clearance, exit and other
operations.
1 MCU design

Using keil4 for programming and debugging,
Protues simulation experiment. The hardware block

15
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diagram is shown in figure 2:

PO

52meu led

\

TXRX

Pl

\

Bluetooth module

Fig.2 Hardware connection diagram

1.1 Bluetooth module

Bluetooth module using HC - 06 type, interface
level 3.3V.The main application of pins VCC, GND,
TXD, RXD, VCC connected to the positive electrode,
GND grounded, TXD chip RXD and the Bluetooth
module RXD is connected with the single chip TXD.
Through the Bluetooth module in the MCU Connect
the SBUF status register, through the temp=SBUF to
receive, send by SBUF=Key Value.
1.2 keyboard scanning

GG

X
e
i

ZZ|E‘H|DIZZZ

a BT IvEY]

Fig.3 The keyboard circuit diagram

The keyboard using 4x4 matrix keyboard, the matrix
keyboard leads pins respectively and 52 MCU P1 port
8 pins connected, hardware connection diagram shown
in figure 3,. The scanning process is as follows, P1 port
will be one by one to give OxFE, Oxfd, 0xfb, 0xf7, and
then temp one by one to give 0x10,0x20,0x40,0x80,
when the first [ rows and j columns key is pressed with
P1 & temp=0, is recorded by pressing the key position
i+4%j.
1.3 display part

e —
Fig.4 Liquid crystal display circuit diagram
Lcd1602 as a part of display , the data port
respectively, and 52 MCU PO, after opening 8 pins
connect pull-up resistor, VEE pin sliding rheostat in

16

respectively grounded and positive, VDD and VSS are
respectively connected with the anode and the ground,
the hardware connection diagram shown in figure 4,.
The working process, the program at the beginning of
the liquid crystal module for initialization, agreed the
display format, display character to be input display
character address, then according to the internal
character generation memory, input specifies the code
to display the character.
2 Thedesign of Mobile phone

MEIZU mx2,is a mobile phone based on the system
of Android 4.1. It is designed by using Android
language, based on JAVA,and programming software is
Eclipse v22.0.5 version to design mobile phone
software  of  Bluetooth.Eclipse is an open
source,extensible development platform based on
JAVA..
2.1 Mobile phone system hardware

The mobile phone is based on Bluetooth 4.0.1t has
the advantage oflow peak,average and standby mode
power consumption,low cost,interactive devices fro- m
differ-ent manufacturers,wireless coverage enha-
nceement, The fully backward compatible,Low latency
(APT-X).
2.2 The software of mobile phone system

The main interface design system as shown in
Figure 5. Including the five controls of connection,
transmitting, preservation, clear and exit, two text
boxes of sending and receive.

mE| =& QAaQa® A

Fig.5 Mobile phone software component design

The design of connection control including custom
functions of findViewByld and on Connect Button
Clicked, to search equipment and respectively
connected with the key response function.The design
of transmission control use the function of on Send
Button Clicked, to achieve send a number or string
functions. Other controls the function and the
corresponding function as shown in Table 1.

Table 1 Interface design involves the function and parameters
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The function Parameters | Effect
findViewByld R.id.Butto | Search
n03 equipment
onConnectButto | View v Connect
nClicked button
response
onSaveButtonCli | View v Connect button
cked response
onClearButtonCl | View v Clear key
icked response
onQuitButtonCli | View v Exit key
cked response
Save O) The Save
button
response
onSendButtonCli | View v Send the key
cked response
3 Function design of PDA software
3.1 Design platform

About PDA software we need to write a serial
communication software. Because the last to be
generated MFC file downloads to PDA through
Activesync. the PDA for Windows CE operation
system, compared programming
language,include Java, VB,andC/C + +, we chose the
C + +, because its underlying control ability and it is
linked with the Windows system more closely.The
environment is vs2005.

3.2 Interface design

We designed to open the main interface,include
Bluetooth, turn off Bluetooth, send data , save and
remove five controls.there are two text boxes sending
and receiving . The ID of part of the above are :

Turn on Bluetooth IDC Bluetooth Open. First
determine  whether the port 1is open, then
the new serial communication objects.

Turn off Bluetooth : IDC Bluetooth Close. Open the
serial port so close to end communications.

Sending Data : IDC_Bluetooth Send;F irst determine
whether the Bluetooth connection, the connection will
screen the input string line sent.

Save : IDC Bluetooth Save; Save PDA interface
receives data and character , save directory for my
docement.

Clear the screen : IDC Bluetooth Clear; Empty the
contents of the screen receiver box.

Send box : IDC_Bluetooth Sendtxt; Display and input
characters and data sent via Bluetooth but not sent
content.
Receive box :

several

IDC Bluetooth  Receive Display the
received data via Bluetooth and character.
The main interface is shown in Figure 6:

@« i @
| |mFas-2a @ T4 1952
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sl
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Fig.6 Application component diagram of the PDA
3.3 Event handlers
When writing the program , we choose CSevil serial
class with MFC serial package , we are first prepared
by the various control interface , which calls the
function were

Turn on Bluetooth CxianshiDlg
OnBnClickedBtnOpen ()
Turn off  Bluetooth CxianshiDlg

OnBnClickedBtnClose ()
Transmit Data : CxianshiDIg :: OnBnClickedBtnSend
0
Clear : CxianshiDlg :: OnBnClickedButton2 ()
Save : CxianshiDlg :: OnBnClickedBinSave ()
OK : CDIgParams :: OnBnClickedBtnOk ()
Cancellation CDlgParams
OnBnClickedBtnCancel ()
Then call the serial settings of class :

Serial CDIgParams

OnCbnSelchangeCmbComNo ()

Baud Rate DlgParams
OnCbnSelchangeCmbComBaud ()

Parity bit CDlgParams
OnCbnSelchangeCmbComParity ()

Data bits CDIgParams
OnCbnSelchangeCmbComDatabits ()

Stop bit CDlgParams

OnCbnSelchangeCmbComStopbits ()
3.4 Generate a MFC of executablefile
After compiling the program,we firm executable file
of MFC .
4. The part of design for PC
Using matlab GUI to design PC interface software.
Matlab serial port control is through the serial () is
mainly divided the implementation class and method
of controlling functions corresponding to the four
steps:
4.1 create a serial device object and set its properties.
9600b/s communication data asynchronously format
for 8 data bits, no parity 1 stop bit.
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4.2 open the serial port device object.

Command to open the serial device object.
4.3 read the serial data

Matlab communication data using text ASCII mode
to read and write serial device commands are
respectively fscanf and fgetl, the fgets fpritf when a
Matlab communication data using binary mode to read
and write serial equipment command is fread.
4.4 close the serial port device object

The use of Fclose (s) command to close the serial
port equipment.

The main function of the operation as shown in table
2:

Table 2 Design of function of PC

The Effects B
functions

Eprintfe Write  function « +
Ewrites Write  function « «
Fscanfs | Readfunction with character |«

seading terminated by Ter-
minator, with a return func-
tion+

reads Read function, the binary |+
mode read, read the
specified number of char-
aderse

Read function, the binary |+
mode read, read the
specified number of char-
acters«

Faetle Read function, with char- |+
acters reading, ignore the
Terminator auxiliary gper-
ation.«<

Eogtse

C Test

Test equipment comprises a MCU, mobile phone,
PDA, PC. Serial communication through mobile phone
and PC test, PDA test, transmission including strings
and numbers. Transmission test chip and mobile phone,
PDA is digital.

1. the mobile phone communicates with a PC test.
Mobile phone terminal sends a string as a test of
character, send the string PC end. The two sides of
communication, the experimental results as shown in
figure 7.

2. to carry out communication test of PDA and
mobile phone machine. PDA end to send the digital,
PC end to send the string, the test results are shown in
Figure 8, the PDA end and can display and save
operation.

3. to test communication between MCU and PDA.
As shown in Figure 9.

4. to test communication between MCU and mobile
phone. As shown in Figure 10.
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Fig.8 Characters to send and receive test pattern of PC  and

mobile phone

Fig.9 Characters to send and receive test pattern of MCU
and mobile phone

Fig.10 Characters to send and receive test pattern of MCU and
mobile phone

After testing, four platform communication in good
condition, between the mobile phone, PDA, PC can
accurately transmit long string and long string of
numbers, and mobile phone and PDA are preserved
and clear function. MCU can send two digit, can reach
the expected requirements
D Summary
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The Bluetooth communication and  serial
communication technology to design and complete a
multi terminal Bluetooth communication system, can
realize communication of MCU, mobile phone, PDA,
PC machine between the system based on. The MCU
and other equipment to realize the digital transmission
and reception. Mobile phone, PDA, PC’s
communication can be a string, inter digital. Mobile
phone, PDA has kept clear and other functions.
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Ultrasonic Ranging System Designbased on
STC89C51 MCU

LIU Ke;XIA Yan-long; WANG Huan-yi
(College of Instrumentation and Engneering, Jilin University, Changchun 130021,China)

Abstract: In view of the current traffic safety and growing problem, STC89C51 chip designed based on the core of the

ultrasonic range finder. This system consists of an ultrasonic transmitter receiver module, LCD display module, sound modules

and other components. The use of ultrasound to detect the distance of the obstacle in front of the detectable and temperature

compensation. Ultrasonic Ranging in order to achieve accurate and intelligent display. The system is low-cost, functional and

practical, and can be successful in reducing traffic accidents.

1. INTRODUCTION

WITH the improvement of the people's living standard,
the use of the car number is constantly increasing, the
traffic safety problem is faced with more and more
severe challenges. In order to constantly improve the
safety of the vehicle, involving with the car auxiliary
system of traffic safety are graving.

With the increase of the traffic accidents, associated
with the Active Safety Systems research is extremely
important. Similar design, however, there are many
problems, such as the system is easy to damage, the
price is too high, the sound is too small, easily
distracted the drivers’ attention, etc. In order to solve
these shortcomings, this paper proposes a real-time
detect obstacles around the vehicle, the LCD module is
adopted to measure the distance of the value of
intelligent display when the distance is less than a
certain threshold, risk early warning system. The
system can make the driver under the condition of no
distraction from the sense of the vehicle information,
so as to ensure the vehicle safety. This design is to use
single chip microcomputer, sensors, knowledge and so
on, to the design of the automotive safety warning
device, and reverse travel in cars, help drivers to better
understand body environment, avoid the happening of
the accident.

2 .The Overall Design of the System
The system is mainly based on the MCU and the

ultrasonic sensing technology. In the vehicle before
and after ,the installation of the MCU and the
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ultrasonic sensing module device. Through the
microcomputer control ultrasonic module realize the
perception of the distance between the vehicles.And
can detect the current temperature, realize the
temperature compensation of the distance. After
treatment, the distance from the LCD module display
information and by ringing alarm module.

The block diagram of the overall design of this
system are shown in figure 1 , the system consists of
main control chip, LCD display and alarm device,
ultrasonic receiving modules and ultrasonic emission
modules. Distance detection by ultrasonic transmitting
and receiving modules, through the master control chip
for temperature measurement and temperature
compensation, at last, through the LCD display and
alarm to report the distance.

Its working principle is as follows: the main control
chip control ultrasonic launch module to 40 KHZ
sound wave signal, at the same time, start the timer
timing. Accept module to accept return of sound waves
of the ultrasonicsignal, After receiving the signal,
according to the timer to calculate the ultrasonic
propagation time t, so as to obtain distance information.
If you did not receive acoustic signal receiver, then
continue to send ultrasonic, if received acoustic signal,
the detection of the current temperature, and the
temperature compensation with the main control chip,
and the results are the analysis judgment, the precise
distance information, and then through the LCD
display distance ,temperature. If the calculated distance
is less than the threshold, the ringing through the LCD
display module and module. On the other hand, the

control chip to continue the above judgment.
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The Ultrasonic

receiving —» amqllfxlng
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Main
Timer control
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A
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raﬁoug amplifying LCD display and
transmitting «— . . <
circuit alarm module
module

Fig. 1 Over all design scheme diagram

3.The Design of Key Module

3.1 STC89Ch1

This design chooses the STC89C51 as the core chip
system. STC89C51 was developed by the United
States on STC company 8 bit microprocessors,
embedded 4 KB Flash ROM. Under 3.8 ~ 55 V
working voltage, the working speed range of 0 ~ 40
MHZ. STC89CS51 chips with features include low
power consumption, high performance, low price, high
speed, high reliability and anti-interference, PLCC
encapsulation, 32 programmable multifunction I/O
port, three 16 for the timer/counter. This makes it very
suitable for used in intelligent system of main control
chipt"?,
3.2 The Ultrasonic ranging module

Ultrasonic transceiver unit adopts high performance
embedded wireless transceiver module by wenxuan.
Module can work under voltage from 2.4 V to 5.5 V,
standby power consumption is lower than 2 maA,
performance is relatively stable and are influenced by
the outside world is relatively small; Ber is small; the
maximum detectionIs 5 m, Kbps data rate; Own
temperature sensor can realize the measured results are

correct. As is shown in figure 2.

Fig. 2 Ultrasonic Ranging Module

A serial port communication protocol: TX send 0
x55 signal, baud rate to 9600, excluding parity, no flow
control.

In this mode, the system sends out eight consecutive

40 KHZ pulse, then the return of acoustic signal
detection and the results after temperature correction
by Echo output pin. The sequence diagram shown in
figure 3 below.

AAJ?i8gerAAA,HHHJLAAAAAAAAAA,SenL via TX 0 x55 HJHlH
signal
Launch WCycle from 8 to 40 KHZ pulses:

the probe signal

The emitting and receiving The original distance

module for time difference measurement results

Start temperature sensor Measuring the current

temperature measurement module environment temperature

’_HW Correction and
through a serial

port RX output

The output Of the echo signal

Fig. 3 the timing diagram of the serial interface triggers the
ranging

Ultrasonic ranging working process is as follows:
Because the ultrasonic is a kind of sound waves, it is
related to temperature. If environmental temperature
change is not big, the speed of sound change is also not
big, the we can approximate that its speed is constant,
otherwise you need to compensate the temperature
measurement for its. The relationship between the
velocity and the temperature in the following table 1.

When the ultrasonic transmitting module detects the
trigger signal, the ultrasonic launch module of eight
consecutive 40 KHZ pulse signal. INTO is' 1 ', counter
to start counting, the ultrasonic echo signals are
waiting for received, when the signal arrives, the
microcontroller response interrupt program, close the
counter; On the other hand, if the ultrasonic receiver
does not receive the return signal, also need to respond
to the interrupt program, and start counting, reflected
the ultrasonic receiving module continue to wait for
the obstacles of acoustic signals. Master control chip,
through counter count for the launch and return of
acoustic time difference, thus can distance measuring
results are obtained. Calculating formula for the
distance

d=s/2=(v¥t)/2

Among them: v for sound velocity; t for the round-trip
time; d as the distance; s for the sound waves from the
distance;

At this point, the start temperature compensation
system, the current temperature is measured by the
internal temperature sensor. Finally through a serial
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port RX output after correction of echo signal.

Table.1 the sound velocity and temperature dependence of the

table
temperature ('C) -20 -10 0
speed (m/s) 319 325 332
temperature (C) 10 20 30
speed (m/s) 338 349 386

3.3 LCD display and the alarm module

When the MCU received the echo signal after
correction, the analysis judgment out of the current
information, the design adopts LCD temperature,
distance and alarm display (danger). LCD screen has
small volume, convenient use, low power consumption
advantages. LCD1602 internal character store different
lattice character. Show, by operating instructions will
need to display the information display on the LCD
screen. 1602 LCD screen recognition is ASC 1l yards,
by DO ~ D7 8 bits of data port input data and
instructions.
3.4 ringing module

This design set the predetermined risk alert values,
when the measured distance is less than the set
value, the modules will report.Ringing modules are

shown in figure 4 below

SPEAKER

Q1

IRFR9014

Fig. 4 the ringing module system

4.Software Design

The author designed software program flow are
shown in figure 5 below. Software is mainly written
using C language, can improve the work efficiency and
the procedure of reliability and readability. Design
USES the modular design, mainly including ultrasonic
ranging module, LCD display and the alarm module
and the ringing module. System initialization including
master-slave SCM STC89C51 initialized, ultrasonic

module®®*¥ and LCD initialization.
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v

LCD display
the Distance and the
temperature

Fig5 Flow chart of the software

5.The Experiment of System Testing

5.1 Testing the System and Course

Test method: design is completed, the design is
made and run functional test. The test system are as
follows: set a, b, c, d,e, f, g, h, I, j ,ten points, point
spacing is 50 cm, at various points in turn set the
baffle. , in turn, observe LCD screen distance, 10 times
repeated measurement, record and calculate the error
of average, analyzes its error size is in the permitted
range.

5.2 the test result and analysis

According to the test method to get the following
test results are shown in table 2, table lists the system
test experiment mean value of the measured distance.
As can be seen from the table, the measured distance
meet the system requirements. And the system test
experiment, 10 times did not appear without display

and repetition.
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Table.2 The average distance of the Ultrasonic Ranging record

sheet
distance/cm 50 100 150 | 200 | 250
Measured/cm 51 101 152 | 199 | 252
distance/cm 300 350 | 400 | 450 | 500
Measured/cm 299 351 400 | 452 | 503

In the test experiment, the LCD display module
display information such as the distance and the
temperature, the information of the system are as
follows: when the distance is greater than the preset
value, the LCD screen display temperature, distance.
When the distance is less than the predetermined value
shown on the LCD screen flashing "danger!" The
ringing alarm module system at the same time. Ten
times the system test not present information
misstatement in the experiment phenomenon, the

system is stable and reliable.

6 Conclusion

The design of ultrasonic ranging system by single
chip microcomputer and the ultrasonic transmitting
and receiving module has been very mature and widely
used technology, based on the idea of modularization
of whole building, can realize automatic perception
and alarm, accord with the requirement of practical
application. Innovation point of this system is to use
pulse ranging method and temperature compensation.
At the same time, its cost-effective, reasonable design,
fast speed, strong anti-jamming capability, complete
functions. In order to make the system more human,
intelligent,In order to make the system more human,
intelligent, and can be modified in the following three
aspects to improve: (1) when obstacles movement
speed is too large, the error will increase; (2) the
precision of temperature compensation to improve; (3)
ultrasonic  launch receiving probe is strongly
influenced by the temperature; After many tests, this
system can prove its stable performance and display

accurate, is a good way to service for the user.
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Voice intelligent collision prevention system

Kang xiao-meng , Shi lun-shang
(College of Instrumentation and Engneering, Jilin University, Changchun 130021,China.)

Abstract—Against the worsening the traffic problems, especially the car crash, designed the voice intelligent collision

prevention system, this system is based on AT89C51, by ultrasonic relative velocity measurement module, ultrasonic distance

measuring module, voice module and display module. To detect the car distance, relative velocity, to judge whether a collision

risk and voice warnings in danger. S cm of error in the design, can achieve reduce the requirement of the collision.

I. INTRODUCTION

WITH the rapid development of science and technology,
ultrasonic will be more and more widely used in the
range finder. But in the current technical level, people
can make use of the specific ranging technology is still
limited, therefore, it is a burgeoning and infinite
prospect of technology and industry. Looking to the
future, the ultrasonic rangefinder as a new kind of very
important useful tool in various aspects will have very
big development space, it will develop in the direction
of the more high positioning precision, to meet the
social needs of the development of increasingly, such
as basic as follows: the development trend of sonar
developed the passive ranging sonar has higher
positioning accuracy, so as to meet the needs of the
water to implement all the hidden weapons attack;
Continue to develop the low frequency line-spectrum
detection of submarine towed linear array sonar,
realize super remote passive detection and recognition;
Development work is more suitable for shallow sea
submarine sonar, especially solve the problem of
shallow sea water target recognition. There is no doubt
that the future of ultrasonic range finder will with
intelligent automation, and other rangefinder
integration and fusion, form a rangefinder. As the
range finder technology progress, rangefinder will
develop from the simple judgment function to have
learning function, eventually to be creative. In the new
century, face a new rangefinder will play a more
important role.

Becomes more and more popular in recent years,
with cars, pitfalls associated with more and more, the
collision is one of the safe hidden trouble. When

people are driving on the way, because of the rain, fog,
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speeding, fatigue driving, etc., often occur accident,
light caused economic losses, or threaten people's lives.
As much as possible in order to reduce automobile
collision, to ensure the safety of people's lives and
property, prevent collision device is particularly

important.

II. ULTRASONIC AND ITS RANGING TECHNIQUE

A. ultrasonic

Ultrasonic refers to the mechanical wave frequency
is higher than 20 KHZ. In order to in ultrasonic
detection means, must produce and receive ultrasonic
super living wave. Complete the function of the device
is the ultrasonic sensors, customarily called ultrasonic
transducer or ultrasonic probe. Ultrasonic sensor has
sender and receiver, but an ultrasonic sensor can also
has a dual function of send and receive sound waves.
sensor is to use the

effect will

Ultrasonic principle of

piezoelectric power and ultrasonic
reciprocal transformation, namely, at the time of
launch ultrasonic wave, converts electrical energy to
emit ultrasonic; While at the time of the received echo,
ultrasonic vibration is converted into electrical signals.
The principle of ultrasonic ranging general TOF by
transit time method (time of flight). First measured
ultrasonic time experienced by returning from launch
to meet obstacles, then by ultrasonic get twice the
speed of sound source and the distance between the
obstacles In the ultrasonic ranging is suitable for high
precision distance measurement. Because the
ultrasonic propagation in standard air speed of 331.45
m/s, the MCU is responsible for the timing, the
singlechip using 12.0 MHZ crystal vibration, so the
measuring accuracy of the system theory can achieve

millimeter level. Because ultrasonic directivity is
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strong, energy consumption is slow, propagation
distance in the medium, thus the ultrasonic can be used
for distance measurement. Using the ultrasonic
detection distance, the design is more convenient,
calculation process is simple, and in measuring
accuracy can be achieved.
B. Ultrasonic ranging principle

Transmitters of ultrasonic in nu of speed in air, in the
object to be tested is reflected back, by the receiver, the
round-trip time for t, by the s =n /2 can calculate the
distance of the object to be tested. If the ranging
accuracy is very high, it should be corrected by the
method of temperature compensation.
C. - US100 ultrasonic module

US - 100 ultrasonic ranging module can realize
non-contact ranging function 2 cm ~ 4.5 m, with wide
input voltage from 2.4 V to 5.5 V, static power
consumption is lower than 2 ma, built-in temperature
sensor distance measurement results are correct, at the
same time have a GPIO, serial port communication a
variety of ways, with watchdog, stable and reliable

work.

Real figure is as follows:

Fig.1 Ultrasonic physical

D. A serial port triggering ranging principle

In this mode only need in Trig/TX pin 0 x55 (baud
rate, 9600), the system can send out eight 40 KHZ
ultrasonic pulse, then the detection of echo signal.
When the Echo signal is detected, the module of
temperature measurement, then the distance measuring
results are based on the current temperature correction,
the correction result by Echo/RX pin output. The
distance of the output value, a total of two bytes, the
first byte is a distance of eight high (HDate), the
second byte of distance low 8 (LData), the unit is mm.
The distance value of (256 + LData HData *) mm. A
serial port trigger range of temporal sequence as shown
in figure 1.2:
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—  The owimi OF the scho cigm) Uhrugh u serizl

purt BX oulpet

to 4 02 pulses—————

Fig.2 A serial port triggering ranging sequence diagram

Il .THE SYSTEM DESIGN

For voice intelligent collision prevention device, the
specific requirements for the check-out car, two cars
relative speed detection, and voice for voice intelligent
collision prevention device, specific requirements for
the check-out car, two cars relative speed detection,
and voice alarm three parts. So we put the system into
three modules: ultrasonic ranging - get limber and the
distance between the car and speed - based on
ultrasonic sensors measure the two cars and relative
speed of voice alarm, report if possible collision to the
driver. The system total design as shown in figure

Fimla the
prodless in the
losign

Fig.3The system total design
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IV.SYSTEM IMPLEMENTATION

A. Ultrasonic distance measurement, and the distance
between the car get to people.

Using US100 ultrasonic ranging module and
peripheral circuit.

B. Seed - based on ultrasonic sensors measure the
relative speed of the car

In the experiment, we measure two move relative
velocity of the object, and cannot be measured directly.
So we use ultrasonic sensors, in a set for a second time,
after the measured distance vehicle ahead, and the two
cars in a second time of displacement is poor, so can
relative speed of the car.

C. \Woice alarm, report if possible collision to the
driver.

PLAYL: Playback control level trigger. When the
end as low electricity at ordinary times, chip into the
play cycle; When the end stop playback for high levels.

PLAYE: Playback control pulse triggering end.
When the end of the input from high level to low level
jump, chip into the play cycle.

RECLED: The tape
light-emitting diodes (leds), as the recording light

shows. The termination
when recording.

REC: The tape control side. The end to the low
electricity at ordinary times, recording chip into the
state, the client must maintain a low level during the
recording.

ISD1420 hardware connection diagram as shown in
figure 4. The first to use button control REC pin voice
recording, record the three sections of the starting
address of the voice, respectively, 00 h, 10 h, 30 h.
After the SCM according to the state of light intensity,
control chip address for corresponding voice broadcast.
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Fig.4 ISD1420The hardware connection diagram
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V .THE SYSTEM SOFTWARE DESIGN

Software is mainly written using C language, can
improve the work efficiency and the reliability of the
program and readability. The idea of modular design,
mainly including ultrasonic speed measuring module,
LCD display and alarm module. System initialization
including master-slave SCM AT89C51 initialized,
ultrasonic module and LCD initialization. The system
software of the main program

flow is shown in figure 5

Fig.5Software process

VI. SYSTEM TEST

A. The test method

After completion of design, the design is made and
run functional test. The test system are as follows:
choose two car, car mount this device, let two cars at
the same speed in the same orbit, by changing the car's
speed and distance to observing the distance and
relative speed of LCD display and voice alarm in
certain circumstances. We assume that the safe
distance between the two cars to 1 m, two car relative
speed when the car is greater than the speed of the
vehicle ahead when is positive, whereas negative. The
data is shown in figure 6



Kang xiao-meng etc.: Voice intelligent collision prevention system

distan
1.50 1.50 0.90 0.90 0.50 0.50
ce /m
results
1.48 1.49 0.91 0.89 0.47 0.50
/m
The . . . . . .
positi | negati | positi | negati | positi | negati
relativ
ve ve ve ve ve ve
e
For
possib no no yes no yes no
le
Wheth
er the no no yes no yes no
alarm

Table 1 The experimental data in figure
Testing experiment, a LCD display in line with
expectations, the relative speed and distance error in

the allowed range, and the ability to predict the alarm.

VI. OUTLOOK :

The design of the system in line with expectations,
but there is room to improve: in some special weather,
human environment, the rider to steer by transform
button, set the same as the driving conditions of safety
factor; The system load to the driver of navigation or
cell phone, make use more convenient; And the system

reliability, practicability and economy.

VII.CONCLUSION

The author design the system of technology has been
mature and have a wide range of applications, and
design can realize the distance and relative velocity
measurement, and can be personalized by recording
speech, and the design of the high cost performance,
convenient and practical, low error, strong stability,
high safety factor, suitable for a wide range of
promotion and application.

Finally thank you give us guidance in the process of
design week every word the teacher and classmates

give us help.
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Underground metal detectors

Wang fu; Zhang yu; Liang haonan
( College of Instrumentation and Electrical Engineering, Jilin University,Changchun 130012,China)

Abstract—With the process of social modernization, the urban construction developrapidly, underground cables and

pipelines across the city, resulting in a large number of underground pipeline and communication optical cable has been

damaged by the unintentional, more importantly, in the process of urban construction, as a result of the existence of some war

wreckage and scrap metal, brought a lot of inconvenience to the modernization of cities. Therefore, the shallow surface of

metal detection is particularly important, this paper takes STC89CS1RC single-chip microcomputer as the controller, the eddy

current sensor module, the signal processing module, A/D module, LCD display and buzzer alarm module of the measuring

system, the main use of eddy current sensor non-contact measurement, through the feelings of the change of the magnetic field,

to determine whether there is A metal. By non-contact measurement, this system can sense within 5-10 cm below the surface of

metal, and can estimate the size of the metal.

Key Word—Metal detector; The eddy current sensor; Non-contact measurement;Low power consumption; Energy saving

I. INTRODUCTION

AS a security screening equipment, metal detector has
been widely used in social life and industrial
production in many areas, and it plays an extremely
important role in industrial production and personal
safety. Metal detectors are widely used in industrial
and agricultural production and security, especially,
smart metal detectors with high precision, responsive,
small, easy to use, etc., favored to use in a variety of
occasions. Metal detectors typically using a signal
processing circuit for voltage or frequency sensor
output signal is processed to detect metal drive when
an alarm indicating circuit. Detection principle is
broadly divided into

Currently metal detectors widely used beat-style and

beat-style, self-oscillation.

self-oscillation type detection principle, it’s circuit
Part 5

amplifiers and alarm circuit. Be applied to intelligent

generally reference oscillators, mixers,

instrument, given its more features, while the error rate
significantly lower!").

Underground metal detector use the principle of
metal detectors, the application of eddy current effect,
when the metal through the bottom of the eddy current
sensor, induced magnetic field, so that the magnetic
field sensor is changed, we can see there is a change of

metal is present.

IT SYSTEM ARCHITECTURE
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In this paper, the design of underground metal
detectors is made up with STC89C51 controller, A/ D
0809 ADC, 12864 LCD display, eddy current sensors,
eddy current conversion circuit, and the overall system
block diagram is shown in Figure 1. When the eddy
current sensor feltthe eddy currents, the eddy current
conversion circuit give a voltage signal by A / D 0809
D converter change into a digital signal to the
controller to process, then displayed through the LCD
display 12864LCD, in order to meet the requirements

to detect metal.

LCD12864

MCU
A/DOSOY Ej;!:\i:::[ Eddy current
circuit Sensors
Fig.1 System architecture
[II HARDWARE DESIGN

A. Control Module Design

The system uses STC89C51 microcontroller as the
system controller, STC89C51 is a class of single-chip
16-bit bus with a band of FLASH. It uses a 16-bit bus,
unified addressing peripherals and memory addressing
range of up to 64K, you can expand the external

memory. A unified interrupt management, with
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extensive on-chip peripheral modules. Due to FLASH

type,
microcontroller for debugging, because the JTAG port

you can online and download to the

and FET connected directly, without additional
simulation tools, convenient and practical, and can
operate in low-power mode!?).

The system controller is made up with the peripheral
circuit, power, conversion module, LCD display
module. The hardware circuit system is shown in
Figure 2. Controller acquisition conversion circuit
outputs a digital signal, and finally displayed by the
LCD display module.

T FFFAT

ik, 0

TRRTH TR T

[ELEERI L]

Fig.2 System hardware circuit

B. Eddy conversion module

The eddy conversion module using resonance
method, this method will change the sensor coil’s
inductance to a change of a voltage or current. Sensor
coil and capacitor connected in parallel LC parallel
resonant circuit. The resonant frequency of the parallel

1

resonant circuit is” " 277VZC ; And the equivalent

impedance of the resonant circuit is the maximum, is
s

° &K' In formula, R 'is the equivalent loss
resistance of the circuit. When the inductance L
changes occur, the equivalent impedance and resonant
frequency of the circuit will change with the change of
L, the loop impedance can be measured using the
method or methods of measurement of the resonant
frequency of the circuit of the sensor measured values
are measured indirectly!).

mainly have AM and FM

circuit .Amplitude modulation due to the use of quartz

Resonance

crystal oscillators, so the higher stability, FM and

simple structure, easy telemetry and digital display.
Therefore, in this system uses a frequency modulation
measurement circuit.

FM measurement principle is to measure the change
in the circuit caused by a change in inductance of the
sensor coil, the inductance changes cause changes in
the oscillation frequency. Frequency change is
measured indirectly reflect changes. Here coil eddy
current sensor is used as an inductive element access
oscillators. Figure 4.3 is a schematic diagram of the
FM measurement circuit, which consists of two parts
capacitance three-point oscillator and emitter follower.
To reduce the influence of the sensor output cable to
the distributed capacitance Cx is usually adjusted to
the sensor coil L and the capacitor Care encapsulated
in the sensor, the effects of this distribution capacitors
in parallel to the large capacitor C2, C3, and thus
significantly affect the resonant frequency reduced.

Fig.3 Eddy current switching circuit

C. Eddy current sensor module

The eddy current sensor is consist of probe,
extension cable, set the device and measured body
composition, high-frequency oscillation current flows
through the coil probe extension cable, resulting in the
end of the probe coil H1 alternating magnetic field
within the effective range of the alternating magnetic
field is not measured body close, the magnetic energy
is a total loss; When the magnetic field close to the test
object, the test surface in this induced current - eddy
current shown in Figure 4. At the same time eddy
current field test on the body produces an alternating
magnetic field H2, H1 direction opposite the direction
of H2 due to the reaction of the magnetic field from the

current size of the probe coil and phase changes that
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occurred in the coil impedance probe change with
changes in the impedance of the probe coil is measured
to reflect the effect of the eddy current body, eddy
current strength of the eddy current reaction changes
the equivalent impedance of the probe coil, the
body,
permeability, geometry, excitation current, frequency

measured conductivity of the magnetic
of the probe coil and the measured distance between
the body and the relevant. Therefore, eddy current
sensor is consist of can be viewed as a two-part
carrying the probe coil and the sample constituted[4].
The eddy current sensor’swork process is f: when
the distance between the probe and the measured body
changes, the quality factor Q of the probe coil also
changed. Q value caused by the change of the
oscillating voltage change after the oscillation voltage
detector, a filter, a linear compensation, amplification,
normalization into a voltage (current) changes, and
ultimately complete the conversion. From the above,
eddy current sensor is consist of system measured
body of work can be seen as half of the sensor system,
namely performance and measured body about an eddy

current sensor.

Hl
HH
= 1.
!
SAEH ) x

Fig.4Working principle of eddy current

IV SOFTWARE DESIGN

Master controller program flowchart is shown in
Figure 6, the master controller module includes
initialization procedure, to obtain a voltage signal
acquisition, data processing and so on. The main task
of the digital signal coming from the sensor is
collected and processed. First, the analog voltage
signal coming from the eddy current converter circuit
analog to digital conversion, digital signal acquisition
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after the end of the conversion A / D converter output
through the digital
displayed on the LCD screen. Change the value on the

signal processing ultimately

display is the eddy current”).

Svsten
initializatio
n setting

!

Data
acquisition

-

k.

fia ]
CONVersion

Data
processing

LCD display

Fig.5 System software flow chart

V TEST RESULTS

The experimental prototype in the laboratory for
testing: each module is working properly, the use of
laboratory test round iron plate as metal, when the
sensor probe is placed on top of a round iron
Scm-10cm, the voltage value on the display changes
evident in when the voltage value than 10cm small and

close to zero. Detailed test results shown in Figure 6.

r'y
Voltagemy

[ ) T (0 O
i Distance’cm

Fig.6 System test result

VI CONCLUSION
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This article describes the underground metal
detectors can detect near-surface metal, but can’t detect
the deep underground metal, metal detector in the
process of carrying out the results in the form of
voltage values for display, makes clear, and may
determine the metal the edges and center. And
conventional metal detectors, compared with small size,
light weight, easy to carry features. In addition, the use
of eddy current sensor can also size and material of
metal detection, due to the constraints, the design did
not materialize, but after further resecarch has
far-reaching significance.
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Design and implementation of the Security System
for Apartments

Li Fangwei; Wu Qiong; Zhang Di
(College of Instrumentation and Electrical Engineering, Jilin University,Changchun 130022,China)

Abstract—In a collective apartment in order to prevent the occurrence of burglary when people sleep at night or go out,

this design use infrared sensors and RFID (Radio Frequency Identification) .They can achieve monitoring illegal acts and

achieve fast and accurately changing the Armed and disarmed state. This paper introduce the SSA (Security System for

Apartments) which STC89C52RC microcontroller, RFID module, LCD display module, sound and light alarm module, UPS

(Uninterruptible Power Supply) module and avoiding blocker by infrared, temperature, smoke sensors. The system can

achieve accurately alarming in maximum security state, automatic surveillance’s USB interface, continuing to monitor when

the outages occur. And in order to the actual needs of life, adding the digital thermometer, clock calendar, fire alarm to the

SSA.

Key words—Apartment burglary; Quickly Armed and disarmed; RFID; Continuous monitoring; UPS

0 INTRODUCTION

TRADITIONAL Burglar alarm systems are used for
family or business. The number of the main technical
solutions is four. First, inductive sensors are always
the infrared detector for body. Second, the change of
the systems’ status is by remote control settings and
password button setting. Third, the systems are always
armed with a variety of ways to alarm and a variety of
types for zone. The last is that the systems can inform
the user automatically by telephone, and so on.
Technical solutions are mature, and the price is
reasonable. Burglar alarm systems are multi-functional,
and have stronger universality but poorer specificity in
the collective apartment under special circumstances.
The design of this paper is a multifunctional security
system for apartments which can be disarmed and
armed quickly and
identification by RFID RF card. Then, the system is

monitoring and alarming automatically when burglary

accurately proceed with

or illegal acts occur. There are two working states that
arming and disarming in the system. And multiple
sensors are used in each monitoring state. The signal
which collected by the sensor will be processed by the
single-chip microcomputer, and the processed
information will be sent to display and alarm systems.
The security system for apartments can not only
accurately be a burglar alarm at the maximum security

state, and can achieve a variety of useful functions in
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living disarmed state which can facilitate daily life of
the apartment staff.

In the side of power, the system selects the UPS
uninterruptible power supply as the power supply.
UPS system is an uninterruptible power supply system.
It has power storage parts, an AC/DC converter and a
DC/AC inverter as major components[1]. In the night,
when the device of the apartment is powered down or
do it on purpose, UPS would provide power for the
entire system. The time 1is longer than the
battery-powered, and the charge-discharge cycle is
beneficial to resource saving and environmental

protection.

1 SYSTEM ARCHITECTURE

The SSA designed in this paper is made up of
STC89C52RC controller, MFRC522 RFID module,
sound and light alarm module, automatic
surveillance’s USB interface, LCD display module,
UPS module and avoiding blocker by infrared, smoke,
temperature sensors and other components. The
overall structure of the system is shown in Figure 1.
MFRC522 RFID module uses RF identification card
to switch working state. E18-D80NK avoiding blocker
by infrared sensor is made up of photoelectric sensor
transmitter and receiver modules. It uses the NPN
photoelectric switch to output a digital signal. MQ-2
smoke sensor and DS18B20 temperature sensor are
digital

output too. The signal is detected by single-
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chip I/O port. Then it will be for transportation to the
microcontroller software to be done with filter and
data processing and integration. Then the system goes
to produce the corresponding signals to LCD display
module and the module for processing alarm by sound
and light. So the SSA can achieve the purpose of
security and practical function.

it Infr.ared i — *{ RFID radio module
aveidance sensor
Infrared obstacle | — 1 i
N The Sound and light
—

avoidance sensor alarm module

microcontroller

USB interface
module

P MQ-2 smoke sensor

b Temperature sensor

1l

TS

LCD display module {«

!

UPS uninterruptible power supply power

supply

Fig.1 System architecture

2 HARDWARE DESIGN

The system uses STC89C52RC microcontroller as
controller. Peripheral interface’s circuits consists of
UPS module, two avoiding blocker by infrared sensors,
DS18B20 temperature sensor, MQ-2 smoke sensor,
LCD display module, RFID module,
surveillance’s USB interface, sound and light alarm

automatic

circuits and other components, the system’s hardware
circuit diagram is shown in Figure 2.
2.1 UPSmodule

UPS uninterruptible power supply be used with 9V
turn to 5V three terminal regulator power. It provides a
stable 5V supply voltage for the system. 9V turn to 5V
three terminal regulator power supply circuit diagram

is shown in Figure 3.
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Fig.2 System hardware circuit
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Fig.3 9V turn to 5V three terminal regulator power supply
circuit
2.2 Sensor module
2.2.1 The sensors used in armed state

Avoiding blocker by infrared sensor is used. This
design uses E18-D80ONK two avoiding blocker by
infrared sensors. The module is composed of two
sensors that the outside sensor and the inside sensor
side by side[2]. When someone enters the door,
outside sensor is blocked first. The sensor sends low
signal to the MCU, after comprehensive analysis of
the signal, USB interface output for video surveillance
will start. When the door is opened, inside sensor is
blocked. At the same time, it sends low-level signal to
the MCU, after comprehensive analysis, sound and
light alarm circuit will be start. And the system
prompts the user through the LCD display module to
use RFID radio card to close the alarm.

Smoke detection sensor is used. This design uses
the MQ-2 smoke sensor module, the main chip are
LM393 and ZYMQ-2 gas sensor. Its operating voltage
is DC5V. Schematic diagram is shown in Figure 4.
This sensor can detect harmful gases and through the
MCU to control the alarm module.

ol QM-NILD

Fig.4 MQ-2 smoke sensor module schematic
2.2.2 The sensor used in disarmed state
Temperature sensing sensor is used. The design uses
a DS18B20 high

temperature measurement accuracy. What’s more, it is

temperature sensor. It has

greatly improved on conversion time and transmission

distance and resolution, and so on[3]. In the disarmed
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state indoor temperature is measured in real time, and
the data is handled by the MCU and displayed through
the LCD display module.
2.3 RFID module

This design uses the MF RC522 non-contact chip
card reader and communications antenna circuit. They
form the RFID radio module. The chip one kind which
is applied to 13.56MHz contactless communication
and highly integrated chip card reader. There are a low
voltage, low cost, small size and other characteristics
in the chip[4]. Complementary antenna circuit is
connected to it. The antenna circuit diagram is shown
in Figure 5. RFID radio module reads the card
information, transmitted to the MCU to process. If the
RF card information is identified successfully, the
system will switch system working state.
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1
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Fig.5 Antenna circuit schematics

2.4 USB interface module

This design uses PNP8550 transistor as the USB
interface’s drive circuit component. It is PNP silicon
transistor with a low voltage and high current and
small signal. The maximum collector current is 0.5A,
meeting the USB interface driver’s working. USB
interface driver circuit is shown in Figure 6. By
controlling the drive circuit of USB interface, the
system can control the video automatically.

+.-§_\.
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J :IREU watch
PNP855 Res?
ps 33K
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2 D-
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4 1
USB socke
GND

Fig.6 USB interface driver circuit
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2.5 LCD display module

This design uses LCD1602. The display is used to
letters, numbers, symbols and dot matrix. The LCD
module is with micro-power consumption and small
size and simple operation display[5]. Master chip on
the LCD display module output signal to control the
LCD display to achieve clock calendar and sending
alarm message to user and other functions.
2.6 Sound and light alarm module

This design uses an active buzzer and LED
light-emitting diodes. Master chip’s program control
buzzer and LED light-emitting diode to work. It can
achieve the function that sound and light alarm
module first in low-frequency alarming and gradually
turning into a high-frequency sound alarm.

3 SOFTWARE DESIGN

Master controller’s program flow chart is shown in
Figure 6. The program mainly includes three parts.
First, it is the main controller’s system initialization.
Second, it is the identification for RFID cards’ data.
Third, the master controller deals with the information
from sensors and issues control instructions. After
system initialization, the main task is the default state
which is the disarmed state. The next is identifying the
RFID card’s information by the RFID module. If
recognition success, the system will switch system’s
working state. In the disarmed state, the master
controller deal with the digital signal which comes
from the temperature sensor. And the current
temperature and clock calendar information is
displayed on the LCD display module. In the armed
state, avoiding blocker by infrared sensors and smoke
sensor’s digital signals are sent to the master controller.
After digital filtering, the master controller send
control signals to the sound and light alarm module
and USB controller module.
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Fig.6 System software flow chart
4 RESULTS OF TEST

The experimental prototype is compared with
traditional anti-theft alarm system in the side of armed
and disarmed states’ speed and accuracy. The result is
that under the same operating conditions, the speed for
RFID radio identification card switch working
condition is more quickly than password. Detailed
results for the test are shown in Figure 7.
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Fig.7 Detailed results for the test

(a) The time of response (b) the accuracy of identification
The experimental prototype is compared with
traditional burglar alarm in the side of burglar alarm
accuracy. The result is that, under the same collective
Apartment working conditions, this system’s success
rate is more than traditional systems. Detailed results

for this test are shown in Figure 8:
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Fig.8 The result of systems’ success rate
5 CONCLUSION

This article describes the Security System For
Apartments. Under the condition of collective

apartments, there is strong anti-interference ability and
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in the armed state security alarm’s accuracy is above
90%. The speed of Armed and disarmed states’
transitions is fast and accurately. And that is
convenient and practical. Moreover, when the device
of the apartment is powered down in the night or do it
on purpose, UPS would provide power for the entire
system. So the system can continue to work. In
addition, the increased smoke alarm, clock calendar,
digital thermometers and other life functions can
provide convenience for apartments. According to the
analysis of tests’ results, the SSA is practical.
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Software development of near infrared brain
imaging system

Xu fenghe,Wu hongmeng,Xie yanni
(college of Instrumentation and Electrical Engineering, Jilin University, Changchun 130000, China)

Abstract—With the development of science and technology, people pay more and more attention to nondestructive
examination . Near Infrared brain imaging system use functional Near Infrared Spectroscopy (functional Near - Infrared
Spectroscopy, fNIRS) which is a nondestructive method examination. It is developing rapidly in recent years. Because the
major component of blood is a good scattering of near infrared light range 600-900 nm.Based on these data we can
speculate the relationship between brain regions of Cognitive activity and other brain regions ,which applied to the study of
brain functions.Near infrared brain imaging system is divided into hardware and software part. Hardware circuit is used to

launch near-infrared light and collect the output light which go through the cerebral cortex.Software need to control

hardware circuit and deal

with the gathered signals. Besides,it should achieve calculating cerebral hemodynamic

parameters through Lambert - Beer's law and dates’ real-time displaying, recording and store.

0. INTRODUCTION

VARIOUS brain imaging technology is applied in
Modern medicine, such as electroencephalogram
(EEQ), high resolution magnetoencephalography does
(MEGQG), positron emission tomography (PET) 1 the
brain functional magnetic resonance imaging (fMRI)
and near infrared brain imaging (fNIRS). The EEG is
low spatial resolution because of the interference of
electrical activity as well as the skull. MEG equipment
and inspection charge is expensive. PET equipment is
complex, and the imaging speed is slow.In addition,
the equipment needs a lot of manpower and material
resources, which make the promotion of PET
restricted”]. FMRI equipment is expensive and has a
low time resolution. Its experimental environment is
not suitable for patients with claustrophobia. FNIRS
equipment is small and light. It cost less and have high
resolution.Thus, it received extensive attention®*.

fNIRS is mainly applied in cognitive science and
brain function field. Due to its real-time performance,
non-invasive and portability, fNIRS won the broad
application prospect in multiple disciplines,especially
in clinical medicine /.

I. Monitoring of brain traumatic intracranial
hemorrhage

The rapid diagnosis and treatment of cranial class

injury can reduce casualties. By comparing the

absorbed light of the cerebral tissue on both sides,
Near infrared imaging technology can distinguish this
disease [,

2. Monitoring of dyslexia children

Using near infrared spectroscopy to study the left
prefrontal cortex activities of Chinese dyslexia and
normal children in phonetic and semantic processing.
According to the results, the activation of normal
children are greater than dyslexia children U
3. Epilepsy location and pathological study
cerebral blood
found that

96% epileptic seizures patients has obvious high

Watanabe et al. monitoring

volume of 32 refractory epilepsy people

blood flow perfusion with focal side . So that we can
rely on fNIRS for
4. The study of the brain when the man is in

epilepsy positioning.

motion

Using near infrared spectroscopy to investigate
hemodynamic characteristics of the cerebral cortex in
the movement,which contribute to reveal the
relationship between the movement and the functional
activation of the brain cortex ,and to provide empirical

. . . . 9
evidence for scientific exercise /.

1. THE PRINCIPLE OF FNIRS

FNIRS wuse the character that near infrared
wavelengths of light have different optical properties
to different tissue molecular and good permeability

of human tissue!'”. In the cerebral cortex tissues
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what mainly absorb near-infrared light composition is
water , HDO, and Hb . They have different absorptive

rate to different near-infrared light . The curve of
absorption as shown in figure 1.1.
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Figl.1 The curve of absorption near-infrared light
Near infrared light Spectrum phase of Water offer a
"window" which can be used as a background for

HbO, . HbO, and Hb have great difference in
near-infrared light spectrum in this "window". From

the graph, we can see that HDO, have absorptive

peak in 780nm. HDO, and Hb have almost same

absorptive rate in 830 nm. Because the absorptive
coefficient of this two near-infrared light

wavelengths of water is extremely low. Therefore,
use the 780 nm and 830 nm of near-infrared light for
testing.

Head can be divided into the following sections:
skin, skull and cerebrospinal fluid, brain gray matter

and cerebral white matter, as shown in figure 1.2.

AL ™\ The skull and skin
\
“\ Cerebrospinal fluid
\Gray matter and white matter

Fig. 1.2 The figure of head
The concentration of HDO, and Hb in the brain

gray matter and cerebral white matter react the activity
of brain. The light go through the skin, skull and
cerebrospinal fluid to gray matter and white matter
during the test time. And skin, skull and cerebrospinal
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fluid distribution is full of venous blood capillary .
Therefore, the light scattering effect of this part
will not change due to the neural activity .So the
cortical tissue scattering cause attenuation of light is
constant. Optical signal attenuation we have measure

is caused by the absorption, which reflects the changes
of HbO, and Hb during the brain activity. Thus by

measuring the scattered light intensity of brain activity
area can infer the change of blood oxygen and blood
volume in this area. So we can get the changes of

HbO, and Hb

in brain when doing cognitive

activity .So we can speculate the relationship between
cognitive activity brain regions and various brain

11]

regions[ . The researchers can get the changes of

HbO, and Hb when brain is active by using fNIRS,

and then study the neural mechanism of cognitive

activity process“z].

2 THE PRINCIPLES OF TISSUE OPTICS FOR BLOOD

OXYGEN MONITORING PARAMETERS

We use near-infrared light to test the hemodynamic
parameters of biological tissue, virtually for the optical
properties of biological tissue. At present, the study of
tissue optical , mainly includes the transmission rule
of light through the tissue and the measurement
technology for tissue optical properties[13]. This
chapter introduces the phenomenon of biological
tissue after lighting. Then Lambert Beer's law which is
an algorithm for interconversion between the light
signal and the cerebral hemodynamic parameters is
followed.

2.1 The interaction between light and biological tissue

After thousands of times of random scattering
photons will leave the scattering organization.The
route can't be known exactly. But we can estimate the
distribution of possible paths by meaning of the
calculation of probability, as shown in figure 2.1.
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Light source Detector

Fig.2 The photon propagation path in tissue

Photons can pass through the part 1 with a high
probability.But the possibility is almost impossible
through the part 2.

The main forms of interaction between light and
biological tissue are reflection (refraction), scattering
and absorption. Based on their characteristics we can
analyze the atomic, molecular structure. In biomedical
photonics research,when dealing with interaction
between light and matter,we mainly consider the
particle nature of light with ignoring the volatility and
the polarization of light effect, etc!'*!. Therefore, we
usually study that a single photon is absorbed or
scattered in the organization.

Because HDO, and Hb have unique optical

properties in near infrared region.On the basis of the
method, the

concentration of these molecular changes can also get
[15]

light absorption  measurement
the corresponding monitoring
2.2 The basic theory of biological tissue optics

In the initial study, biological tissue spectroscopy of
biological tissue is uniform, semi-infinite medium,
applying Lambert- Beer's law (Lambert Beer) describe
light propagation in biological tissue.However, with
the deepening of the research, people gradually realize
the biological tissue is a strong light scattering body,
light in the organization through multiple scattering to
reach the detector from a source!'®!. So, some scholars
put forward correction lambert beer's law. A brief
introduction of the two theories in the following.

1 Lambert-Beer's law

When the light through the homogeneoust and no
scattering medium, we only need to consider the
medium for the absorption of photons.The relation-
ship between the incident light intensity and the
emergent light intensity with Lambert-Bill equation
described as!'”:

A=In(1,/1)=m (1) r (2-1

Here A is optical density, l is the incident light

intensity, | is the emergent light intensit g ma’('z)is
Y. g g Y.

absorption coefficient and [ is the distance of the
light source to the detector.

m, (1) =e&(1) C

(2-2)

Here e(1) is the molar absorption coefficient of

matter in a particular wavelength, depends on the
wavelength of light and the nature of the absorption

material, C is the concentration of the test material.

2 The modified of Lambert-Beer's law

Basic Lambert-Beer's law is not apply to highly
scattering medium of biological tissue. Due to the
multiple scattering effect, a photon transmission path
length increases in the organization,and greatly
increased the probability of photon to be absorbed. In
order to reflect the impact of scatter on light loss,
Delpy etc!'®]. put forward correction Lambert -Beer's
law in 1988,namely,

A=In(l,/1)=&1) C DPF()+G  , 4

Here G is on behalf of the loss caused by the
background, DPF called path difference factor and
used to describe the light propagation path extension
caused by the scattering.The related literature also
shows the different organizations in the scope of
DPF""? If DPF and G value can be obtained,
multiple wavelength absorption spectrum can be used
to calculate the concentration of the material under
test.
2.3 Measuring the relative variation of hemodynamic
parameters

At the time of blood oxygen detection, in order to

detect HDO, and Hb relative concentration variation,

we need to detect the absorbed light of two
modified of
Lambert-Beer's law to write equations.Then, selecting

wavelengths.  According to the

a base or reference state and detecting the variational
concentration of HDO, and Hb relative to the
reference state.We can calculate the concentration

HbO, and HD ’

change of the corresponding

namely,
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5 v A
DA _(quoz +Dgy )DPF(Z) r (2.4)

Lo _ v )
DA® = (Defgo, +DG5)DPF(L) I
According to the formula (2-4) and (2-5) to

calculate the relative hemodynamic parameters

variation, namely,
_ (e%,DA* | DPF(1,)) - (&/,DA / DPF(1,))

DHbOz - r 1, I 5 I
(e’HbeHbo2 ~ GibShino,

(2-6)

(eijOZDAJ‘ /DPF (1)) - (ej'bO:DAJZ /DPF(1,))

5 D _ b o
r(el—uaeHbo2 eHbeHbOZ)

DHb =

(2-7)
Thinking the value of DPF approximately equal in
the experiment, the type (2-6) and (2-7) can be
simplified into

1 5L _ 4 I
e DA" - g, DA

DHDO, =
* DPF r(giein, - GbSio)  (5.g)
o, DA™ - €0, DA®
DHb: DPF 4 oD L~k
M (&b Ehibo, ~ EribShno,) (2-9)

From the above two formula, we can know the DPF
and the related value of € ,and calculated relative

variation of cerebral hemodynamic parameters.

3 THE DESIGN OF THE SOFTWARE

This chapter introduces the software design and
realize method of the near infrared brain imaging
thought
through the whole process of the designing.This paper

system.Object-oriented  designing runs
expounds the application framework on macroscopic
and introduces the system construction and its
realization process in the order of the data to the

function modules.

3.1 Software structure analysis

From the aspect of function, the software can be
divided into two parts: one is the measurement and
control unit.It can set serial port parameters through
serial port communication.It can also control the
hardware to pick up signals.The other can process
signals ,calculate,display in real time and store the
data.

1. Control module

PC is connected to the hardware through serial
debugging assistants and USB.Then control hardware
acquisition signal port by setting the serial port
And
acquisition to start or stop by sending commands.

parameters,frequency. control the signal
2. Detection circuit module
Testing the serial port’s connection and wether the
port is correct.
3. Data processing module
Data

wavelength’s

collected by hardware contains two

information. So, firstly, we must
separate the data. In other words, the data must be
divided into two groups to store. Secondly, filtering
data, then, change light intensity signal to converted
information of hemodynamic parameters in real-time.

4. Display

Display the collected data in real-time when
hardware begins to collect data.

5. Plotting curve
Plot the curve of HbO, and Hb variation according

to the time.
6. Storing data
Storing the signal of real-time measured and the

curve of HbO, and Hb variation for later using.

The software structure diagram as showed in figure
3.1.

Storing
Control »  Detection »| Data » Plotting
circuit circuit module proce
\ 4
Displa

Fig.3.1 The software structure diagram
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3.2 The choice of software devel opment platform

Through the analysis, main functions of the bundled
software are real-time control, data processing, display
and storage. We choose Matlab and Visual Stadio
2010.

1. Matlab and data processing

Matlab is introduced by the American Mathworks
company, a powerful numerical calculation and
apply
calculation, algorithm development, system modeling

visualization software. Its scope covers
and simulation, digital image processing and other
fields”!!. Numerical calculation and analysis function
of Matlab are perfect, its computing results can be
directly represented in the Matlab environment with 2
d and 3 d even four dimensional graphical .Its
grammar struct- ure is simple and the openness is

good.Matlab allows the users developing algorithms,

and then encapsulate the algorithms to combine with
other development tools.

2. Visual Stadio 2010 and Visual interface design

Visual Stadio 2010 is launched on April 12 by
Microsoft.In ~ order  to interface with  hardware
conveniently, and processing data better, using Matlab
to filter data, etc.And Visual Stadio 2010 is used to
divide data, design the Visual interface, display and

store data and the dynamic link with Matlab.

4 EXPERIMENTAL RESULT

The Visual interface is designed on the Stadio 2010,
the interface diagram as shown in figure 4.1.

E apg|

HOEE B

HOE 3

BIrE b

e v

HiEfr 3

Bikfr hd mRE b [ &&es weweE | | mewess

p-p e
Beigsb B
Fig.4 surface chart

From this figure,we can see software can select
serial port, set frequency,parity, data bits and stop bit
of received data.Then click on "open the serial port", if
serial port selection is wrong or not connected to the
hardware circuit, corresponding prompt will appear.
Receiving area can display the received data on
real-time, it can also clear and save the received data .

After debugging the system, connect it with
hardware the software assistant.Then find some

students as experimental objects,collect data and draw
the curve of variation of HDO, and Hb change over

time. The following is one curve of a female student
(age 23, height 160 cm, weight 50 kg) .The curve as
shown in figure 4.2.
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Fig4.2 Curve of cerebral hemodynamic parameters variation

Experimental method: During the experiment,
researchers breath normally for 100 seconds and then
breath-hold for 10 seconds ,then breath normally.

Analysis of experimental results:As shown above,

we can detect the concentration of HDO, and Hb
remain stable during the begin 100 seconds. And then ,
the concentration of HDO, fell sharply and the

concentration of Hb increase, because the brain lack
of oxygen during breath-hold. After the normal
breathing, the concentration back to normal,namely,
the brain back to steady state.

5 CONCLUSION

As a means of non-invasive optical detection near
infrared spectral technology have many advantages,
such as real-time, continuous and so on. It have
applied extensively in the field of biomedicine. When
a region of cerebral cortex is active ,the blood volume
of this region will increase or decrease ,which react
the degree of activation.Because near infrared spectral
brain function detecting system can be real-time and
measure the changes of oxygenated hemoglobin and
deoxygenated hemoglobin non-invasively in a region
of cerebral cortex.This system is convenient to carry
and easy to operate.So we can use near infrared
spectral technology to research the functional activity
of brain region during the cognitive process.

In this paper, we analysis the development and the
present of application of near infrared spectrum
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technology firstly.Then introduces the lambert beer's
law and the correction of lambert beer's law,which is a
method the blood flow

hemodynamic changes .The paper also introduces the

to calculate cerebral
functions of software and the soft-developing platform
have been chosen.Matlab was chosen to calculate the
of

deoxygenated hemoglobin and plot the curve of

concentration oxygenated hemoglobin and
cerebral blood flow hemodynamic changes over
time.Besides, Visual Stadio 2010 was used to design
operating interface and display the gathered dates and

graphs.
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Design of the multifunction running test instrument

LiuYang, LiXinquan, LiuXin
(College of Instrumentation and Electrical Engineering, Jilin University,Changchun 130022,China)

Abstract—In order to make the runners can immediately understand their state of motion, adjusting running program, and
than achieve the purpose of scientific fitness, we design an wearable, multifunction running test instrument. The instrument
based on STM32 single chip microcomputer as controller, throug the acceleration sensor, photoelectric sensor acquisition speed,
pulse and other information, and then through calculation by the display part of present to the runners. After prototype test,

the results show that the measurement deviation less than + 10% distance, pulse measurement deviation < = 3 times per

minute.

Key words—Running tester function; Acceleration sensor; Photoelectric sensor; wearable; multifunction

0 INTRODUCTION

IN the past people in running usually need to adjust the
running program according to the experience, but in
the process of running, often do not understand their
own physical condition which can lead to burnout.
This not only not fitness function, it is bad for health.
Already on the market at present is the speed of testing
equipment, mostly rely on GPS mobile phone support
software, in a small range, short time measuring
accuracy is mnot high, And pulse measurement
equipment for more professional heart rate, blood
pressure measuring instrument, the above two devices
are there are not convenient to carry, the disadvantage
of single function, does not apply to daily running
fitness. In this paper, we design a can measure the
information such as speed, distance, pulse, and other
information feedback by calculation of portable
detector running. This design through the acceleration
sensor capture the motion information, through the
photoelectric sensor collection pulse information.
Through the acceleration sensor capture the motion
information to be measured values, such as running
speed, distance. Its advantage is that can more accurate
measurements of small range of motion, which can be
widely applicable to the plaza, playground, basketball
court and other places of daily running. With
photoelectric sensor collection pulse information, its
advantage lies in small volume, low power
consumption, easy to carry, so in the process of
running immediately or at the end of the pulse, in order

to understand physical state.
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1 OVERALL DESIGN OF SYSTEM

Design of multifunctional running detector by
STM32 microcontroller, MPU6050 acceleration sensor
module, a pulse detection module, keyboard, display, a
total offive parts. As shown in figure 1. Located at the
wrist acceleration sensor to judge of arm movements,
running and record the information; located in the
fingers of photoelectric sensor is responsible for
collecting the pulse signals, the last two signal by
single chip microcomputer processing, according to the

results.
Pulse Acceleration
Acquisition Acquisition
Modlule module
Keyboard ~__ : : Display
e )
(STM32F103) LCD

suppl screen)

Fig.1 System architecture
Different length, according to the running distance
range of established three running modes, can choose
to enter the pulse measurement mode after running.

Software flow chart is shown in figure 2.
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Initialization

Input step
"
Button to
select
Sprit Meium Long Pulse
mode mode mode mode
‘ Algorithm ‘ Algorithm ‘ Algorithm ‘ ‘ Algorithm
Display Display Display Display
output step output step output step output step
number speed number speed number speed number speed
and distance and distance and distance and distance
! T T T

Fig.2 System software block diagram

2 MODULE DESIGN

2.1 Acceleration module

In the design choose MPU6050 chip speed sensor,
the design of leading the I2C port in the form of a
single data stream, the microcontroller output 6 axis to
collect data. Through the analysis of six axisdata,
determine the arm motion information, thus determine
runners movement situation, through the single-chip
microcomputer processing concluded that running
speed, distance and other information. The algorithm
flow chart shown in figure 3.

Read acceleration data

Rising phase?
Y

Rise time ‘

Rise time is ‘
Hl/f's

‘ Fall time is ‘
cleared

cleared

Fall time
+1/fs

Whether an extreme
contrast with the previous?

Number of
steps+0.5

Save extremes

Fig.3 Algorithme flow chart

2.2 The pulse detection module

Of the light absorption in the blood is constant, and
in the blood of venous blood pulsing relative to the
arterial blood is very weak, can be ignored. Therefore,
can think light through the finger after the change is
only caused by arterial blood filling, then by detecting
under constant wavelength of light irradiation light
intensity can be indirectly measured through the finger
to the pulse signals of human body. The pulse detection
in the design of module adopts photoelectric sensor,
analog signal acquisition get approximate triangular
wave, through single chip analog signals into digital
signals for further processing, finally through the
single chip microcomputer and speed information

integration, by showing some feedback to the runners.

3 THE TEST RESULTS AND ANALYSIS

3.1 Test scheme

Test number for nine people, nine subjects into three
groups, the runway circular runway (400 m) in the test
site for sprint (200 meters), medium-range, run (1000
m), m (3000 ft) long running test, tested twice in each
group, the end of the running test record runners step
length, step, testing pulse.

Table 1 Running Test1

A A B B C C
Number 1.8m 18m 20m 20m 2.1m 2.1m
Step 108 110 98 98 94 95
Real
) 194m 198m 198m 196m 197m 199m
Distance

Distance 200m 200m 200m 200m 200m 200m

Deviation ~ 2.8% 1% 1% 2% 1.5% 0.5%

Table 2 Running Test2

A A B B C C

Number 0.8m 0.8m 0.9m 0.9m 1.1m 1.Im

Step 1170 1157 1063 1089 878 895

Real
936m  926m  957m  980m  966m  984m

Distance
) 1000 1000 1000 1000 1000 1000
Distance
m m m m m m
Deviatio
6.4% 7.44% 4.33% 199% 3.42% 1.35%
n
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Table 3 Running Test3

A A B B C C

Number 0.5m 0.5m 0.5m 0.5m 0.6m 0.6m

Step 5870 5859 5823 5795 4889 4762

Real 2935 2929 2911 2897 2933. 2857

Distance m m m m m m

3000 3000 3000 3000 3000
Distance 3000m

m m m m m

Deviatio

217% 2.35% 2.95% 3.42% 2.22% 4.76%

n
Table 4 Pulse Test

A A B B C C

Real(time/min) 71 67 74 73 63 60
Test(time/min) 68 66 73 72 61 58
Deviation (time/min) 3 1 1 1 2 2

3.2 interpretation of result

Measurement results as shown in table 1 to table 4,
in the sprint test due to the step change is not obvious,
so the maximum distance measurement error is only
2.8%, intermediate run test step change is bigger, the
maximum error is 7.44%, long distance test step
change in little change, maximum error is 3.42%, the
pulse test error of a maximum of three times per
minute. Above several groups of data shows that the
running distance test caused by step length error of the
basic control within 10%, the pulse measurement error
control within 3 times/per, conform to the anticipated
target.

4 CONCLUSION

The design of speed measurement, pulse
measurement of two parts, respectively is equipped
with accelerometer measurement circuit, pulse sensor,
each part are independent of each other, together with
the host is linked together, achieve runners running
speed and pulse at the same time monitoring purposes.
Through practical test, this experiment device and
running speed of the pulse error can be controlled
within 10%. In addition, the design of small volume,
tends to carry, can be used for small sports place, has
the good market application prospect.

This project is at the completion of phase

encountered all sorts of difficulties and setbacks,
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through joint efforts of the team finally completed the
multi-function running device of the overall hardware
connection and the implementation of the related

function.
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DC-DC DC transformer based on SG3525

Wen Xiaozhe, Xu Linlin, Zhang Facong
Gilin university  instrument science and engineering institute, changchun,13002 )

Abstract—SG3525 is integrated PWM control chip with excellent capability, complete function and high versatility, which is

simple and reliable, requiring fewer external components, easy to use and flexible, utilizing push-pull output form, increasing

the drive capability. This paper introduces the working principle of SG3525, and deduces the design of feedback loop of the

circuit in detail. The experimental results of Buck circuit applications confirm the feasibility of the design.

Key words—SG3525; feedback; Buck circuit

[ . INTRODUCTION

WITH the development of power electronics, power
MOSFET switching power supplies are widely used.
To this end, the United States launched the Silicon
SG3525, to drive the
MOSFET '.8G3525 is a

current-controlled PWM controller, not only with

General Semiconductor

P-channel power
adjustable dead-time control functions, but also has a
programmable soft-start, and in the structure of the
voltage and current loop bicyclic ring system, so the
performance of switching power supply indicators
have improved to some extent. Buck DC converter is a
common power conversion technology. Introduced by
the SG3525 chip as the control core of Buck DC-DC
power module, the power module has a wide

application value.

[I .Buck DC CONVERTER WORKS ANALYSIS

Buck converter structure shown in Figure 1, the
main circuit includes switch VT, freewheeling diode
VD, filter inductor L, filter capacitor C and the load R

components.

VT 1

141

Uin Al

PWMF {5

Fig.1 The main circuit of Buck

The output signal of the switching control circuit
turns on the tube 1., Wy, power supply, the current in

the filter inductor L is gradually increased, the energy

stored in the inductor is gradually increased while the
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circuit starts charging the capacitor C. Ignore the
MOSFET conduction voltage drop, MOSFET source

voltage should be Wy, the voltage across the

inductor filter should be

U, =Up—Us=L% (1)
Thus it is concluded that flows through the inductor

current

bg =2 (U — Ughdt @)

Assume that the input voltage %k; and output

voltage ¥; remain unchanged, the switch can be

turned on, and the current period is

By = SR o (3)

In the formula, I, is before 15 conducting the

instantaneous current in the inductor

When the switch is disconnected because of the
control signal, the front voltage of the inductor rapidly
drops to zero, but due to the continued flow of the
inductor, the current will decrease gradually, in the
opposite direction to the original voltage of the

induced voltage generated across the inductor L, the
induced voltage inductance makes 15, freewheeling

diode conduction, inductance L in the switch
conduction period transfer the stored energy to the load

R by freewheeling diode. If you ignore the
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freewheeling diode conduction voltage drop, the
voltage across the inductor voltage during the switch
off in the production should be
it
Uy =Up =—1% 4)
It can be concluded
Ip = _:f.i Uyat (%)
Assuming that the output voltage remains constant
Ug, the shutdown-current is

I =_:';l£+rmn.r (6)

Where I, is the front switch-off instantaneous

current in the inductor.

Fnax =E=_:_UE£:|F.+ Inin (7)
bmpa = _Eff'ﬂff'l' Fmae (8)

Carry on simultaneous solution of the above

equation
Ui — Upn ity = Uglypy 9
Yo = Ui e = Ui D (10)

Where, t,,,, the on-time of the switch, fggqr to switch
off time, T is the switching period switch, that
t . tEgrp; D ratio for the switch conduction time of the

switching cycle, commonly referred to as a conduction
ratio or the duty cycle, from the formula (10) we know
the duty cycle of the switch signal is less than 1, so the
output voltage of the circuit is always less than the

input voltage, as the duty cycle decreases, the output
voltage decreases, so that the circuit is called a

step-down chopper circuit 2

[I1.SG3525 ANALYSIS WORKS

SG3525 is an American company producing silicon
universal current mode pulse width modulator
controller is a universal switching power supply chips,
used as PWM generator, and use negative feedback to
adjust the duty cycle of the switch, the switching
power supply to achieve stable pressure and regulator
role.

SG3525 internal schematic diagram shown in Figure
2.8SG3525 wide operating voltage range (8V~37V),
fine-tuning the internal integration of 5.1V voltage
reference, oscillator, error amplifier, soft-start circuitry,
shutdown, under voltage lockout circuit and the totem
pole output circuit in meeting the basic needs of the
switching power supply B
A. oscillator circuit

The range of the working frequency of oscillator is
wide (100Hz ~ 400 KHz), and the dead zone time is
adjustable. Oscillator of the rise time is determined by

the timing capacitor and resistor Ry regularly

t, = DETCR, (1)

Between pins 5 and 7 there should be an external
discharge resistor, which ranges from 0 ~ 500Q,
discharging time is

;E = 1:3EEE]1 (12)

t; is the dead time.SG3525 changes dead zone

discharge time by adjusting the resistance. Oscillator
cycle is determined by the charge and discharge time,
oscillation frequency is

| 1 1
f_r-_r;rbr; - .’ﬂ.ﬂ?ﬂﬁ-l.sﬂ;\.]e;(lS)
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Fig.2  SG3525 internal schematic diagram

B. PWM comparator
As shown in Figure 2, the PWM comparator circuit

is constituted by a periodic sawtooth Cq discharge

form, an error amplifier, a soft-start circuit.The
comparison voltage is introduced by voltage reference
pin 16 by dividing resistor to pin 2, while the
introduction of a feedback voltage to pin 1, the output
of the error amplifier is connected to the PWM
comparator's inverting terminal from the output
circuit.SG3525 built-in soft-start circuit, the input of
the soft-start pin 8 external soft-start capacitor,
reducing the impact on the power switch of power 4.
sawtooth signal is connected to the inverting terminal
of the PWM comparator. SG3525 supply voltage
lower than the voltage of 8V or pin 10 exceeds 1.4V,
PWM latch will immediate action to prohibit
SG3525's output. Use pin 10 to build the circuit can
achieve output overvoltage lock function, the circuit

shown in Figure 3.

g Fl L

10

Fig.3  Overvoltage latch circuit
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C. The output circuit

AS a dedicated driver chip, SG3525 adopts totem
pole output (Figure 2), dual-channel output, shutdown
faster. PWM signal of the latch output of the oscillator
clock signal and the square wave signal through the
NOR logic of the flip-flop control circuit drives the
output. When all the signal is low, the output

transistor is turned on. Because triggers two

complementary outputs § and § so the output A

and output B pin 11 pin 14 alternately outputs a high

level®, current and sink peak current and can provide

up to 200mA.A case study in output, T; opened, then
T, shutdown, driving MOS tube opening; T,

turn-shutdown, T; on-resistance of small, provides a

discharge circuit for the MOS transistor, MOS tube to
achieve faster shutdown.
D. Design of Feedback Loop

SG3525 in the Buck-based feedback loop circuit
design process, we must consider the impact of the
low frequency of 50Hz frequency interference, but
also consider the high frequency noise in the system
after being amplified impact on the input side, the use
of type II The error amplifier’® the feedback loop

design. Two amplifier circuit shown below:
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Vin Rl Cl R2
Fig4  The second amplifier circuit

Transfer function of type II error amplifier is

G = ———= L T
HJ.'.“:"‘:FH'"' ..'_:-ﬁi.l..-.l

When s = jo, the original formula can organize as

_ (Bt Juhiuies] 14
follows:

E = L HER =0
G o e B 0

(15)

Zero point: Fy = 1/2aR. L,

Pole point: F; = 1/ZrR.C,
According to Wiener Boer method selected ratio

FoalFz =FafFoo =K (16)

Fog for the crossover frequency, usually chosen as
the switching frequency of 1/4 to 1/5

Fog phase crossover frequency caused by the zero Fz
ahead

g, =tan 'K a7

Crossover frequency Fgg phase lag caused by the

pole Fg

= -12
i =tan =

(18)

The error amplifier is a 180 ° phase inverter with
hysteresis, the initial phase lag due to the pole 90 °, so

that the total phase lag
EF =2?|::[p_ E: +E‘E (19)
Phase shift caused by the LCR filter
= C-. -1 5
g, = 180" —Em F— (20)

Relationship between the Buck circuit switch

output V, and the output voltage Vg

o =V XTgn/T 21

Peak of the triangular wave is 2.24V, the output of
the error amplifier is 1.12V, and the output duty cycle
is 50%, the modulator output voltage of the error

amplifier between Vg gains:

G = 05X 10/112 =446 =1293dE (22)

Using the form in the design of the partial pressure
of the output voltage signal acquisition, PWM input of
the error amplifier chip reference voltage is 1.7V, so
when the output voltage of 5V, the gain between the

sampling and output voltages is Gy = —954dBE.So

G+, =1299=-954=343 (23)

Corner frequency of the output LC filter is

Fo =1/€2m/IT)

= 1/2mvl X 108 X 47 X 478

= 734Hz (24)
ESR Zero frequency is
Pegn = L/ ZnBggsly
= 1,/Zmi{é5 > 18-
=Z5L{Hz (25)

So in addition to the Bode plot outside all aspects of
the error amplifier open-loop gain of the total

2500

6y = 345 - 2 x40log —¢

F500

P E@§m=

Therefore, the gain of the error amplifier is

Gy =217.38dE= 14

So choose R;/R,; = 2, takeR, = 1K R, = Z4Kf

Assume phase margin is

45°,F|:|;'; = ?.EkHZ,FEgR = Z500Hz The phase lag of
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108 © LC filter. Therefore, the error amplifier allows
315 °-108 ° =207 ° phase lag for left margin, take K
= 5, the phase lag 202 °, then crossing the phase
margin frequencies of 360 © -202 ° -108 ° =50 °.
When K =

5Pz =.5/5 = L5kHz Pz = 1/2nR L, Ry = Z4ki)

, Gy =4421pT,
When

K=5, Fp=75x5 =3754Hz , Fp=21/InR.C; ,

R, = 24uf,C, = 175pF.

IV. EXPERIMENTAL RESULTS AND CONCLUSIONS

Built in accordance with the circuit schematic
experimental circuit, and recorded under different
load fixed input voltage (ie, load regulation) and fixed
output voltage under load values for different input
voltage (ie, voltage regulation) under, as shown in
Table 1 and Table 2.

Table 1:The output voltage under different input voltage

conditions
10 20 25 30 37
Un(¥l
5.01 5.01 5.02 5.02 5.03
UD

Table 2: Output voltage under different load conditions

0 0.3 0.5 0.7 1.0
1C4)

5.01 5.01 5.02 5.02 5.03
UD

Experimental results show that different input
voltages and under different load conditions, the
output voltage can be stabilized at a given output
voltage, voltage adjustment rate of 0.6%, 0.6% load
regulation system to better achieve the regulator.
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Photoelectric sensor dark resistance measurement
system

Xu-Ya’nan Xu-Wenjie Xiao-Wujian
(Jilin University  Instrument science and engineer institute , Changchun 130022)

Abstract—Dark resistance is based on the measuring system of photoelectric sensor AT89C51 Intelligent measuring system
of single-chip computer and PC can be achieved on the photo sensor P2532-01 dark resistance value measured at different
temperatures, on your computer display dark resistance values corresponding to different temperatures. The system is divided
into three modules, resistance measurement module, temperature control modules and communication and data-processing
module.Measurement module of dark resistors and thermistors to measure the sensor and communication, controlled
temperature controller AT89CS51 module by single-chip microcomputer control of constant-current source for sensor cooling
control. Communication module using the MAX232 chip realization of serial communication between PC and single-chip, to
achieve information transmission between PC and single-chip microcomputer, data processing and storage, PC parts made
using Matlab GUI software user-interface display and storage. System measurement range: 0-10 MQ resistance value,
accuracy = 0.5%; 0-1.6A control current, accuracy of + 1mA, the clarity of the interface, to store a full.

Dark resistance MATLAB GUI Serial

Key words—Photoelectric sensor AT89CS51 single-chip microcomputer

Communication

temperature  control module, measuring and

0 INTRODUCTION communication modules, the next crew to select
AT89C51 MCU, PC and the next crew to achicve
OUR country is producing the world's great powers information exchange via RS232. The overall design
photoresistor, but the production equipment and diagram shown in Figure 1.

technology and foreign technology is still a wide gap

still can not escape the long lineage of inefficient [oa] Tam ] [erca :;" ]
manual processes. With the rapid development of ‘{ . “‘ “{ 1*‘_* - ‘
electronic technology and performance requirements — ' .

for electronic components growing, manufacturers ' [

must be able to give a very accurate detailed parameter ,_:_

value of their products to meet the different needs of

users. So, how can more accurately and quickly el

RN &

measure the dark resistor is of practical significance.

Development of a new dark resistance measuring
system to improve the production -efficiency is
significant. In this paper, the dark resistance of the
photosensor measurement system can automatically
control the temperature of the photoelectric sensor to
measure different temperature rapidly, higher accuracy,

and faster measurements.

1 THE OVERALL DESIGN

Design mainly divided between the three modules,

Picture 1.The overall design diagram

First, the PC input set temperature value, converted
into the corresponding current value is sent to the
microcontroller through the serial port to control the
controllable current source output -corresponding
current value, the photoelectric sensor cooling reaches
the set temperature. Start ADC Control Module two
dark resistance value of thermistor and sensor
measurements, the measurement results sent back to
the host computer, after the actual temperature value
conversion and

after processing and signal
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photoelectric sensors corresponding resistance values
are shown in dark MATLAB GUI production the PC
interface.

Measurement module mainly dark resistance of the
sensor and  thermistor = measurements  and
communications, mainly by converting amplifier, filter,
A / D conversion, AT89S52 microcontroller and serial
components.

Temperature control module controlled by the
microcontroller AT89C51 control sensor constant
current source to achieve the cooling control, including
D / A conversion, changing the current source by
controlling the gate current output MOS tube. Serial
communication using max232 development.

Communication module main transmission between
MCU and PC information, data processing and storage,
measurement results by matlab software displays the
actual GUI interface to graphics and more intuitive

tabular form presented to the user.

2 MEASUREMENT MODULE

2.1 Circuit design of data acquisition

Acquisition ~ module  measures  signals on
electro-optical sensor 1, 2 pin and thermistor 5, 6
pin.Sensor resistance’s range is from 7K to 10M, The
resistance of the thermistor is from 7K to 200K. Signal
conversion circuit uses voltage divider circuit and
serial respectively at one end a fixed resistor
thermo-sensitive resistors and sensors,the sensor
resistance value is converted into a voltage of 0 to 5V
signal. Single chip microcomputer AT89C51 controls
ADCO0809 simultaneously AD two resistor voltage

signal conversion,

2 LaTan POmALD
Poise [
- poziace [T
8 rarz poaes [ 32
PO 2
POSALS
5 PosADs [
= ner Paim [
PzaE | ZL
rzaine [ 2
= rzzam [
2 F23AN [ oF
= Flae Fzunw [
Z{m ETART =i [EE e
Wz [FE
Hua B [T pzons =]
=i 21
s oure | 247 e {F1o Famvmo |10
s ourz |0 L e P [
N cural 90 IF3 lpiz PIZINT
= aure [ B0 P13 FISTTT
= {avoa aurs[ S % IENE Ry FauT0
war [ 2t lanna ours[ o W T 1eis pas [ 1
=] v our? [T __:% Fis PISMTR
T — ALE ouTE PiT PFI7AD [T
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WREH#) |
12 vREN) oE |2 uz1e
ABCIEE
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Picture2. The hardware circuit diagram of data acquisition
module

Picture2 is the hardware circuit diagram of data
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acquisition module. ADCO0809 uses channel INO
measuring singnals of thermistor,and uses channel IN1
measuring
results from the OUT1~OUT8 output. ADC0809 with
Tri-State output circuit within the buffer, so its eight

signals of sensor resistance,conversion

output cable can be connected directly to the
microcontroller bus. Channel address selects signals
ADDB, ADDC grounding, ADDA P2.6 received a
single-chip, is used to select the analog input IN1 and
INO. Because ADC0809 has no internal clock, so it
should be coupled with the clock, taking into account
the simplification of circuit directly applied
programmatically clock signal in the C program.
2.2 The conversion process of ADC

AT89CS51 P2.6 receives control signals START of
ADO0809 and ALE-end, when you receive the computer
instruction, open channel INO and IN1 AD conversion,
When the microcontroller detects EOC from low level
to high level, it ends conversion of ADC. When OE is
1, MCU

ADCO0809’Conversion process flow chart.

Select channel TNO+

'
P2.6=1 ADDA=0+

4

reads the result. Picture 3 s

Start conversions

Storage conversion results+

v

Select another channel IN1+

Y

‘ End conversion+ I

Picture 3. ADC0809’Conversion process flow chart

3 TEMPERATURE CONTROL MODULE
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SCM received the PC after the current value of
signal sent through data processing, lost by DAC
converts the corresponding voltage values entered as
part of the constant current circuit, constant current
circuit to be converted into the corresponding current
photoelectric sensor for refrigeration refrigeration PIN
until it reaches the appropriate temperature. Among
them, the hardware design of a constant current circuit
is the most major part, the part from "high power
CMOS OPAMP + tube"
amplifiers using OP07, high-power CMOS tube using

structure. Operational

IRF640. Circuit diagram as shown in Figure 4.

vee
V+ D RL
-
2 —
1 T
Vin 3 + Na

V- D R1

GND
Picture.4.Constant current circuit

Its working principle is current through sampling
resistor R1 converts the sample voltage. Sampled
voltage voltage Vf as feedback into operational
amplifier with OP07 end, compared with the reference
voltage Vin, to adjust the grid voltage in order to adjust
the output current to enable closed-loop feedback

system as a whole is in dynamic equilibrium in order

to achieve the objective of stable output current.

Microcontroller

Change the DAC

Detection of the

zetual current

Mot Equal

receive the new

current value

No Tes

|
Picture5. temperature control software flow chart
Of information design includes PC software for
receiving, processing and starting a DAC to convert
the entire flow diagram is shown in Figure 5.

4 COMMUNICATION MODULE
4.1 Serial interface serial design

AT89C51
communication between a singl PC and hypogyny

is used in this system to realize
computer, and the centralized control of hypogyny
computers is achieved.8051 by the serial port serial
port control register, the transmission circuit, receiving
circuit. When sending data — ACC — SUBF; receive,
the receive interrupt proceedings to remove SUBF data.
So use MAX232 chip level conversion and upload the
data to the PC.

Optional RS-232 connector is DBY, or 9-pin serial
port, and its corresponding pin RS-232-C standard
interfaces nine common line. Serial circuit shown in

Figure 6.
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Picture 6.Serial circuit

4.2 Application Interface Design

The system software developed using MATLAB
GUI user interface, to achieve mutual information
between PC and microcontroller, data processing and
data storage display. The system interface is shown in
Figure 7.
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Picture 7.The system interface

Serial port settings include open and closed, serial
number, baud rate, parity, data bits, stop bits setting.
Reception area display and storage capabilities, and set
the temperature and the resistance of the internal
algorithms convert the image display. Send district sent
to the microcontroller to control the temperature.
4.3 Communication Protocol
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Picture 8.Communication flow chart

Communication agreement provides as follows:
Rate of 9.6kbit / s,
communication, then hair query. The host sends the

using a master-slave
handshake process 06H start asking the slave is ready.
Reply OOH said slave can receive data back 15H
refused to receive. After sending host receives data
00H, 06H otherwise continue to send inquiry slave.
After receiving the data from the machine, hair OFH
indicates success; FOH an error, request retransmission.
Host receives OFH communication ends, otherwise
retransmit, until receiving OFH. Communication flow

chart shown in Figure 8.

5 SUMMARY

The system uses a PC as the core controller to
AT89C51,dark resistance
value of the photoelectric sensor's measurement range
is 10MQ, the error is 0.5%, and a thermistor to
measure 200KQ achieve a range of error of 0.5% |,

control the microcontroller

temperature control module constant current source
output error is 1mA. PC for data conversion and
processing, the

temperature corresponding dark
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resistor through MATLAB GUI interface displays
measured. PC input set temperature and the actual
temperature detection error is less than 0.5 degrees,
basically meet the design requirements. In this system,
since data collection using eight ADC, precision barely
meet the design requirements, if you use 12 ADC,
would be better.
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Electronic doctor—Health care system based on

video

Luo-Quanquan Dong-Quanrui

Zhang-meng

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

Abstract—With the rapid development of medical equipment and the enhancement of people’s health awareness, real-time

and user-friendly medical devices are more and more popular among people of all ages.At the same time , the modernization

of traditional Chinese medical science has received extensive attention. Using modern technology to enable rapid development

of traditional Chinese medical science becomes popular. This design is based on the principle of video capture and developes a

home-based health care system. It includes the following features. According to the absorption of light by the face captured by

the camera, we can caculate the heart rate. It will compare and select face color ,compare and combine different facial

features by color feature extraction and classification algorithm to acquire combinations of characteristics and optimal

algorithm for optimal space and finally establish a modern diagnosis system with function of preliminary diagnosis of liver

disease. Height is measured by camera. This system is of small size and high inteligence ,can achieve the basic health care.

1. INTRODUCTION

WITH the improvement of material life, people realize
the importance of the health. Health is no longer the
"patent" for the wealth, ordinary people health
consciousness also continue to strengthen.With health
issues are addressed, it give birth to the rapid
development of health monitoring equipment. More
and more portable health monitoring equipment come
into the thousands of households.Based on the current
domestic and international research and the collection,

we design a set of health monitoring system of video.

II. System Design

A. Design Objective

In twenty-first Century, the social life rhythm is
rising, more and more workers and housewives in sub
healthy state, often under the double pressure of life
and work of health risks.Because of the existence of
such factors and overcrowded hospitals, it’s difficult to
have timely medical treatment condition, and the
portable health care equipment became the new

darling of the times and the "weapon" of health
protecting. Portable health care equipment on one
hand is to help ordinary non medical staff to monitor

their health status, on the other hand is to help medical
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staff to quickly detect the patient's disease problems,
save time for the treatment of late, especially in big
city public hospital, the doctors reception are akin to
"overload", and portable health equipment can save
their valuable time.
B. Working Principle

System acquire images through video recording
equipment, access to basic information, and then used
the image grayscale or digital processing to remove
the impurities, to obtain more accurate information,
and through the system internal procedures to
calculate the relevant data and then come to the
health
presentation.As for the collection and processing of

diagnosis of disease or information
face information, according to the scanning face of
light absorbed, calculate heart rate; the face color
comparison and selection of the color feature
extraction and classification algorithms, face different
characteristics are compared and combined, finally
arrive at the optimal feature combination algorithm of
optimal space and the establishment of modern TCM
diagnosis, automatic analysis system are newly
diagnosed facial features results by computer,
realizing the preliminary diagnosis of liver function.

Software architecture as shown in Figure 1.
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Electronic doctor

Heart Rate Height Simple Disease
Measurement Measurement Detection
Fig.1

C. Heart Rate Measurement

The human heart is beating all the time, the number
of beats per minute is heart rate. Because the blood
after sunlight absorption of light in beating heart blood
after blood flow volume change, blood absorption
amount of sunlight also changing. When the absorption
dose increased, the surface of skin reflected light is
relatively reduced, this time through the extraction of
human blood cycle curve can be informed human
heart rate information, determine health through heart
rate information can be preliminary.

First of all, by processing the original ECG signal
readout waveform, as shown in figure 2.
,,\m“‘““" stad

|M~l '|,|

Fig.2

The wavedec calls the MATLAB function on the
ECG signal of 8 level decomposition, get the signal
s=D1+D2+D3+D4+D5+D6+D7+D8+A8. From Figure
3 we see not hard, the highest level of 8 was obtained
by the decomposition scale coefficient, frequency
range and baseline drift is approximate component of
A8 is the most close to, so the use of A8 as the
estimated baseline drift, from the original ECG signal
is subtracted from the A8 signal can eliminate baseline
drift. To eliminate the baseline drift after ECG

waveform diagram as shown in figure 4.

s
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Fig.4
We use syml0 as the scale function of 8 level
wavelet decomposition to obtain the signal of ECG

signals, components of different frequency, according

to the ECG signal frequency distribution characteristic
of ECG signal reconstruction. Comparative analysis of
spectral analysis and multi-resolution by decomposing
the signal, we found that close to the frequency and
ECG signal frequency of fourth scale signal
components, so that the reconstructed signal s=D4.
Through the wavelet transform of ECG signal
decomposition and reconstruction, can reduce the
impact of other interference. Waveform processed as
shown in Figure 5

=107 2T pL A I AT TR I = L
14 o ¢ : .

|
- ML
% 100 200 300 400 500

Fig.5

D.Height Measurement

The study on the basis of previous studies, using
more advanced image processing algorithms to human
image device captured color image gray processing,
image pre-processing (including gray normalization,
denoising and image sharpening), image edge
detection, edge thinning, contour extraction, feature
recognition and extraction of the human body image
processing, to achieve the purpose of body height.
E.Smple Disease Detection

Acquisition of face information through the camera,
according to scanning face of light absorbed, calculate
heart rate; the face color comparison and selection of
the color feature extraction and classification
algorithms, face different characteristics are compared
and combined, the optimal combined feature and
algorithm of optimal space under the establishment of
modern TCM diagnosis system, automatic analysis
facial features are the initial diagnosis by computer,
realizing the preliminary diagnosis of liver function.

The consultation process is shown in figure 6.
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Fig.6

Access to information is mainly the features
extracted in the HSV space. HSV (hue, saturation and
value) use hue, saturation, brightness to describe a
color, more accord with human vision, is a six angle of
vertebral model, in the color space for color, H, used
in angle measurement, the value range is 0 degrees
~360 degrees; S saturation, the value in the range of 0
~ 1; V brightness values, values range from 0 to 1.

RGB to HSV conversion formula is as follows:

The value of RGB from 0 ~ 255 to 0 ~ 1, and then
seek the maximum of three numbers in MAX the
minimum value of MIN, to the following formula:

G- 8B

6+——————)x60,if (R= MAX
( +MAX_M/N)>< A )
H= (2+L)xﬁo,gf‘(G=MAX)
MAX — MIN
ety . D = AR
MAX - MIN
MAX — MIN
S=—" | V=MAX
MAX

We advance in the face image acquisition of 50
groups of normal human liver, extraction of the facial
color values are averaged, and the average value as the
center. Around the 5 expansion units as normal liver
reference. Then collect face measured for comparison,
if the range is considered the normal liver, or that the

liver abnormalities.

III. Conclusion

This work is based on the traditional electronic as
application background, designed a home health care
system 1is convenient, practical, camera height
measurement, camera acquisition rate and camera

interview, through specific parts of the face color
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information of liver information. Work characteristics
and key lies in using the camera to obtain a series of
information, such as the acquisition of face of light
intensity, can get the heart rate cycle, and can be
obtained through location specific parts of face
information, through the analysis of these parts of the
color, and then the standard comparison, we can get a
series of information about liver, through the
calculation of pixel scale and height, can measure the
height of the human body. Design and implementation
of the human body index measuring basic, completed
a health care, and the future of the "electronic doctor"
has a certain significance.
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STC12C5A60S2microcontrollerbassource
localization system design

Wang Hongchao. Lv Tingting. Peng Yishuai

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

Abstract—The sound source localization system is based on single-chip host controller STC12C5A60S2 intelligent control
system.It mainly consists of moving sound source and sound receiving system.Moving sound source consists mainly car and
speaker, microcontroller generates a signal,the signal through the amplifier circuit power amplifier drives the speaker issue
fixed audio sound signals, using the car as the speaker carrier,constitute a moving sound source.Audio signal receiving system
in a very microphone perceived sound source signal, the pre-amplification, filtering,relatively stable output square wave signal,
whereby the square wave signal to control the car to the specified position.Car ambient sound receiving device receives sound
wave sat different times, the main controller to calculate the receiving end of the reception time difference and determine the
location of the trolley and the midpoint of the deviation,then through thenRF24L.01tosend commands from the controller to

control the car movement audible sound source,so repeatedly until the sound source infinitely close to the midpoint.After

testing,the distance between the coordinate positioning deviation is less than 3cm,meet the design requirements.

Keywords— Voice guidance Sound reception
0 INTRODUCTION

VOICE guidance system can be moved within a certain
range of sound source localization and guide it toward
a predetermined area, signal and information

information
part of the

technology to achieve intelligent digital control system

processing science discipline is an

important development of modern

is an important development orientation.Voice
guidance  system to complete the sound
monitoring,gathering, processing and other

processes,is one of the intelligent direction of
development.In this guidance system, the application
of both wireless communications NRF2401 achieve
information exchange, and thus more precise control
car running status and relative positions.In the sound
receiving system,make the three reception sensitivity
that A,B,C adjustment points consistent with the
reception time of the error reduction.Design is simple
and practical, cost-effective

with good stability,

advantages.

1 OVERALL DESIGN

Design is divided into two parts, the main control

terminal and from the implementation side, and both

Wireless Communications Difference control

use NRF2401 ™ wireless module for information
exchange.Overall design diagram shown in Figurel.

Y
Sound receiver

Sound emission

P F AMP Power AMP

I

Community

MCU1

Mcu2
Receiver

Emission [+

Cnmmun[ty‘

Crystal Crystal

Figure 1 The overall design block

I[

Power System

First, the control signal is generated by a wireless
terminal chip and it is sent to the sound source on the
implementation side, began to sound, then the control
terminal receiving the sound source circuit is ready to
receive,upon receiving the signal, the microcontroller
sends stop sounding signal,received signal according to
the difference of the time that the sound source
position relative to the midpoint of the motion signal
and sends the car, when receiving the control signal
terminal is disconnected.When the car running for
some time,sending the car stop signal,and continues to
send the sound source signal, the receiver receives,
once again determine car position, so again,eventually

moving to the midpoint of the car.

2 HARDWARE DESIGN
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The hardware design of the whole system is divided
into three parts, namely,moving sound source section,
MIC receiving portion and the MCU peripheral
extensions.

2.1 Design of moving sound source

In the design,we use a car to be the sound source
moving carrier. When the controller receives a signal
occurs, the MCU send a certain frequency square wave
signal,the signal after amplification circuit LM386

]

power ampliﬁer[z, drive a loud speaker audio

signal. Amplification circuit design shown in Figure 2.

Im386.

R a2
3 Yo .
SOK | *[10uF GND 5
ur Header2

Figure2 Power amplifier circuit

2.2 MIC recelving circuit designm

Sound reception in part by the preamplifier,
band-pass filtering,shaping three-part comparison,the
microphone receives the signal that first pass through
the preamplifier circuit that will attenuate the sound
signal is amplified, and then filtered through a
band-pass filtered signal interference signals, and
finally by Compare shaping circuit outputs a stable
square wave signal.
2.2.1 The band-passfilter circuit

In order to filter out the interference signal,the sound
emitted by the source extractiondKHz valid signal,
designed by the high-pass filter and low-pass filtering

to form a band-pass filter™

, the high pass cutoff
frequency of 3KHzlow-pass cutoff frequency of

5KHz,passband is 4, the circuit design shown in Figure

NESS532A1G
U3B
NESS32A1G
7 outi

U2A

INR3, R4

Figure3 Band-pass filter
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The Calculation formula of the filter is

Chose C =0.01uF

then
1 1
= = =3.1k
Re 24C 2-314-001-10°-5-10
Ry~ 1 3.5

" T0AC 2-3.14-001-10° -45-10

2.2.2 Comparison shaping circuit

In order to make the received signal shaping a
microcontroller recognizable square wave,chip design
using LM311 comparator circuit,when its input voltage
is higher than the set comparison voltage, the output
pin will output high, if the input voltage is lower than
the comparison voltage, the output is low.Figure 4
shows the circuit schematic of RP is set using the
comparison voltage divider.

ouT2
OUTI1

5V

Figure 4 The comparison circuit

3 SYSTEM SOFTWARE DESIGN

Software control is divided into two parts, namely
the host control and slave control.Between the host and
NRF2401 to

information.Software processes and algorithms in

the slave,we use transmission

Figure 5,Figure 6.
3.1 Host Software Process

First, the host sends to the sound source from the
command occurs, then three external interrupt

open,waiting to receive sound signals, and then
determine whether the receiving circuit receives the
sound, if the received corresponding interrupt source is
turned off, but will remember receiving circuit chip the
sequence of the received signal,and using the control
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algorithm to determine the relative position of the
sound source, and the calculation result to the slave via
wireless transmission to control the relative movement
of the trolley.If you did not reach the midpoint of the
sound source position, the control car, will go after a
certain distance,and then send the car stop signal.So
again,in the manipulation stopped at a position as close
to the midpoint,as Figure 5.

Start

e Determine the

Initialise

location
Vocal command W
N
Y

Open break

Turn 90°
y

Received
singal?

Close break

Motion signal

, l ,

Stop singal

—

Stop singal Stop

Figure5 Flowchart of Host

3.2 Save software process

Slave primarily to receive and execute commands
sent by the host Line.First, the command to wait for
reception has occurred,so that a certain frequency
horn,a certain width of the square wave signal,then the
host will receive and calculated results from the
machine to receive and control the relative movement
of the car.
3.3 Positioning control algorithm!

Is known,in the three position of A, B, C in the

square with three receiving end,in Figure 6:

c X

A 0 B

Figure6 Movement diagram
As a result of the distance between the source and
receiver are different,so there is a time difference if
receive successively.Let A, B, C receives the signal of

the time, respectively Dt,. DtgandDt. .As can be

seenfromFigure5,when the sound source is located at
the right side OX,first determine the reception time of
A, B ,then there will be the following relationship.

Dt, >Dtg

Therefore, it can determine the sound source to the
OX direction,i.e.the
repeated comparison until a time that the arrival line

receiving point A,after the

OX,then determine the A point and the reception time
point C,as Figure 6, the car is located above OY, can
draw the following relationship.

Dt, >Dt.
the Car will run to the OY direction, repeated
determine two points until Dt, = Dt. ,then stop
moving, and the sound source is located in the
midpoint,to complete the design.

4 SYSTEM TEST

Let the intersection coordinates is (50,50),the units
is cm.Actually,we test 100 times,intercepted some of
the test results in Table I:

Table I Test Results Table

Frequency Initial Location Error Speed Yes or No
1 (100,100) (50, 49) <lcm 12.0cm/s Yes
2 (90, 80) (50.3,50.1) <lcm 12.0cm/s Yes
3 (80,70) (48,49) <lem 12.5cm/s Yes
4 (70, 40) (49.2,50) <lem 12.1cm/s Yes
5 (60,30) (50.2,50) <lcm 12.0cm/s Yes
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Sound source moving distance test,after the movable
sound make sound the car moved,when arrived
coordinates (50cm,50cm),the car stop.Meter the time
that moving sound source movement began to arrive
from the designated location is t,the starting position to
the designated location is s.With Equationl can
calculate the average speed , the average response rate
V.

s
v==
t

(M
The results shown in Table 1,the average speed
reach 10m /s or more,meet the design requirements.
Sound source distance  positioning  error
testing.Movable stop after the sound source position
and the coordinates (50cm,50cm) distance of
positioning error DS ,according to Table I shows,the
actual position error in the rangelcm to achieve the

desired objectives.
5 CONCLUSIONS

This design use two STC microcontroller as the core
control Controller,respectively, as the host receives the
sound source signal to determine the location and from
the machine as a slave and sound control car
movement.Since the host interrupt sources need
more,by extending the external interrupt source
method to complete the overall system design.Since
the signal outside of the signal acquisition system
particularly sensitive,as long as the sound can let
through the sampling,shaping filter into a square wave
signal,the signal testing phase,must be masked out
other noise,the system collects the sound of the sound
source,where through the filter to the outside world
with all the noise shielding to achieve good results,by
three points received wave form synchronization
correction to reduce the error,so that the test results are

accurate and reliable.
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High density electrical number detector

Liu XinYang Cheng YuanDa Han Dong
( College of instrumentation & Electrical Engineering, Jilin University, Changchun 130061.)

Abstract—As the high density electric method has such characteristics like small point distance, high data acquisition
densities,it has gradually become the commonly used method in geophysical exploration for water and the investigation of
geological hazard and engineerings prospecting .Through the analysis with the geological data to find the results have a highly
similarity, the scientific and reasonable basis provides convenient for the popularization of high-density electrical method. The
number of grounding resistances is large in the exploration of high-density electrical method. If the numbers of the electrodes
and the grounding electrode are correct will directly affect the measurement results in actual production. This subject will be

based on the single chip microcomputer 430 circuit design detection methods to test the numbers and grounding of electrode.

Keywords—High-density electrical method , Electrode Numbers, test, MSP430 , RS485

1 INTRODUCTION

1.1 Design background
HIGH density electrical system, distributed electrode
existing conversion device is composed of a multi-core
cable through the electrode connection box is
connected with the electrode, to cover the entire test
section, and the machine adopts cascade connection.

Processing now field test personnel of electrode
failure is generally made of high density electrical
system detects a fault numbering of electrodes, the
field staff to determine the fault system terminal
numbering of electrodes, electrode and then from No.
1 to several, until the count to fault numbering of
electrodes, electrode for processing fault. In the field
of hundreds of meters or even thousands of meters
away from the search process, that is to find the
electrodes along the cable, but also remember
electrode number, if forget or error electrode number,
field staff will return to the system is research. This
approach is time-consuming and laborious, field test
and high working intensity, seriously affecting the
efficiency of construction.
1.2 Design content

To provide an electrode number detecting device of
the design, it can connect point from any machine
multi core cable in high density electrical equipment,
electrode number the point corresponding to find, in
order to find fault electrode number, and the fault
phenomenon in fault electrode point to judge, to

facilitate the treatment of fault.

Using electrode number detecting device, it can be
connected to any machine from the multi - core cable
connection point, electrode number the point
corresponding to find. For example, in the first K
electrode conversion from the machine is broken,
electrode number electrode number detection device is
connected at a position off to find the corresponding to
a point K, in order to find fault electrode number, and
the fault in the fault electrode point to judge.

1.3 High density electric characteristics

High density resistivity method is still in the rock,
soil conductivity differences as the basis, a method of
electrical distribution of conduction current effect of
artificially imposed under the steady current field in.
The theoretical of the

conventional techniques, just different. It is actually an

basis same and their
array exploration method, field measurement only will
all electrode (tens or hundreds of root) each measuring
point under observation sections, fast automatic
acquisition and conversion microcomputer device and
electric engineering measuring instrument can realize
data using programmable electrode, the measurement
results are transmitted to computer, can also be to deal
with the

distribution of various graphical results. Obviously, the

data and gives a geoelectric section
development and application of high density resistivity
exploration technology, intelligent degree of electrical
prospecting is a great step forward.

Compared with the conventional resistivity method,
with the following features:

The electrode arrangement is completed once, which

not only reduces the electrode caused by the faults and
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disturbances, laid the foundation for the rapid and
automatic measurement and field data.

The preprocessing of the detection results and
display the profile curve shape, visual result.

The scanning measurement of many kinds of
electrodes effectively, it is possible to obtain a
geoelectric  structure characteristics of geological
information more abundant.

The field data acquisition automation, not only the
acquisition speed, but also avoids the errors due to
manual operation.

The high density electric method of low cost, high
efficiency, rich

information, easy interpretation,

exploration ability to significantly improve the.

2 HIGH DENSITY RESISTIVITY ELECTRODE NUMBER

DETECTOR DESIGN

High density electric method in the field test,
frequently distributed hundreds of electrodes lay, no
rules at all, although the host know each electrode
number, but due to the laying of a wide range, and a
host of distance, when the need for an electrode of the
state, or an electrode without a good grounding words,
need to find out the status of measuring electrode,
electrode, at the same time in order to facilitate
exchanges need to achieve both call. Electrode number
detector designed for this occasion. The hardware
block diagram is shown in figure 1.

slave machine |eeecoeeveinann. ,

The communication
circuit

The power
supply circuit

M5P430 MCU

RV

o LCD1602 display

Figure 1 electrical electrode high density number detector
hardware block diagram
The power supply circuit comprises a voltage
regulator 12V power through the LM7805 transform,
5V power supply, 5V power supply with AS1117 to
get 3.3V power source, the voltage in the circuit by the
3 power supply. As shown in figure 2.

66

w2 +HV w3 +3.3V

L or 23 vin vou |2
I =
c Q@  z a
Alilomr IS 4]701uF -~ J Awflw
L7805ABD2T ASILY7 33V

Figure 2 Power supply circuit experiment required

+12V
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The design of this paper mainly includes following
contents: the design of two parts testing code design
and voice circuit based on MSP430 mcu.

2.1 Design of MSP430 MCU number detection based
on
2.1.1 Introduction of MSP430

MSP430 mcu with 16 bit data bus, with FLASH. It
has the features of high cost performance and high
integration, so this type of MCU by technology
developers welcome. Its peripherals and memory using
the unified addressing mode, not only addressing range
of 64K, and it can be extended memory, MSP430
MCU with interrupt manager unified, peripheral
module on-chip is abundant, the on-chip multiplier is
more accurate, the timer uses a 16 bit, the 12 bit analog
to digital converter 14.

MSP430 supply voltage is 1.8 ~ 3.6V, current
consumption of only 1.6uA standby mode, 64K
program memory, 16 bit RISC structure, the 125ns
instruction cycle, as well as 3 16 bit capture / compare
register Timer A. Figure 3 is the internal functions of
M430F149.

MSP4I0x14x

Figure 3 The internal function of Fig. M430F 149
The choice of MSP430F149
MSP430x1xx series microcontroller.

2.1.2 Design of R85 communication circuit

In the design of electrical measuring instrument,

belongs to

MSP430 mcu is mainly responsible for the operation
of data collection, and the PC machine is used for data
processing and communication etc.. You need to PC
chip timing transmitting large amount of data
because the PC and the

microcomuputer data acquisition system is far away,

acquisition. But

and there is the data transmission channel environment
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is poor and the need for large capacity electrical
equipment to start and cutting operation, process data
acquisition transmission brings great inconvenience.
Therefore, data can be transferred to the safety of high
speed PC machine become the focus of the design, we
use RS485 protocol between PC and single chip
use of RS485
communication must install RS485 converter, but due

microcomputer, and the serial
to the equipment is expensive, so we decided to use its
own RS485 converter to realize remote communication
between PC and single chip microcomputer.

430 MCU to complete data acquisition, and then the
host communication, host computer data processing
etc. When at the beginning of the experiment,
microcontroller to host sends a large number of data
packets. In the experiment, the host and the single
work place from a very far distance, electrode scattered
near it on foot, far away there are hundreds of meters
or even farther, field environment full of uncertainty,
when transmitting the data, which is not the ideal
environment. In order to ensure the rapid and accurate
transmission of data, using RS485 communication.
RS485 is a half duplex mode, a send another reception.
It allows a two-wire bus sender driven 32 load devices.
Station for interconnection can save the signal line,
convenient high-speed long-distance transmission.

Pins MSP430 MCU as shown in figure 4.
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Figure 4 pins of MSP430 MCU
The RS485 communication interface as shown in
Figure 5 circuit between MCU and PC.
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Figure 5 MAX3485 Communication pinout

See from figure 3-4 and figure 3-5, 4 pin single-chip
signal from the P3.4 into the RS485 chip, and then
through the RS485 interface chip, the chip is connected
with the 6, 7 feet and electrode. Electrode through a
long cable connected with the host, so as to realize the
communication.

The 485 chip output pins without access resistance,
signal submerged in noise, could not identify the signal,
the host is unable to return data, is a failure experiment.
Access resistance, the noise is greatly reduced, the
signal which is can be tested is the ideal, so as to
realize the communication with the host. So in
transmission line RS-485, matched resistors should be
one 120Q.

LCD1602 connected with the MCU pin as shown in
figure 6. After MCU host communication, returns the
data in the LCD1602 display.

GND
1o 45y :
o 0. 1uF :
ANl 3
R/'W
- 5
E 6
DB0 7
DB1 3
DB2 9
DB3 10
DB4 1
DB5 12
DB6 13
© 45V DB7
0.1uF ik
GND\”—{ 15
16
GND

Figure 6 Pins LCD and MSP430 connected graph

LCD1602 the use of 2 groups of power. A group of
module power supply, a group of power backlight
board, all 5V power supply. RS is the number of liquid
crystal have pin, is the command / data selection pin.
The foot level is high said it would carry out data
operation; low said command operation. RW is also a
lot of liquid crystal have pin is read and write selection
end, the foot for high level is said to the liquid crystal
of read operation; low said to write operation. E also
many LCD module has this pin, usually on the bus
after a positive pulse signal to inform the data read out,
the foot is at high level, is not allowed to change the
bus. DBO ~ DB7 8 bit bidirectional parallel bus, used
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to transmit commands and data.
2.1.3 Software programming

The switch is connected with the microcomputer
P3.6, when the switch is pressed, it is in the high
power level, the microprocessor has to send the packet,
it receives a host returns a data packet, the
microprocessor receives after its decimal conversion,
the results are displayed in the LCD1602. Host the

returned data is numbering of electrodes. The flow

Svstem
Initialization

!

Interrupt
start

|

chart shown in figure 8.

Aiether the buttim
is pressed?

=l Yes
Transmit
packet

Yes

Display data

Figure 7 The software flow chart of electrode number query
2.2 \oicecircuit design
The former circuit as shown in figure 9. When

speaking into the microphone, through the capacitor to
remove noise, operational amplifier TLO82 is the task
of the voice signal sent enough amplification, and then
through 2.2 p F voltage is switched on and the circuit

part. The power supply voltage of 12V circuit
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cn
1V H ‘I GND
o

(35

3 e T 21
1

o ! | 1
T mossace 1nF :
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I y H ‘I 1GRD
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Figure 8 The post stage circuit of Microphone

The post stage circuit is also broadcast circuit as
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shown in figure 10. The output variable resistance
circuit can adjust the speaker. The sound signal level
from 1 feet into the audio amplifier LM1875 through
the speaker. The 12V power supply circuit, which

circuit to realize calling function.
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Figure 9 The speaker sound circuit

3. CONCLUSION

In the indoor environment to do experiment,
electrode number 5, by aerial plug connected with each
electrode, realize the communication with the host,
thereby to query the number. The experimental results
can accurately detect each electrode number. The 5
electrode (the last electrode) number query, to test the
hardware circuit. Figure 10 is the last electrode number

query results.

Figure 10 Query results

This experiment has cultivated our ability to
research, analyze and solve problems in practice.
Meanwhile, it has helped the team finally form good
project-researching quality as well as scientific ethics,
such as teamwork, communication skills, independent
thinking pattern, and ability to capture cutting-edge
information. In addition, our project gains and
improved team members’ hand-working ability, a
combination of training theory with practical style as

well as creativity.
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Abstract—This article designed a ferromagnetic detection system based on the giant magnetoresistive sensor by use of giant

magnetoresistance. The system uses msp430 microcontroller control signal acquisition and analog to digital conversion,then

output the result. Test results show that the giant magnetoresistive sensor not only can satisfy the survey of ferromagnetic

objects in human body, but also Effectively avoid the problems of traditional coil detection method.

Key words—Ferromagnet  giant magnetoresistance

1. INTRODUCTION

AS a means often being used in hospital, MRI
examination has great advantages in the diagnosis of
disease. However, before doing an MRI we must
ensure that the body does not has ferromagnetic
objects. If the body has ferromagnetic objects it will
cause a shift of ferromagnetic objects when doing
MRI, cause injury to the patient. Ferromagnetic
objects in human body can also cause distortion of the
test results when you do an MRI. Therefore, it is
necessary to screen whether there is ferromagnetic
objects in human body before doing MRI examination,
especially for patients who can not clearly expressed.

Nowadays there are some issues of the traditional
method of locating ferromagnetic material in the body:
the use of X -rays or CT and other detecting
ferromagnetic objects in the body easy to cause large
radioactive, actual operation is not convenient and
other problems. The hand-held metal detector on the
market although easy to carry, easy to operate, but it
has a low sensitivity in the ferromagnetic objects
detection in the body. So it can not meet the practical
applications[l]. To solve these problems, this paper
design a high-sensitivity ferromagnetic objects system,
preliminary use in the detection of ferromagnetic
objects in human body.

II. EXPERIMENTAL PROGRAM

A.Program comparison
Ferromagnetic detector used to probing the
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the GMR sensor ADC

ferromagnetic of human body requires high sensitivity,
strong anti-interference ability, especially not be
disturbed by the human body. By accessing to relevant
information, we summed up the following four metal
detector design, and compared their advantages and
disadvantages:

1. As the most traditional metal detectors,
Self-excited induction metal detectors multi-use LC
oscillator as a detection circuit. The advantage is low
cost, but the drawback is the low sensitivity, and prone
to false positives.

2. The difference frequency metal detectors whose
probe contains two oscillators. It uses the mixer for
mixing and take difference frequency output. The
advantage is the detection sensitivity is slightly higher
and the anti-jamming capability is slightly stronger
than a single probe.

3.The design of metal detector is based on phase
principle. The advantage is the use of phase-locked
principle, improving the anti-jamming capability. The
disadvantage is that the resolution is not high.

4. A ferromagnetic detection system based on the
giant magnetoresistive sensor. It is able to meet the
requirements which is high resolution, anti-jamming
capability, stable circuit and easy to implement the
portable.

B. Giant magnetoresistance principle

The so-called giant magnetoresistance is the
phenomenon that the resistivity of the magnetic
material has a huge change when the magnetic field
effect compared with without magnetic field effect 2.
When the magnetic moments of the ferromagnetic
layers parallel to each other carrier’s scattering
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associated with spin is minimal, the resistance of the
material is minimal. When the magnetic moments of
the ferromagnetic layers antiparallel to each other
carrier’s scattering associated with spin is largest, the
resistance of the material is largest.

The general structure of the giant magnetore -sistive

sensor using of giant magnetoresistance shown below:

Figurel. The internal structure of the giant magnetoresistance

W+

Ra R1

il HH +

R2 R3

A~

Figure2. The schematic of the giant magnetoresistance structure
As can be seen from the figure inside the giant
magnetoresistive sensor is a DC bridge structure
consists of four same GMR (R1 = R2 = R3 = R4 =R),
R1 and R2 covered and shielded with high perme
-ability material. The resistance has no response to the
external magnetic. It is the GMR R3 and R4 affected

by the external magnetic field. So it is constitute the
arms of the bridge relative change in the same direc.
—tion. When the sensor is in external magnetic field:
RI1=R2=R, R3=R4=R-AR. AR is the amount of
resistance change of a single GMR when the magnetic
induction intensity of external magnetic field is B\
Thus the output voltage can be obtained:
Uout=UinAR/(2R-AR)

C. System Design

The hardware of ferromagnetic detection system

(M

adopts modular design[3 ]| the overall block diagram of
the system shown in Figure 3. The system consists of
sensors, signal conditioning circuits, A/D converter
circuit and alarm circuit. Using the GMR sensor
detects magnetic field signals. Due to the voltage
signal collected is very weak, the voltage signal is
generally millivolt. But the AD converter has a
resolution of 6.1mV, through the amplifier is needed to
become the voltage signal to which be able to be
identified by AD converter. The amplified signal
contains high frequency and industrial frequency
interference, therefore it need to access low-pass filter
to filter out the high-frequency and industrial
frequency interference. Then the signal go into the AD
converter channel, which will convert an analog
voltage signal to digital voltage signal. And then the
digital signal is displayed through lcd1602, and the

system determine whether alarm.

Gilant
Low pass

Amplifier

k4
Y

magnetoresistive .
filter

SENsor

AD conversion LCD1602

¥

—

% &

Light—emitting
diodes
Buzzer

Figure3. The overall block diagram of the system

III. HARDWARE DESIGN

A. Probes
The detection of ferromagnetic substance uses AA
series of giant

magnetoresistance  probe,after

amplification, filtering, processing and display.

AA series of giant magnetoresistive sensor as a
multi-purpose magnetometers, suitable for a wide field
of applications. This experiment uses the AA002-02

giant magnetoresistance.
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Tablel. magnetic characteristics table of giant
[6]

magnetoresistance
Part Number AA002-02
Saturation field 15

strength (Gs)

The linear range Minimum 1.5
(Gs) Maximum 10.5
Sensitivity (mV /V| Minimum 3.0
/Gs) Maximum 42
Resistance (Ohms) 5K+20%
Die size (um) 436%3370

The sensitivity of giant magnetoresistive sensor is
very high. Geomagnetic field to exert some influence,
to eliminate the effects of the geomagnetic field,
adding zero resistance.as Figure 4 shows, adjust the
zero resistance, you can remove the interference.
Output of giant magnetoresistive sensor is Huygens
bridge differential signal, and the size of signal is on
the millivolt level. Specifically at 5V supply, the
output of the sensor is:

Min: Vout=5x3.0mV/V/GS=15mV/Gs
Max: Vout=5x4.2mV/V/Gs=21mV/Gs

Input +
=Tl
R1 R2
Output - Output +
R4 R3
Input -

Figure4. zero resistance and sensor

B. Instrumentation amplifier

Improve the sensitivity requires the use of amplifier
amplifies the output signal. AD620 is a three op amp
instrumentation amplifier with high common mode
rejection ratio, a temperature stability, bandwidth
Suitable for

amplifying the differential signal of magnetoresistive

amplification, noise coefficient, etc.

sensor. This article selects the basic amplifier

circuit®. As the figure 5 shows:
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Figure 5. AD620 amplifier circuit
ADG620 uses dual power supply, + Vdc and-Vdc
select +5 V and-5V power supply. The resistor R is

adjustable. 2 pin is connected to ground or negative
signal.3 pin is connected to a positive signal. Gain is
calculated as follows:

 49.4kQ
G=——-—1

R (2)
R =49;4kQ

G-1 (3)

C. Low passfilter

Due to the surrounding environment and internal
system may exist high-frequency interference and
noise, while in some cases industrial frequency
interference will be more serious, so to the part of the
filter we wuse low-pass filter to filter out
high-frequency and industrial frequency interference.
Through reading relevant literature we know that
compared to other low-pass filters, the biquadratic
low-pass filter has the advantages of good stability,

easy to adjust, etc. Therefore, we use the biquadratic

low-pass filter. It’s schematic diagram shown in Figure
6:

R7
M
- WA RS
4 | AWV
— A O
4 =
R2  LMI24AD
- R6
G R
6

L 'LM124AD

Figure6. Biquad low pass filter

Since the output of the giant magnetoresistive
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sensor is less than 5SHz, and the noise of outside is
and 50Hz
frequency interference, so the output frequency of the

mainly high-frequency interference
filter circuit of the system set to 0-5Hz, scilicet the
filter’s cutoff frequency is 5SHz. We set the gain A,, to
1. According to Table 2, we select 0.1uF ceramic

capacitor.
Table2. Frequency and capacitance comparison table

f,(Hz) 1-10 10-10° 10%-10°
C 20-1uF 1-0.1puF 0.1-0.01uF
f,(Hz) 10°-10* 10%-10° 10°-10°
C 10*-10°pF | 10°-10°pF | 10*-10pF

According to the transfer

Ap#

function K(S) = . , RI1=R3=23K,

w,
S+ "S+w’

R2=R4=50K, here R4 take the 51KQ resistor. R1, R2,
R3 are insteaded of sliding rheostats, which easy to
adjust the cutoff frequency. The operational amplifier
Al, A2, A3 select OP27 precision operational
amplifier, whose offset voltage as low as 25 uV,
maximum drift is 0.6 uV / ° C, is fully able to meet the
design needs.

D. AD conversion

The main features of the AD converter in msp430
are as follows:

(1) 12bits successive approximation;

(2) The maximum conversion rate is greater than
200ksps;

(3) The sampling time can be controlled by
software;

(4) Selectable internal or external reference voltage;

(5) single-channel, single-channel continuous,
multi-channel, multi-channel continuous conversion
mode, etc.

(6) 16 12bits conversion result storage register.

It can be calculated that the input voltage changes
between 0 ~ 2V according to the experiment. So we
select 2.5V internal reference voltage. It can be
calculated the resolution of AD: 2.5/4095=0.61mV.
Therefore, using the ADC12 internal the msp430 can

meet the design requirements.

IV. SOFTWARE DESIGN

The MSP430 MCU is a 16-bit ultra-low power
mixed signal processor which the U.S. Texas
Instruments company has began to spread in the
market since 1996.The reason why it called the mixed
signal processor is that the processor is integrated the
analog circuits, the digital circuits and the
microprocessor on a single chip. In this way, it can
provide a kind of solution to solve problems with only
one piece of chip.

The main characteristics of MSP430 MCU is
Ultra-low-power, 16bit RISC CPU, high integration,
easy to use and code security. The system uses 430c
language to design software. The main function is to
complete the AD converter, voltage displaying and
alarming. The workflow is primarily to convert the
input voltage signal by AD conversion. According to
the formula(4):

Napc=4095x (Vi,-Vr) /(Vr+-VRr.) @)

Translate the average of the conversion results into
voltage value and then display by 1cd1620.
Determining whether there is a ferromagnetic and
alarming if the answer is yes. The flowchart shown in

Figure 7.

ADr

COoOnWersion

Read the
COTW el s 1.0

result and

accumulate

+

<TCollect 100 times

1

averagece

walue
+

displawv

Figure7.Software flow chart of system

Calculate the average data after sampling 100 times
so that we can guarantee the stability of the display, as
well as to reduce the chance of false alarms.
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V. MEASURED RESULTS

In order to verify the feasibility of the system,
selecting different size ferromagnetic to test the
system at different distances.

Because of the earth's magnetic field and other
interference, we need to move the sensor to find a
point of 0 magnetic. At this position, the bridge is
balance. What’s more, this is only a relative value
because of the environmental constraints.

In order to ensure the comprehensiveness of the test

results, you need to select different objects of different
sizes and they can be magnetized in different degree.
We select pin, small screws, coins and staples for
testing. The pin and the coin are difficult to be
magnetized, while the small screws and staples are
easily to be magnetized. So we can get more
comprehensive test results.

The test results are shown in Table 3:

Table3. Test Results

Measured body Pin header (1cm) Small screw (2cm)
Distance(cm) 1 2 4 2 (Interval 4 (Interval 3 5
fingers) fingers)
Display Voltage (V) 0.58 0.34 0.08 0.41 0.10 0.62 0.27
Warning Yes Yes No Yes No Yes Yes
Measured body Staple (1.5cm) $ 1 coin
Distance(cm) 2 4 6 2 (Interval |4 (Interval 3 5
fingers) fingers)
Display Voltage (V) 0.70 0.35 0.09 0.45 0.15 0.75 0.30
Warning Yes Yes No Yes Yes Yes Yes

As can be scen from the table 3, the different sizes
of the ferromagnetic at different distances has different
influence on the magnetic field. The greater of the
magnetism the stronger of the magnetic field. The
closer of the distance, the greater influence on the
sensor. The output results of the sensor have relations
with the distance of the magnetic sensor and the
magnetism of the iron magnet.

Test results show that giant magnetoresistive sensor
can satisfy detecting ferromagnetic objects in the
human body and effectively avoid the problem of low
sensitivity, poor anti-jamming ability which produced
in the traditional method of detecting.

VI. CONCLUSION

Through the study of the basic detection of
ferromagnetic material, in the small electromagnetic
interference, the experiment can be detected within a
small range of voltage variation of ferromagnetic
foreign bodies interference, to prove the application of
GMR sensor can probe a weak magnetic field, the
finger can be isolated to detect ferromagnetic material.
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The design is to try the giant magnetoresistive
magnetic sensor applications in the human body probe
objects, to the human body probe magnetic objects
provide a new possibility, to provide a new direction.
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Intelligent Glucometer with Exercise Intervention

Guangan Ren
(JiLin University

Wenchang Fan
CIEE Class651004)

Bing Han

Abstract—The study shows that positive exercise and proper exercise intervention plan play a significant role on the

rehabilitation of patients with diabetes. Based on the study of the relationship among blood glucose in diabetic patients, the

exercise situation and the exercise intervention situation, a glucometer with intelligent exercise intervention is developed. We

use ADXL345 with high-precision to develop the pedometer which is performed under the control of the MCU MSP430F449.

We use glucose-oxidase -type glucose sensor and design the amplifying and filtering circuit for blood glucose testing.Then

wesend data via GSM module. Prototype-test-results show that the intelligent glucometer achieves step-counting within 10%

error rate, and blood glucose testing within 15% error rate.
get exercise response message via GSM module.

Keywords—pedometer  glucometer

0. INTRUDCTION

POSITIVE exercise and proper exercise intervention
plan have a significant effect for the rehabilitation of
patients with diabetes. Based on the study of
relationship among the diabetic condition and exercise
situation and exercise intervention situation, we design
this intelligent glucometer.It can detect exercise
achieve exercise

situation, blood glucose and

intervention. It assists the expert to know the
exercise situation and blood glucose, and to make
effective and proper exercise intervention plan.

This paper first introduces the study of the
relationship among diabetic condition, exercise
situation and exercise intervention situation.Then we
detail the hardware and software designing solutions.

Finally, it is the data and results of the prototype.

1. THE STUDY OF THE RELATIONSHIP AMONG

DIABETIC CONDITION AND EXERCISE SITUATION AND

EXERCISE INTERVENTION SITUATION

Prior to this designing of the intelligent glucometer
with exercise intervention function, in order to

develop a more rational exercise intervention program
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exercise intervention

Finally, the results can be sent to the expert and the patients can

to achieve a desired effect for the treatment of diabetes,
we investigate the relationship among the diabetic
condition, exercise and exercise intervention situations
by the way to access the relevant literature.

1. 1 Impact of exercise on diabetes

Through the study of relevant literature on the
impact of exercise on the diabetic condition, we sum
up the following conclusions:

Exercise can reduce blood glucose because of the
combined effects of the exercise accumulation and
enhanced insulin sensitivity. Muscle contraction
requires a lot of energy, especially in the skeletal
muscle. In order to supply the energy, glycogen in
muscle and liver breaks down to reduce blood glucose
directly. Glucose is the "fuel" to maintain muscle
moving. Dietary glucose eventually enters the blood
circulation, and there is also a lot of glucose in the
muscle. When starting to exercise, the glycogen in
When these
storage runs out, the muscles will absorb glucose in
the blood for their own . Therefore, the blood
glucose level decreased during exercise.  After

muscle and liver is the "fuel" of body.

exercising, body stores the glycogen in muscle and
liver again, then, the level of glucose decreases more.
So insisting on long-term exercising benefits on
controlling the level of blood glucose and reducing the

. . . 2
risk of cardiovascular disease .

Meanwhile, studies
show that walking and other aerobic exercise have a
good effect on reducing blood glucose. It enables

muscle uptake of more glucose, and increase oxidation
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and utilization. Thereby, it reduces blood glucose

and glycosylated hemoglobin, and the toxicity of
chronic hyperglycemia ™.

With regarding to the exercise intensity, the survey
results show that, 1 h after breakfast, walking for 3000
steps briskly outdoor, with step speed controlled to
1000/10 min, can effectively regulate and control
blood sugar levels. And it is well tolerated by patients
with diabetes which can be used as a safe and effective
exercise therapy 4
1. 2 Impact of exercise intervention on diabetes

There are 34 relevant literatures about the impact of
exercise intervention on the fasting plasma glucose of
diabetes. 2697 cases were concerned in the 34
literatures. They consist of exercise-intervention group
for 1422 cases, control-group for 1275 cases. The
result shows that: the intervention group had more
advantages in reducing fasting glucose in patients with
type 2 diabetes, compared with control group; there
are 27 relevant literatures about the impact of exercise
intervention on the postprandial blood glucose of
diabetes. 2124 cases were concerned in the 27
literatures. They consist of exercise -intervention
group for 1099 cases, control-group for 1025 cases.
The result shows that: the intervention group had more
advantages in reducing postprandial blood glucose in
patients with type 2 diabetes, compared with control
group; there are 25 relevant literatures about the
impact of exercise intervention on the glycosylated
hemoglobin of diabetes. 1925 cases were concerned in
the 25

exercise-intervention

literatures. They consist of

group for 1025 cases,
control-group for 900 cases. The result shows that: the
intervention group had more advantages in reducing
glycosylated hemoglobin in patients with type 2
diabetes, compared with control group; there are 18
relevant literatures about the impact of exercise
intervention on the BMI of diabetes. 1462 cases were
concerned in the 18 literatures. They consist of
exercise intervention group for 1422 cases, control
group for 1275 cases. The result shows that: the
intervention group had more advantages in reducing
BMI in patients with type-2 diabetes, compared with
control group.

2. OVERALL STRUCTURE OF INTELLIGENT

GLUCOMETER

2. 1 Hardware Structure

The hardware of the intelligent glucometer is
divided into the following sections, which are
power-supply module, control module, the pedometer
module, glucometer module, GSM module and
displaying module. Wherein the power-supply module
provides different power supply voltage for the system;
Control module is used for coordinating and
initializing other modules; Pedometer module and
glucomerer module are used for detecting exercise
GSM module is used to
achieve exercise intervention function; Displaying

situation and blood glucose.

module is used for displaying related information
when system running. Overall system hardware block

diagram is shown in Figure 1:

-12V
Power supply 5V
module 3.3V
4“‘
SCL
SDA
5v ADXL345
MSP430F449 —
P2.0-P2. 4 . .
-~ Displaying
3.3V module
1
£ g— Ell12v.  E| & |-12v_
GEleliT ElElT
GSM Glucometer | 1:;)3\
module module

Fig. 1 The overall system hardware block diagram
First, the power supply module uses 12V battery as
the power source. It achieves conversion between
different voltage levels including 12V, -12V, 5V, 3.3V
and so on through 7805 and 1085.

module schematic is shown in Figure 2:

7| 120 5 3.3V

convertion 7805 1085

i (— — )
=12V

Power supply

Fig. 2 Power supply module schematic
Second, as for the control module part, we choose
MSP430F449 MCU produced by TI to control the
entire system. The main reasons for using this MCU

are as followed: first, the low-power mode is
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suitable for portable devices:processor power
consumption (1.8V ~ 3.6V, 0.1 ~ 400 pA , 250 pA/
MIPS), maximal leakage current through serial line
is 50nA, which can greatly reduce power consumption
and extend battery replacement cycle.  Second,
MSP430

important  to

transient response characteristics are

ensure the system's low-power

event-driven approach. Finally, this single-chip is
small and light, which meet the design requirement for
portable glucometer.

Third, in the designing of the pedometer module,
we use an acceleration sensor named ADXL345 to
count steps. The sensor is a small, thin,
ultra-low-power, 3-axis accelerometer with high

precision. The digital outputting is 16-bit twos

complement. It can be accessed through the SPI or I°C.

ADXL345 is well suited for mobile devices. It could
detect gravity and dynamic acceleration. It can
measure angle variation less than 1.0°. Its functional

block diagram is shown in Figure 3:

Vs Vooio

ADXL34s

POWER
MANAGEMENT
B A CONTROL INT1
SENSE ADC = AND
ELECTRONCS DIGTAL L { INTERRUPT
FILTER LOGE INT2

SDASDISDID
a2 LeveL N
Fro- [} SERALIO SDO/ALT
ADDRESS
’L SCLSCLK .

H

:
1

.?__

w
m
z
]
<
£

aRo &
Fig. 3 ADXL345 functional block diagram

Fourth, in the glucometer module, the weak signal
processing circuit is made up of amplifier and filter.
The glucose detection circuit is shown in Figure 4.
The input voltage is 3.3V. The voltage enters the
voltage follower then divided to 0.2V. the second stage
is an amplifier and filter. The current is converted to
the voltage through the resistor. Since the current
won’t flow between the terminal and the inverting
terminal phase. The wvoltage collected from A/D
converter is produced by the current from the

electrode. It will ensure the accuracy of the system [61,
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— Vout

Fig. 4 The glucose detection circuit

Fifth, the short message function is achieved
through the GSM module. It is an industrial grade
module supporting Chinese short message. It works at
the dual band of EGSM900 and GSM1800. The power
is in the range of DC 3.3 ~ 4.8V. The current is 3.5mA
in dormancy, 25mA in idle, 300mA in emission. It can
transmit the signal in the form of voice and data. The
power consumption is 2W in EGSM900 and 1W in
GSM1800. The SIM card reader is connected via the
interface connector and the antenna connector via the
antenna. The GSM module data interface (CMOS
level) can transmit bi-directional instructions and data
via AT commands. Selectable baud rate is in the range
of 300 b/s~ 115 kb/s and automatic baud rate with 1.2
kb/s ~ 115kb/s. It can send short message in the form
of text and PDU. In addition, it can restart and achieve
recovery through AT commands or shutdown signal.

Sixth, we use NOKIAS5110 as the display screen.
The LCD screen that can display Chinese, English,
numbers is designed for mobile devices. And it has
the feature of low power consumption that meets the
design requirements of portable blood glucose meter.
2. 2 The architecture of software
2. 2. 1 Overall algorithm process of system

Considering the complexity of the algorithm and the
using-order of each module, we regard the pedometer
algorithm as the main program. The program first runs
pedometer algorithm. When it reaches a specified
number of steps, it will call GSM module to send the
data to the expert’s phone. If the switch is on, it will
carry out blood glucose detection and send it as the
above. It will go into a waiting status until receiving
exercise intervention plan message. This message will
trigger interrupt to display the content. The chart of
algorithm flow is shown in Figure 5:
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Initialize 430
and
ADXL345

Exercise Get acceleration
intervention data

/
S A
' / edometer Exercise
w End b
o> 2 \ algorithm No intervention

YES o
v )
Display the ( End

step

Glucometer

© @

Fig. 5 System algorithm flow chart
2. 2. 2 The design and implementation of the
algorithm pedometer:

The research on human gait :

In the feature that can be used to analyze running or
walking, we choose acceleration as the relevant
parameters. The movement can be decomposed into
three components including forward, vertical and
lateral direction as shown in Figure 6. ADXL345
accelerometer will ~ detect acceleration from x, vy,
and z-axis. Pedometer is in an unknown direction, the
measuring accuracy won’t depend heavily on the
direction relationship between the axis of movement
and the measuring axis 7 Foot, leg, waist, arms are in
motion when walking, they will produce an
acceleration with a peak at a certain point. To detect
from the acceleration of the foot steps is the most
accurate. But considering the convenience, we choose
to use the waist motion. Figure 6 shows the
acceleration direction from Pacers. In any case, there
is a usable acceleration direction at least. So you can
count steps based on this principle.

lateral forward

vertical

Fig. 6 Three-axis when walking !

The parameters of pedometer:

Digital filter: First, we require a digital filter to
smooth signal waveform. Four registers and a
summing unit can be used as shown in Figure 7. Of
course, you can use more registers to enable smoother

acceleration data, but the response time will be slower.

DATA IN=m=| DATAQ |—m={ DATA1 (—m=| DATAZ |—m=| DATAS |—=

FILTER QUT

Fig. 7 Digital filters

Dynamic threshold and dynamic accuracy System
continuously updates the maximum and minimum
acceleration axis every 50 times and the (Max +
Min)/2 is defined as dynamic threshold. This threshold
value is to determine whether an invalid step has taken.
It is dynamic because it refreshes every 50 times. This
In addition to the
dynamic threshold, it also uses dynamic accuracy for
further filtering.

Taking a step is defined that when the acceleration

choice is adaptive and fast enough.

curve goes below the dynamic threshold, the value is
negative.

The peak detection is that Pedometer selects an axis
with the biggest accelerometer from the x, y, and
z-axis to calculate the number of steps. If the
acceleration is too small, pedometer will be ignored.

Pedometer with the help of this algorithm can work
well with the help of this algorithm, but sometimes it
seems too sensitive.

When the vibration is similar to walking, pedometer
will regard it as the pace. The use of "time window"
and "counting rules" can solve this problem. "Time
window" is to exclude the invalid vibration. Assuming
that the fastest walking speed is 5 steps per second and
1 step every 2 seconds is regarded as the slowest.
Thus, the “time window”is between 0. 2s and 2. Os.
This algorithm data rate is 50Hz. The times of data
updates between two steps is recorded in a register. If
the interval is between 10 and 100, it proves thar the
two steps are in the valid window. Otherwise, this is
an invalid step. The counting rule is to determine
whether the pace is a part of the same rhythm pattern.
Pedometer has two operating states including search
rules and validation rules. It is started with search
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rules. After four consecutive valid paces, if it exists a
In this

mode, the pedometer will increase one after an

certain rule, it will go into the second work.

efficient pace. But, it will go back to the first work
when it detects an invalid pace.
2. 2. 3 The principle of the glucometer

Using glucose oxidase sensor and a circuit for weak
signal amplifying and filtering, we can get the
relational between the voltage and the blood glucose
concentration. With the aid of the cf tool in MATLAB,
we can achieve quadratic curve fitting. We got a fitting

Table 1

The experiment result of pedometer module

formula for the two data. The SCM converts the A/D
value to the blood glucose concentration through this
formula and displays it.

3. THE EXPERIMENT RESULT
3. 1 the experiment result of pedometer

The experiment result of pedometer module is
shown in table 1

Actual steps | Measuring steps Error Error rate 3.2 The experiment result of glucometer

1 10 14 4 40% 3. 2. 1 Testing data

2 50 58 8 16% The experiment result of glucometer is shown in

3 100 110 10 10% table 2.

4 200 213 13 6.5%

5 300 530 30 6%

Table 2
The experiment result of glucometer module

time 2s 4s 6s 8s 10s 128 14s 16s 18s 20s 22s 24s 26s 28s 30s 32s 34s Sum ave.
mmyl/
L
23.7 112 116 110 103 97 92 88 85 83 81 79 77 75 74 73 72 71 1498 881
22.3 98 96 95 92 90 88 86 84 82 81 79 77 75 74 73 71 70 1411 83
16. 6 96 96 90 85 80 76 74 72 70 68 66 64 63 62 61 60 60 1243 73.1
12.8 85 82 78 75 71 68 66 64 63 62 61 60 60 59 58 58 58 1128 66.4
8.3 70 69 65 60 57 55 53 51 49 48 47 46 45 44 43 42 42 886 52.1
7.3 62 59 56 53 50 49 48 46 45 44 44 44 43 43 42 42 42 812 47.8
3.6 42 39 35 34 32 32 31 30 29 28 28 28 27 27 26 26 26 520 30.6

3. 2.2 MATLAB curve fitting and expression

Quadratic fit curve is shown in Figure8:

T
—— untitled fit 1
. ywX

Fig. 8 Quadratic curve fitting
The expressions generated by the MATLAB

toolbox cf tool is shown in Figure 9:
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Fig. 9 Curve fitting function expression
Curve fitting expression:
F(x) =p*x’+pox-+ps
p1=36. 95; pr=-7. 934; p5=2. 554
3. 3 The experiment result of the exercise
intervention
GSM module experiment is divided into three

parts, including sending blood glucose data and
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pedometer data, receiving exercise intervention plan
message from the expert. Firstly, the module can
send a SMS on the blood glucose data to the
expert’s phone when the test is completed. Secondly,
it also can send pedometer data as planned. When
completed, it will go into a waiting status until
receiving exercise intervention plan message. Then,

it will display the content of the message.

4. CONCLUSION

In this design , the intelligent blood glucose
meter with exercise intervention function can carry
out a accurate detection of movement under less
than 10% error. And, it can test blood glucose
concentration under less than 15% error. Meanwhile,
it can send this two data to the expert’s phone in the
form of text messages through GSM module. Then,
it can receive exercise intervention plan message
from the expert in order to achieve exercise

intervene.
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automatically in a preset time.

Key words—Automatic control

[ INTRODUCTION

NOWADAYS with the growing importance of the
production and life, a lot of large equipment devices
are required to keep balance at work. For example, the
weight of the plane and air can’t make the plane keep
balance ,if couldn’t ,the speed of the plane can be
changed and turn around the center of gravity, it’s
not conductive to flight safety. The intelligent electric
seesaw in the car as a carrier, using automatic control
technology, with the combination of tracking, distance
measurement, display and control module. According
to the collected information of the seesaw angle to
control the running status and make the system to be

Display module <

Intelligent car Angular transducer

Abstract—Aiming at the ships and moon exploring vehicle is difficult to balance in particular environment, we design a set of
electric vehicles on the seesaw automatically and put forward a method based on automatic controlling theory, and through the way
of theory and experiment verified the feasibility of it. Automatic controlling system of the intelligent electric car on the seesaw is
based on 51 microcomputer, use the intelligent vehicles as the motion carrier ,assisted the sensor of acceleration HC-SR04
diastimeter to reaction the state of motion and the slant motion on the seesaw ,adjust the state of motion between the two cars on

the seesaw to achieve the goal of balance. The simulation result and experiment indicated that the system can keep balance

Ultrasonic sensor
balanced. The system provides a feasible scheme to
solve the problem of maintain and adjust the balance.

Il INTEGRATED DESIGN

The intelligent electric vehicle *! seesaw automatic
control system is based on the theory of automatic
the
hardware module to realize, such as: the power module,
the

module, the display module ,the angle measurement

control technology and through following

driver module of electric motor, the tracking
module, the ultrasonic ranging module and the voice

module. Figure 1 is the principle diagram of the

system as a whole.

A

Voice module

Left motor

A

Driving module
Right motor

A

Power module

Figure 1
The core of the balance to be sought by the
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A 4

A
A 4

Photoelectric sensor

51

Single

A
A 4

Ultrasonic ranging

chip

Angular transducer

A
A 4

The whole hardware architecture diagram

intelligent electric seesaw automatic control system is
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the angle measurement module, it brought the
collected signal transmission to the microcontroller,
the SCM according to the signal of the car’s running
status to distinguish the car’s motion up to the system

to be balanced. The tracking module ensured the car

[ Enter balancing program ]

can travel along a straight line when the balance and at
the same time, ranging module to ensure the car won't
collide. The principle diagram of figure 2 for the
system balance.

s

Measure inclination

Whether angle

between-1.59--1.5ﬂ &

Yes

Balance

Whether
between-1.5°--1.5

angle

Whether angle
between-1.5°--1.5

Delay
Regulation Yes
v
Enter next mode Regulation
v
Figure 2 Schematic diagram to seek a balance
III MODULE DESIGN =LH =" F 55 ;
A Motor drive module design Df . gl ddd 0
Driving part is the most basic part of intelligent ' L L j_E J‘ L L [0
electric seesaw automatic control system, this part FoTafats E
adopts L298N. FIG. 3 for L298N drive circuit. I; |
Figure 3 L298N driver circuit
Driving mode was shown in table 1
Table 1 Drive mode
Left front Right front Left rear Right rear
Ahead 1 1 0 0
Back 0 0 1 1
Stop 0 0 0 0
Turn left ahead 0 1 0 0
Turn right ahead 1 0 0 0
Turn left behind 0 0 0 1
Turn right behind 0 0 1 0
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In figure 1, The first column represents the way of
car movement, in the first line, ’left’ showed the
electrical machine let the left wheel of the car to go
ahead. “right front”, “left rear”, “right rear” showed
the direction of the wheel. “1”showed the motor to
work in the state, “0”’showed the motor shall not be
electric. In the case of the car ahead: when the motor
drives the car to the left or right ahead, the car would
have been along a straight line.

B Tracking part design

The part of the tracking was realized by the

photoelectric geminate transistors*®, the schematic

diagram was shown in figure 4.

Figure 4 Photoelectric tube schematic diagram

DF2 is infrared (light blue), DS2 is photo
diode(black). Its working principle was shown in
figure 4, the figure 5 is for tracking.

Figure 5 Tracking map (note: 1 go straight and turn right, 2,
3 left)
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The car tracking has three states: Left, right, and
not off track. Using the numerical value according to
the photoelectric tube and judge the car is in which
state, then use the SCM to control the car moves,
after a while to collect the car status, then to adjust
the car moves, rotated around so and the car can
realize tracking function.

In figure 5 the grey line represents the moving
trajectory, the black rectangle on behalf of the car,
On either side of the circle represents two infrared
tube(the black is photo diode, the blue is Infrared
emitting). With right into the case, As is shown in
figure 5 (2), The car was left off the track, on the
right side of the photoelectric tube tests for detecting
the black line, put the signal into the
microcontroller, the SCM on the basis of the signal
control to drive the car on the right and then back to
the track. The car tracking flow chart was shown in

Read the running state

figure 6.

A 4

Judge state

Left drift Not off track Right drift
A Y A 4
Turn right Go straight Turn left
[ T |
Delay

Figure 6 Flow chart of tracking

C Ultrasonic ranging module design

The ranging part use the HC - SR04 ultrasonic
rangefinder (791 When ranging, start timing first, then
decide whether detected the echo signals ,if not,
timing rest, if tested it, read this time, then change
with time multiplied by the speed of sound is the
distance from a small workshop .Ultrasonic ranging
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principle diagram was shown in figure 7.

Figure 7 Ultrasonic ranging principle diagram

Ultrasonic flow chart was shown in figure 8.

System initialization <

v

Launch ultrasonic

v

Wait for reflected ultrasonic

v

Count distance

v

Show results

Figure 8 The flow chart of distance

D Angle measurement module design

Using ADXL345 acceleration sensor 0111 can
measure the acceleration value, angle values can be
obtained by calculation. The sensor can measure 3
axis acceleration, its measuring range is— 16 g— 16 g,
the measurement precision is 0.25. Angle sensor
measured data into the microcontroller, after decided,
corresponding action according to the results and get
balance.

Calculated by the acceleration value, the value of

the formula is as follows:

VA + AY?

g = arctan
Ay

JAC + A + A Z1G

AX, AY, AZ respectively the X, Y, Z axis acceleration.

E \oiceand display module design

The voice module mainly adopts ISD1400 or
ISD1420. After the car balanced, the voice module
issued a “balance” prompt.

Figure 9 is the voice module circuit diagram.

| |
RI
o 1[0 Vg 28 =%
o Mol - = =
= *J;:f [ 2] s Ve T8 F
”\ [0.00t oF P Vaus 12
0
N I |4l aa Ve [12 | | sreaken
St g .. 5] 44 57410 ]
= | = R= Rz [ i m
Pl wkd kA 0ok 1o 4 L L
s ] 288 spqgee™ N I ke
g T & i I, e
e “I E v D R T
- 24| FavE 1t -l - eLecTREr
— T MCREF 18 fath wicRoPHoM
kiting Mc |17
26| RECLED AGC |18,
H ] |28| xork =
1K = = |‘4?uF
5
mia b

Figure 9 Voice module circuit diagram

The display section we prefer to use
LCD12864.First decide whether 12864 is busy ,if yes,
wait until 12864 was not busy; if not, we can read the
data(acceleration sensor, ultrasonic rangefinder)from
sensors, then use the transformation formula of

corresponding to the data and show that in 12864.
[V SYSTEM TESTING AND ANALYSIS

The experimental determined that the system can
be balanced by adjusting the movement of two cars
on the seesaw in a short time. The following is the
test result of each module. Power supply module,
motor drive module and tracking module can work
normally. Three coordinate travel can make the car
along a certain path and conform to the design
requirements. Display module can display Chinese
characters such as "Angle", "distance", and revealed
properly. Voice module can send prompt after the
balance. Ultrasonic ranging module, distance and the
actual value can be measured according to the
experiment with 3 mm error, The reasons are as
follows: ultrasonic transmission and reception all
need certain time, the ultrasonic sensor has blind area
(121" we have to improved. The angle sensor module
can measure the seesaw angle more accurately, but
the measurement speed is slow, we proposed to adopt
the method of software to improve angle measuring

sensitivity (',

V CONCLUSION
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In view of the system need to keep balance, this
paper proposes a balance method based on 51 single
chip microcomputer. This method can to seek a
balance system more quickly, which can be widely
used in the equilibrium system, for similar systems,
we just need to improve the -corresponding
parameters and use the suitable hardware to be
balanced. Next step we will improve the balance of
speed and accuracy of balance by efforts.
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A TSC Localized Reactive Power Compensator for
Asynchronous Motor

Wang Shilong', Shen Feng?, Guan Qiao’, Cui Hailong®
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Abstract—In this project, we try to design and realize the method of localized reactive power compensation by the

experiment and analysis of the no-loading power factor characteristics of the asynchronous squirrel cage motors in the

laboratory of College of Instrument and Electrical Engineering in Jilin University. The TSC localized reactive power

compensator for asynchronous motor is based on STC89C51 microcomputer as its core control chip; use LM393 and CD4013

chips forming a power factor acquisition module; and choose the compensation capacitor by the switch module consists of

thyristors and diodes with inverse-parallel connection, in order to improve the power factor. The results of computing and

analysing indicated that this compensator can improve the power factor of the asynchronous motor in no-loading situation.

Key words—Asynchronous motor ~ Reactive power

I.  INTRODUCTION

THE three-phase asynchronous motor is the major
prime mover in electrical machinery, which takes
away 60% of the total electricity of the whole country,
can cause huge burden by its runtime reactive power
for electrical grid. The technical parameters of the
three-phase asynchronous motor used in the laboratory
of Jilin University includes rated voltage of 220V DC,
rated current of 0.6A, rated power of 120W, rated
rotated speed of 1380n/min, SO0Hz working frequency,
and power factor between 0.75 and 0.8 when it is
running smoothly and regularly. When several motors
run at the same time, great loss will be caused. The
asynchronous motor runs with inductive load, by using
parallel capacitors as localized compensation, the
power factor can be improved greatly. This project
regards the localized compensation as the study object,
aims at providing a scheme of the localized
compensation for the motors in the laboratory.

II. OVERALL DESIGN

The TSC localized reactive power compensator
takes the compensating capacitor as its major
functional unit, the thyristor as its hurl-slices switch
and the STC89C51 as its kernel control chip. The
compensator is consisted of following modules: the

Localized compensation

real-time collection module for the currents and
voltages, the managing module for the power factor,
the controlling module and the switching module. The
schematic diagram of the overall system is shown in
figure 1.

A
]

voltage collecting dispesing
maodule of
current collecting

power factor maodule
11
L
switching
11
L1

controlling

module

Figure 1 The diagram of the overall design

III. MODULE DESIGN

A. Real-Time Collection Module For The Currents
And Voltages

The real-time collection module for the currents and
voltages is the basic of the power factor calculating. It
collects the phase voltage and phase current for phase
A of the motors major by voltage transformers of
ZDPT-101 series and HWCT (5A/5mA) micro precise
current transformers.

The circuit of voltage collection is shown in figure 2,
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the proportion of voltage collection
E=Rl: RKi =20k /ZREL
R1
| 2
it vcags volta%ETlL-r:r?f:)lmm %Rz output
I E—

Figure 2 The circuit of voltage collecting
The circuit of current collection is shown in figure 3,

the proportion of current collection is 1000/1, and the

voltage of  the output current signal
sy =1 R—mlg R, in whichR = 1kfl.
ji1
ul 12

y ?|¢°u2:i2xR

Figure 3 The circuit of current collecting

B. The Disposing Module For The Power Factor

The disposing module for the power factor is the
most important module in power factor calculating,
which consists of the zero voltage circuit and zero
current circuit. Then output a S0Hz square wave with
duty ratio n after comparing and disposing the zero
voltage and the zero current. The power angle of it

v

voltage signal

is@ = Zmi. The zero voltage circuit is shown in figure

4, the zero current circuit is shown in figure 5, the
managing module for the power factor overall circuit

is shown in figure 6.

T v

%onm 100k0
+

51k0

m4145i1°“°

5.1k0

output

 — .

vnllage transformer

5.1k0

Figure 4 The zero voltage circuit

5V
%10ﬂkﬂ 100k

51k0

5.1k0Q

output

) I

cunenluanshrmer

5.1k0)
1N4143j’°"0

Figure 5 The zero current circuit

The core chip of the zero passage circuit is LM393,
the waveform of output voltage and current after zero
passage will be compared and disposed by chip
CD4013, then the pulse waveform of its corresponding
power factor can be received.

5V
VDD

O———— 1oz 101

1SET ontput
1D whl——— N
1CLK 10

— LRST

voltage comparing

current signal
o—— 1.

current comparing

Figure 6 The managing module for the power factor overall circuit

C. The Controlling Module

The controlling module is based on the
microcomputer STC89C51, and form a micro system
with the microcomputer to collect the pulse signal
output by the disposing module for the power factor

and calculate the power factor and the present reactive

88

power that need to be compensate, then output 3
pulses and choose the thyristors which need to be
switched and correct the switching time in order to get
rid of the current impact caused by inappropriate
switching time. The flowchart of the controlling

module is shown in figure 7.



Shen Feng etc.: A TSC Localized Reactive Power Compensator for Asynchronous Motor

The microcomputer will calculate the power factor
after it has collected the signals, and then output the
first pulse to choose compensation capacitor of phase

A, T period later, output the second pulse to choose

wla

compensation capacitor of phase B, one more

period later, output the third pulse to choose
compensation capacitor of phase C. When finishing
the 20 cycles of compensation, the microcomputer will
scan the input signal again, the switching processing
will be restart when the collection of power factor is
finished,

compensating capacitance is appropriate with different

and work repeatedly. Ensure that the

power factors in order to get rid of the loss caused by

overcompensation.

Setting
Parameters

A

Time Delay

Collecting And
Calculating The
Data

i<7

Pulse,

Output The First

Swit

Compensating Capacitor
to Phase A

ch The

!

Pulse,

Output The Second

Swit

Compensating Capacitor
to Phase B

ch The

N

Compensa
to

Output The Third
Pulse, Switch The

ting

Phase C

tapacitor

Compensating
Cycled 20 Times

Figure 7 The flowchart of the controlling module
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D. The Switching Module

The switching module is mainly consisted of:
switching thyristors and reflow diodes in
inverse-parallel, compensating capacitors, buffer
inductors and over-current protection resistors, etc.

The circuit diagram is shown in figure 8.

parallel to
the electrical
grid

§ protective resistance

compensating capacitor

the module
controlled
by 51

microcompuler buffer inductance

Figure 8 The circuit of the switching mode

The switching mode of switching thyristors and
reflow diodes in inverse-parallel in the switching
module simplified the structure of the circuit and
reduced the burden of the controlling system. In
order to absorb the impulse current appropriately
but not influence the compensation when switching,
the buffer inductance should be 5% of the
compensating capacitance.

IV. THE CALCULATION OF THE COMPENSATING

CAPACITANCE

The calculation formula of compensating
capacitance includes the method of no-load current,
target power factor and experience. In this project, it
is calculated by the method of target power factor.

The method of target power factor can calculate
the compensating capacity and ensure the size of the
capacitor.

i. The calculation formula of the compensating

capacity:

90

4 [
Qo= P [ir—1- |- UK

Qc is the compensating capacity needed(kvar);

P is the rated power, P=0.12KW;
K. is acoefficient, Kz = = % = 4.16;

C@EE @y is the rated power factor, cog @, = G.&;

ip is the power factor angle expected after
compensating, ces @ = 0.95;

U, is the rated voltage of the capacitor 0.45KV;

U,y is the real voltage of the capacitor L.ZZKY;

It can be calculated that = 0.2ZE6Ear.

ii. The formula of the size of the capacitor and the

compensating capacity:

9, =0.314C0,,°

C is the size of the capacitor (LF);

It can be calculated that £ = 15uF.
As a result, the macro capacity of compensating

capacitor is 15uF.

V. DEVICE TESTING AND ANALYZING

The starting process of the laboratory motors is
different from the motors in factories, the process of
the laboratory motors is to start the motor smoothly
by increasing the voltage of the asynchronous motor
progressively. When it runs without load, the motor
won’t start under the circumstance that the voltage
is less than 50V. Meanwhile, the power factor is
also low, about 0.5-0.85 (errors could be made in
experiments by choosing different motors), and the
current of the rotor is also high. Then, the motor
starts when the voltage is higher than 50V. During
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the process to the rated speed, the current decreases,
and the power factor falls smoothly then stabilized
at about 0.7.

After the compensating device connected to the
circuit, when the motor voltage is less than 50V, the
power factor is not so well as 0.95 we required,
because the voltage of the capacitor is low, the
compensation effect is also far too low to reach the
target. With the
compensation effect becomes better and the power

voltage increasing, the

factor comes to more than 0.95and could be
overcompensated a bit.

VI. CONCLUSION

Aiming at the phenomenon of producing reactive
power when experimenting, this project puts
forward a method of localized compensating by
switching paralleled compensating capacitor. With
this method, basing on different compensation
capacity, the thysistor can be switched intelligently
to choose different compensating capacitors,
provide reactive power to motors effectively and
decrease the load of the electrical grid. Also, this
device can be used in inductive load which is
similar to asynchronous motors. The next target is
to study farther about improving the precision and
effect of the compensation.
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Abstract—In the process of geological survey ,the traditional acquisition and analysis system of vibration is too large ,it is

hard to move the system and we could not observe or analyse the data online.In this project ,we use a sensor ,a Single-chip

Microcomputer and laptops to build a smaller acquisition and analysis system of vibration , we can observe and analyse the

data online with it ,thereby solving problems of devices moving and real-time analysing in the process of geological survey.

I .FOREWORD

GEOLOGICAL survey and its relative domains are
related to the development of the energy sources, it’s
the foundation of the development of the economical
society with the features of guiding. fundamentality.
comprehensiveness and exploratory etc., in which
domains it is used almost refer to every aspect of the
construction of the national economy. However, in the
actual procedure of geological survey, people utilize
artificial ways to generate small-scale controllable
artificial earthquake and acquire the underground
geological information with a series of acquisition and
processing system. The design of an acquisition device
of vibration signal is the key issue .The cost of mature

technology which is used around the world now is
too high, the efficiency of the programming is very
low, and its expansibility is not very well. Therefore,
we want to design a set of portable and
easy-operated acquisition system of earthquake
vibration signal which can show the real-time wave

form

II.OVERALL DESIGN

In order to acquire the vibration signal of
earthquake exactly , we use the accelerometer to
detect the vibration signal. The whole system covers
the acquisition section, the data transformation and
storage section and the after-treatment section, the
fig.1 is the overall framework map. As follows

. MSP430
. . smoothing .
vibration . single A/D ..
. amplif g digital
signal chip .
. signal
source microcomp
uter

serial

port data
computer »  MATLAB » .
analysis

A

Fig.1 Overall framework map

ITII. MODULE DESIGN

A.the acquisition section

The accelerometer is single signal output, so it can
transfer the signal to the single-chip Microcomputer
immediately after passing the processing circuit
without differential treatment. The acquisition of the
weak vibration signal needs pre-amplifier and low
pass filter, because its amplitude and frequency are
low. The second-order low-pass active filter is consist
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of two RC filter link and operational circuit which is
synclastic and proportional, we can use it to bring in
moderate positive feedback, it can make the
magnitude-frequency characteristic and filtering effect
better ,and its circuit is easier, so we select it .
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Fig.2 Collection framework map

B. The design of the amplifier circuit is as follows:
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Fig.3 Amplifier circuit
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Fig.4 Simulation results

complement:

The design of the filter circuit is as follows:
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Fig.5 Filter circuit
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Fig.6 Simulation results

The simulation results show that the designed
circuit can achieve the expected effect.
C. the data transformation design

The vibration signal changes fast, so it can be saved
in the single-chip Microcomputer only after passing
the sampling holder, then we take the A/D conversion,
the designed sampling holding rate is 9600B/S. We
use only one channel to acquire ,then sampling
conversion will be taken and at the same time, digital
signal will be transferred to the upper computer .One
digital signal is consist of two 8-bit binary numbers,
but only the last 12 bit is valid, we use the parity bit
“0011”as complement .
Fig.7 A/ D Converter block diagram

Upper laptop saves the data in txt format.
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Fig.8 Data storage figure
D. The MATLAB data processing model
The data will be read from the txt file, then we use
the Matlab to restore the waveform and analyse the
data.

system of vibration signal
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Fig.9 MATLAB data processing framework map
We use the front GUI interface to control. The GUI
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interface covers the waveform display. the count . the
restoration. the frequency-domain analysis and the

time-domain analysis etc.

Fig.10 GUI interface
The underlying programming of the GUI interface
includes the smoothing ,the delay and the algorithm

routine of data restoration.
IV. SYSTEM TEST AND ANALYSIS

All the sections can almost achieve the functions,
such as acquiring the real-time data and transforming
the analog quantity to digital quantity. The accuracy
rate is 99.63%, so it has a little effect on the waveform
display. Because the program which we have wrote is
a cycle collection program, the data may lose. At the
beginning of each cycle, there will be a calibration
process to test if the data is as same as the 16-bit
binary number when the acquisition started, the
calibration number may lose in the real process.

The trial GUI interface

m IR R EE P EENEEEEREPRRRREY
S HHELA AU L
T

Fig.11 Vibration waveform chart

Fig.12 Frequency domain, time domain analysis
We used the system to acquire the vibration of a
board which is fixed at one end as a experiment and
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compared it with the result of the simulation. Here is
the simulation figure which we have got:
e

w Wk

20.000 (3
]

5.000 15.000

Fig.13 Simulation figure
We measured ten points in turns from the left end to
the fixed end of the board .The data is as follows:

Table 1 Simulation and measurement of displacement values

Vertical displacement
Sequence - -

Simulation Measured
number

value value
1 130.84 2015
2 112.64 1807
3 94.573 1756
4 76.691 1765
5 59.512 1677
6 43.434 1437
7 28.990 1311
8 16.778 1198
9 7.454 990

10 1.7179 980

The measured value does not represent the real
displacement value, the relative value measured by the
system shows the vertical vibration of one equilibrium
position. So we verified if the measurement task has
been completed by comparing the relative vibration
between the measured value and simulation. In the
simulation section we set up the indicators for the
optima without taking the external vibration
interference and electromagnetic interference into
consideration.

The two sets of data are showed by making

curves .It is as follows:
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>~ \
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~
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\
o
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Fig.14 Comparison of measurement and simulation curve
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The measured value curve upon the fig.14 and the
simulation curve have similar trends in general. It
shows that the system can mainly complete the
measurement task and the fluctuation in the curve may

caused by the external vibration interference.

V. CONCLUSION

Contraposing the vibration signal of the earthquake,
we use accelerometer and matlab to acquire. show and
analyse the vibration signal. Then we will try to
increase the accuracy rate of the data saving and
improve the analytical method of the system.
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Dynamic analysis and implementation for
Memristor

Zhang Chun, Huang Yizhao, Zhao Tianhui
(jilin university instrument science and engineering institute,changchun,130021)

Abstract—Memristor is a nonlinear resistor with memory, which is considered as the fourth basic passive element

and has a broad prospect. In order to research the dynamic characteristic of memristor, we establish a new

quadratic flux-based equivalent circuit and analyze the influence of frequency to the memristor’s i-v curve. We use

resistors, capacitances, operational amplifiers and multiplying units to design an equivalent circuit. The equivalent

circuit model has been emulated in PSIM to observe the memristor’s i-v curve in different excitations and frequency.

Additionally, we build a breadboard model for experiment. The experimental results are in agreement with the

simulation results, which have verified the effectiveness and validity of the mathematical model and the relevant

circuit design.

[. INTRODUCTION

IN circuit theory, resistance, inductance and
capacitance are common elements, which are always
characterized by voltage, current, magnetic flux and
charge. The concept of memristor is first present by
Chua in 1971, under the structural integrity of the
relationship between circuit components ports. L
Chua pointed out that there
mathematical relations to connect the four basic
physical quantities. Based on the five existing
relations, we conjecture the four basic circuit
components from the perspective of symmetry, which
is memristor, used to reflect the functional relationship
between charge and magnetic linkage.
Memristor comes from the two words, memory and
resistor. According to the meaning of these two words
we can probably understand the concepts and
functions that the memristor is a nonlinear resistor

with memory function.

N 7
[ o ::i‘?\\q )

N A7

should be six

t

¢= fv(‘r)dr

to

dv = Rdi

Fig.1  The relationship of four basic variables
Due to lack of experimental support, the theory of
memristor made within two decades, did not cause
extensive attention among the scholars .Until the
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researcher of HP Labs proved the real existence of
memristor in reality, this technology became
famous overnight. As people’s deeper understanding
of memristor, the physical models and properties
successively presented in various research areas makes
memristor into reality. Currently, the implementation
model and mechanism of memristor are mainly
including Transference Model, Electron-spin Blocking
Models, Metal-insulator Transitions, redox
reaction and so on. Presented in the literature [5], the
magnetron memristor, determined by the non-linear
curve with a three times monotonously declines in the
¢-q plane , has Voltage-current Characteristic curve
like a ramp characters “8” hysteresis loops. Smooth
magnetic memristor and negative conductance can
constitute active
the active model and realization circuit of this paper is
more simple and fit into our study compared with
that presented in the literature [4] .So we chose the
active memristor as our research object to study its
dynamic behavior .

memristor and the mechanism of

II. MODELING SIMULATION AND MATHEMATICAL

PECULATION

The active memristor described in literature [5] is
realized by Chua circuit with three non-linear
characteristic showed in Fig2. 1It’s
characteristic figure is showed in Fig 3. In the picture,
the operational amplifiers Ulact as a voltage follower,
U2 and R1C form as Integrator with and its output
complete nonlinear operation through the back two
analog multipliers , the circuit formed by Us,R3andR4

curves,
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make the resistance of R2 to become negative.

Im

R3

R1

U1l

Fig.2

0
v/V
Fig.3  The i-v character figure of active memristor

Through research on the characteristics of a
memristor, we make some improvement and
innovation on the equivalent circuit above. In
literature [5], the author define a magnetic memory
with a smooth monotonous increasing cubic nonlinear
curve, that is,

ale) = ap + be®

After simplification, we can give a model of magnetic
memory with a monotonously increasing conic
nonlinear curve, that is

gfel =ae + bt

u2

R2

.

The equivalent circuit of Active Memristor

(1
The conductance of memristor is  W{g}
Wig)= H= a4 2bp

(2)
b = Wil = {x -+ 2B
3)
In the formula,

o= | v

Here,a>0, b>0.

As we decrease power from the cubic nonlinear
curve to the quadratic nonlinear curve in the
equivalent circuit after removing a multiplier and
replace negative resistors as ordinary ones. So the
modified equivalent circuit of active memristor is

R4

R1

R7

R12

Fig.4 The modified equivalent circuit of active memristor

From Fig.4, we can conclude that
1

Ve = B.E

r
L, Vi = T

Fg=TrTy= e

3)
“4)

e
fo bz TTEE Gt
L Ry & Hilg
Compared with equation (3), we get that
1 a

"y SR b

®)

a=
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It shows the relationship between parameters of
circuit. Since the current value of the memory resistor
circuit is too small to measure, we observe the
relationship between the voltage across the resistor R,
and the input voltage to replacei - V, as is showed in
Fig.5, confirming the feasibility of this alternative
approach.

Output | /A

0.006
0.004
0.002

0
0002
-0.004
-0.006

Output\)  /V

) -4 2 0 2 4
Input y /V

Fig.5  The comparative map of & —u ared % —

We use PSIM simulation software to generate the
improved circuit showed in Fig.4.The result is showed
in Fig.6 and Fig.7. From the pictures, we can see
clearly that the model of active memristor with
quadratic nonlinear characteristic curve suits the
Chua’s definition on memristor perfectly. Furthermore,
the simulation result is same with that shown in Fig.3,
proving the correctness of the improved circuit.

\ VO N
6
4
2
0
-2
-4
-6
152 1.56 16 1.64 1.68
Time (s)
Fig.6 The oscillogram of modified equivalent circuit
Output VO
6
4
2
0
-2
-4
-6
-6 -4 -2 0 2 4 6

Input v
Fig.7  The memristor’s character figure of modified

equivalent circuit
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Based on the above experiments, we confirmed the
feasibility of our modified circuit under the simulating

condition.

III. THE DYNAMICS ANALYSIS AND MATHEMATICAL

DEDUCTION OF THE MEMRISTOR’S MODEL

In order to analyze the memristor’s dynamics
characteristics ,we use the above proposed new circuit
model as the equivalent circuit model of memristor, by
changing the parameters of the equivalent circuit to
get the corresponding experimental circuit waveform.
A. The frequency parameter

Frequency parameter has a great influence on
properties of memristor, the higher the frequency the
narrower the characteristic curve of memristor. When
the frequency is too high, the i-v characteristic of
figure will fit tightly together. In this
case, the memristor’s nonlinear characteristic may
become very weak. Obtained by mathematical
deduction frequency f and the memristor’s i-v
characteristic figure as follows:

When a =1 and b = 1, then the equation (2) describes
a normalized magnetic control memristor.as in

(g)= S -
Wiig)= FE=142¢ (©)

memristor’s

Using unit sine wave as the equivalent circuit’s input
signal = slnImfE
By equation (3)
t
{={1+2@h ={1+2Iv{-ﬁ¢r)v
D
= ['l + #E‘l— COE Eﬁfﬁ}] sin2aft (7)
For v = slZaft and cos2nfi=v1—vs o
g ZRfE= — 1 —1*

When cos Zaff = 1 — 7%, then

=14 (- T—vT)] ®)
it 2 T a=gpd
For E=1+ el s when
r=ag— 1L
1 -3
then E{i_ o =

This shows that the slope is increasing until endless.
The above proved is the figure which is under the
horizontal axis when the Vv > 0.When
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cog 2EfE = —+1 — ¥, we can prove the figure that is

above the horizontal axis. About opening size and the

relationship with the frequency is proved the
following:

et it g a-gf

Sk ml= 5 ®

We can conclude that the slope decreases with the
increase of the frequency f. The input frequency f
respectively set to 10 Hz, 50 Hz, and 150 Hz. Through
the software PSIM’s simulation, we has obtained and

recorded in a wide range of input frequency i-v
diagram as shown in figure 8 to 10.
v Vo )V
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Fig.8  The memristor’s character when v= 5V f= 10Hz and

the input signal is sine wave
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Fig.9  The memristor’s character when v= 5V f = 50Hz and

the input signal is sine wave

\% VO /v

151 1.52 1.53
Time (s)
Input V' /v

6

4

2

0
-2
-4
-6
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Fig.10  The memristor’s character when v= 5V f= 150Hz

and the input signal is sine wave

B. Input signal

As the result of the triangular waveform is similar to
sine wave waveform, we change the type of the input
signal as triangular wave. When the frequency of is 10
Hz triangle wave as input, the simulation can still get
the nonlinear characteristic of the image rendering "8"
glyph curve. Only in extreme turning point mutations,
it is not the same as a sine wave as the input signal
curve smoothing, particular case shown in figure 11.

\% Vo/V

1.5 1.6 1.7 1.8 19 2
Time (s)

InputV /V

-4 0 4
OutputV0

Fig.11 ~ The memristor’s character when v= 5V f= 10Hz and

the input signal is triangular wave
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We dispatch the triangular wave frequency is 15 Hz
and 50 Hz, and we get the characteristic curve of
memristor as shown in figure 12 and 13. It can be seen
when the higher the frequency, the narrower the
characteristic curve of memristor .When the frequency
reaches a certain limit, characteristic curve can fit
tightly together, which is meant that the nonlinear
characteristic of memristor is fade away. By setting
the triangular wave frequency, we once again verify
the frequency parameters’ influence of memristor‘s
dynamic characteristics.

IV. The actual results of the circuit model of memristor

On the basis of PSIM software simulation and the
derived mathematical formula, we successfully build
the analog circuit of the memristor on the bread board.
By the simulation and circuit experiment, we
demonstrate the validity of the circuit design. By using
the oscilloscope measurement, we obtain the
consistent with the simulation output waveform as
shown in figure 14 to 19.
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Fig.14  The memristor’s character when V=5V f=
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V. Conclusion

In the process of study, we propose a new
memristor’s model which is controlled by smooth
quadratic nonlinear magnetic characteristic curve.
Besides, on the basis of original analog circuit we
innovate our model‘s analog circuit. The test result of
the circuit which is got by software simulation and set
up the actual circuit is similar with the expected result.
It has proved that the proposed circuit is correct. By
the result of the experiment, the new memristor’s
model is completely meet L Chua’s definition of
memristor.

During the study of memristor’s dynamics
characteristics, we mainly research the frequency
characteristic and influence of different input signal.
In terms of frequency, as we can see by the result of
the experiment, the memristor has a frequency
threshold. When the frequency of the input signal is
more than this threshold, the memristor will lose
nonlinear property and began to show the linear
features, and the nonlinear property with the increase
of the input signal frequency will decrease. In terms of
the influence of different input signal, as we can see
by the result of the experiment, in the case of different
input signal we can find that the characteristic of
memristor has changed. The experiment uses sine
wave and triangle wave as input signal, and we found
that the memristor’s characteristic curve in the
extreme value of the turning point have weaker
nonlinear characteristics. The mainly reason is that the
triangle wave can be represented as a large number of

sine wave superposition, and the high frequency part
of sine wave makes memristor lose nonlinear property
and have resistance characteristic .So the memristor‘s
characteristic also related to the type of input signal,
which is considered that the higher harmonic
frequency sine wave of input signal, the weaker of
memristor’s nonlinear characteristic.

This time we research the memristor’s dynamics
behavior from two aspects which are the frequency of
input signal and the type of the input signal. Finally, a
satisfied result is obtained. However the other
dynamics characteristics of memristor need
subsequently research.
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Aerogeophysical Instrument Recycling Airbag Damping
System

Liang Shaomeng, Xu Jie, and Luo Xiaochun;
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract—In order to avoid aerogeophysical instrument in aircraft landing impact and damage, we use recycled airbag

shock recovery mode to control airbag inflator and inflatable volume when it reaches the set height and speed through the

microcontroller, and collect data of altitude between the bottom of aerogeophysical instrument and ground, falling speed and

acceleration. The data is transmitted to the ground and displayed on the PC. Experiments show, the buffer system preferably

has a cushioning effect for aerogeophysical instrument.

Key words—Aerogeophysical instrument  Airbag

[.INTRODUCTION

AEROGEOPHYSICAL instruments was based on the
aircraft or airships as carriers, in upper air sounding
instruments of the underground information. In order
to avoid electromagnetic interference and improving
detection, Instruments are often installed on the bottom
of the aircraft or hanging below the aircraft, so
expensive aircraft may be damaged during the landing
of geophysical instruments, therefore it need to be
equipped with a safety recall system. Subject to
location restrictions, it should adopt airbag shock
absorber landing recovery.

Airbag have been widely used in aviation and
aerospace as an effective tool to ease the impact and
absorb energy, for example, heavy equipment airdrop
UAV
protection and so on. First applied to recycled airbag

buffering, recovery, Space capsule lands
dampening system in foreign countries, Including the
drone recovery, missiles and spacecraft recovery
recovery [1-3]. The reliability of airbag recovery is
strong, thus it have broad application prospects in the
field of aerospace. In the domestic, air damping
technology is mainly used in airdrops, but in China,
airbag shock absorber technology was not mature
enough, application of airborne aerogeophysical

equipment recovery is still in its infancy stage.

II OVERALL PROJECT DESIGN

Recycled air suspension system is divided into two
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Damping

parts, respectively is the air and ground part.
Acquisition aerogeophysical high from the ground at
the bottom of the instrument and falling velocity and
acceleration data, when developed set data, control
pump gas,

communications will launch to receive part of the PC

using the data from the wireless
on the ground, and through the serial asynchronous
communication display data and charts. The overall
flow chart shown in figure 1, the overall structure is

shown in figure 2.
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[TI. EACH PART OF THE DESIGN AND IMPLEMENTATION

This design is aerogeophysical instrument recycling

airbag damping system, including air wireless
transmission, data acquisition, data processing, device
control. In the air, microcontroller core monitoring are
ultrasonic ranging module, ADXL345 accelerometer
LCD1602

transmission module, relay control inflatable devices,

module, display module, wireless
alarm module.

Ground segment mainly consists of MCU control
module, wireless module, a serial display. The main
function, through the wireless module, receives the
data collected of the air and through a serial
asynchronous communication to make the data
transmission to a PC, PC machine through Labview
decode the data extracted the data of height and

acceleration in three directions and then plotted charts.

LCD
——» display
module

Ultrasonic

module

Measuring .
the wireless
. The MCU —— transmissio
acceleratio
n module
n module
the
inflatable
device the a!arm
controlled device
by the
Relay

Fig.3 The hardware design diagram of air system

wireless
transmissio Serial
n module Communications
The MCU
the alarm Display by
device zhe PC

Fig.4 The hardware design diagram of ground system

A ADXL345 acceleration measuring module

The ADXL345 is a small, ultralow power, 3-axis
(13-bit)
measurement up to + 16g. Digital output data is

accelerometer ~ with  high  resolution
formatted as 16-bit twos complement and is accessible
through either a SPI (3-or 4-wire) or I°C digital
interface. Its high resolution enables measurement of
inclination changes less than 1.0°.
B The ultrasonic ranging module

The trig pin must be input a high level more zhan
10us when the US-020 module works, and then the
system will send eight ultrasonic pulse of 40KHZ and
check the echo signal. The echo pin will send zhe data
after zhe echo signal has been checked. We can get zhe
distance according to the high level’s time sanded by
the echo pin. The formula is multiply the time of high
level and two, and then divide it by two. By this way
we will get the distance. The flow chart is showed as

figure 5.

‘llIIHHHIIIII)

Initialization

Keep the trig pin high
level more than 10us and
send Ultrasonic wave

.

Whether
receive
zhe echo

Send zhe time to zhe MCU
and Calculate the
distance

LED
lights
and alarm

distance
less then

Show the
distance

]

Fig.5. Flow charts of the measured distance
C. LCD1602 display module
Display section use LCD1602, when the LCD1602
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displays the first is determine whether it is busy, if
LCD1602 busy, waiting until 1602 can woke so far,
1602 is not busy if you can read the resulting data of
the sensor (acceleration sensor, ultrasonic range finder),
and then use the appropriate conversion, the obtained
data shows in 1602. The process is shown in Figure 6.

start

Initialize the LCD1602

Check

whether zhe
LCD1602 is
busy

Read the collect data

Delay

l

display

Fig.6 Flow diagram of display
D. NRF24L01 wireless transmission module

Wireless transceiver comprising: a frequency
generator, the controller of enhanced SchockBurstTM
mode, a power amplifier, a crystal oscillator, a
modulator, a demodulator. Setting the output power,
channel selection and protocol can by the means of
setting the SPI interface. In receive mode nRF24L01
can receive data from six different channels. Each data
channel using a different address, but share the same
channel.

All channels can be set to Enhanced ShockBurst
mode. After confirming receipt of data nRF24L01
recorded address, then this address is the destination
address and sends a response signal. On the transmit
side, data channel O is used to receive the response
signal, therefore, the receive address of data channel 0
is equal to the transmission mode address to ensure

that the received signal is a correct answer.

IV. TEST AND ANALYSIS OF SYSTEM
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By the experimental determination, the system can
be completed within a short time of data collection,
data transfer, data processing and analysis, the control
of the airbag inflator by the two control modules. The
following is the test result of each module.

(1) The system can capture every moment of the
model from the height of the ground and the current
three-dimensional acceleration by air microcontroller
and peripheral circuits, and displayed the data on the
LCD screen.

(2) The height of the air from the ground and the
three-dimensional acceleration data transmitted by
wireless communication to the ground, then receiving
and transmitting to the PC via a serial asynchronous
communication.

(3) Through labview PC machine will analyze the
four data and processing, then respectively display by
the waveform.

(4) Air controller can automatically control the relay
to control the airbag inflator, the entire control system
and the hardware model and the peripheral circuit have
completed basically.

The experimental data processing and analysis, to
remove distorted data, drawing smooth curves in
Figure 7, Figure 8.
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V .CONCLUSION

Suspension system is designed based on MSP430
single chip microcomputer as control core, while
mainly based on ultrasonic distance measurement to
measure the acceleration of display and acquisition
data processing and analysis for wireless transmission.
Through the analysis of theories and practices, Design
is basically feasible. MSP430 achieved the major
control core. This system is at work by distance sensor
and acceleration sensor to collect data. It controlled by
the microcontroller core quickly calculates distance
and obstacle and display the results through the LCD
to achieve the goal of safety warning, and transfer it
that ultrasonic measurement data and acceleration data
in the air to the ground through wireless module. At
the same time, send it on the computer through a serial
port. PC use labview software to receive data frames
and solution, then separate height data and three
directions of acceleration data, meanwhile make a
graph.

In the course of work, there may be interference
between signals, Therefore wireless communication

interference is the focus of the whole system.
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Intelligent System for Charging and Discharging of
Battery

Sun Caitang; Sun Jianlong; Liu Huichang; Che Jingfeng
(College of Instrumentation & Electrical Engineering, Jilin University, Changchun 130012

Abstract—Today's battery life is short, and its efficiency is low. In order to improve battery life and efficiency, this paper

designs an intelligent system to charge and discharge the battery. The system can process the battery charging and discharging.

Charging process is divided into two stages named constant current charging and constant voltage charging. It can detect the

voltage, current and temperature during the charging and discharging, and can intelligently control battery by comparing

these parameters. If the voltage, current or temperature exceeds the settings, the system will send out alarm signal. The

experimental results show that the system can accurately monitor the working status of battery.

Keywords—intelligent control, constant voltage source, constant current source, parameter detection, alarm

1. INTRODUCTION

AS people increasingly pay attention to resources, in
order to improve using of resources more efficiently,
people began to study the technology of the battery in
more depth.

From the end of the 20th century, many scholars
began studying. He Gang studied additives for
lead-acid batteries [1]. In the 21st century, with the
development of science and technology, people studied
on the battery in more depth. In 2003, Zhang Xiaodong
used the MSP430 microcontroller monitoring methods
to achieve a real-time measurement of the percentage
of battery charge remaining [2], and it could accurately
control the charging and discharging process. Xu
Lihua selected the three-phase voltage-type PWM
inverter main circuit as topology, and established a
mathematical model of a three-phase PWM converter
to realize a semi-intelligent battery control system [3];
Wei Lan put forward an intelligent design to lead-acid
battery charging and discharging which developed the
intelligent electrode system [4]; Zhang Baokai
designed an intelligent lead-acid battery charge
controller based ATmegal6 microcontroller, and it
resolved common technical problems about battery
charging [5]; Liu Weijie designed a distributed control
system for battery, It can collect the battery status
parameters in the charging process [6].

Studies on charging abroad also have a great
achievement. European countries have made some new

charging methods, such as fractional charge constant
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flow, pulse charging method, given the state of the
chemical reaction method, variable intermittent current
constant voltage charging method and variable
intermittent voltage constant current charging method
[7]; American Battery Monitoring System(BMS)
technology applications in the power industry. BMS
systems can provide information about the remaining
power of information to staff performance and battery
alarm when approaching the limit state; American
scientists discovered the effect of temperature on
battery charging characteristics and found that the
battery charge index of current trends. American
scientists found gassing phenomenon when studying
the battery charging, and the charging process of the
embodiment of the charging voltage control [8];
German scientists Peukert discovered different rates
affect the discharge rate of the battery capacity when
using the battery discharge [9]; In addition, there are
people studying the VMS (VRLA Battery Management
System), it can control functions.

This article designs an intelligent systems for
charging and discharging, it can manage battery’s
charging and discharging process. Constant voltage
and constant current charging process is divided into
two stages, in the charge-discharge process can detect
the status of voltage, current and temperature. The
system can control the charging and discharging by
monitoring the state of the battery.

II. THE OVERALL DESIGN

Battery charging process consists of two stages, that
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are constant voltage and constant current. When the
battery voltage is lower than that in the normal state,
the resistance of the battery is lower. In order to
prevent that the charging current is too large to cause
battery’s damage. The first stage is constant current
charging. With the charging time increasing, the
resistance will increase. When the voltage of the
battery reaches the predetermined value, it will switch
to constant voltage charging status. The overall design

diagram shown in Figure 1:
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Fig. 1. Design block diagram of overall system.

System includes the following modules: voltage,
current and temperature detection module, a display
alarm module, a power supply circuit module, charge
and discharge module and external control module. In
order to achieve the system's intelligence, we need a
microcontroller as the master chip. We can use these
module to monitor battery parameters. And it can

switch constant voltage and constant current status.
IIT. CIRCUIT DESIGN

A. Constant \oltage Source

At first, we use the rectifier circuit to converting AC
to DC. Then we use the filter capacitor for filtering,
transport the rest of the DC to LM7805 to achieve
producing the constant voltage. The voltage follower
operational amplifier KA741 plays the role of ensuring
that the output voltage constants. Adjusting R3 can
change the output voltage, and the output voltage
reaches 14V. The constant voltage source circuit is

shown in Figure 2:
u2

LM7805CT
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= %3009
5
B 1kQ
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Fig. 2. Circuit diagram of constant voltage source

B. Constant Current Source

Constant current source circuit is to provide constant
current to ensure other circuits working stability. In
this part, we use BJT to achieve the function of
constant current. The constant current source circuit is

shown in Figure 3:

~Jvce
R2
Qi =2kQ
] 2
=
Q2
T's
1 [
R1 port
,1 kQ Lo
0 l!
1 pt;rt

Fig. 3. Circuit diagram of constant current source.

In order to ensure the transistor having a stable
output current, it must satisfy two conditions: a) The
voltage of input should be stable; b) Resistance of the
output transistors should be as large as possible. The
constant current source power is provided from the
constant voltage source.

Wherein, transistor 8550 is used as Q1 and Q2, it is
a kind of low voltage, high current and small signal
PNP type transistor. Q1 provides a stable voltage to
Q2, and Q2 provides the current.

C. Voltage Collection

Voltage collection circuit mainly consists of a
differential amplifier and a voltage follower, as shown
in Figure 4. OP07 and LM358 are selected to be as the
Operational amplifier.

LM358D

Fig. 4. Circuit diagram of voltage acquisition.
D. Current Collection

Current collection circuit is shown in Figure 5. First,
it uses the current transformer ACS712ELCTR to
convert current value into voltage value. Then, it send

the resulting voltage signal to the microcontroller.
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Fig. 5. Circuit diagram of current acquisition.
E. Temperature Collection
Temperature collection circuit is shown in Figure 6.
It has a unique single-wire interface mode.It can
achieve the two-machine communication with only
one serial cable between the MCU and DS18B20.
The temperature range is from -55 ‘C to +125 C.

8v
VCC

DS18B20
R1
4.7kQ
MS5P430 1 0 vcC

= 5V

Fig. 6. Circuit diagram of temperature acquisition.
F. Alarm Circuit
Alarm circuit is shown in Figure 7. When the
voltage exceeds 14.6V, the current exceeds 1.2A or the
battery surface temperature exceeds 60 degrees, the
red LED will light, and the buzzer will sound as the

alarm signal.

VI R1 200Q 4
LED1 5 . Ro 2000 4

MSP430
LEp2 ii‘f 4 R3 2000 5
LED3 &p¢

2l 2000
- ’» Ve
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Fig. 7. Alarm circuit diagram.
IV. INTELLIGENT CONTROL

The voltage sources and current sources are
switched to control by using MSP430. In the constant

current charging process, the battery internal resistance
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increases, and the charging voltage will increase.
When the voltage value increase to a certain value, it
will generate a lot of bubbles inside the battery,
causing the battery loss.

In the charging process, when the voltage reaches
14.7V, it will converted to constant voltage charging.
Thus, we can achieve the intelligent control.

V. EXPERIMENTAL ANALYSIS

The system can determine the voltage and current
according to the battery charging parameters. There is
a 7Ah-12V battery, when the battery is in constant
current charging, the current will be maintained at
700mA, and the charging voltage will increase. When
the voltage reaches a predetermined value, it will
switch to the constant voltage charging process, and
the voltage holding at 14V. Then the charging current
will decreases until the battery is filled. Thus the whole
charging process is completed. TABLE I shows the
data collection of constant current charging; TABLE II
shows the data collection of constant voltage.

TABLE |

DATA COLLECTION OF CONSTANT CURRENT CHARGING

Charging time(h) 1 3 5 7 9

Voltage(V) 12.2 | 12.7 | 13.8 | 13.9 | 14.0

Current(A) 0.72 | 0.72 | 0.72 | 0.69 | 0.60

Temperature(’C) | 20.1 | 24.6 | 24.6 | 24.6 | 24.6

TABLE Il

DATA COLLECTION OF CONSTANT VOLTAGE CHARGING

Charging time(h) | 9.1 9.3 9.5 9.7 9.9

Voltage(V) 14.0 | 14.0 | 14.0 | 14.0 | 14.0

Current(A) 0.60 | 0.54 | 0.32 | 0.11 | 0.11

Temperature('C) | 24.5 | 24.5 | 24.5 | 24.5 | 24.5

From the above table, it can be seen that in the
charging process, the internal resistance of the battery
becomes larger.And when the battery power is nearly
saturated, its resistance is almost unchanged.

VI. CONCLUSION
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This article designs an intelligent battery charging
and discharging system, which can detect the battery
status in the charge-discharge process. It can switch the
charging mode according to the working status.

However, this system also has some shortcomings.
For example, voltage and current instability during the
charging, and the testing results would be affected by
the element’s performance and environment. These are

the next areas for improvement.
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The automatic choreographed PC software design
and realization of the humanoid robot

Cao Mingming Kang Lili Hu Xueyan
(Collage of instrumentation & Electrical Engineering, Jilin University, Changchun 130022,China.)

Abstract—To design a humanoid robot to the robot motion for automatic arrangement of PC software, based on the

Windows 7 operating system with Visual Basic 6.0 as development environment to design and development of software, PC

software can control the robot real-time robot the rotation Angle and speed of the steering gear, plus the orchestration of the

robot motion for automatic integration, at the same time using a serial port debug and robots to communicate. To complete the

debugging and control of the robot.

Keywords—Robot  PC software  Serial port communication

1.THE INTRODUCTION

THE robot is a comprehensive strong discipline, have
a wide range of research and application field.

The humanoid robot is an important research topic
in the study of robot technology, and bipedal robot is
the prelude to a humanoid robot research. Walking
technology is a movement of people and most of the
animals have, is a kind of highly automated
movement, Because the bipedal robot has multiple
joints, drives, and the characteristics of the
multi-sensor, and generally have redundant degree of
freedom, has done a lot of difficulty, the
characteristics of its control problem for control and
optimization methods provide an ideal experimental
platform.

Humanoid robot motion of debugging is a quite
complex process, The program will undoubtedly is
very complex, is not conducive to real-time
observation action effect, Therefore, to develop the
robot dynamic debugging software, PC for editing
and debugging action provides a quick and easy way.
Make it a remarkable research direction, the existing
PC software are mostly to the steering gear of a
single robot debugging, not integrate the motion of
the humanoid robot, and are not able to automatically
generate C language for the robot program download.
So the design and production of a robot movement
can be automatic layout and can be automatically

generated for the robot directly download the PC
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software of C language for robot control and the

experiment has very important practical function.

2.MENTALITY OF DESIGNING

PC software based on Windows 7 operating
system using Visual Basic to write, so can make the
humanoid robot has good man-machine interface. PC
software by adjusting the progress bar to adjust the
operating parameters of the steering gear, and add
parameters to the operation of the PC interface, PC
can realize change at the same time, reset, add
interval, delete, save, and other functions, after
completion of the experimental run successful data
can be automatically generated ¢ language program
for robot operation, so as to realize the automatic
layout of humanoid robot motion control.

2.1 The choice of the ways of communication

Single chip microcomputer common USB,
Ethernet communication module, asynchronous
serial communication port (hereinafter referred to as
a serial port), of which the most serial common and
easy to wuse "from basic C51 series 8-bit
microcontroller to 32-bit MCU is integrated with a
serial port module" project and desktop computers
and notebook also has general serial port, for there is
no serial notebook turn can use a USB serial port
"rate of serial port communication is usually between
9600 BPS to 9600 BPS, state to send and receive
enough instruction. The system debugging is
commonly the scene debugging, 15m serial port

communication distance also meet the requirements.
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Therefore, this paper use a serial port for PC software
and MCU communication way of communication.
PC software execution in P C end, through a serial
port line, receiving MCU of state information, and
transmitted via a serial port to the single chip
microcomputer instruction. Write special status
information for single chip microcomputer sends the
service procedure and instruction processing
function.

2.2 The choice of design software

As non-professional application developer, may be
the Basic C/C + + programming, but Windows
environment programming, need to use a lot of API,
directly in C/C + + Win32 SDK design which has the
function of display software, time-consuming and
there is no need to, so the design choice of
development tools should as far as possible to
simplify the underlying knowledge of Windows,
common Visual programming software are
VisualC++, Java, Visual Basic, Labview, which
VisualC++ and Java powerful but not enough is easy
to use, not suitable for professional application
developers use, Labview is easy to use, but is not
flexible, Visual Basic in achieve a better balance
between ease of use and flexibility "for the design,
more powerful and easy to use, its characteristic is an
important, using Visual programming, window
design as simple as drawing, PC software design are
introduced in this paper, precise and easy to
understand language, its generated program can
independently execute on other computers.

2.3 The realization of the function of automatically
generated C:

The control using 8-bit STC12C5A60S2CPU, its
resolution is 28 = 256. Through experiments, the
limit of the steering gear parameters should get can
be divided into 250, 2.5 ms - 0.5 ms = 2 ms = 2000
us, so the PWM control precision of 2000 ms / 250 =
8 us. So we will take us to control the steering gear
rotating the smallest unit of 8. Steering gear
convertible largest Angle of 185 degrees, 185
degrees available for steering gear control precision
present 250 = 0.74 degrees, 0.74 degrees each
defined as a position each position 1 DWT. Do we
calculate the robot steering gear rotating the pulse
width, thus conducive to the following procedure

realize the function of the automatic generation of C
language.

For i =0 To Listl.ListCount - 1

If Mid(Listl.List(i), 1, 2) =" The steering gear "
Then

Forj=0To 7

If Val(Mid(List1.List(i), 5 + 9 * j, 2)) <temp(j)

temp(j) = Val(Mid(List1.List(i), 5 + 9 * j, 2))

Print #fn, "chang(" + CStr(j) + "," + CStr(temp(j))
"

Print#fn, "sleep(" + CStr(Val(Mid(Listl.List(i), 3,
4y) + ;"

3. A SERIAL PORT RECEIVES THE DATA IN VB

3.11Receive data in the OnComm event

This way can be fully MSCOMM control features.
OnComm event can also check and deal with the
communication error; Check the value of the
CommEvent property to query events and error; For
variable length data and the data processing is more
complex, this method is not very convenient.

3.12 Round robin method to collect data:

For sending and receiving data packets way and do
not require immediate response, by using the round
robin method is better. Actually the biggest benefit of
round robin law depends on the concentration and
less CPU processing data. Round robin method
should pay attention to timing acquisition time
fragment size; Here in binary transceiver model,;
Make the attribute RThreshold, SThreshold is O,
shielding ONCOMM event.

3.2 VB serial port receiving the choice of sending
data

Considering the experiment data are not
particularly complex, USES the receive data in the
OnComm event, fully using MSCOMM control
features, can be convenient to check and manage
communication errors can also by checking the value
of the CommEvent property to query the events and
errors, so convenient for experimental data
transmission.

3.3 The realization of the MSComm control in the
upper machine

In VB5.0/6.0 to create a new project file. Add
Microsoft Comm Control 5.0 components, add the

Command in simplified Forml named Command
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buttons and CmdTest, named MSComm Control
MSComml, and through the following main function
of MSComm Control statements.

Private Sub cmdTestClick () 'open the serial
portSet Com2 MSComml.Com mPort=2"

If MSComml. PortOpen = False Then

MSComml. Settings = "9600, n, 8, 1" '9600 baud
rate, no check, 8 data bits, one stop bit.

MSComml. InputLen = 0 receives a binary
numberMSComm]l. An InputMode = ComlInput
ModeBinary

Buffer = MSComml. InputNeed special attention
is that when send character array data note ByteArray
containing must define the assignment in advance, as
shown in figure is the main process of using VB to a

serial port communication.

4. RoBOT PC MAIN MODULE

4.1 Thejoint servo motion value adjustment module

The power source of the robot to complete all
kinds of action is the steering gear.Steering gear
control signals to cycle 20 ms pulse width
modulation (PWM) signal

The pulse width from 0.5 to 2.5 ms, corresponding
to the position of the steering wheel of 0 ° ~ 180 °, a
linear change. To realize the robot has done all kinds
of action points by steering gear control principle.
Specific to each points of the steering gear to define
an Angle variable pulse width, and give the initial
value for the middle of the steering Angle, to the
timer setting initial value is both a steering gear
PWM wave pulse width of the initial value. Every
time when the timer interrupt time to overflow, after
entering the terminal service subroutine, first put
down all of the steering gear control output, to a
certain position is high, and to give the timing time
of PWM pulse width. Last shift make next, enter the
interruption to a high position, equivalent to pass
time slice to the next steering gear drive. When each
is steering gear control output loop set high timing
once, fill again on 20 ms cycle for the rest of all the
control mouth lock down time, in this way the analog
output 20 ms for the cycle of PWM wave, to control
the steering gear rotation. Figure 1 for PC in each
corresponding to the pulse width of the steering
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gear.Variable numerical control module, through Vb

VScroll controls to implement for numerical control.

[T S e iy
Figurel The corresponding numerical control pulse

4.2 Robot PC software function module

Through PC function module as shown in figure 3,
robot can be a corresponding action steering gear
pulse width of the variables of the corresponding
numerical integrating, automatic layout and
convenient robot movement, but also can modify the
motion of the required changes, delete, and save
functions such as, at the same time can be
automatically converted into the corresponding
action by the robot available directly download the C
language program, more convenient robot debugging
and the experiment, effectively save the

programming time.

Figure?2 as the ultimate PC software interface.

5. THE SYSTEM TEST

The software debugging process for assembling
test software, the first test a basic module, test after
the completion of the next one to test the module
assembly to the module test in the test, all the
modules together, step by step and complete the test.
Regulation value of the software is divided into robot
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joint steering gear motor module, robot PC software
function module, serial communication control
module debug respectively, and finally integrated
debugging, software and stable operation. Some
problems in the process, such as the steering gear
control module debugging, abnormal part of the
steering gear control work, but after the follow-up
program changes, has improved. Test surface, the
system has realized the reserve requirement, can pass
the PC to control the robot programming. Figure2 as

the ultimate PC software interface.

6. CONCLUSION

The software finally realizes the following
functions: (1) the robot PC software can use a serial
port debugging and robots to communicate; (2) the
PC software can control the robot real-time robot
steering gear rotation Angle and speed, so as to
complete the action of the robot. (3) local server PC
software can be through a serial port and 51
board

communication, and can be run through wireless

single-chip  microcomputer  experiment

communication control robot, convenient to
experiment on the 51 SCM experiment board. In the
design, due to the limitation of time and personal
ability, the function of the software system are not
perfect. So in the future study, we will continue to
improve the robot PC software, and beautify the PC
software interface, increase the number of steering
gear control, simplifying the operation process, strive

to do better the robot PC software.
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Research on rapid charge and discharge
characteristics of supercapacitor
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WuHaifeng

(College of instrumentation andElectrical Engineering, Jilin University, Changchun130022, China)

Abstract—This article briefly introduces the principle of super capacitor and current development at home and abroad.

Focus on super capacitor charging and discharging characteristics are studied and presented to the evaluation of the pros and

cons of super capacitor charging methods. In the experiments, we use constant voltage charge mode and constant current

charge mode for charging experiment. We also research for a single super capacitor rapid charging and discharging

characteristics or more super capacitor series-parallel combination characteristics. Charging time, Charging efficiency and

energy storage are both considered. We use the mathematical tools such as MATLAB to consolidate the obtained test data and

sum up a series of super capacitor charging and discharging characteristics and the best charging mode.

Keywords—super capacitor charge and dischargecharacteristic leakage current

[ . INTRODUCTION

ALONG with the development of society, energy
production and other aspects of life is becoming more
and more importance, and electric energy storage
device that will directly affect electrical equipment for
the application. Super capacitor also could be
described as electric double-layer capacitor, gold
capacitor or farad capacitor. It has large capacity, fast
charging and discharging, little energy loss and high
charging efficiency and less pollution, longer cycle
life, power density, and many other advantages. With
the materials science breakthrough, these new type of
power electronic components have appeared in recent
years. Super capacitor has the characteristics of
general nature of capacitors and batteries. Ordinary
capacitors are characterized by high power density,
low energy density. The characteristic of battery is
higher energy density, low power density. Super
capacitor came into being in the background that
People are looking for high energy density and high
power density of the energy storage components. By
the virtue of its own merits, super capacitor has a very
wide range of application spaces. Super capacitors
have been wused in the transport, industry,
communications, renewable energy industry, military
field. For example, in the Iraq war, the United States
applied "microwave bomb" that equipped with Super
capacitors made of ultra strong electromagnetic pulse

into the bunkers damaged internally, the force of
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attacking is extremely powerful. At present, the United
States, and Japan, and Russia, and France and other
developed countries leader in super capacitor research.
In China, the super capacitor development started a
little late. Domestic research development still needs
to be improved as a whole. In many places, it also
needs a great deal of fundamental research. This
article has researched and summarized super capacitor
charging and discharging characteristics of activated
carbon as electrode materials, reference to other

research workers.

II. PRINCIPLE OF SUPER CAPACITOR

Super capacitor energy storage principle is different
from ordinary battery, the charging and discharging
process conditions such as temperature restrictions,
and charging and discharging currents play a decisive
role. The most widely used of these are activated
Carbon-based

material performance depends in large part on

carbon. super capacitor electrode
activated carbon. These kind of super capacitors using
organic electrolytes for medium, formed -electric
double-layer between the electrolyte and activated
carbon , as shown in Figure 1.

Super capacitor _ Activate carbon electrode(-)
[

% gee 2] -8 -8 o-6-
| -~ \S—- -3\ O~
& @ [—| gk 5'38
g;g | b (= i g
E_& | *’%\Q? eA.Q e.

Activate carbon electrode(+)

Fig.1 the principle of super capacitor

Super capacitors can be seen as two suspended in
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electrolyte reactivity of porous electrode plates, power
at the plate, positive plates attract negative ions in the
electrolyte, cathode plates attract positive ions,
actually formed two capacitive storage tier, the
separated positive ions at the cathode plate near and
negative ions close to the positive plate. Super
capacitors store energy in the charge separated, their
energy storage is affected by electrode materials for
surface area, porosity of porous electrode and
electrolyte activity factors and so on. The more area
used to store charge and more crowded the separated
charge, the more capacity it has. Due to the specific
surface area of super capacitor based on porous carbon
materials, porous structure of the material allow its
area of 1500-3000m%/g, so this huge surface areas
coupled with a very small charge-separated from make
super capacitors have enormous capacitance than the
traditional capacitors.

III. INFLUENCE ON DISCHARGE CAPACITY OF THE

CHARGING SYSTEM

Super capacitor equivalent of the internal structure
is shown in Figure 2. Super capacitor equivalent series
resistance ESR(entrails series resistance) primarily by
the internal resistance of the electrode material ,the
internal resistance of solution, contact resistance and
other compositions. The ESR of capacitor is to reflect
an important indicator of its performance. Equivalent
series resistance performance for: when the electrodes
are charged at a constant potential for a long enough
time, capacitor begin to discharge and electrode
potential will be a dump AU.

It is because:

U=U,+ au (1)

AUF =1 X Bes )
In the equation, U is the capacitor’s voltage, Uc is the
internal equivalent capacitance voltage, I is charging
current, Res is the equivalent series resistance. When
the charging current has disappeared, the AU
disappear, the Terminal voltage will have a voltage
drop.2.7V/400F super capacitor charging test results
as shown in the figure 3.

ESR C L

Fig.2 the entrails equivalent model of super capacitor

3

—au, —AU,

2.5¢ < 10A constant current,

<— constant voltage

1.5¢

Voltage/V

14

0.5F 4

0

0 50 100 150 200 250 300 350 400 450
Tine/S

Fig.3 the terminal voltage change of super capacitor

In Figure 3, 10A constant current charging, the
charging time required for the 77S, landed upon
completion of charging capacitor voltage to A
U1=0.13V; 3.0V voltage charging, the charging time is
4008, landed upon completion of charging capacitor
voltage to A U2=0.02V.
For super capacitor, there is:

1
E=3CU (3)

That is: super capacitors store the energy associated
with the capacitance and voltage. When charging is
complete, both ends of the capacitor smaller pressure
drop, indicating that larger capacitors store energy. As
far as the charging voltage, constant voltage charging
method can greatly reduce the A u. This is because
when the voltage is close to the rated voltage, the
charging current is very small, inside the capacitor
correctly activated carbon pore structure of full
contact with the electrolyte, resulting in capacitor
inside a stable potential. Charging time, constant
current charging time required significantly less
constant voltage charging time required. Take
charging time and store energy aspects into account,
for a single super capacitor, high current switch
constant voltage charging after constant current
charging mode works best.

IV . MORE SUPER CAPACITOR SERIES-PARALLEL
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COMBINATION OF CHARACTERISTICS

When using super capacitor in series or in parallel,
the super capacitor combination can be taken as a
whole to research which characteristic does it different
from a single super capacitor with different charging
current. Due to the combination of greater practical
value of, so for the combination of characteristics,
main charge time and charge and discharge efficiency.
A. Charging system on super capacitors series

combination of effects
400F/2.7V
respectively use the 5A and 10A constant charging

Using three capacitor in series,
current to do a experiment. By LM2587 chip discharge
the booster circuit for resistive load. Test results are

presented in Figure 4.

Vol tage/V

0 20 40 B0 a0 100 120 140 160
Time/3S

Fig.4 the terminal voltage change of super capacitor by constant
current charging
As can be seen in Figure 4, when we use 10A
current charging, the series combination charging time
is not significantly different from a single super
capacitor charging time.
This is because:
Q=CU €Y
For n in-line super capacitor series; there is:
C
Qn=;}€nﬂ=ﬂﬂ ()
That is: when the same super capacitor in series, its
ability to store charge remains unchanged. Theoretical
analyses and experimental data can be seen in constant
current charging case, super capacitor in series
combination with super capacitors monomers in
charge there is no difference between the time, and
this feature is consistent with ordinary capacitors.
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B. Analysis of super capacitor
discharging efficiency
combination:

charging and
series-parallel

The charging process, energy consumption is:

E =fUIEﬂ'
17 ) M )

In the equation (6), the Ui is super capacitors and Ii
respectively the input voltage and input current.
Discharge test, the release of energy to the load is:

E =EUI¢I‘
z & 7

In the equation (7), Uo and lo, respectively were super
output voltage and the output current of the capacitor.
The super capacitor charging and discharging
efficiency is:
_E2
= E, X 100G (8)

Using MATLAB to fit charging voltage versus time
curve and do integral calculation, after several tests,
the results as shown in table 1.

Tablel the efficiency of super capacitor by constant current

charging
Current (A) Time (S) Efficiency (%)
2 701 46.2
4 378 48.5
6 244 53.3
8 190 58.2
10 156 64.7

This suggests that as the current increases, within
certain limits, super capacitors series combination of

charging and discharging efficiency will increase.

V . ANALYSIS OF SUPER CAPACITOR LEAKAGE

CURRENT

Due to the existence of internal shunt resistors EPR

(entrails parallelresisrance) , super capacitor in case
of power will produce an electric current flows
through the EPR, the current known as the leakage
current. Due to the presence of leakage current, super
capacitor internal shunt resistance is determined by the
size of in-line distribution of super capacitor voltage
of the unit. Due to the super capacitor capacitance is
large, so when the test super capacitor leakage current,
regulations imposed on the test capacitor voltage
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30min the measured current is the leakage current of
the capacitor. Test as shown in the figure, ambient
temperature of about 16 ° c; applied voltage to the
operating voltage of the capacitor; and during the test
power supply voltage fluctuations not exceeding
0.01V; Charging time is 60min; final leakage current
test data from the effects of size sampling resistance
Ro, it provides sampling resistance Ro=10Q, leakage
current test chart (in the Figure 5) the leakage current
is calculated as:

. L
“ R, 9

B RO psr %
EPR
C

T

£

Fig.5 the leakage current test circuit of super capacitor

After many test, leakage current curve as shown in
Figure 6. As can be seen, along with extended hang
time, leakage flow decreases, and leveled off after
30min. As can be seen, as the number of tests
increases, stable super capacitor leakage current value
decreases. This is because in previous cycle process,
when charging although there has large charge
accumulated in electrode surface formed double
electric layer, due to electrolytic liquid in electrode
internal passed charge of speed more slow, makes
activated carbon within cavity in the many pore is not
get full uses, part charge just is electrostatic attracted
in "electrode/solution" interface, this part charge in

discharge moments release, led to a big of leak current.

With the cycle frequency increased, super capacitor
leakage current is reduced to a smaller value,
indicating that the super capacitor in the loop after

using for a long time, performance to stabilize.

16 - - v -

The first circulate

_— The fifth circulate

t/nA
&

_ - The tenth circulate

Urren

(4]

Leakage

The twentieth circulate

0
g
8
T
6
%

. s L L L
0 35 40 45 50 55 B0
Tire/min

Fig.6 the leakage current test curve of super capacitor

VI. CONCLUSION

For a single super capacitor, high constant charging
current has a distinct advantage in charging time. But
as the current increases, landed in both ends of the
capacitor voltage when charging is complete also
increases. In order to solve this problem, you can use
constant current charging voltage switches then to the
constant voltage charge for some time. Leakage
current measurement test shows that the super
capacitor performance after a number of recycling has
improved and stabilized. For more super capacitor
combination, when super capacitor used in tandem,
their capacitances are same with the single super
While in
efficiency, within certain limits, as the charging

capacitor. charging and discharging

current increases, efficiency will improve. Evaluate
the pros and cons of super capacitor charging system,
charging time, charging efficiency, discharge capacity,
three major aspects to consider.
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Remote Air Quality Detecting System Based On
GPRS
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Abstract—Air quality testing system uses sensor technology, GPRS wireless communication technology and air quality

intelligence analysis software to achieve the air quality testing, analysis and alarm. There are five components of air to be

detected: carbon monoxide, sulfur dioxide, nitrogen dioxide, 0zone and particulate matter. And then we use five gas sensors to

convert corresponding gas concentration to analog signals. Then after a signal conditioning circuit, making analog signals

access to analog to digital conversion channels of controller. The controller will process signals and display it on the LCD

screen, while making remote transmission of data by GPRS network. Then display the measured data on the host computer.

Keywords—Gas sensor ~ Dust Sensor

1 INTRODUCTION

1.1 Research significance

REFERS to the surrounding air around the earth gas, it
maintains the survival of humans and creatures.
Throughout the atmosphere play an important role in
humans and creatures of the air layer is 12 km away
from the ground, namely the troposphere, the clean air
is made up of 78.06% nitrogen, 20.95% oxygen, 0.03%
carbon dioxide and other gases, the three gas make up
about 99.04% of all air, other gases sum is less than
one over one thousand. Air is one of the necessary
conditions for the survival of humans in the human
body need 10 — 12 cubic meters of air inhaled every
day. A person who don't eat in five weeks or five days
without drinking water, to be able to sustain life, but
more than 5 minutes without breathing air, will die. Air
has certain self-purification ability, pollutants by
natural or artificial process into the air, by air
purification process to remove from the air itself, so as
to maintain a clean air [1]. However, with the
continuous development of industry and transportation
industry, a large number of harmful substances emitted
into the air, beyond the self-purification capacity of air,
which changes the composition of the air, the air
quality is bad, so that our health is affected [2]. Then
we need an air quality detection system to detect air
quality at any time, is that people can better understand
the general levels of air pollution, so as to make

GPR wireless communication

preventive measures. According to the national
standard, we need to test the content of the following
five kinds of air composition, carbon monoxide,
nitrogen dioxide, sulfur dioxide, ozone and particulate
matter. What has been discussed above, we need to use
high-precision sensor to test the air quality at any time,
to this end, and we performed the design of the air
quality detection system based on GPRS.

1.2 Research status

Existing technology for a small number of
individual household family air detector, the late used
in decorating a building air quality inspections to
assess whether the habitable. There are all kinds of
particle detector, gas detector and air are targeted
strong individually detection and cannot show that air
quality as a whole. For example, the different factory
inspection on different gas pollution index. But
especially since the recent air pollution fog poison the
emergence of the phenomenon such as to make people
more need to understand their air quality around [3].
So the air quality detectors should be spread around so
that people can understand the change of air quality.

On October 11, 2012, Wu Xiao-qing, vice-minister
of environmental protection stressed that the first stage
to carry out the new standard of air environmental
quality monitoring in 74 cities, to carry out monitoring
and publish data on schedule, national and local air
should be

established and make full use of the TV, newspaper,

quality information release system

Internet, mobile phone and other media release in time
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according to the new standard of monitoring data, the
public can conveniently from a variety of sources to
obtain information of air environmental quality. To
establish a regional atmospheric environmental quality
forecast system, improve the ability of risk analysis
and early warning information [4]. So air quality
detection system is an indispensable tool, conducive to
national detection at the same time also bring about air

quality reliable message to people everywhere.
2 OVERALL SYSTEM DESIGN

Air quality testing system uses sensor technology,
GPRS wireless communication technology and air
quality intelligence analysis software to achieve the air
quality testing, analysis and alarm. There are five
components of air to be detected: carbon monoxide,
sulfur dioxide, nitrogen dioxide, ozone and particulate
matter. And then we use five gas sensors to convert
corresponding gas concentration to analog signals.
Then after a signal conditioning circuit, making analog
signals access to analog to digital conversion channels
of controller. The controller will process signals and
display it on the LCD screen, while making remote
transmission of data by GPRS network. Then display
the measured data on the host computer.

Carbon monoxide sensor+ M

Pl

Nitrogen dioxide sensore GPRS

Signal
Networke

GPRS Modulev

¥ conditioning

Sulfur dioxide sensore

circuite
PCo

Ozone Sensore

Dust Sensore

Figure 9 System structure chart

3 SYSTEM HARDWARE DESIGN

3.1 Master's choice
Under the existing laboratory conditions and system
functional requirements, we dleveloped three master's

options:
( 1 ) STC89C52

microcontroller have fewer resources, and larger size,

microcontroller,  this

such as the master system needs to connect A / D

converter.
( 2 ) MSP430F149 microcontroller, this
microcontroller’s  resource meets the system
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requirements, has more external pin, and comes with
12 A/ D conversion .
( 3 ) STM32F101

microcontroller has rich resource, complex functions,

microcontroller,  this

being applied to this system will result in a waste of
resources.

Overview, select MSP430F149 micro- controller as
the master controller of system, thus can meet the
needs without wasting resources.

3.2 Select the sensor

According to market resources and the function of
systems I select the following sensors: MQ-7 carbon
monoxide gas sensors, 2SH12 sulfur dioxide sensor,
WSP1110 nitrogen dioxide sensor, MQ-131 ozone
sensor and DSM501 dust sensor .

3.3 Sensor network architecture model

This section consists of three components: filter

circuit, to

temperature drift circuit and signal

conditioning circuit. As follows (Carbon monoxide

sensor as an example):

f ]
temperature conditionin
drift circuit gcircuit

Carbon
monaxide

MSP430
Controller

Filtering

circuit

sensor

Figure 10 Signal conditioning circuit for carbon monoxide

To temperature drift circuit follows [:

1 Ycec 6V
RS
o SENSOR
L
{ Sampling point .
- RL

RT Temperature
.
sensitive resistor

Figure 11 To temperature drift circuit

3.4 Data remote transmission part

To achieve long-distance transmission of data, I
chose GPRS module as a medium, GPRS data
transmission module has a very wide range of
applications. Although GPRS is a transition technology
of second-generation GSM mobile communications
technology to third-generation mobile communications
(3g), it is based on mobile packet data services, has
always online. free switching, higher transfer rates, the
advantages of cheap and flexible billing. In the case of
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3G licenses has not yet been issued, using GPRS
module for data transmission has become an ideal
choice for the information market. GPRS data
transmission module suitable for communication
requirements in many areas, improve work efficiency,
reduce the consumption of human and material
resources, has the advantage of less cost, small size,
wide distribution and the use of flexible *!.

4 SYSTEM SOFTWARE DESIGN

The software Section consists mainly of signal
acquisition sub, data processing subroutine, LCD sub
program, data sending subroutine, data receiving and
filing of PC. Signal acquisition of which is carried out
by msp430f149 MCU owning A/D. Through setting
the control register ADCI12CTL0O, ADCI2IE,
ADCI2IFG and ADCI12CTLI1, regularly collecting
data in data memory ADC12MEMO0 ~ ADC12MEMA4.
Then by formula N apc=(4095*

(V -V ®y)) MV ®)-V r)) ) Collected voltage
value V 1, can be calculated. The data processing is
based on the sensor output voltage and the measured
gas concentration response curve. Take characteristic
curve of sulfur dioxide and dust sensor for instance:

Sulfur dioxide sensor response curve follows:

Vo SV

3,04

2. 54—
RL=G0K

| | | | | |
Q 100 200 300 400 500 600

iFEE /ppme

Figure 12 Sulfur dioxide sensor response curve

Voltage value V p, collected in the signal acquisition
part can be converted into sulfur dioxide concentration
of detection Points via this response curve. The output
waveform and characteristic curve of the dust sensor
follows ;

Pulse Width=10ms-90ms

High 4.5V
“ S L)

A T ‘

e

2 A
LT: Tatol low pulse time

UT: Unit time (30s) !

Figure 13 Dust sensor output waveform PWM

Low pulse rate: RT=LT/UT*100%;

2184 35|Ng MO

Particle number
Figure 14 Characteristic curve of the dust sensor
Respirable particles can be calculated by PWM
output waveforms and characteristic curve of the dust
Sensor.
Data transmission can be achieved via GPRS
module. It can be achieved using AT commands to

send data. Flow diagram follows [,

-

I Close all interrupts |

| Open all interrupts |

Figure 15 Data flow diagram
5 CONCLUSION

The remote air quality detecting instrument designed
by the author provides a more comprehensive air
quality detection and display, versatile and suitable for
most environments requirements on air quality testing,
and also this detecting instrument itself is small,
lightweight, easy to detecting of moving anywhere,
operate and maintain, largely to meet people's needs.
Thus on people's physical health play an important

role.
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Nuclear magnetic resonance for Any position within
the excitation field measuring device design
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Abstract—In nuclear magnetic resonance (NMR) detection range, according to a study in has the use of coil in the

underground tunnels for water inrush detection of excitation field calculation and simulation method, know the geomagnetic

field Angle and coil toward the impact on excitation field, in order to verify whether the nuclear magnetic resonance (NMR)

stimulate the sinusoidal electromagnetic field in the space in conformity with the calculation and simulation results, the paper

design a able to accurately measure different distance, coil toward the impact on excitation field measurement device.

Excitation field characteristics for 1 k ~ 3 kHz sine signal. Coil after receiving signals, preamplifier and adopt AD574 to

convert the signal collection, main controller AT89C51 for signal processing and displayed on the LCD. After the test, the

device is measured by the electromagnetic induction intensity change trend in conformity with the calculation and simulation.

Keywords—magnetic resonance imaging; excitation field; electromagnetic induction

0 PREFACE

ACCIDENTS in China's coal production is still very
serious, ranking second after gas explosion in water
column. In recent years , frequent water inrush
accident occurred in China's coal mines, tunnels, not
only led to a large number of casualties, but also has
caused great economic losses , it is important to
determine a ahead of forecast method of water gushing
in coal mines, tunnels is particularly important.
Methods currently used to hang water ahead of the
forecast is mostly indirect measurement [1‘3], formed a
direct NMR method of non-invasive geophysical
technology to detect mines, tunnels, water , compared
with the traditional method with high resolution,
informative and efficient settlement of unique
advantages , Underground water is a very promising
technology.

Nuclear magnetic resonance excitation field
measurements anywhere within the detecting device, is
a validation of the experimental device. Has been
studied using the coil water inrush detection in the
underground tunnels of excitation field calculation and
simulation methods and magnetic inclination and coil
toward the stimulating effect of [4], design theory of
measuring devices to verify and match. Design by
receiving coils, and after a simple LC filter, and then
through the preamplifier circuit will signal an initial

amplification, and then with double quadratic bandpass

filter to eliminate interference from other signals, then
again with a main amplifier amplifier, next AD
conversions, ultimately adopted LCD displays the size
of the magnetic field strength. The device can detect
1k~3kHz of low-frequency weak signals, high
measuring accuracy, sensitivity is strong, and relatively

small and easy to carry.

1 PRINCIPLES AND METHODS OF DESIGN

1.1 Design principles

In accordance with the concept of displacement
current, and any change over time of electric field, all
fires in adjacent space magnetic field. In accordance
with the concept of induced electric field, magnetic
field of any changes over time, fires in adjacent space
induction electric field. Maxwell's equations showed
that electric and magnetic fields of inspiring,
interconnected with each other to form a uniform
electromagnetic field P!, Integral form of Maxwell's

equations are as follows:

§H dl =L(J+1;1—[t)) ds (1
§E dl = j% ds 2)
£B dS=0 (3)
§SD dS=q (4)

To convert the measured voltage value of magnetic

. . . . I5
induction, conversion formula is 31,
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E = NBSw (5)
E : Electromagnetic induction electromotive force,
unit:V
B : Magnetic induction ,unit:T
S : Coil size,unit:m*
W : The signal is angular frequency, units:rad/s

1.2 Design methods

Design by receiving coil and coil on a LC filter and
preamplifier circuit using OP37 instrument amplifier
Magnetic signals

Receiving ceil
and LC filter

Display device

Mdaster controller
ATSSCS1

consisting of 210 times magnification, with double
quadratic bandpass filter to filter the signal to eliminate
signal interference, and then use the pA741 Signal 500
times magnification, making signals meet the AD
conversion range, analog to digital conversion using
ADS574 chips, take the conversion result to AT89C51
microcontroller processing end LCD LCD display.
Hardware design are presented in Figure 1 shows:

Preamplifier

Design of biguadratic
circuit filters
—
A/D converter

- Amplifying
circuit

Fig.1 The hardware design

2 HARDWARE DESIGN

2.1 Receiving coil design
Receiving coil with enameled wire, coil winding
parameters calculation formula looks like this:
,_ 0.0 -D - N ’
IE;— + 0.44 (6)

| : Coil inductance, unit: micro-Heng

D : Coil diameter,unit:cm

L : Loop length, unit:cm

N: the number of coil, unit: the turn

According to Ohm's law, in order to balance current
and the size of the resistor, and selects material
conveniently, coil winding, enameled wire diameter is
0.27mm. Because you want to measure the
magnetization of longer distances and measuring coils

should not be too large, so select the diameter 10cm.

he receiving coil's equivalent circuit

| 1 L1
S S
836.5uH
c1
§R1 ——3uF

Based on experience, coil coil diameter length 0.7
times can improve the Q value, intensive wound 85
when hit, achieve the desired value.

After measuring, get the inductance of the coil

: . . L .
836.5 mH .Coil quality factoris Q = WE ,The coil Q

=1.9112.Theory Q greater selective induction coils is
considered better, traditional method of winding coil Q
is less than 10. Induction coil output voltage signal,
due to weak magnetic field to be measured, the
Induction coil output voltage signal signal noise is
superimposed, for extracting signal from noise, using
RLC series resonance circuits to filter the input
signal, R1 to receive the equivalent resistance of the
coil, L1
equivalent

to the equivalent inductance,C1 for the

capacitance. Coils and filter circuit

connections figure 2 shows:

Ead

Filtering
c2 and
— G.6uF ]
“ amplifying
circult

=

Fig .2 The receiving coil‘s equivalent circuit
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Because of the resonance frequency for 2kHz, LC

resonant circuit resonant frequency formula:

f 1
0 2pyLC
Get resonant capacitor for 9.2 mF .

2.2 Preamplifier circuit design
Since tiny signal is received, and some equivalent

(7

input noise, overwhelmed by noise in order not to
make small-signal circuit, the circuit must be preceded
by a grading Amplifiers , as Figure 3 shows. Because
OP37 is a high performance, low noise operational.

Is the amplifier also has excellent output drive
capability, as well as High small-signal bandwidth, the
input offset voltage 10nV,And wide supply voltage

range, low prices, so the Choose OP37.
R.,y, 2R,

Gain formula is: ~ R . R, |
Select R1=R3=1K,R2=R4=10K, due to the design of
circuit diagram, R7=R3,R5=R4,R6=R2, magnification
of 210 times.

Known measurement conditions, the launching coil

current is 0.5A Shi, the magnification can guarantee
that zoom in close range of induction electromotive
force, and will not be made into AD574A voltage is out

of range.

=

I

FZ=

(WE]
2R
|5 I

== o PaT A
[ ==l
b=3
e

=1
e
e

=T r -
et jiﬁé
Fig.3 Preamplifier circuit
And design requirements for selected RI1

2.3 Design of filter circuit
Because the signal of a single frequency, using

filter, filters
effectively filter out noise better, With double quadratic

band-pass and second-order can
bandpass filter, and the circuit components and easy to
adjust, center frequency 2kHz, in order to guarantee
the purity of signal, no noise, select the bandwidth
10Hz. According to

f-—t R
" 2¢RR. YRR

R
AR

=16K,R2=160K,R3=8K,R4=8K, Design of circuit
R3=R4=R5=R7=8K. Because LM324 four transports
puts the electric circuit has a wide power supply
voltage range, small static power, single-supply, low
prices and so, so choosing LM324 used in the circuit.

Circuit shown in Figure 4 shows:

5 LM7T41AH/883

c3

8kQ
‘LM741AH/883 - |-

ERETEEEY U8 " SRS S AR s
SN Rt A ..

1 5
R6 6|

1

1 [s LIT41AH/88

Fig.4 The Design of Biquadratic Filters
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2.4 Amplifier design
Because they are not considered common-mode
input signals, selecting reverse proportional amplifier

circuits, in order to ensure that signals can be in AD

+ 420

within range, preliminary magnified 100 times
enlarged 5 times.Two series were magnified 500 times,
and then through the voltage follower output. chip

choose UA741, the circuit in Figure 5 shows:

Y 120
A
=1 Us
Li1 =
3 [~ = -\-:-f a5
= 5 L R3 =
1EI'E>€."'=' ':’|/|, ::m ]
Prited R
o N
Azu -12u
e S oz
=] : E
= +
P
TR
Fig.5 Amplifying circuit
2.5 Design of the analog to digital conversion and and auto-polarity conversion feature, simply

display circuit
ADS574A s
successive-type a/d

a single-chip high-speed 12 -bit
converter, convert built-in
bi-directional hybrid integrated circuit chips as well as
sample and hold, with fewer external components, low

power consumption, high precision, and with auto zero

add-amount of resistive and capacitive components to
form a complete set of a/d converter. 12 -bit mode, the
conversion rate for 25us.

Host controller AT89C51, display LCD1602. Circuit

shown in Figure 6 as shown:

i IIIIIIIIIIIIIII
Rl 3
e £

@ Ef pz, oc-wmiuso.
2= 85y EzHDziZ:
] L b ol [ o ]t
RP1
1
L1 =[]
B LaTan PODADD | =3 2
POAL
- POZADZ |3 :
BN emaz PO3ADE 2 :
Po.aspe | 37 :
POSADS u
o Posaos | 3
= Hhey POTIADT
Fal KE
Fzmaz 2L -
PzAteE 25 i
= | p=Ew Prat I +
—:' ALE FZAR1Z —EE
== PZSAI3
FZEATH _zz
P2IIAIS = Uz
1 10 T 1 15
FiO PIAXD o AIMD B
3_2 P11 FILITHD :; L = amt Iy
—={rz IO |2 | Anz oF
—{r3 EE e e 2] i g L
Fls P34 AN
7_; P15 pagm [ 12 ?_; AINS Boc [ 2
P15 PASTTR AINE
Eleg = EL . i Eawr
E s
FTEECET T
(il = 1 22 1 amin
14
REF
=l
T=d
=TE

Fig.6 The circuit of Signal acquisition and display

3 SYSTEM SOFTWARE DESIGN
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Software design process, as shown in Figure 7

shows:
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! G

Plan to test

Y
z
&

=3
=
v}

Repeat
v 1000

Get the

conversion
Repli

cate t v

Converted into a
voltage value

Converted
into magnetic
field intensity

A

‘—\
——@isplay
—
A 4
Program

Fig. 7 The software design procedure
Start the a/d converted, after 1000 tests, make 1000

sets of data, derive Max Vmax as well as minimum

value Vmin, differential peak-peak wvalue is the

measured signals.
4 TEST RESULTS

Launching coil excitation of magnetic field

generated B; With Earth's magnetic field B Vertical
plane projection of the component BTA Fires on NMR

is valid . Thus B; AndEarth's magnetic field B, In
a relationship, because detection coil toward the

different results B With Earth's magnetic field

B, Vertical component BTA Projection in different

locations, so BTA Magnitude and direction in addition

to launching coil dimensions, number of turns, current

and power conditions impact, also vary with
geomagnetic inclination angle and loop towards the
change. Here, we studied the receiving coil magnetic
variations at different distances.

When launching coil diameter of 1M, current 0.5A
Shi, offline at different distances were measured,
respectively on the plane of the maximum voltage
value, again with this location for the baseline,
measured voltage values upwards and left in different

places, measurement data as shown in the table.

Tablel Measurement data

Distance from the coil Measure the position Reading
center point (z) x,y) (Vp-p)
Center maximum
1.2m 12.8
value (0,0)
The left 30cm(30,0) 12.2
The left 50cm(50,0) 10.6
Bias on 30cm(0,30) 11.6
Bias on 50cm(0,50) 10.0
Bias on 70cm(0,70) 8.40
Bias on 90cm(0,90) 6.00
Center maximum
1.8m 7.20
value (0,0)
The left 30cm(30,0) 7.00
The left 50cm(50,0) 6.40
Bias on 30cm((0,30) 6.80
Bias on 50cm(0,50) 6.40
Bias on 70cm(0,70) 6.00
Bias on 90cm(0,90) 4.24
Center maximum
2.4m 3.92
value (0,0)
The left 30cm(30,0) 3.88
The left 50cm(50,0) 3.40
Bias on 30cm(0,30) 3.90
Bias on 50cm(0,50) 3.44
Bias on 70cm(0,70) 2.88
Bias on 90cm(0,90) 2.16
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Tablel Measurement data (Cont.)

Distance from the coil Measure the position Reading
center point (z) x,y) (Vp-p)
Center maximum
3.0m 1.90
value (0,0)
The left 30cm(30,0) 1.88
The left 50cm(50,0) 1.54
Bias on 30cm(0,30) 1.86
Bias on 50cm(0,50) 1.52
Bias on 70cm(0,70) 1.44
Bias on 90cm(0,90) 1.02
Center maximum
3.6m 0.792
value (0,0)
The left 30cm(30,0) 0.786
The left 50cm(50,0) 0.712
Bias on 30cm(0,30) 0.736
Bias on 50cm(0,50) 0.664
Bias on 70cm(0,70) 0.600
Bias on 90cm(0,90) 0.512

Based on the measurement results can be analyzed,
different from a central location on the launching coil
(the xy plane central location), the magnetic fields are
the strongest, as far away from the Centre, magnetic
fields

distribution maps plotted as shown in the following

weaker, electro-magnetic  flux  density

figure:

80 80

Fig.8 The magnetic field distribution in the XY plane

30

o By

15 2 15 3 35
i
Fig.9 The magnetic field distribution in the XZ plane
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A%

15 1 15 3 35
Y

Fig.10 The magnetic field distribution in the YZ plane
5 CONCLUSION

NMR detection range fires anywhere in the field for
the distance of the measuring range of the measuring
device can be stabilized launch loop 4 times diameter.
According to the measurement results of simulation
data, emitting electro-magnetic induction coil various
distances decreases with distance calculation of trends
and match the simulation results. In addition, we
measured on the launching coil centerline 4.2m peak
peak voltage at 430mv, as far as you can measure to
4.8m, due to interference is large, measured voltage
peaks peaks around 190mv or so. It can be seen that
the device also has a lot of room for improvement, and
poses  greater

challenges for improving the

measurement precision.
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The Whole Point of Headlights Control System
That Can Improve the Driving Safety at Night

Yuhong sun  Wenjia jia

Rong jiang

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

Abstract—This paper introduces the design and manufacture of the car headlights intelligent steering system based on

MSP430F149.The system has two parts, including level steering and pitch angle adjustment. The system uses WDD35D4 angle

sensor as the direction signal of input.It has two buttons,one on behalf of the accelerator ,another on behalf of the brake,what

control the speed of input. After the input data has been processed by MSP430, 3128A motor drive makes two stepper motors

rotate angle accordingly in the vertical direction and horizontal direction.So it can eliminate lighting corner by adjusting the

irradiation angle of light ,makes driving at night safer. The angle value and speed in the operation will be displayed in

real-time by LabVIEW.

I . FOREWORD

AS the

components, most of the current automotive headlamp

important automotive safety most of
illumination angle is fixed. As the traditional way of
lighting and vehicle direction consisten so when
cornering light still shine to the front, so that the Inside
of the curve will inevitably become the lighting of the
dead. Light may be projected onto an oncoming
vehicle, we can not illuminate the front, but also cause
glare to other drivers, making driving at night there is a

big security risk.

Figure. 1. Comparing before and after the installation of smart
lights in the corners

In addition to the highway when the vehicle is
traveling or more open terrain, the driver will increase
the speed, Therefore, the braking distance will grow, so
drivers need to be on the road to predict further afield
to ensure road safety.

Therefore, the need to design an intelligent control
system auto headlight, used to adjust the irradiation
direction lights.
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II. THE OVERALL PROGRAM DESIGN

The project consists of two main parts, That is, by
measuring the angle of the steering angle control level
lights and by measuring the speed of vehicles traveling
to control the pitch angle of the lights. System block

diagram program follows:

Control Module {

Stepper motor

control module |, | Analog speed
in the | 430contruller <)::> mogulz
vertical

direction

Display module

Figure. 2. Tilt angle of the motor control system diagram

Stepper motor
control
module in the
horizontal
direction

Angle
Measurement
Module

430contruller

Display
Module

Figure. 3. Horizontal angle of the motor control system diagram

Tilt angle of the motor control system includes an
analog tachometer module, speed control module,
vertical stepper motor control module, display module;
Horizontal angle of the horizontal motor control
system comprising a stepping motor control module,
display module, the angle measuring module.
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[II. HARDWARE DESIGN

A. DC Motor Speed Module
DC motor speed module block diagram is shown in

Figure 4:
L) 430 ———N DC motor
button Control |/ {rives
ler
Optical |f——— DC motor
encoder [\~ speed

Figure .4. DC motor speed module

Two buttons represent the accelerator pedal and the
brake pedal of the car, as the vehicle speed input value.
Comes with MSP430 chip timer calculates the speed is
increasing or decreasing. Then to control the DC motor
speed by controlling the frequency of the DC motor
drive signal.

Measured using optical encoder DC motor speed, as
the speed of the input signal, the speed value to the 430
controller.

B. Sepper Motor Control Module

Stepper motor driver module includes MSP430F149
chip, 3128A high stepper motor drives, stepper motor
42. The drive up to 128 segments, namely (1.8 °/ 128)
degrees, fully meet the design requirements for

accuracy.
Tablel. Breakdown mode selection table
M1 M2 M3 Subdivision
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

Figure 4, the control unit is the input section
MSP430 chip, then two pulse signals, the direction of
the signal input connection 3. Public segment
connected to the chip leads to 3.3V power supply, DC

+ and DC- can access the DC 10 ~ 36V.

+5
Controller| e i ¥
' 1.4 ihy
FJEK
A
3128A
. P Drive
Two-phase hyb[f_'_ e
stepping motol ! B+
© 8-
sov-3se 6y 3o
) pe-

Figur.5. 3128 A High stepper motor drive hardwear Connection

diagram
IV. THE SOFTWARE DESIGN

A. Display Module

The display module includes LABVIEW serial
communications and display module. Using MAX232
level converter chip 430 serial communication between
the controller and the host computer, Mining and
packaged by the sensor signal of the direction and
speed of the signal processing is sent to the PC via
serial communication, And displayed on LABVIEW
software on the PC.

Off watchdog
Initialize the clock

l

Initialize the serial
port
TXD \ RXD Enable
Set the baud rate to
9600

Are there characters to
be sent

Query whether to send the
completed

Send angle and velocity

values

l

By LABVIEW show

Figure.6. Display module program flowchart
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B.Angle sensor module

Vehicle turning direction and angle are controlled by
the steering wheel, we use an angular sensor to get the
After processing by ADC12 built in the
MSP430, we will get the steering wheel steering angle.

angle value.

We need to collect only one channel signal that
comes from the angular displacement sensor signal,so

you can choose single channel sequence conversion

START

(Cloze the watching
dag tiner and
initializs chamnell

mode.

Select =ingle
channel sequenc
conversion mode

|

Open the enable
poxrt ENC

-t

N N

v

wou is

rizging edge

v

A 4

_Eampllng

SANMPCON is E>
falling edg

Start conversion

l

Complete conwversion
and szve results
in ADC1ZMERD

<&

END

Figure .7. The flow chart of angle sensor module

V .MEASURING AND ANALYZING THE RESULTS

Setting the steering wheel angle is 360 degrees, i.e.,
the left or right turn 180 degrees.The actual steering
wheel inside the vehicle is generally the largest angle
(35 ~ 40) ° about,Here steering angle set headlights
40 °, ie left or right to turn a maximum of 40 degrees
each.Lights should be turned to the relationship
between the degree of steering angle proportional.
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The car model is fixed at a point,put a piece of paper
in 25.5cm away vertically. When light swing or pitch,
we can determine its swing angle by observing the
location of light spot.Then test its performance. Test
results as follows:

The
distance The
Expecte
betwee | Expect actual
d spot The actual
the lamp | ed turn spot
offset turn angle
and the angle offset
distance ) )
graph (®) distance
(cm)
paper (cm)
(cm)
1 25.5 0 0 0 0
2 25.5 9 4.04 4.15 9.24
3 255 18 8.29 8.50 18.43
4 25.5 27 12.99 13.25 27.46

VI.CONCLUSION

Through the test we know, the precision of the
system has reached the expected standard, so it can
satisfy the actual work needs.And through the display
module we can see the vehicle's running status
intuitively. As a result, the system has achieved the
goal that can reduce the lighting conner, improve the

traffic safety.
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Study on electro-control system for home security

Liu Hongwen; Zhang Lin lu; Li Xin; Liu Changying
(College of instrumentation and Electrical Engineering, Jilin University, Changchun130021)

Abstract—The safe use of electricity control system is installed on a home power lines, used to detect security of household
electricity and automatically cut off electrical devices with problems and can be remotely controlled. In the household
electricity security system, at first to use the current sensor to monitor the total household electricity current in the circuit,
when due to a short circuit or overload the circuit causes the circuit current is too large.the system will automatically cut off
the problematic branch to maintain the remaining working properly with appliances, but also to protect the safety of
household electricity lines; At the same time send the probable point of failure to the user's mobile phone terminals via GSM

wireless module, so that people can timely maintain, further eliminate safety hazards. People can remote control home

appliances via mobile terminals which greatly facilitates people's lives.

Key words—electricity Remote control GSM Household electricity

1 INTRODUCTION

WITH the continuous improvement of people's living
standards, and electrical equipment also increased
safety for household electricity line also had the more
severe test. Common faults of electrical wiring:
insulation damage, poor contact, overload, breakage,
lack of space, protective conductors for live, these
failures may lead to power outages, electrical shock,
fire and other accidents. For example, wiring insulation
damage based on the different levels of damage,
short-circuits, leakage may occur both hazards.
Insulated full damage will cause a short circuit. Short
circuit, current flows through the circuit to increase
several times to 10 times the number times the normal
operating current. The calorific value of the wire is
proportional to the square of the current, leading to
sharp increase in heat, a short period of time may cause
a fire burning. ARC discharge and high temperature
arcing would burn nearby personnel may also directly
cause a fire; In addition, under short-circuit conditions,
some with dangerous fault voltage bare conductors,
may give a fatal electric shock. If the insulation is not
completely broken, will lead to leakage, leakage is the
most common cause of electric shock accident.
Leakage of local heating, local temperature too high
may lead directly to a fire, may also prevent further
damage of the insulation, form a short circuit and

cause a fire. If a grounding conductor, the heat

134

produced by the Earth current and arc, could lead to a
fire at the ground. Contact contact resistances caused
by poor connection increases, under the action of
electric current produces heat, can make metal
discoloration or even melting, it is easy to become an
ignition source, causing electrical wiring insulation,
close to combustible materials and combustion of
heavy combustible dust accumulation. When the wires
heat proportional to the square of the current, heat
often exceeds the allowed limits, ranging from
accelerated aging, resulting from the heavy insulating
layer the burning fire. Overload or increases the
voltage loss on the wire. Disconnection could cause a
fault line, mixed and multiple accidents such as short
circuit, broken wires fell on the ground or the
grounding conductor may result in electric shock
accidents; produce sparks when disconnecting or
pulling off the wire, can ignite nearby combustible
materials.

With the rapidly growing popularity of GSM mobile
communication network and intensified competition,
development and application of new technologies and
services have been referred to a very important
position.

For household electricity supply line fault detection
and protection of many studies, direct with electrical
short circuit, overload, overpressure protectors, easy to
damage, there is no hint feature, not human. For this
design more humane, intelligent, and added GSM

remote control of home electrical safety control
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system.

2.SYSTEM INTEGRATED DESIGN

Home security system can be divided into two parts,
the system block diagram is shown in Figure 1

Safe use of electricity: electric current sensor
detection circuit, detects the signal into the controller
and safety values in contrast to cut immediately to
monitor excessive current issues branch, and guarantee
the remaining branch appliance is working properly,
and by launching the receiver handset and send
questions to the user information to facilitate timely
repair

Remote controls: mobile user terminals can be done
by launching the receiver to the controller for an order,
it can be turned on or off for a particular electric, to

conserve electricity and to facilitate people's lives.

Current
congsumer

eceive
| §

&
Client end
node
Display
device

Figure 1 system integrated design

contr
oller

Electre
current

3 OVERALL SYSTEM DESIGN

3.1 congtroller

SCM is a TI company started in 1996 to market of
ultra low-power microprocessors, in addition he also
integrates a number of modules, allowing a MSP430
chips to complete the chip to complete features, greatly
reducing the size and cost of the product. It of main
features: low power voltage range, 1.8~3.6V; super
low power, has 5 species low power mode; flexible of
clock using mode; high-speed of operation capacity, 16
bit RISC schema, 125ns directive cycle; rich of
features module, MSP430 chip Shang including JTAG
interface, simulation debugging through a simple of
JTAG interface conversion players on can convenient
of achieved as set breakpoint, and single step
Executive, and reads and writes left-players,
debugging; fast flexible of into way, To the CPU via
JTAG and BSL in two ways in a program.

Based on its high speed, low power consumption,

fast and flexible way of debugging, 0~5V voltage and
needed for AD
conversions, MSP430F 149 micro channel is integrated
in 10-14-bit AD converter, eliminating additional AD
conversion device.
3.2 current sensor;

Current sensor MIK-DJI-0~50A transducer for

alternating current sensor using the current transmitter

current sensor output values

can be measured directly converts AC current in the
primary circuit by linear DC 4~20mA output (by 250 ®
resistor converts DC 1~5V) constant current loop
standard signal after AD conversion continuous
conveyor onto a single chip. Former Vice height
electric current transducer insulated isolation, two-wire
and three-wire output connection mode. Wire system
transmitter with auxiliary power supply +24V the
positive end and negative end and signal outputs.

-Current transmitter performance advantages:

(DIt less vulnerable to parasitic thermocouples and
pressure drop and drift along the wire resistance effects
of transmission lines is available very cheap thin
twisted wire;

(2)It is in current source output resistance is large
enough, by the magnetic field coupling the voltage
sense wire loop will not have a significant effect, as
sources of interference caused by electric current is
extremely small, twisted resistance to reduce
interference;

(3)Permissible cable length longer than the voltage
telemetry system farther;

(4)4mA to zero level, making judgments-circuit or
sensor damaged (OmA) is very convenient;

3.3 transmit-receive unit

New version of the transmit-receive unitSiemens
industrial GSM module is an industrial grade GSM
modules support Chinese SMS, It work in
EGSM900GSM 1800 double band, power range for DC
3.3~4.8V, current consumption--Hibernate State for
3.5mA, idle state for 25mA, launches State for 300mA
(average), 2.5A peak; can transmission voice and data
signal, power in EGSM900 (4 class) and GSM1800 (1
class) respectively for 2W and 1W, through interface
connection players and antenna connection players
respectively connection SIM card reader and antenna.
Via AT commands can be bi-directional transmission
instructions and arrays, selectable baud rate of
300B/s~115kb/s,Format it supports Text and PDU

135



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2014

SMS (Short Message Service, SMS), may be achieved
through AT commands on and off signals to restart and
failback. As main processing core baseband processor
of the TC351 GSM terminal for voice and data signals,
and covered with a cellular radio frequency equipment
for all analog and digital functions

4 SYSTEM SOFTWARE DESIGN

Software part of the system mainly include data
acquisition, data processing, display, data sent and
received. Signal acquisition of which is carried out by
msp430f149 MCU owning A/D. Through setting the
control register ADC12CTLO, ADC12IE, ADCI2IFG
and ADCI2CTLI1, regularly collecting data in data
memory ADCI2MEMO ~ ADCI2MEM4. Then by
formula N spc=(4095* (V 1p-V @) M (V ®+)-V ®)))
Collected voltage value V p, can be calculated. Remote
sending and receiving of information is key.

SCM can use right AT instruction initializes the
TC35 module and receive short messages. To control
three-short messages: Block, PDU mode and Text
Block mode
manufacturers to provide driver support. This system

mode. Use require cell phone
uses PDU mode SMS sending and receiving. Single
chip computer controlled through the following series
of AT commands for SMS. Figure (4) for the process
of transmitting and receiving Note the short message
center number might be different due to different
mobile phones or in different regions. If you read the
short message service centre using the command AT +
CSCA =? < CR >, the module should return < CRL >
+ CSCA: " 8613800531500, " < CRL f>.

Message receive: (3) prompted automatically sets
the short message arrives AT + CNMI=1,1,0,0, 1 <
CR >, set the correct module returns < >OK< CRL
CRL f f >. Set this command makes the module in the
short message upon arrival to the MCU sends
commands < CRL f > + CMTIL: " SM ", IN2DEX
(information store) < CRL f >. After receiving text
messages short messages to arrive, SCM can receive
instruction < CRL f>+ CMTI: " SM ", INDEX (where
information is stored) < CRL f >, AT+ CMGR =
INDEX < CRL f >, the module returns, just received a
short message is read.

5. CONCLUSION
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Tested monitor line current access total power at
around 1.5%, and can better achieve overload power
users remote control functions. This design system was
installed on the home line to test the safety of home
energy, detect and control devices, and can be remotely
controlled, greatly facilitates our lives, conforms to the
modern society moved closer to intelligent direction,
improving the quality of life of the family electrical
safety issues of great significance to the promotion.
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Design of Simulation System for Remote Signaling
and Telemetry of Computer Relay
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Abstract—With the development and the extensive application of smart grid, traditional relay protection devices have been

unable to achieve remote monitoring, control and other requirements. In order to overcome the defect of traditional protection

devices of power system, microcomputer protection device combined with remote signaling telemetry has been widely applied

in the smart grid. The system is based on the basis of 51 SCM, achieving the computer monitor and data collection by the

technology of serial communication. Using the SCM LCD to display the real-time data and monitor the status of the circuit.

Design the interactive interface by Visual Studio. In addition, running and canceling the system, setting and changing the data

by the method of remote signaling and telemetry. This paper presents the design of hardware and the program of software

functions and simulates the functions of the system of microcomputer protection. The remote control of the device is really

important for the stable running of the power system, providing reliable power quality and voltage stability.

Keywords—microcomputer protection; remote signaling telemetry; Visual Studio

0 FOREWORD

WITH the proposed, research and application of the
smart grid, constantly enhance the level of power
system application ability, we also need to present
new challenges to power system protection device
and requirements simultaneously. In order to
guarantee whether we the electric components work
normally and ensure the stable operation of power
system, we need to understand the operational status
of the protection device better. Microcomputer
protection device has become the mainstream of
relay protection and network and it can provide the
mutual  connection and the channels of
communication for the modular distributed system.
Networks can bring a new and innovative idea for
microcomputer relay protection development and
design. It will greatly simplify the hardware design
and enhance the reliability of the hardware. With the
rapid development of power system and computer
technology and the progress of the communication
technology, relay protection technology will face the
trend of further development. The foreign orientation
of relay protection development is to be
computerization , networked and integration
(measurement, control, protection, integrate data

communication)and artificial intelligence. In a word,

delay protection will be more wildly used with the
development and progress of all kinds of technology.

1 THE OVERALL DESIGN AND WORKING PRINCIPLE

To design a simulation of power system
microcomputer protection device prototype hardware,
complete remote operation and control system. The
most important is to achieve the remote settings and
modification according to the instruction of the
software. Then display the real time parameters.

The first is the completion of the convergence and
communications between the computer and hardware
devices, Hardware device can receive and identify
the directives issued by the computer, it also can
automatically accomplish these instructions for
action (LCD display, data storage, and so on) . In
the aspect of hardware, design "distance/local" circuit
control hardware devices, device with the computer
through the serial port for data transfer. As for
software , based on the Windows Form (c #) design
human-computer interaction interface, use C/C + +
language. Write single-chip microcomputer control
program ( Remote control and communication
functions) . Computer as the PC, 51 single chip
microcomputer as the machine , through the
human-computer interaction interface and the serial

port communication single to achieve the
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communication between PC and MCU, PC sends
instructions to MCU data, MCU makes different
response by judging the PC's instructions. The above
can achieve the purpose of the experiment remote

software control hardware.
2 HARDWARE DESIGN

2.1 A serial port communication solution

In the aspect of serial communication , 51
single-chip microcomputer has a special buffer,
Serial port to send and receive buffer, namely, SBUF
buffer. SBUF buffer can receive data and send data at
the same time. However, the serial receive buffer and
send buffer are independent in physics. It is attentive
that the receive buffer can only read but not write. On
the contrary, the send buffer can only write but can't
read. According to this, we design the single-chip
microcomputer serial port TXD MAX232 chip and
RXD pin connection, then connect to the 9 needle,
make the single-chip microcomputer and computer
serial port have a consistent level, constitute a
standard RS-232  interface , realize serial
communication between single-chip microcomputer
and computer. The concrete method is using a
MAX3221 chip TXD come from single chip output
signal level after converting to the PC, sending a
signal sent over from the PC to the RXD. Figure 1
shows the design of RS - 232 interface circuit

connection diagram

ATHICS MAX232 ¢+

Cl+ vCC
]Elpi.l—m- vai]|

C2+
D" Hcz- RS-232C

oy

Vo IBM-PC

BT

TXD Tlin Tlout RXD

RXD Riout Rlin TXD

GND[ ~<{GND  V.HJE —GND
: I uF

Figure 1 PC and single chip microcomputer communication
interface circuit design
2.2 Local control circuit
This part mainly includes the data acquisition
module, A/D conversion module, control module,
display module and other modules. Take AT89C51 as
the control module, the core of ADC0809 as A/D

conversion module, ADC0809 has 8 analog input
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ports, through the C, B, A three address input and
achieve select one way to complete the conversion
from 8 path. If change the address if the 3 bit input in
turns, then we can measure the input voltage of the 8
ports. LED dynamic display uses software decoding,
it can choose 8 roads to circulate through the key
module operation as well as choose one of the single
road to show, all these can realize the circuit of data
display and monitoring. Figure 2 shows the local
circuit diagram of the circuit.
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Figure 2 the circuit connection diagram

2.3 The distance control circuit

Remote control circuit needs to realize the remote
communication between MCU and PC. The design
includes two big modules: sending and receiving.
The sending part includes RS - 232 interface circuit,
MAX232 interface circuit referring to the
corresponding pin is linked together and the
corresponding software program into circuits. When
the circuit is relatively independent, it can be directly
call circuit parameter values, its influence and
interference is low. After meeting the requirement of
transmitting and receiving module, we can adjust
control independently. Both by sending parts to set
parameters and modifying threshold operation to
control the MCU module, and can receive real-time
data by receiving module, monitoring circuit,
realizing the PC to the remote microcomputer control.

The specific circuit has shown in figure3.
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Figure 3 remote control circuit

3 THE SOFTWARE DESIGN

The main program of the system includes
electricity initialization, self-check, interrupt (data
acquisition), fault detection, alarm display and
circular self-checking, etc. After the system power-up
or manual reset, initiate first. During the initialization
process, shut global interrupt, interrupt enable,
interrupt flag are set to 0. Initialize PIE, PIE interrupt
vector table, as well as peripherals and resources
required configuration (including the initialization of
each compilation amount of register initialization,
various flag is cleared, etc.).

After the initialization, here comes a self-test,
including the RAM area to read and write checks,
value checks, input and output circuit self-test. If the
self-test has no error , then open interrupted to
achieve the sampling and serial communication
functions (by the data sampling procedures, and
serial  communication  program and PC
communication program and several subroutines).
Next it needs to determine whether a fault exists, and
if so, the amount of output through the switch
protection, and alarm and fault information is
displayed on the LCD screen; If there is no fault, the
cyclic self-test, continue the previous work.
3.1upper computer interface design

In the design, Visual Studio 2005 is used to design
and write the upper computer interface. The design
requires adding button controls that is the most
important part is using Serial Port controls to debug
serial port. As long as you set up the baud rate of
serial port communication, data, and then open the
serial port, you can realize all functions. Next is the

program serial port communication:

spCOM.PortName = "COM1";

spCOM.BaudRate = 19200;

spCOM.DataBits = §;

spCOM.Open();

spCOM. Write ("6");
3.2 Design of single chip microcomputer serial
communication program

This design requires us to realize serial

communication of upper computer and single chip
microcomputer.  The upper computer sends  the
command while microcontroller can take orders and
make corresponding action. So the key point of the
single chip microcomputer serial communication
program design focuses on the single chip
microcomputer serial port receiving part. It needs a
serial port initialization and the initialize needs to
establish communication baud rate, single chip
microcomputer works by timer way, because
this project only needs the single chip
microcomputer to accept data, so the next is the

main serial communication program of single chip

microcomputer :
while(1)
{
while(RI==0);RI=0;
b=SBUF;
if (b==0x36) pl16=0;
}

4 CONCLUSION

This project has completed the design and
implementation of microcomputer remote control
system based on the serial communication between
computer and single chip. The study of reclosing
device remote control system has very important
significance for the stable operation of power system,
reliable power quality for power grid and the stability
of the voltage . At the same time, the circuit system
also has important significance when the malfunction
occurs and resumes. With the development of
computer, the highly intelligence and highly
integrating of grid technology have become a very
important aspect. Although the study technology has
the limitation, the study still has very important
significance because of the same direction with the

139



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2014

development for smart grid.

This design has a very wide application because it
implements the control-by using upper machine and
lower machine communication .Design a kind of
instrument needs communication with the computer
because the scientific design is designed for users.

In order to simplify the operation, serial
communication between upper machine and lower
machine has solved the problem. In addition, the use
of relay also has great significance, the connection of
electronic circuit and control circuit not only have
good control, but also achieve good isolation by relay,
because the normal operation of the high voltage
large current circuit may not require people to control
directly. The interaction between a man and a
computer will  become more and more important

with the development of science and technology.
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Abstract—This study designs a kind of discontiguous reflected liquidometer system which has the characteristics of low cost,

high-resolution, high sensitivity and high anti-interference capability. It fits for the minimum liquid height and can be applied

to the house-leaking. The photoresistances that are linear set on the liquidometer are used to receive the laser signal to improve

the resolution. The discontiguous reflected liquidometer system consists of sensor, MCU, GSM and power supply. The

hardware circuit design, software design, detection principle and testing result are introduced. By data analysis we can get the

conclusion: sensor resolution 3mm, average error 0.19mm, standard error 0.51mm. This system can measure several Kinds of

house-leaking and run normally at least 72 hours.

Key words—house-leakage, discontiguous, reflected, GSM, liquidometer

0. INTRODUCTION

THE house-leaking happens frequently and causes
property loss especially in apartment. It may cause
other secondary disaster such as fire, electric shock and
short circuit. The technology about intelligent alarm
system is mature but lack for a kind of system that is
cheap and high-resolution. In order to solve the
problem, we develop a system that can measure the
liquid level fast, accurately, conveniently and can be
used in ordinary family.

There are several detection methods to measure the

liquid level: sonic detecting techniquem,

liquid
short-circuit method, flow detection method, Magnetic
Float

Transducer techniquem. But all of these instruments

Gauge'” and Diffused Silicon Pressure
must contact the liquid directly that can be covered by
the dirt leading to the inaccurate measuring result.

And the majority of current non-contact liquid level
detection devices use ultrasound as propagation
medium. The devices always get bulky, expensive,
complex and can’t be used in common family.
Although the non-contact level detection method"™
based on the refraction of light can achieve the aim, the
liquid which is measured must be transparent and
depends on the optical imaging lens. In order to
achieve the rise or fall of the water level , the linear
array CCD [ or the linear arrangement of fiber optic

[71;

sensors ''is used, so that the detection resolution is

improved, but the cost is greatly increased.

In conclusion the contacting liquidometer has the
defect of easy hanging dirt, short working life, high
price etc. And the caustic liquid can’t be measured.
The refracted detection equipment can only measure
the transparent fluid and depend on the optical imaging
lens and its anti-interference capability is weak. In
order to overcome the defect talked above, this study
designs a kind of discontiguous reflected liquidometer
system which has the characteristics of low cost,
high-resolution,  high  sensitivity = and  high
anti-interference capability.

The application of GSM technology makes it
possible to detect the house leakage and alarm in
distance when no one in the house. Once the
water-level changes, the system can measure the signal
immediately and send the alarm message to the user’s

mobile phone.

1.  HOLISTIC STRUCTURE

The holistic design is shown in Figure 1, the system
is consist of discontiguous reflected sensor, MCU,
GSM, LCD screen and power supply(is not shown in
the figure). The output of the discontiguous reflected
sensor is connected to the MCU input, the outputs of
the MCU are connected to the LCD screen and the
GSM. The sensor will send the water-level information
to the MCU when it detect the water. Then the MCU
module classifies and treat the information to judge the
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water-level and control the GSM to send alarm
message. The LCD screen display the water-level

instant.

Discontig > LCD
uous

Reflected T
> | MCU
Liquidome

ter Sensor

GEM Sanding

Message

Figure 1. Fundamental Structure

2. THE HARDWARE DESIGN

2.1 The design and manufacture of the discontiguous
reflected sensor.

Seen in Figure 2, the schematic diagram shows the
theory of the discontiguous reflected sensor: when the
laser diode send laser toward the liquid surface as a
certain angle, the reflection happened. The reflected
laser spot will move toward the laser diode parallelly
as with the rising of the liquid. On the other hand, if
the liquid level drops, the laser spot will move closer to
the laser diode parallelly. The photoresistances are set
on the trajectory of the spot linearly to perceive
changes in light intensity. By measuring the logic level
of the photoresistances, we can know the difference of
the liquid level.

Reflected Light 1

Laser Soures Raflactad

Light 2

water level 1

Figure 2. Collecting Theory

However, the diffuse reflection of the laser and other
light source cause interference so that the
photoresistance can’t be used as the device to measure
the liquid individually. To meet the requirements of the
high-resolution,  high  sensitivity = and  high
anti-interference capability, the receiving pipe is used.
It obviously improves performance that is required and
can be applied to detect the house leakage. The
photoresistance is mounted in the receiving pipe to

dampen the interference caused by the diffuse
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reflection of the laser and other light source so that the
anti-interference, resolution is improved and the
resolution ratio has reached 1 mm. The figure 3 is the
discontiguous reflected sensor design drawing.

A 7

Z

AR Al

1.Plastic casing 2.Laser source 3.Receiving pipe
4.Photoresistance
Figure 3. Light reflex non-contact liquid level detection sensor
module schematic diagram

2.2 The MCU Control Module

Figure 4 is the schematic diagram of this module. As
shown in figure 4 a is the angle of incidence, H is the
height of the equipment, h is the water-level, L is the
length of the apparatus, x is the displacement of the
laser spot on the sensor.

X —

- |
|
h

| |
'I/////////////i

Figure 4. Signal Processing Module Calculation Principle
Diagram

The formula derivation process is as follows:

tan o= (L /2)/H (1)
tan o= (X/2)/h ()
x=(L/H) h 3)

By geometric analysis we can get: X=(L/H)/h . The
distance of the laser spot is decided by height of the
equipment, water-level, the length of the apparatus.
Once X is known, the water level is detected.

In order to detect the water level in time, this design
uses a linear array of photoresistance array and
receiving pipe to receive laser signal. The resistance(10
kQ)is in series with photoresistance to low down
voltage. If the photoresistance is illuminated by laser,
the MCU will receive low level form the I/O so that we
can know the distance of the laser spot and the water
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level.
2.3 GSM sending module

Through market research, we have chosen SIM300
GSM SMS module which is consumption and widely
used. Just insert a SIM card when using the module to
the module slot. If the system start, GSM SMS sending
module will wait for the alarm signal, when the water
level changes controlled by the MCU to send alarm
SMS.

3.  SOFTWARE DESIGN AND IMPLEMENTATION

Software design of the system is consist of signal
processing and SMS module.

3.1 The software of signal processing

This section consists of two programs:

Firstly, the initialization of I/O port and interrupt are
defined, and then enter the main loop. The program
in the main loop is used to display the water level at
the time and detect changes. It will send water level
signal immediately once water level increase or
decrease, simultaneously start the message counter.
The program continues to display water level if there is
no change of it.

When the level changes, program start scanning
from the furthest photoresistor away from the laser
source. If low potential signal is detected, the alarm
signal is generated and read out the current level. At
the same time the system stops the scanning. If high
potential signal is detected, illustrating there is no laser
spot. The system continues scanning until the first high
is detected. After the water level signal is sent the
program will restart the c\scanning. Loop detection is
achieved.

This program uses the 60ms timer interrupt, the
interrupt subroutine count 6s (used for experiment, it
can be adjusted ). Whenever the interrupt is triggered,
the SMS counter is checked. If the value is less than or
equal to 2, program sent to the GSM module to send
message and the message counter plus 1. Otherwise,
immediately disable interrupts. The specific process is

shown in Figure 5.

Start

Set data acquisition
port and signal
output port

Initialize system
and timer

]

Display current
4 level

S

X Start
Enable

interrupts

I

N Display current
level

Y

N
MS counter=37

|| S5 counter+l |

Display current level

Send SMS signal

¥

SMS counter+l

fas maste:
switch been Y
opened?

Disable
Y interrupts
(™)

Figure 5. Signal Processing of The Software Design
3.2 SMISsoftware design
MCU control the GSM module through the serial
port. The procedures of this paragraph by the operating

instructions of the GSM communication module AT

13 query.
First, the LCD display module, single-chip control

command manual

module, and GSM SMS sending module is initialized.
After the successful launch of the GSM module system
enters detecting water cycle. Secondly, GSM module
extracted from the single-chip serial 1/O signal
sequence length of three. If a "000" is returned the
microcontroller continues to detect, otherwise wait. If
the I/O signal sequence is maintained for a period of
time and then becomes "000", meaning checksum is
correct, the I/O signal sequence is valid, otherwise
invalid. Finally, the MCU identify the I/O signal
sequence content to determine the corresponding water
level and control the GSM module to send alarm SMS.
After the sending of the alarm message the program
continues to detect code circular. Software process is

shown in Figure 6.
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4.

The fluctuation of the liquid surface will produce
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SMS based on

sequence
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Figure 6. SMS Sending Part of The Software Design

PROTOTYPE TEST AND ERROR ANALYSIS

errors. The liquid level is likely to produce a level
change of 1mm while measurement, in order to enable
the detection and alarm system to be stable and reduce
the false alarm or alarm frequently the water level is
divided into 6 level, each level interval 3mm. As the
level increases, reaching the corresponding level, LCD
screen will display the current level (display 0 when
there is no water), at the same time GSM module will
send an alarm SMS to the users’ phone.
4.1 Laboratory Instrument

Sink, Homemade home flood alarm system, caliper.
42 The measurement of the accuracy and
resolution .
421 Measurement method

Inject the liquid into the sink slowly, stop the
injection while the LCD screen displays the level
variation, the current level is measured with a caliper
and recorded. Continue to inject water until it reaches
level 6. Through this method, 10 groups of
measurement data as shown in Table 1, error analysis
are shown in Table 2, which Ah is the difference

between the measured value and the actual value of the

unit mm.

Table 1. Measurement data table

actual measured actual measured actual measured

value value A value value Ab value value Ab

1.00 1.00 0.00 4.00 4.00 0.00 7.00 6.80 -0.20
1.00 1.20 0.20 4.00 4.20 0.20 7.00 7.10 0.10
1.00 1.20 0.20 4.00 4.10 0.10 7.00 7.10 0.10
1.00 1.10 0.10 4.00 4.20 0.20 7.00 6.90 -0.10
1.00 1.10 0.10 4.00 4.20 0.20 7.00 7.00 0.00
1.00 1.20 0.20 4.00 3.80 -0.20 7.00 7.10 0.10
1.00 1.00 0.00 4.00 4.00 0.00 7.00 7.10 0.10
1.00 1.10 0.10 4.00 4.10 0.10 7.00 7.10 0.10
1.00 1.10 0.10 4.00 3.20 0.80 7.00 1.90 0.90
1.00 1.20 0.20 4.00 4.90 -0.10 7.00 6.90 -0.10
10.00 9.80 -0.20 13.00 12.70 -0.30 16.00 15.90 -0.10
10.00 10.00 0.00 13.00 12.60 -0.40 16.00 15.80 -0.20
10.00 9.20 -0.80 13.00 12.20 -0.80 16.00 16.20 0.20
10.00 9.70 -0.30 13.00 12.80 -0.20 16.00 15.50 -0.50
10.00 9.70 -0.30 13.00 12.90 -0.10 16.00 15.80 -0.20
10.00 9.80 -0.20 13.00 12.90 -0.10 16.00 15.90 -0.10
10.00 10.20 0.20 13.00 13.40 0.40 16.00 16.20 0.20
10.00 9.80 -0.20 13.00 13.20 0.20 16.00 16.40 0.40
10.00 10.20 0.20 13.00 13.20 0.20 16.00 16.00 0.00
10.00 9.70 -0.30 13.00 13.00 0.00 16.00 15.90 -0.10
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Table 2. Error analysis table

actual average standard actual average standard actual average standard
value error error value error value error error
1.00 0.12 0.14 4.00 1.30 7.00 0.10 0.32
10.00 -0.19 0.35 13.00 0.15 16.00 -0.04 0.26
4.2.2 Themeasurement results University.
According to Table 2, the average of average error
References

-0.01mm; the average of standard error - 0.42mm.

The measurement can be approximated with an
average error of 0.0lmm; standard error of 0.42mm.
Gaussian theory of accidental error shows that 68.3%
of the measurement error is between 0.42mm.

4.2.3 The systemfalse alarm rate experiments

i. Detection Method:

Under laboratory conditions, simulate no water,
water seepage (smooth flow), the leakage (medium
flow rate of water flow), water pipes burst (turbulent
flow) four cases. Detect the alarm system whether
Different

alarm system live to work 72 hours to observe the

works normally under these four cases .

stability.

ii . The test results:

No leaking: don’t send alarm SMS . System false
alarm rate equals 0.

iii . Leaking: water seepage, leakage and water pipes
burst in the three different situations can send alarm
SMS properly.

5. CONCLUSION

This study designs a kind of discontiguous reflected
liquidometer system. The system is applied to design
the alarm for house-leaking. The innovative use of the
linear array of photosensitive resistor as the light
receiving member, not only improves the resolution
and accuracy, but also reduces the cost. The
experiments show that the system is suitable for

domestic use low-cost, long-range flood alarm system.
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Double-fed Induction Wind Generator Rotor
Side Prolapse of PWM Inverter Control Strategy
Research

Xing-xing Fan, Yu-jun Wang, Shuang-wei Wang
(jilin university instrument science and engineering institute,changchun,130021 )

Abstract— Based on the running characteristics of doubly-fed asynchronous wind power generation system, and

compared with the traditional cross - straight - to pay the converter system, this paper puts forward to a droop

control strategy for the rotor side converter in order to maintain the stability of power grid voltage and frequency,

which is applied to two level voltage type double PWM inverter of doubly-fed asynchronous wind power. In this

paper, the principle of PWM inverter in the rotor side is introduced and by the way of sagging power control,

inverter for wind power generation system model is simulated .Besides, this paper achieved the voltage and current

harmonic analysis of the double-fed induction wind generator rotor side and the results analysis of the rectifier.

Finally it is concluded that the simulation results and the PWM inverter control of the rotor side scheme is verified

the feasibility.

Key words—Wind power Inverter PWM

I. INTRODUCTION

THE current mainstream of wind turbine model is
double-fed induction wind generator in wind power
generation system, its operation control is through the
control of ac excitation rotor side converter to
achieve[1].When the doubly-fed asynchronous parallel
operation of wind power system, the frequency of
wind power generation and power grid frequency
requirements are consistent, which requires constant
wind power frequency. The current wind power
system is mainly divided into constant speed constant
frequency motor system (CSCF system) and the
variable speed constant frequency motor system
(VSCF system).If we take measures to keep in the
process of wind power generator speed constant to get
and the grid frequency is consistent, the constant
frequency power is the constant speed constant
frequency motor system. This system adopted by the
general generator synchronous generator is the main
and squirrel-cage induction generator [2]. However,
variable speed constant frequency (VSCF system) of
the generator motor system speed change with wind
speed is in the process of wind power. We get
consistent and power grid frequency constant
frequency power by other control ways. The grid
inverter is part of the frequency converter, it is in the
rotor side and asynchronous wind power generation
system is essential to maintain a constant voltage
frequency in the wind power system. The present

Droop control.

study focuses on improve the grid side of the grid
inverter power factor and reduce the current total
harmonic distortion (THD) to solve the problem of the
large capacity power control the transformer. And it
requires that the inverter has the certain grid fault
ability to adapt in order to realize through the
operation of power grid failure under. It mainly
introduces a kind of active inverter output of feed
forward compensation on the basis of switching
function method is used to control the output voltage
and filtering inductance current double loop feedback
scheme 3 in the literature. But the inverter output
current harmonic distortion; It has established the
single cycle control three phase high power factor of
grid inverter simulation model in this paper, four and
mainly to its principle were expounded; This paper
puts forward 5 voltage type PWM rectifier direct
power feed-forward decoupling control new strategy
based on power control mathematical model. It solves
the issue of active power and reactive power are
coupled. But it is not involved inverter power control.
It can realize the current rapid dynamic tracing power
grid voltage instantaneous current tracking control
technology to in 6, the thesis then keep sine wave
inverter current waveform and voltage low efficiency.
To solve above problems and research direction, we
will be in the micro grid inverter power tracking droop
control strategy is applied to the doubly-fed
asynchronous wind power generation system
according to the micro grid in a dissertation 7, 8 class
power droop control theory. Simulation research for
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control  strategy through simulation software
Matlab/Simulink, we hope that we can realize the
maximum utilization of wind power and intermittent
control. This article is mainly around the PWM
converter and its related control technology in
doubly-fed asynchronous wind power generation
system. It set up two level voltage type double SPWM
inverter technology of the rotor side converter and
inverter model on the basis of the traditional hand in
rectangular converter. It was carried out on the model
simulation and analysis of control method in the
matlab/Simulink before the system design and
debugging. To verify the feasibility and effectiveness
of the control strategy..

II THE STRUCTURE AND WORKING PRINCIPLE OF THE

ROTOR

With the rapid development of power electronic
technology, PWM control technology is widely used
in high power inverter circuit. Now the single machine
capacity has reached megawatt wind turbines,
although its rotor ac excitation only need to the size of
the slip power capacity, but the large capacity
transformer capacity of wind turbines can still achieve
megawatt. Figure 1 is a dual PWM converter rotor
side of the inverter circuit structure. If the sine wave
as N connected to other waveform of pulse sequence,
then the pulse width is equal, but not equal amplitude,
and pulse at the top is not horizontal, the pulse
amplitude according to the sine law of change. It is the
so-called SPWM technology that makes the pulse
width according to the sine law of change and
equivalent of sine wave. We are on the VT1 - VT6 in
figure 1 of the inverter bridge SPWM control
according to the sine signals and triangular wave
comparison method. It can produce a sine wave
modulation in the dc input terminal of the AB inverter
bridge. In the Uab, Uab JiBo component and high
frequency harmonic and switch frequency. The
appropriate control Uab can make A, B phase current
and voltage in phase, to achieve power factor to 1.In
the same way can control the Uac and Ubc, make the
current and voltage in phase. According to the circuit
in the properties of dc power supply, the voltage type
inverter circuit is divided into two kinds of inverter
circuit and the current type inverter circuit.

This paper mainly introduces the voltage source
PWM inverter circuit. As shown in figure 1 of this
three phase inverter Bridge IGBT power/diodes
three-phase Bridge in the Universal Bridge module,
DC on behalf of the DC power supply, RLC on behalf

148

of the load circuit of the inverter.
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Fig.1 PWM Inverter main circuit

The three-phase bridge inverter circuit adopts dual
polarity control mode in figure 1, U, V three-phase
PWM control Shared a triangle wave carrier, three
phase modulation signal are in turn 120 radians.
Carrier signal is symmetric triangular wave, the
frequency of 50 Hz, the modulation signal is a sine
wave. The frequency is zero. Each phase of the control
laws of power switch device is the same. Its upper and
lower bridge arm took turns to conduction to get
bipolar PWM waveform.

III. THE LOW FREQUENCY AND HIGH FREQUENCY
MATHEMATICAL MODEL OF THREE-PHASE GRID
INVERTER

When the column to write KVL equation of
three-phase filtering inductance, we can get the state

equation of three-phase grid inverter in ABC
stationary coordinates as follows:
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The PWM converter ac status under the dq
coordinate system as follows:

L%_—R wl1[lq
¢ gLl _R}[iﬁ.h
dt

| S S [

(3-3)

The mathematical model of three-phase grid
inverter state variable expression in ABC stationary
coordinates as follows:
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The high frequency model under the three-phase
coordinate system conversion to high frequency model
under two-phase static coordinate system:
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The high frequency of the three-phase grid inverter
model under two phase rotation system as follows:
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By formula (3-1) ~ (3-6), we can find out the model
corresponds to the quantity. The general mathematical
model of PWM rectifier using switching function
description is accurate description of the switch
process, therefore very suitable for wave simulation.

IV. DROOP CONTROL PRINCIPLE AND MODEL

This article will make PQ droop control is
applied to the wind turbine rotor side converter in
parallel system, the combination of PQ droop control
method to improve the overall performance of the
inverter parallel system. According to droop theory of
the electric power system, the rotor side converter
made prolapse of active and reactive power control, at
the same time it will pass own active power and
reactive power signal signal to the network side of the
inverter through the network telecommunication
lines. network side inverter will weight average
after get used to droop control power signal own the
active and reactive power signals and the rotor side of
the inverter power, as the control of the inverter
trigger pulse signal. The wind power inverter parallel
system based on network control and PQ droop
control ,and the network side of the inverter power
control signal associated with the rotor of the inverter,
so the system as a whole are mobility can be similar to
the parallel control system, and when the transmission
line failure it does not like have a wire in the parallel
control system failure, weaver inverter can still be in
accordance with its own power droop control work.
The PQ network control in the wind power
generation system not only can improve the inverter
parallel system, and the effect of weaver
implementation can be close to have a wire in the
parallel control of weaver flow effect. According to
the rotor of the inverter output active power P and
reactive power Q, it collected its output current and
voltage, the power output of the active power and
reactive power is equal to the reference power. As
shown in figure 2 to droop control chart; Figure 3 in
the Matlab simulation software to build the droop

149



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2014

control model diagram.

Fig.2.Droop control block diagram

According to the PQ droop control strategy, we
establish  the MATLAB/SIMULINK  control
simulation model as shown in figure 3.The node
voltage and current as the output signal, through the
active power and reactive power feedback, finally we
get the trigger pulse to control the power switch
device
to shut off.

T ot

Fig.3. Droop control model in matlab
We get the active power P and reactive power Q
through the grid feedback of the three phase line
voltage and the phase line current, thus forming a
power tracking control to generate the trigger pulse
signal to control the three-phase inverter, realize the
droop control of the inverter.

V. THE SIMULATION ANALYSIS OF THE THREE-PHASE

PWM INVERTER

The simulation parameters are as follows: power
grid voltage is 1000 V, 50 Hz, load for 50 kW,
three-phase grounding load 380 V RMS, 50 Hz;

The simulation time starts from zero moment. In
order to observe clearly the waveform, and the
simulation time is set to 0.08 s. Figure 4 is the
simulation model system block diagram
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Fig.4. Inverter system model diagram

The frequency and amplitude of harmonic
component is one of the most important index to
measure the performance of PWM inverter circuit, so
it is necessary to us for the PWM and harmonic
analysis. By using FFT spectrum analyzer in the
powergui module, we on the output line voltage
waveform and sine wave output waveform harmonic
analysis, set the basic frequency is 50 hz, this time to
analyze the output waveform from the zero point, the

results of the simulation analysis is shown in figure 5.
70 M aem s 0

B

ek r—

Fig.5 Inverter output ac line voltage waveform and sine
waveform
We can see the output line voltage waveform does
not contain low harmonics in figure 5, the harmonic
amplitude of the larger is 38, 42 times, 79 times and
81 times harmonic.By adding a low-pass filter, we can
filter out the harmonic. The output sine wave contains
a low harmonic, does not contain higher harmonic.

[] [} " || =

Fig.6 Load waveform and harmonic analysis
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The figure 6 is the load voltage waveform by the
inverter output. We can see from figure 6 (1) the load
voltage waveform contains 38, 42 harmonics, and
among them 79 times, 81 times a second harmonic
amplitude is smaller. We can make more load voltage

waveform sine, through a series LC filter in the circuit.

Figure 6 (2) is usually under control inverter work in
unit power factor in the doubly-fed wind.

el

Fig.7 Inverter output line voltage

We can see the output voltage of inverter with good
waveform in figure 7, and its power factor is 1, the
phase voltage and current on the ac side, the energy
flow in the circuit. The waveform of the current is
close to sine wave, the PWM rectifier has the function
of energy bi-directional flow it satisfy the requirement
of ac excitation variable speed constant frequency
wind
power generator. Each node voltage must be within
the range required voltage quality in the working
process of the inverter, thus to ensure the normal
operation of power grid and reduce the harmonics and
waveform distortion rate. As shown in figure 8 is the
rotor side converter on the right side of each node
voltage waveform.

------

Figure .8 Each node circuit line voltage and line current

We can see the line current of various nodes and
each node of the line voltage waveform is close to sine
in the circuit in figure 8. And the frequency is stability,
the voltage and current are the same phase
synchronization. It can conclude that the droop control
inverter power in the circuit works well, and each
node voltage quality is higher.

VI.CONCLUSION:

<'[5] Jiu Wang ,Yang Wei

IN the wind power system we usually adopt SPWM
inverter control technology, which can reduce the
harmonic of voltage and current, thereby reduce
harmonic pollution and have extensive application
prospect. Uncontrolled inverter is simple and
reliable, has mature technology, in the range of the
linear modulation, its dc voltage utilization rate is low,
so sometimes inverter output cannot meet the
requirements of the load voltage. And in this paper, the
voltage vector droop control PWM converter has the
advantages of low output waveform harmonic, does
not contain higher harmonic, get the sine input current
with unit power factor, realize the advantages of
two-way flow of energy; And compared with the
traditional A-D-A inverter, it does not contain
harmonic related to carrier frequency, of which the
voltage utilization rate is higher. Modling the whole
system by matlab/simulink, simulating and analyzing
the waveform , we have confirmed the validity and
feasibility of the control scheme, and we can see that
two level voltage type double PWM converter has a
potential development prospect in the future.
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The test of response character of static reactive
power compensator SVC

Li Xiang; Cui Jianlei; and Lv Han
(jilin university instrument science and engineering institute,changchun,130021)

Abstract—Because of the national vigorously promoting clean energy, clean energy is becoming more and more

necessary. because of the uncertainty of clean energy, it will cause a lot of problems; One of the most serious is a

lack of reactive power and unstable of the voltage . the solution is to reactive power compensation. Farm is equipped

with a dynamic reactive power compensation device of a certain capacity. In order to select an appropriate reactive

power compensation device, it need to test response characteristics .This paper introduces a technology based on

virtual instrument, using the LabVIEW software in the PC to create a dynamic reactive power compensation device

response characteristic test system, realizing the test of reactive power compensation device SVC response

time ,obtaining the response time characteristic.

0.INTRODUCTION

THIS topic is on the basis of the virtual instrument
technology and the LABVIEW programming,
according to collect the actual voltage current signal
source, choose an appropriate calculation method,.
according to the design objective programming for the
correct operation, get to the response time of the
reactive power compensation device features. This
topic research design completed the signal
conditioning circuit PCB design and production,
through the PXI data acquisition platform, has realized
the data processing in LabVIEW development
environment, calculation, analysis and real-time
display of voltage and current waveforms, obtained
the expected by the reactive power and reactive
current curve, also has realized the response time of
the test..

1. INTRODUCTION OF THE RESPONSE CHARACTERISTICS

OF THE STATIC REACTIVE COMPENSATION DEVICE

The response characteristics of reactive power
compensation device, mainly for the dynamic. In
normal power grid of reactive power compensation
device and the current curve to approximate straight
line, generally when the curve is steep decline or
slowly down to normal, we can conclude that the grid
has been in a state of flux, and lack of reactive power
or current. Now need to run the dynamic reactive
power compensation device, injected into power grid
reactive power, at the time of injection of reactive

power, reactive power current curve will slowly back
to normal levels. In the process, we can get the
dynamic reactive power compensation device's
response time. Among them, the compensation to join
points and reach the normal dynamic response time is
90% of the time[1].

2.REACTIVE POWER COMPENSATION

2.1The principle and significance of reactive power
compensation
2.1.1 The principle of reactive power compensation
During normal operation of the power supply
system, every node voltage amplitude will change
with the change of operation mode, deviating from the
system voltage rating. Power system reactive power
imbalance means that there are a large number of
reactive power flows through power lines and
transformers. Due to the impedance exist in the line
and transformer ,this result to terminal voltage
appeared difference. It is the root cause of the system
voltage caused by
Experiments show that the reactive power comp
-ensation voltage fluctuation decreases, improve the
level of the voltage of the system as a whole.Electric
power system, therefore, should have enough reactive
power supply to meet the requirements of power grid
and the voltage of the load level and economic
operation[2].
2.1.2The significance of reactive power compensation
In the operation of the power system, reactive power
flows through the circuit and node voltage is a pair of
is closely related to the amount of real-time, reactive
power shortage and excess will affect the voltage
stability of power grid node and the safety of the

deviation nominal value.
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power system operation. The benefits of compensating
reactive power is mainly composed of the following:

(1) Improve power quality, guarantee the stability of
power grid.

(2) To reduce the system reactive power flow in the
circuit, when the total apparent power must be active
power system transmission ratio will increase
relatively.

(3) System circuit of the reactive power flow in the
lower can refer to the power factor of system, in the
design, power supply device, its design capacity will
decrease relatively, and reduce investment, reduce the
cost.

(4) Can reduce the loss of line[3].

2.2 Principle of static reactive power compensation
device.

Compensation device is named mainly according to
its automatic control means of implementation.
Because each kind of automatic compensation device
control implementation method is different,the prin-
ciple of compensating reactive power is different too.
Due to this project is MCR type SVC, so only
introduce the work principle of the compensation
device.

MCR type SVC by MCR ontology and each
capacitor reactive real-time power adjustment, its
electrical structure as shown in figure 2-1. The MCR
ontology control dc excitation by controlling the
conduction Angle of silicon controlled rectifier , Then
control core saturation degree. The higher of the core
saturation degree , the smaller inductance of MCR.
Conversely, the greater inductance of the MCR. By
changing the saturation degree of the core can achieve
the purpose of smooth regulating the inductive
reactive power output. Main controller calculate the
real-time reactive power according to system voltage
current, and to implement the reactive power
compensation on the system according to the principle
of "small reactive power adjustment point of view, a
wide range of reactive power for capacitance"[4]

11
L

3o

5 7TH MCR

Figure 2-1 MCR electrical diagram

2.3 Introduction to the platform and the data
acquisition card

PXI is a platform that is solid and based on PC,
which is suitable for measurement and automation
systems. Controller has Microsoft's Windows
operating system or real-time operating system (NI
LabVIEW real-time), high-performance embedded
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controller, as well as desktops, workstations, servers,
or notebook computer control of the remote controller;
Module contains more than 450 kinds of function,
maximum convenience needs of users for various
programming. This topic chose 2 pieces of eight
channels of PXIe - 4300 data acquisition card, on PXI
platform completed 12 channel synchronous data
acquisition. PXIe - 4300 data acquisition card is 8
channal synchronous sampling of analog input channel,
the highest sampling rate reached 250 ks/s, is a 24-bit
resolution. This system through the DAQ assistant will
sampling rate as 2000 hz, for continuous sampling, the
sampling points to 2000, maximum input voltage
amplitude for 10 v.

3.THE SYSTEM TOTAL DESIGN AND HARDWARE CIRCUIT

DESIGN

3.1The systemtotal design thinking

This topic studies the work principle of reactive
power compensation device and its response
characteristics, the grid signal by reactive power
compensation device,then by transformer get input
small signal , the small signal after filtering, blocking
and amplification processing, after a protection device
by PXI data acquisition system into the collection and
processing computer system.Finally, by LABVIEW
software to get the response characteristics of reactive
power compensation device, mainly for the dynamic
reactive power compensation device's response time
characteristics. The objective of the virtual instrument
is refers to the measurement and control platform
based on computer, it can replace the traditional
and control instruments, such as
oscilloscope, signal generator, can be integrated in the
automatic control, industrial control system; Free to
build into a proprietary instrument system[5].

The total research frame as below 3-1

Transformer module+

‘ Signal conditioning circuit ‘

!

‘ PXI data acquisition system+ ‘

v

The computer data processing
svstem based on LabViews

v

The response time of the dynamic reactive

measurement

power compensation device characteristics+

v

| The final result+ |

Figure 3-1 Total block diagram of system research
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A : Reactive power compensation device secondary

side to collect real-time data:ireactive power
compensation device is not limited to one, should be
universal, this project is to MCR for the analysis of the
typical test device.

B ! Transformer module: converts power grid
voltage current safe low voltage current test available.
C: signal conditioning circuit : The input voltage

current signal filtering and amplification of protection,
blocking process, make it more close to the theory of
using signal.

D: PXI data acquisition system: acquisition part,
using PXI platform provides interfaces, signal
acquisition.

E: LabVIEW computer analysis control module: by
Labview software implementation, to adopt the
computing formula of basic signal according to the
theory of corresponding curve, parameter analysis and
generate the required table.
3.2The selection of the transformer

As stated earlier, the input voltage transformer rated
voltage is 100 V, rated current of the input current
transformer for 5 A / 1 , so according to the
parameters, selects the CHG - 100 VA voltage
transformer and CHG - 500M and CHG - 1000M
current transformer. Basic electrical parameters of
chosen transformer in the following table 3-1 and table
3-2 and table 3-3. By its electrical parameters, the

fixed working frequency and the type of transformer
for power frequency 50 Hz, high accuracy reached
0.2%, linearity is also very good. In addition, the
measurement range of transformer is its rated voltage
up to a certain value, thus can meet the requirements
of power grid volatility normal work. The type of
transformer insulation voltage is very high, at KV
level, has the very good
performance, thus eliminating isolating circuit design,
directly to the output of the transformer input terminal
connected to a circuit for signal disposal. Figure 3-2
for the wiring diagram of voltage transformer, figure
3-3 for current transformer wiring diagram.

electrical isolation

(=N =]

T2

VYV

ko<

Terminal instructions
1 side :
The primary

shield 2 side : The primary input(A) 3 side :
input(B) 4 side : The secondary output(a) 6
side : The secondary output(b)

Figure 3-2 current transformer wiring diagram and

the terminal
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Figure 3-3 voltage transformer wiring diagram

The
The . .
output . Insulation | . . Measuring

model rated | frequency precision linearity

voltage voltage range

voltage
CHG-100VA | 100V 50Hz 5V 0.2% 2.5KV 0.2% 120V
Table 3-1 voltage transformer basic electrical parameters
model Rated current | Frequency The output Precision | Insulation voltage | Linearity | Measuring range
current
CHG-500M 1A 50Hz 2mA 0.2% 2KV 0.3% 2A
Table 3-2 current transformer CHG - 500M basic electrical parameters
model Rated current | Frequency | The output current | Precision | Insulation voltage | Linearity | Measuring range
CHG-100M 5A 50Hz S5mV 0.2% 2KV 0.2% 10A

Table 3-3 current transformer CHG - 1000 - m basic electrical parameters

3.3The signal conditioning circuit design
3.3.1 Avoltage signal filter module
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Figure 3-4 The second order type voltage-controlled voltage
source LPF
The parameters of all components as shown in table
3-4
Table 3-4 Voltage signal filter parameters

R1 R2 R3 R4 Cl1 C2

7.5K 15.0K 47.0K 47.0K 10nf 10nF

3.3.2 Current signal filter module

Current signal filter adopted infinite gain multiple
feedback low-pass filter, the schematic is shown in
Figure 3-5.

T

Fig.3-5 Infinite gain multiple feedback low-pass filter

3.3.3 Blocking circuit module

In the actual output signal of power grid , Usually
there is a dc component , Therefore dc should be
included to dc signal conditioning circuit
According to the previous experience , This topic
adopted a simple and reasonable , high
applicability to removing straight offset circuit , the
schematic is shown in Figure 3-6.

Si
gn
al-
ou

an first-

al-+

pwgew

Fig.3-6 Dc isolation principle
3.34  Amplifying circuit module
After blocking circuit of the alternating current

signal is small , Needs to be enlarged , In order to

input the PXI for data collection . The amplifying
circuit choose LF353 op-amp chip, used two stage
amplifier applications, Adjustable magnification can
be realized . the schematic is shown in Figure 3-6.

0

Fig.3-7 Amplifier circuit principle diagram
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4. THE SYSTEM SOFTWARE DESIGN

This chapter will introduce this topic at the core of
the software design part , The software programming
are realized in the LabVIEW2011 development
environment .

4.1 the software design
4.1.1 The overall process design of software

Install driver , Initialize the software , Install

the DAQ assistant ,Set the system

v

Write data acquisition program , DAQ card converts

analog signals to digital signals is transmitted to the

computer to complete the data collection

v

According to the collected real-time voltage and current

data display voltage and current waveform, Finish the

calculation of voltage amplitude and Current amplitude .

v

Writing system of apparent power and reactive power

program , using the power triangle to calculate The reactive

power, using the power factor to calculate the power factor,

Finally calculating reactive current of each phase

v

Correction parameters, Measurement data is close to the

actual value

Write a program about the computational response time,When

the end of the reactive power compensation, shows that the

compensation time, the response time

v

Three total reactive power figure, with the passage of time, the

image will be added together, then Waveform becomes chaotic,

now change program to realize real-time monitoring of waveform

v

Set the reactive power compensation program into a subvi,

packaged into the electric energy quality detection system

v

By setting the cursor, you can know graphical point coordinates,

can also view any interval by interval selection of graphics.

Fig.4-1 Software process design
4.1.2 Sgnal acquisition module
When using the LabVIEW program analysis
processing PC external input signal, Signals by
external be collected into the program through the
DAQ assistant module ,Signal acquisition module
program are shown in figure 4-2.
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i F i . . |y =1sinF
funber of sanplss) reactive current is ' © .

Through the apparent power and reactive power of
the basic method to calculate active power can get
accurate data

timeout (s)

5.SYSTEM TESTING RESULTS AND INSTRUCTIONS

5.1 Reactive power and response time
Fig.4-2 Signal acquisition part program chart | EEmEawEsE [
DAQ read acquisition of data , the output data is a n '
d array , The array is the voltage current signal in real
time .
4.1.3 The calculation of amplitude and Valid values
According to Acquisition of voltage and current
signals , writing the calculating amplitude and
Valid values program .The program block diagram
are shown in figure 4-3 and figure 4-4.

Fig.5-1 Reactive power and response time
At left is a three phase diagram and the total power
three-phase reactive power ,At right is real-time
monitoring diagram.When power grid normal, reactive
power curve fluctuations are small; When the grid is

#il

Fig.4-3 RS subvi program not normal, curve will be lower than under normal
_H] sEEEE | e circumstances, through the dynamic reactive power
_; i e compensation, reactive power curve will once again
_? B%l&téﬁ reached the normal level .

g i — 5.2 three-phase reactive current

Fig 4-4 Amplitude RMS calculation part of the program
4.1.4 Active power calculation module

Using two FOR loop , Through multiple sets of

data averaging method to calculate active power , The
program block diagram are shown in figure 4-5.

i

Fig.5-2 Three reactive current figure
When the curve declined precipitously or slowly
down to the abnormal, can be concluded that the
= power grid has been in a state of flux, and reactive
) power is insufficient, Now need to run the dynamic
4 reactive power compensation device, injected into
B power grid reactive power, at the time of injection of
: reactive power, reactive power current curve will
Fig.4-5 Active power calculation part of the program slowly back to normal levels.
4.2 parameter calculation method 5.3 measuring basic parameters of the power grid
The calculation formula of apparent power is RN

S=Ul

b

The calculation formula of reactive power is

Q=Vs'-pP* , The calculation formula of the power

factor is S°SF =% The calculation formula of

Fig.5-3 Basic parameter measurement figure of power grid
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In the program, can be set through the coefficient to
calibration, the accuracy can be guaranteed.
5.4 Response time of the display
Frigited
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Fig.5-4 Response time figure
A stopwatch timing starts ,To compensate the time
is Compensation time is the end Compensation time
minus the not compensation time.

6.CONCLUSION

This subject is in the master certain
LABVIEW programming method and the reactive
power calculation method on the basis , After a month
of study and research , realizing the real-time
detection of reactive power; Response time of the
display; Parameter calibration . The project realize
reactive power compensation response time test,
which can detect the time of the compensation extent
of compensation device and is in line with the
requirements, has great practical value in the power

plant.
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Design and realization of precise oil weight
measuring system model based on HTG

Meng Qingchao; Li Jiping; Zuo Chengjun
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Abstract—To tackle the problems of the oil metering , such as large masses, low precision and sensitivity to temperature,

the method of oil tank measurement based on HTG is put forward , and a precise oil weight measuring system model is

designed accordingly. The system model is based on HTG,

and the hardware part consists of the modules of data acquisition

and display, which is realized by temperature and pressure sensors. The data have been calculated precisely and the error of

the model is also analyzed accurately. Experiments show that the model has provided valuable reference for the actual oil

metering systems.

Keywords—HTG; MAX1457; data processing

0 INTRODUCTION

WITH the increasingly higher requirement of the oil
metering, the metering methods become more and
more diverse, changing from the manual inspection in
precision

the past to contemporary digital

measurement. Metering methods are becoming
increasingly advanced and complex. In the field of oil
production, due to the universal adoption of oil cans,
the mass of oil is so large that it can’t be measured in
most cases. Although the hand gauging can be used to
measure the seized oil volume to calculate the actual
mass, the result can be very imprecise due to
inevitable manual measurement errors. ! The oil mass
can be measured by tank gauge, however, this method
can’t exclude the effect of temperature on the oil
volume. In order to solve this problem , a new system
model based on HTG is designed ,which can meet the

measurement requirements with its relative accuracy.

1 OVERALL DESIGN OF THE SYSTEM

The system consists of three main modules: Saving
tank model design modules, data acquisition and
compensation module , data processing and display
module. The overall scheme of the system is shown in
Figure 1 .

P-Senso »] RC
Ll
Lowpa max1457
.| AD | Compensa
ss 71 Transfor "1 ton
T »| Filt pevie
-Sensor = fiter
Data
A
MCU Processor Unit

Display

Figure 1 System architecture

To meet the precision requirements, a special
container is designed, which is a regular cylinder . The
sensor mounting height acts as a standard of the
parameters calculation, and hence, mounting height is
crucial to the measurement of the sensor and system
errors, in these theoretical estimates of the height of
the container.

The theoretical calculation is as follows: provided
that the system accuracy is 0.3%, the measuring
accuracy of the static pressure sensor is 0.2% , the
measuring range is 0-10kpa, without considering the
influence of temperature, the measurement absolute

error is : 10 x10° x 0.2% = 20pa. The error of the
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P
liquid level: h= ——; the liquid mass of the
r-g

cylindrical container volume per mm:

Mum=p R*[10.001 ; fluid mass to be measured is at

least : M=(Mynxh)/0.3%. The liquid level in the

container is at least : M/Mhm=h/0.3%~666.7mm.
Thus, the height of the contained liquid can be at

least 67cm. In order to ensure the measurement of the

pressure sensor, the height of the container is set 70cm.

However, in no case can the dead zone resulted by the
lower sensor installed below be avoided. Therefore,
only artificial gauging or liquid level gauge can be
taken to avoid errors caused by the dead zone. In this
case, the installation location of the pressure
transmitter should be set as low as possible. The
positions of the two sensors are selected at Scm deep
and 30cm deep. The physical map of the tank model is
shown in Figure 2.

Figure 2 Physical map of the tank model

2 DATA ACQUISITION AND COMPENSATION

2.1 Design of temperature acquisition circuit

Pt100 is chosen as a temperature sensor, which is a
platinum resistance temperature sensor. The sensor has
good linearity , high accuracy, wide measurement
range , operational ease”’. Its resistance changing with
temperature changes leads to the voltage difference
between the Huygens bridge, amplified by the
amplifier circuit and converted by AD into msp430
acquisition

systems.  After data  processing,
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temperature will be displayed on the LCD screen.

The reference voltage of msp430 ADC is 2.5V, so
the reference voltage of the bridge is chosen as 2.5V,
choosing AD580 chip as the reference voltage source.
Advantages of ADS580 are listed as follows: initial
tolerance reaches =+ 0.4%, excellent temperature
stability of 10ppm / ° C, long term stability is better
than 250 uV“O]. INAT114 produced by TI is selected as
the instrumentation amplifier, which is integrated into
a chip. Having advantages of low noise, high common
mode rejection ratio, high input impedance
magnification adjustable, the chip is quite easy to use.
To achieve the goal of precision measuring, all
resistors are precision resistors with low temperature
drift?® .

Generally, the actual temperature of the oil ranges
from 0 ‘C to 100 °C. The resolution of Msp430 AD
converter with 12-bit accuracy reaches 1/4096 .Thus,
the actual temperature resolution reaches up to
100/4096 = 0.024414 C .At the temperature of
100 C, the resistance of pt100 is 138.51Q,and the
corresponding AD input voltage is 2.5V. The actual
bridge voltage differential pressure is much smaller
than this. In order to reduce the amplification of the
noise of internal amplifiers, reducing the amplification
to improve accuracy can increase the bridge pressure[s].
Bridge road side resistance is selected as 500Q and
sliding rheostat with 200Qis chosen as the lower side
resistance, consistent with pt100 resistance , so that
the balanced output of the bridge at 0 ‘C reaches 0V.
Sliding rheostat resistance should be set about 100€,
the voltage of which is 2.5V at 100°C. In the case, the
bridge voltage difference is (138.51/638.51-100/600) *
2.5V = 0.125V, magnification is 2.5/0.125 = 20 , and
the resistor Rg= 25 * 2/ (20 -1) = 2.631kQ, so sliding
rheostat with 5KQ meet the requirement. The
simulation of temperature acquisition circuit is shown

in Figure 3.
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Figure 3 Simulation of temperature acquisition circuit
2.2 Design of the low passfilter
The design set 100kHz as the cutoff frequency of
filter,
quadratic filter circuit. Because the cutoff frequency of

the low-pass using second-order double
the low-pass filter is 100kHz, op27 is used as the
operational amplifier. The specific value of each
resistor capacitor can be calculated by biquadratic

equation of low pass filter. The circuit diagram of a

low pass filter is shown in Fig.4.
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Figure 4 Low -pass filter circuit simulation
With the above circuit diagram simulation, the
simulation results are shown in Figure 5 . The red
waveform is the input, the green waveform is

output ,and the gain is 0.707 .
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Figure 5 Simulation results of the lowpass filter

2.3 Design of data compensation circuit

MAX1457 is a chip controlled by dedicated sensor
signals. This chip is highly integrated, able to
compensate for the temperature error of silicon
piezoresistive pressure sensors and nonlinear errors 31
The data compensation circuit based on this chip is

shown in Figure 6.

[ v
INLEATOR T
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- iar 15
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Figure 6 data compensation circuit

Compensation Principle: a programmable current
source is used to power the sensor bridge. According
to the relationship between bridge the terminal voltage
and temperature, take the temperature signal V(T) as
the bridge terminal voltage , and use a 12-bit ADC to
convert V(T) into digital values and address them in
EEPROM, so compensated coefficient D(T) in
different linear sections can be obtained ™', FSO
compensation coefficients are written respectively
from the EEPROM into two 16-bit DACs
(OFFSETTC and FSOTC). Since the bridge terminal
voltage is the reference voltage V(T), DAC output
voltage can be expressed as:

D(T)

VDAC = ?V(T) (1)

For two-way DAC:s, selecting the appropriate D (T)
respectively, the compensation effect can be reached .

The output of compensation circuit is 5V, a voltage
follower and divider circuit is set up as shown in
Figure 7 ,and the output voltage is 2.5V. The input is
on the left side and the output on the right.
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Figure 7 Voltage follower and divider circuit

3 DATA PROCESSING AND DISPLAY

3.1 Pressure sensor testing and acquisition of
calibration parameters

Acquisition data of output pressure are shown in
Table 1, and data image are drawn in Figure 8. As it
shows, output data curves of the sensor are in good
agreement with the results of the linear relationship .

Liquid
5 10 15 20 25 30 35
height
0.03 0.9 1.3 | 1. 8 2.6
Output 1 0.445 2.235
7 07 48 11 97
0. 0 0.0
Output 2 0 0 0 0 0
57 31
Theoreti
0. 4] 038 1.2 2.4
cal 0 1.628 | 2.035
07 15 21 42
output 1
Theoreti
0.2
cal 0 0 0 0 0 0
45
output 2
Table 1 Pressure output value
measured output
45;
—#— output
At —+— output2 ¥
350
3 |
> 251

156+

05r

hiem

Figure 8 output data curves
Diffused silicon piezoresistive temperature sensors
will cause zero drift and temperature drift, which need
to be compensated and corrected by MAX1457, but its
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zero drift and temperature drift must be measured at

different temperaturesm

. Specific practices are as
follows: perform the zero test without any water in the
model, add pre-adjusted water about 40 ‘C, and
record the output of the sensor, then wait for the water
temperature to decrease gradually. Monitoring the
temperature changes of the previous step in water
through the circuit, record the output of the sensor
every time the temperature drops a degrees Celsius.
Due to limited laboratory conditions, so only about 15
sets of output data are recorded ranging from 40 C
to25 C.

Analysis of the data shows no significant
temperature sensor drift with only 2.2mm height of
error( When 40 C).

Because the MAX1457 addresses EEPROM under
different

conversion to deal with the correction parameter from

temperatures , using digital-analog
the inside and adding the output of the sensor to
compensate for the effect of the correction™ . Since
the internal DA converters of MAX1457 are 16-bit,
the experiment makes compensation at the
temperature ranging from 40 C to 25 C and
interpolate for 15 times.

Zero calibration can be solved directly by msp430.
temperature drift at 0°C can still occur, however, only
temperature correction for zero calibration will be
enough due to the inaccurate set of temperature
limited by laboratory conditions . Zero output is
0.016V, just substracting 131 in on the AD conversion
result.

3.2 Data processing

Since there are totally 4 parameters in the
measurement, namely the density , temperature, mass ,
a total height of the liquid. In order to obtain more
accurate parameter value, the density is chosen as the
reference calibration for other parameters . Because
the temperature sensor can be accurate to two
decimals, temperature parameters will be more precise.
however, the relationship between density and
temperature of the water (water as the experimental
subject) is not linear, and there is no precise formula
for reference , therefore , liquid density can only be
acquired by look-up table.

Formulas of specific parameters are listed as
follows [ (AD reference voltage : 2.5V):

Temperature:
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T= Vi -100 2
2.5
Pressure:
P=Vin - 6000 (3)
2.5
Height:
He 2 (4)
r-g
Mass:
m=pR’H[r (5)

In formula ( 2), V., is the temperature sensor input ,

Vin

in the equation ( 3 ) is the pressure sensor input .

p is the density of water. g is the gravitational
constant , R ( radius of the container ) = 15cm.
Program flow chart is as follows:

AD Initialization

v
Calculation length

v v

12864 Initialization Calculation quality
A/D Transform Data resolution

v v

T-Data process Display

v v

Table check [ End ]

v

P-calculation

I

Figure 9 System program flowchart

4 RESULTS AND ERROR ANALYSIS

4.1 Results analysis

Density resolution reaches two decimals. Only the
integer part of the temperature is displayed. The liquid
resolution can reach millimeters , mass resolution can

reach grams. The errors of display and the actual

measurement still exist. Height error is about 1.5cm or
so. The mass error is about 0.7kg. The range of the
sensor at the bottom is 6Kpa, in the case, height error
is 2 %, mass error is 1.5 %, which meets the error
requirement of 3% .
4.2 Sources of Error

1) Size model is calibrated by hand , so the
measurement error is inevitable.

2) All resistors have resistance error and
temperature drift , which is one of the reasons for
causing 1% errors and Sppm temperature coefficient.

3) AD converter resolution is limited , and there is a
quantization error , the error is 0.0245% .

4) msp430 can only retain its integer parts when
doing integer division, greatly reducing the accuracy
of the data. Due to the limited time at this stage, the
algorithm is not perfect, remaining to more accurate in
the future.

5) Measurement accuracy is limited, which is also
one of the causes of error. Figure 10 is a pictorial
diagram of data processing .

R

>

Figure 10 pictorial diagram of data processing

5 CONCLUSIONS

Using msp430 to obtain and process experimental
data has the advantages of fast response and high
processing accuracy. Making compensation for the
data acquired by Max1457 can improve the accuracy
of the system. Now the system has met the
requirements with measurement error less than 3%.
Large numbers of experimental data show that the
accuracy of the system model in terms of mass has
fully met the requirements, which solve the problem
of weighing oil accurately. In addition, the cost is
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relatively low. In general, the system provides a

reference for the actual measurement .
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Research of asynchronous motor fault diagnosis
based on Matlab simulation platform
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Abstract—To do the common fault simulation like locked rotor, broken bar, power grounding etc of the three-phase AC

asynchronous motor by MATLAB and analyze the result using fft method. Take several power ground signals as the training

sample of the BP nerve net. Then get the data processing and normalization. Take these parameters as the inputs of the nerve

net. To judge the state of the system and recognize the fault after study train.
Key words—Neural network Fault simulation Asynchronous motor Matlab

I. PREFACE

INDUCTION motor is widely used in industry and
agriculture, According to statistics, at present, the
number of motor in the whole country Accounts for
over 70% of the total of the grid, About more than 3
million units are burnt down every year.

At present, there are two ways, Offline maintenance

and online maintenance, to maintain the motor. Online
maintenance has a good result of Real-time
monitoring. It can avoid or reduce the damage of
Motor fault.
In the actual operation, locked rotor, Section bar,
power grounding etc are most common. So, in this
paper, we used MATLAB to simulate those three faults
and focus on the Three-phase power supply grounding.
analysis The stator current by FFT. Dealing with and
normalizing the data we got ,and put them as the input
of The neural network to train the neural network.
Realizing that diagnosing the motor fault by the neural
network.

II. THE NEURAL NETWORK AND THE PRINCIPLE OF

DIAGNOSIS OF MOTOR FAULT

A. Theneural network.

The neural network (figure.1) is constituted by lots
of neurons In accordance with the topology. Every
neurons is the basic unit of the neural network.
Generally, it’s nonlinear unit with multiple input and
only one output. In the figure.1, Y; is the input of the
neurons, Hi is the threshold, Xi is the input signal,
W;; is the weight of neurons from Uj to U;. §; is the
input signal from Exterior. The above model can be
described by

Ci:ZWjiXi+S (1-1
Y =f ‘R17H1> 1-

f is the activation function. Artificial neural manages
the information Through three steps. First, completing
the operation of input signal and neurons’ connection
strength, then Trading the result by Activation function
(such as sigmoid function) and Threshold function. If
the output value is greater than the threshold, Then this
neuron is activated, Or in a inhibiting State. Neurons
are connected into a network according to a certain
mode. The size of the connection weights between the
neurons reflect that Signal strength is weak or strong.

Wil Si
J
X1
~
Wj2 Yi -—
- 01

X2 f

Wj3 v

X3

Fig. 1. The neural network
B. BP Network model locked rotor

BP network is a multilayer feed forward network by
back propagation neural networks.is The most
representative and one of the most widely used
network model in Artificial neural network. It consists
of input layer, hidden layer, and output layer. In the
network, The signal passes on by the input to the
output By one direction. And Identical level neuron
Does not transmit the signal mutually. Each neuron is
connected to adjacent layers of the neurons. The
output of A layer of neurons Transport to the next
layer of neurons By enhancing or inhibiting the
connection weights. Besides input level, Each neuron's
input is The output’s Weighted value of all neurons in
the previous layer.

C. Theprinciple of fault diagnosis
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Based on powerful learning features of the neural
network, training it by peak-to-peak value of current
special electric frequency of motor’s different running
status, and the network after training can judge the
motor runs under the same conditions. Its fundamental
principle is diagnosing motor fault by the features of
frequency spectrum. Frequency spectrum analysis of
Stator current is an Effective method of diagnosis and
monitoring of AC motor fault. It can Diagnosis AC
motor’s section bar, voltage lacks, voltage phase,
Power grounding. Cage and Air gap
eccentricity etc. can be manifested in Stator current by
air-gap magnetic field. By examining the stator current
and Frequency spectrum analysis, we can Diagnosis
these faults. But, frequency spectrum characteristic
analysis is unstable also is complex, using neural
network will Judge fault type fast. The normal and
fault data of neural network’s Fault diagnosis come
from Simulation model on MATLAB.

fracture

III. SIMULATION OF MOTOR FAULTS AND FREQUENCY

SPECTRUM ANALYSIS

A. Rotor broken bar

1. Principle of using detection of stator current to
diagnose broken bar

In ideal situation, The frequency of the stator
current of motor is single. But If there is a fault of the
time, on the Frequency spectra, there will be a Side
band that appears on the frequency which Differs
two times with Power frequency, This phenomenon is
confirmed by Hargis etc. We can Inference The
number of broken cage by Sideband amplitude and
size of Difference between it and amplitude of
Fundamental frequency current. This is the principle
of Fault diagnosis by analyzing the frequency of Stator
current of Asynchronous motor.

2. Building the model of broken bars fault.

When the actual structure of rotor is not taken into
account, Wire-wound motor and Squirrel-cage motors
are Exactly the same. And According to the theory of
loop, When the broken bar fault happens, In fact only
The size and distribution of the loop flux are changed,
so, Absolutely we can change the resistance of one
Winding to Replace it. Simulation parameters of
motor are:

Stator resistance: R:=0.435Q;
Rotor resistance: R, = 0.816Q;

Self-induction: Ls =20€7 g,
Mutual inductance: L =69.31€” H;

166

3
Rotor self inductance: Lr=2.0e H;

The moment of inertia: J = 0.089kg.m2;

Rotor resistance (External), R,, Ry, R. (are all 0.1Q
at Normal time, one will change to 0.5Q-2.0Q2); Rated
load is 11.9Nm. Rotor broken bars is simulated as
figure2.

Flg 2. The simulation of rotor Broken bars of Asynchronous
motor
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From the above that Normal and defective frequency
spectrum we know, When the normal operation of
asynchronous motor, harmonic value of frequency
spectrum is 5*%10"-4% of the center frequency. But
when broken bar happens, this data turns to about 0.5%,
differing by three orders of magnitude.

B. Locked rotor

1. Principle of locked rotor

Locked rotor means that the motor rotor does not
working Due to a malfunction. The performance is that
the Slip s=1 in T equivalent circuit, That is, Additional
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resistance is zero. In such a case, s=1, speed n=0,
motor is in no running state. When simulating the fault
of motor, by modifying the inside of the motor, we can
get this simulation. There is no feedback of speed
when locked rotor happens, so changing the input to
0.The simulation of locked rotor shows as figure5.
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Fig.5. Simulation of locked rotor

2. Principleof fault diagnosis

When locked rotor happens, motor equals to an
Electricity Inductance, so the current will be A lot
more than it Under normal circumstances, about
12-50times.By analyzing The amplitude of stator
current we can Infer the locked rotor. Current of
normal circumstance or fault is shown as figure6 and
figure7.

R TR

Fig.7. Current of Normal circumstance

According to the Waveform above, the Amplitude of
fault is 75A, Normal circumstance’s is 2A, It’s
consistent with the theoretical results.

IV. MOTOR FAULT DIAGNOSIS BY NEURAL NETWORK.

A. Principle of determining neurons of input level.

Because of that most of the scene can’t provide
operating parameters of motor detailedly, we should
choose widely used Characteristic parameters to be
input neurons. So, Selection of The characteristic
parameters of fault must Follow the guidelines below:
Non dimensional quantization. It is Not affected by
motor’ Capacity. and It is not necessarily associated
with the motor structure, types and dimensions. It has
the characteristics of variables. and Can respond the
change of Degree of fault; Distinguish fault easily, and
Easy to extract In engineering.

B. Selection of training samples

Neural network has better Fault-tolerant force than
Logical identification. It Cannot make the mistake as a
result of a fault of one characteristic quantity. This
reduces the risk of miscalculation. But this method
need a rich sample. So we built the model that is
Suitable for Fault analysis, and get lots of data by the
simulation.
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Fig.8. Simulation of loss of phase

This network has 3 layer BP network structure, node
of input is 7, node of hidden layer is 2*7-1=13, node of
output is 3.In the spectrogram of stator current, after
Normalization of characteristic frequency of fault, X=
[X1,X3,...,X,], take it as the input, and output  (0.0.0)
means normal; (1.0.0) means a phase circuit breaker;

(0.1.0) means B phase circuit breaker; (0.0.1) means
C phase circuit breaker; (1.1.0) means AB phase
circuit breaker; (0.1.1) means BC phase circuit
breaker; (1.0.1) means AC phase circuit breaker;
Characteristic frequency is shown in table 1.Data as
follow :

Table I, stator current of characteristic frequency
Normalization is shown in Table II.
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TABLEI. CHARACTERISTIC FREQUENCY
Time 0.0067 0.008 0.013 0.02 0.05 0.1 0.2 1
Normal -326.84 -249.36 163.58 277.42 -11.75 -1.91 1.28 0.70
-98.52 -98.52 70.64 129.86 -262.93 120.11 201.26 -186.17
-302.21 -269.98 83.35 221.96 -32.08 -85.57 88.75 -0.85
c -188.70 -188.70 265.16 23.66 -192.98 106.47 -92.82 79.24
ab -96.31 -117.00 -34.57 121.15 -111.91 99.34 31.57 183.59
ac -26.24 2.92 126.37 -85.66 83.23 -95.36 -163.77 171.09
be -201.84 -179.63 175.01 68.43 -84.49 15.37 34.36 -1.19
TABLEII. NORMALIZATION DATA
Time 0.0067 0.008 0.013 0.02 0.05 0.1 0.2 1
Normal 0.00 0.08 0.66 1.00 0.73 0.43 0.45 0.51
0.76 0.63 0.35 0.59 0.00 1.00 1.00 0.00
b 0.08 0.00 0.39 0.85 0.67 0.05 0.69 0.50
c 0.46 0.30 1.00 0.30 0.20 0.94 0.19 0.72
ab 0.77 0.56 0.00 0.57 0.44 0.90 0.54 1.00
ac 1.00 1.00 0.54 0.00 1.00 0.00 0.00 0.97
be 0.42 0.33 0.70 0.42 0.52 0.51 0.54 0.50

C. Training and Test of Neural network

The following is the program of the training:

net=newff(minmax(X1),[17
3], {'tansig','logsig'} ,'trainlm');

net=init(net);

net.trainparam.epochs=1000;

net.trainparam.goal=0.00001;

LP.Ir=0.1;

net=train(net,X1,T1);

yl=sim(net,X1);

save bpnetwork 1.mat net

X test=x(:,1);

y_test=sim(net,X_test);

for i=1:3;

Y _test(i,:)=y_test(i,:)*(max(t(i,:))-min(t(i,:)))+mi
n(t(i,:));

End; Y test

Access the max of the number of the repetition is
1000,precision is 0.00001,the speed of study is 0.1 to
train the net.The following is the result:

B Neural Network Training Parformance (plotperform), Epach 6, Performane,..| o=l |22
File  Edit

View Insert Tools Desktop Window Help ,

Best Training Performance is 9.0751e-006 at epoch 6

Train |

Mean Squared Error (mse)

3
6 Epochs

Fig.9. Solution of training of neural network

TABLE III. TEST SAMPLE

Phase A short circuit 0.76 0.63 0.35 0.59 0.00 1.00 1.00 0.00
Phase B short circuit 1.00 1.00 0.54 0.00 1.00 0.00 0.00 0.97
Phase AC short circuit 0.08 0.00 0.39 0.85 0.67 0.05 0.69 0.50
TABLEIV. TEST RESULT
sample Reason of fault Ideal output Actual output
1 A short circuit 1.0.0 0.9998, 0, 0
2 B short circuit 0.1.0 0, 0.854,0
3 AC are short circuit 1.0.1 0.914,0,0.793

It follows that, actual output is close to ideal
output in neural network, in order to meet the
requirements of training, it can be used diagnosing
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V. Conclusion
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Take advantage of utilization make use of matlab
to emulate the 3-Phase AC asynchronous motors can
responds the breakdown of motors effectively and
fast, course the motors’ internal structures are
extremely complex, one breakdown may caused by
multi-parts in most cases, therefore, the use is limited
to the certain degree. However, making use of neural
network conducting go ahead have on asynchronous
motor which diagnosis on line has become a
tendency. On account of classifications of the model
of artificial neural network, it must have a mass of
training samples in the first place, promptly required
to be rich in knowledge and experience in the field.
Therefore in consequence hence, with the further
strengthen study on the motor fault, this is the key to
solve the fault diagnosis problem of motor. Based on
the method of the diagnosis of BP net, which
reduce the error rate to the certain degree.
Nonetheless, speed of BP algorithm weaken slowly,
regarding a specific question, regardless of
increasing the number of the hidden layers or more
neuron, it may not give a hand to solve the problem.
Therefore, adopt disperse training, select connection
weights of the net coefficient initial value and other
parameters opportunely at the same time appears to
be more vital.
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Portable Inductance Meter

Meng Zelin; Li Yongbin

(College of Instrumentation & Electrical Engineering,

Jilin University, Changchun , 130012, china)

Abstract—This design is a portable inductance meter, which consists of the inductance test module, frequency dividing circuit and

data choice circuit. STC89C52 SCM is used to measure frequency and calculate, realize inductance measurement by controlling the

system. The final result is displayed on the LCD1602 screen. The system is based on the energy-storage principle of the inductance,

along with multivibrator circuit composed of TLC555 timing. Corresponding inductance values can be calculated by measuring the

frequency of oscillating circuit. This system design is simple, low cost and wide measurement range. In addition, measurement error is

less than or equal to %3.

Keywords—frequency dividing circuit ; multivibrator circuit ; TLC555 timer ; inductor measuring

1. INTRODUCTION

WITH the development of the electronics industry,
electronic components increase dramatically, and
adaptive range of electronic components has been
widened gradually. In applications we often need to
measure some components’ values. Also, inductive
elements are widely used in the circuits, therefore, it is
extremely important to measure the inductive element
inductor value accurately. However, inductance testers
on the market are generally more expensiv, relatively
large in size, and inconvenient to carry around. Thus,
the design of a reliable, secure, convenient and
inexpensive inductance meter has great practical

necessity.

2. OVERALL DESIGN

The square wave signals of different frequencies,
generated by inductance measurement modules, are
shaped and processed by divider circuit , then are sent
to the channel selection modules respectively. With the
SCM

inductance test circuits with the key input and

testing inductance elements, the selects
automatically detects the corresponding frequency
range of the device under test. Controlling channel
selection module to select

corresponding  input

channels and the frequency division multiples,
automatic shift of measurements can be realized. In
addition, after some calculation the SCM will send
measurement results to LCD and display the frequency

and the values of the components on the LCD.
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3. SELECTION OF EACH MODULE

3.1 Inductance test module circuit

Program One: The balanced bridge method to

measure inductance. The balanced bridge consists of
inductances to measure and a known standard
resistance-capacitance, adjusted the parameters by the
SCM to balance the bridge. Thus, the values of
inductances can be determined by the resistance and
the eigenfrequency of the bridge. The program
provides precise measurement, obtaining accurate
capacitance and resistance. However, duo to the
complexity, it Is difficult to implement .
Program Two: LC and transistor oscillator circuit
constitute the three-point oscillating circuit, and the
inductance value can be determined by measuring the
output frequency. This program costs little, but its
output waveform is a sine wave, which need to be sent
back to the waveform shaping processor. The output
frequency is up to several megabytes, difficult to
measure for SCMs.

Program Three: TLCS555 timer and inductances to be
measured  constitutes multivibrator based on
inductive energy storage inductor and charge-discharge
principle, determining the inductor value by measuring
the frequency value. The circuit is simple, and its
output waveform is TTL level square wave signal.
After simple frequency division, ideal range for
frequency can be obtained, providing convenience for
the accurate measuring of SCMs.

In summar, the design adopts program 3,
constituting multivibrator circuit by TLC555 with a

good frequency characteristics.
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3.2 Freguency Measurement

Program One: direct frequency measurement.
During certain gate time, the frequency of the signal
under test can be calculated by recording the clock
cycles of the test signal. This solution has a low
accuracy on frequency signal measurement, suitable
for high frequency signals.

Program Two: circle measurement. Choosing the
measured signal as the threshold, the frequency of the
signal under test can be calculated by recording the
number of high-frequency standard clocks in the
threshold. However, when the signal frequency is too
high, problems of insufficient time and low accuracy
can’t be avoided. Thus, this program is suitable for
measuring the low-frequency signal.

Program Three: equal precision measurement. Its
exact threshold is jointly controlled by the signal and
the pre-control door. Measurement accuracy is
irrelevant to the frequency of measured signal, only
associated with the frequency and stability of the
Thus, the

throughout the measurement band can be guaranteed.

reference signal. constant accuracy
However, implementation of this program needs FPGA
and other special chips to cooperate with the SCM to
achieve accurate measurements, which is more
complicated and costly .

In summary, the design combines the former
programs. Using frequency measurement in the high
frequency band and cycle measurement in the low
frequency, it can greatly improve the measurement
range and accuracy. And the system is simple and easy
to realize.

3.3 Theoretical analysis and demonstration program

The schematic diagram of inductance measurement
is shown in Figure 1 (a). With a 555 timer and
inductors constituting multivibrator, Inductance can be
determined by measuring the frequency value. R1, L1,
D1 are the timing components of the circuit. 3-pin
output is TTL level, the frequency of which changes
with the square-wave signal. After energization, the
current of L1 can not be mutated. The current of R1
and L1 starts from zero, and the flux of L1 also
changes, resulting in changes in the electromotive
force. The voltage of pin 2 and 6 V(2,6) = VCC, and
the voltage of pin 3 is low. The discharge tube in 555
Timer breakovers. Pin 7 is connected with ground, and

loop current of L1 and R1 increases exponentiall . the

voltage of R1 decreases and the voltage of VR
increases , V (2,6) decreases. When V (2,6)=VCC/ 3,
the circuit reverses. The output of Pin 3 is high , and
pin 7 disconnects with the ground, the counter
electromotive force of inductor L1 decreases
exponentially. VR also decreases, and V (2,6) starts to
rise. when V (2,6) = 2VCC / 3, the circuit reverses
again. The voltage of pin 3 becomes low, with pin 7
connected with the ground again and L1 charging
again, and so on. In order to achieve self- oscillation.
The waveform of VR and final output waveform are
shown in Figure 1 (b). The time of Circuit output high

and low waveform is as follows:
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(a) circuit diagram of inductance measurement

(b) simulation waveforms

Figure 1 Schematic diagram of inductance measurement
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4 UNIT CIRCUIT DESIGN

4.1 Hardware Design
4.1.1 Inductance measurement circuit

Given the range of measuring inductance, theoretical
analysis shows that the output frequency of the circuit
is very high, and hence, the output signal must be
divided , which can be completed by SCM. In the
design, high-speed timer TLC555 and two counter
74L.S196, as the inductance measurement module,
make 10 and 100 frequency division processing on the
signal respectively, expanding the inductance
measurement range. Its original waveform of voltage,
the output waveform of the timer and the waveform
after frequency division processing are shown in
Figure 2. Choosing high-speed Schottky diodes
IN4148 as discharge diode in the circuit can improve
the step response. Figure 3 shows the specific

parameters of the circuit.

Figure 2. contrast of simulation waveforms
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Figure 3. inductance measurement circuit
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4.1.2 Channel selection circuit

The design needs to select the signals from three
ways, and finally only one signal is sent to SCM for
frequency measurement. In this design, 6 channels are
controlled by analog 8 -to-1 multi-channel switch
CD4052.
4.1.3 Power circuit

The design requires that frequency of each module
generates waveform must be stable, thus, less power
fluctuations are needed. Ripple linear regulator
LM7805 directly decreases supply voltage 15V to the
system supply voltage 5V.
4.2 Software design

The main task of STC89C52 is to measure the
circuit. control relays and analogue switches realized
automatic shift. Meanwhile, the frequency must be
measured to calculate from the values of corresponding
elements , and control LCD1602 displaying the types
and values of measures elements. Software flow chart

is shown in Figure 4.

e
Start

initializing
of timer and

counter

I.—

initializing

ol Tiguid

crystal

measure ik

inductance

Figure 4. System flowchart

5+ SYSTEM TESTING AND RESULTS ANALYSIS

5.1 Final results

The real values of the standard inductors are 330uH,
680uH, 2200uH, 4700uH, the testing results of present
system are shown in Table 1.



Meng Zelin etc.: Portable inductance meter

Real 330- | 680.| 2200-| 4700-|"
value

(ulD -

Measured.| 318.4.| 682 | 2202 | 4536 |

1o 1. 3.
value

D -

error (%). -3.5. | 03| 0.1. | -3.5.[

Table 1 inductance measurements

5.2 Analysis of test results

After testing, the inductance measuring-testing
instrument can measure the inductance range between
300uH and 10mH. The measurement error between
500uH ~ 5mH is less than 3%, other ranges less than
5%; system can automatically shift. In addition, the
design uses inductance and diode to replace
multi-resonant oscillator made up with capacitors and
TLC555 timers, thereby simplifying the circuit and
further reducing the cost of the system, which makes
the system innovative.

System measurement interface are shown in Figure

5, Figure 6.
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Figure 5 Initial measurement interface
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Figure 6 Result of 330uH
5.3 System Error Analysis
According to the table, measurement errors will

increase when the value of measuring elements is too

large or too small. After analysis, the design adopts
resonance frequency method to measure elements. The
resonant frequency is small when component
parameter is too large. On the contrary, its resonant
frequency becomes large. Limited by the performance
of SCM ,

the frequency is too low or too high, in addition, the

the measurement accuracy decreases when

accuracy of each component will also affect the
accuracy of the system . These factors have formed a
device measuring error and limits the measurement

range.

6. SUMMARIZES

The system can measure the inductance values
ranging between 300uH and 10mH, and has a higher
measurement accuracy between 500uH ~ 5mH, but
there are still some design flaws. As for measurement
error, more sophisticated components for the
measurement modules can improve the accuracy,and
increasing the frequency division will also help. In
addition, increasing tap positions for the frequency
measurement modules can limit the output frequency,
or using a better SCM can also achieve the same effect.
In general, all the methods mentioned above can
enlarge the measuring range and improve the accuracy

of the system.
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The Detection Technology of Grid-connected PV
Islanding

Zhen Geng;Facong Zhang;Huixuan Wang
Jilin university Instrument institute jilin changchun.)

Abstract—Islanding effect is one of the important problems affecting the photovoltaic (pv) grid system and stable

operation.With the emergence of distributed photovoltaic power generation,the monitoring of a lonely island becomes even

more important. On the basis of commonly used detection methods (AFD, HD, etc.),the method of AFDPF combined with HD

island detection is adopted, and aided by the simulation analysis, the effectiveness of this method is verified.

Key Words—Photovoltaic power generation; AFD; HD; the islanding of simulation

0. INTRODUCTION

ISLANDING is a fundamental issue of photovoltaic
system that is the pv system of failing to detect
situntion of tripping power grid that continues to
supply power to load,which leads to a completely
independent system!'It is vital for system to detect the
islanding.Nowdays,we can make sure islanding by the
standards of national electric systems,which contains
frequency,voltage,phase etc.If the notions change,the
work.With  the

development,we have to improve the way of checking

pv will stop to economic

islanding.In order to  get efficient scheme ,in
general,people take posive measures which contain

active interference and passive ways'*/,
1. THE REVERSE ISLANDING STRATEGY ON INVERTER

As we all known,there are two kinds of the reverse
islanding strategy on inverter.On the one hand,it can be
able to be monitored by the load end abnormal voltage
and frequency ,phase ,harmonic.but sometimes which
will lose their effect in certain circumstances called as
passive.On the other hand,the means is active.we take
the disturbance variable into the working inverter.Only
inislanding circumanc -es,will the disturbance be
amplified and will details sxceed the threshold in a
short period of time.That will help inverter rapidly to
detect islanding.

The active method is also called active method,
which is relying on the inverter itself to detect whether
an islanding, at the same time,it do not need additional

measurement equipment and transformers to save the

cost of power system.According to the inverter output
current formula: in the meantime, . f. &, were

added in the control signal terminal of the inverter,
three variables can influence the voltage at the output,
when island effect did not occur, owing to the
clamping effect of balancing the grid, PCC point signal
perturbation is small, difficult to detect. However, the
amplitude and frequency can be detected through the
output terminal voltage to detect island effect”®’. Each
country has different testing standards, so when
understanding the principle, first understand islanding
detection standards.
1.1 The detection standards of islanding

Due to the

technology and distribution network system requires a

structure and operation of grid

strong relationship, so there is not a unified
international standard, every country has its own
standard, the main reference in considering islanding
detection time I this paper is IEEE Std.1547%|It
requires:after a sudden emergence of distributed
island ,power continues to be supplied through a
common connection point of the island to the power
system, the distributed power supply should be
detected within 2s island and stop the power supply to
the area.

The test conditions requires an adjustable RLC load,
connected in parallel between the PV inverter and the

grid .Adjusting the resonant LC circuit, so that

oscillation occurs at the nominal frequency fof the

grid, while the quality factor of the circuit &z = 1.,

that is: the reactive power absorbed by the inductor
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should be equal to the reactive power produced by
capacitance, and is equal to rated power and resistance
consumption at rated grid voltage V. The load value of
RLC is calculated as follows:

¥

L= EES G (1)
" _ FiFy
R @)

1.2HD

HD is theoretically avoid detection blind from a
passive detection method”, is independent of the
load-side power mismatch influence, in the case of
island phenomenon does not occur, the inverter side of
the harmonic voltage change weakly, when the grid is
disconnected from power instantaneously, the voltage
harmonic variation is large, it can be judged by
monitoring the harmonic, but in some cases due the
excessive load more sensitive ,it may leads to false
positive or false negative judgements . As passive
detection,the method can be combined used between
passive and active detection.
1.3. AFD

AFD is the most commonly used active detection
method [6], if the current waveform of the inverter
output have a slight distortion, then the current will
current causes the

produce a zero

frequency offset ), AFD is in the current frequency of

component

the inverter output , small periodic changes Ir is

added to the grid, during normal operation, since the
operation of the PLL, the current frequency of output
will be synchronized with the grid voltage, thus the
frequency of the output current fluctuates in a standard
range, but does not exceed the fluctuation range, when
the power grid is off power for some reason, in order to
make the load circuit resonance frequency and phase
angle remains unchanged, the output frequency of the
inverter side will change, change will continue to
increase or decrease until beyond the standard range,
and the island state is detected . AFD is easy to achieve
in practice, but would supply system current waveform
distortion caused by unstable increases while reducing
the NDZ, for inductive load, there is a NDZ. When
applied to multi-grid inverter circuit, if the frequency
of the frequency shift direction is not uniform, it may

cause offset each other, the detection efficiency will

176

reduce a lot. However, the model can then improved
and enhanced based on AFD.

Given the premise of passive and active
anti-islanding can combine successfully, I will upgrade
the HD version AFDPF law and AFD method

combining simulation modeling performed islands.

2 ISLANDING DETECTION PRINCIPLE AND METHODS

BASED ON AFDPF COMBINING WITH HD

2.1 Smulation principle

AFDPF method is to avoid the load testing to impact
the quality of island, based on the original model of
AFD, in the inverter side, adding a periodic continuous
frequency disturbance, accelerates the speed of the
frequency offset, the power grid is in the normal state,
and frequency Interference amount of current network
side will not have a greater impact on the output side
of the inverter voltage frequency, however, in the
island state, owing to lossing the influence of the grid
side, the current disturbance causes the inverter side (a
point) voltage generating large frequency changes ,by
changing the speed.

Accelerating the disturbance, after comparison of
several disturbances, changes in the frequency
direction is determined, and then changes the direction
of the applied perturbation continued until the output
frequency of the voltage exceeds the normal limits .
island. While

monitoring module measuring voltage frequency based

Judgment relying on real-time
on PLL, by writing S function to process frequency,
while the voltage harmonics can function as an input
preparation, the two nested relations, is a passive
detection and active detection combination to reduce
the pollution index, and improve efficiency. After
processing through the PI regulator, the output control
PWM regulator, indirectly controlled inverter, to
achieve Anti-islanding local side slightly, with a strong
application.
2.2.Smulation Model

Rely on Matlab simulation software to build a
photovoltaic power generation and network model to
simulate the island phenomenon, and simulation
analysis, the simulation model built by Simulink™is
shown in Figure 2-1.
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2.3 Smulation results and analysis
In order to verify the effectiveness of islanding
detection method proposed in this paper, so the two
cases be verified, one case is not to match up with the
load (inductance, capacitance, resistance), and the
other one is in the case of load matching, when the
load is RLC parallel load, islanding is the hardest to
detected, so when choosing RLC load as a local load,
while the parallel resonant frequency is equal to the
grid frequency, forming the most serious island status,
to the
requirements, load frequency is set to 50 Hz.

according People's Republic’s network

Simulated in Matlab software, and add the control
switch in the grid side, artificial set-up time, control
the generation of the island, in the simulation, island

occurs at 0.1s, through the inverter side current,

Simulink Simulation Model

through the voltage waveform to determine whether
Anti-islanding is realized effectively. the simulation
results from the oscilloscope display, each image
contains five small figures, followed by representatives
of the current value of the output terminal of the
inverter, v, f, voltage harmonics, and curve of the
relationship between time of producing island and time,
the Republicof China’s
frequency limit ,setting standard frequency range of
islands detection :49.5-50.5HZ; harmonic is less than
0.5, anti-islanding is on this basis.When the load does

according to People's

not match the type of the load ,simulation results are
shown in Figure 2-2, Figure 2-3, Figure 2-4.

N o £
§c[\\/ S \//\/ U

[ [ [H] 08 04 i
s

Fig2-2 Inductive load
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Fig2-4 Resistive load

2.4 Load mismatch simulation analysis

AFDPF + HD model can be in different loads
condition, without exceeding international standards,
to achieve a rapid anti-islanding strategy, for inductive
load, HD changes the fastest and the most effective,
when the frequency change is just beginning, it
achieved islanding detection, capacitive load, HD lose
their effect, changes are weak, but AFDPF compensate
up for it, to achieve detection function, for capacitive
load, HD and AFDPF can detect changes at the same
time, achieve off power, it can be said that HD +

AFDPF can achieve islanding detection, and quickly, is

]

a novel detection method. Easy to determine the island
phenomenon, and anti-islanding.

When the load match (RLC parallel and
= %; wl = i),because the grid voltage amplitude is

set to 220V, current is 20A, and therefore the resistance
value of R is to select 11, the grid voltage frequency is
50 Hz, therefore, the capacitance C is 1300e-6F, the
inductance of L is 7.65 -3H, in standard testing
standards, the simulation results are shown in Figure
2-5.

T T T T
4 1 L 1 L 1
0 (13 [ (X5 02 (53 03
500 T T T T T
N AN N N AN N N N o
i 7 / / ;: ¥ o T O R
# SN Rl N \J Nl \_/ \\_/ \/
[ 1 I I I
0y s 0 [R5 [ 0.5 03
51 T T T T
J—’—‘—‘—|——‘—‘_
. i i
gn 3
1 | I I I
“0 (13 o 015 0 025 03
04 T T T T
2 02 o ' el G ~ ~
=]
P2, \/\" \/\ VAVAYAVY RV, Yo /\v' v/ "\
f I P 1 I
% (13 01 015 02 025 03
2 T T T T
1 .
»
A L
| I 1 I | I
[ (13 01 015 02 [F3 03

Fig 2-5 Load matching simulation diagram
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2.5 Load matching simulation analysis

In the case of load matching, when the PV system
occurs islanding phenomenon, the magnitude of the
load voltage and current point does not change, the
traditional passive approach is not detectable formation
of dead zonmes, but applied with the AFDPF + HD
method, it can not only detect the island and can be
detected in the standard time, realizing anti-islanding,
implementing

the anti-islanding control strategy

effectively.

3. EFFECTIVE ASSESSMENT STRATEGIES BETWEEN NDZ

AND ANTI-ISLANDING

We know that islanding protection is an important
part in DG, but in practice there is no one model can be
applied under all conditions, therefore, existing the
case failed to detect phenomenon-NDZ, these cases
have failed to match the power and special load cases,
therefore, it is necessary to summarize, as the standard
model is applicable to evaluate different scope, but
also improves the effectiveness of islanding detection.
Because they do not match the size and power of the
DNZ specific load can be described quantitatively,
while the size of DNZ of the anti-islanding schemes
reflects the effectiveness of the program to detect the
island state.

Therefore, it can be used as indicators of DNZ
measure anti-islanding schemes. Understanding the

principles of derivation of various programs!'®, which
found that IF x I the coordinates of the upper and

lower boundaries are DNZ frequency operating range
from the lower limit of the decision, and the left and
right borders of DNZ voltage operating range from the
lower limit of the respective decision. For the
phase-frequency-based anti-islanding scheme as the
criterion can be found island effect occurs, the system
reaches steady state parameters of frequency has a
direct relationship with the load, there are a lot of L

and C can be the samel(, matched power may draw on

the same point, many points may result in failure
detection, AFDPF relative effect will be better

4. CONCLUSION

Islanding detection is the core issue in DG normal

operation, resolved better, will promote the
development of the DG industry. This paper fully
aware of the deficiencies of the original model,
proposed a combination of passive and active
combining simulation model, through simulation and
analysis of AFDPF + HD anti-islanding strategy can
better

pollution, the detection efficiency is also improved to

solve practical problems, reduce energy

some extent. And because of its limited capacity, the
model can be further improved, can be combined with
more impact factors, when you build a function, you
can analyze the data processing beforehand, which can
improve the detection efficiency and reduce the impact
on electricity.
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A Modified Variable Step Size Perturb and Observe
Maximum Power Point Tracking Method

Shuqin Sun, Huixuan Wang, Zhen Geng, Facong Zhang

(Jilin University Instrument Science and Engineering Institute, Changchun,130021.)

Abstract--Maximum power point tracking (MPPT) is used in photovoltaic (PV) systems to maximum the photovoltaic array
output power by tracking continuously the maximum power point (MPP), which is in nonlinear correlation with temperature,
irradiation conditions and load electrical characteristics. Perturb and observe maximum power point method is the most
common used method due to its ease of implementation. However, the system oscillates around the MPP at steady state and
P&O may fail under rapidly changing atmosphere conditions. In this paper it is shown that, an improved method based on
P&O can limit the negative effects caused by the drawbacks above. Simulation results using MATLAB are in agreement with
the theoretical analysis.

Index Terms-Maximum power point (MPP), maximum power point tracking (MPPT), perturb and observe (P&O),

photovoltaic (PV)

[.INTRODUCTION

AS people are much concerned with the fossil fuel
exhaustion and the environment problems caused by the
conventional power generation, renewable energy have
been widely used. Photovoltaic sources are used in
many applications today due to their advantages. In
photovoltaic system, the output power of photovoltaic
battery is affected not only by the internal
characteristics but also by the environmental factors
such as temperature, irradiation conditions and load
electrical characteristics. A photovoltaic (PV) array
under uniform irradiance and temperature exhibits a
current-voltage characteristic with a unique point, called
the maximum power point (MPP), where the array
produces maximum output power. It is necessary to
track continuously the MPP in order to maximum the
power output from a PV system, for a given set of
operating conditions.

Traditional maximum power point tracking (MPPT)
method can be divided into open-loop and closed-loop
control methods, according to different judging methods
[1], [2]. Open-loop control methods, which based on the
output characteristics of PV arrays, is easy to be
implemented, but the control precision cannot be
guaranteed [3]. With high precision, closed-loop control
methods track the MPP by measuring the output voltage
and current of PV arrays and feeding them back to the
control system, and the most common used
self-optimizing method belongs to them [4], [5].

Perturb and observe maximum power point method is
the most common used method due to its ease of

implementation [5]. It perturbs the output voltage in a
small step periodically and then makes a measurement
of the power and uses it as the feedback variable to
control the direction of subsequent perturbation.
Increasing the voltage increases the power when
operating on the left of the MPP and decreases the
power when on the right of the MPP. Therefore, if there
is an increase in power, the subsequent perturbation
should be kept the same to reach the MPP and if there is
a decrease in power, the perturbation should be reversed.
The process is repeated periodically until the MPP is
reached.

However, ordinary P&O has two main disadvantages.
First, the step size for P&O method is generally fixed.
The power drawn from the PV battery with a lager step
size contributes to faster dynamics but excessive steady
state oscillations, resulting in a comparatively low
efficiency. This situation is reversed while the MPPT is
running with a smaller step size. Thus, the MPPT with
fixed step size should make a satisfactory trade-off
between the dynamics and oscillations. Such design
dilemma can be solved with variable step size iteration.
Another disadvantage of P&O method is that this
simple tracking method can fail under rapidly changing
atmospheric conditions, because during such time
intervals, the operating point can move away from the
MPP instead of keeping close to it. This drawback is
shown in Fig. 3.
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Fig. 1. Divergence of P&O from MPP as shown in [6]
This paper will propose an improved method to
enhance the speed and accuracy of tracking. The
MATLAB simulation results confirm the theoretical
analysis and show the superiority of the method.

II.PV PANEL MODELING

A. Mathematical model

The equivalent circuit of a PV cell is shown in Fig. 2,
in which the simplest model can be represented by a
one-diode model [7].

The relation between the output current [; and

voltage U; is the following:

w_l}_ﬁg+fﬁﬁs

by =dsp—Ipgg (5'- ART =

where [, is the light induced current, I, is the
saturation current, A is the diode ideality factor, K is

the Boltzmann constant, and T is the cell temperature.

e @ T il

Fig. 2. Equivalent circuit of a PV cell
B. PV panel characteristics

STP295-24/Ve PV battery of SUNTECH is used and
its electrical parameters are shown in Table I [8].

TABLE I
Electrical parameters of STP295-24/Ve

Maximum Power B, =95
Optimum Operating Voltage U =357¥
Optimum Operating Current n=68274
Open Circuit Voltage U, =45.1F
Short Circuit Current foo = B574
Temperature Coefficient of I, | = @.055%*C
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The characteristic power curve at Standard Test
Condition for this PV battery is shown in Fig. 3.

Curent (A

Fig. 3. P-V characteristic and I-V characteristic at Standard

Test Condition
III.MODIFIED VARIABLE STEP SIZE P& O METHOD

A modified variable step size P&O method is
introduced based on the previous research and detailed
analysis of the characteristics of PV power systems. The
modifications to the traditional P&O method include
variable step size and power prediction.

The flow chart of the Modified variable step size
P&O method is shown in Fig. 4.
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AU = —=AU
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Fig. 4. Flow chart of the modified variable step size P&O method

A. Variable step size

As discussed above, there is a trade-off between
dynamic response and steady state performance due to
the selection of step size. It is ideal to make step size
large during transient stage and step size small in steady
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state. In the proposed P&O method, this problem is
solved by the automatic tuning of the step size on-line
[9].

Assume that the initial operating point is on the right
of the MPP and is far away from it, the step size keeps a
large value until operating point crosses MPP. Then the
step size becomes half of its origin value and the
perturbation is reversed. Repeat the process above when
operating point crosses MPP again until the step size is
smaller than a set value. Generally, we consider the
MPP has already been reached when the step size is
small enough. With this tuning mechanism, both
dynamic and steady-state requirements can be
considered in the controller design, because the critical
parameter is updated and adjusted adaptively.

B. Power prediction

Traditional P&O method is based on static power
curve, but the power curve is always changing actually.
Deviation from MPP may never happen if the output
power before and after perturbation can be measured at
the same time. Obviously it is impossible. However, if a
high sampling rate is used, the power curve will change
at a constant rate in one sampling period.

Note that Uy, [, and P, are the PV battery output

voltage, current and power at time kT. In addition,

Fiiass 1s the power at time {4+ 1fZJT. Thus, the
power that PV battery produces before perturbation at

time €k + 1)T is shown as follows:
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Fig. 5.

(a) PV ouput current and voltage with modified P&O.
(c) PV ouput current and voltage with ordinary P&O.

Votage(V)
PoweelY)

Pri- = zp-‘n--f-zf*z - Py

Perturb the voltage by &E at time §f% + 1}, and
then measure the power Fy., when PV battery works
at Ehyq, which is the output voltage after perturbation.

The perturbation direction can be determined using P',,

and B,

IV.SIMULATION RESULTS

To verify the performance of the modified variable
step size P&O method, a MATLAB model of the PV
system is developed. STP295-24/Ve PV battery of
SUNTECH is used for the PV array model in
simulation.

To compare the performance of the modified variable
step size P&O method with the ordinary fixed step size
P&O method, the simulations are configured under
exactly the same conditions to compare the
performances. The PV array in simulation is composed
of one PV module, and the sampling period used for
MPPT method is chosen as 0.025 s. The voltage
command is therefore updated every 0.05 s. The output
power performance of P&O with variable step size and
fixed step size of 0.5 under irradiation step change
conditions are both shown in Fig. 5. The irradiation was
suddenly changed from 1100 to 750 W/m?” at 2.5 s.

maximum power

actual power

o5 1 1.5 E 2 a as a as [

Timeis)

(b)

maximum power

actual power

2.5 3 as 4 a5 5

o 0.5 1 1.8 = 2.5
Timats)

(d)

Simulation results of sudden irradiation change with the two method

(b) PV ouput power with modified P&O.
(d) PV ouput power with ordinary P&O.
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Table 11

Tracking performance comparison

Tracking Time(seconds) Average Power at Steady State(watt)
MPPT Methods o o o . o -
Initialization | Irradiation change | Irradiation & = 1100W g™ | Irradiation & = FEOW ‘1
Ordinary P&O
. 0.70 0.55 299.91 196.50
(step size=0.5)
Modified P&O 0.36 0.65 300.00 196.88
The results illustrate that each maximum power point control," in 2009 |EEE 6th International Power

was determined quickly and tracked accurately by this
proposed tracking method. The improved performance
of this method over ordinary P&O tracking method can
be demonstrated in Table II. The modified P&O shows
better overall performance than ordinary fixed step size
P&O on both dynamic response and steady state.

V.CONCLUSION

A modified variable step size P&O method was
presented in this paper. At the start process of the MPPT,
the PV system may exhibit comparable large step
change in the output voltage and current due to the large
step The automatic parameter tuning was
implemented to satisfy the requirements of good
dynamic and steady-state performances. The power
prediction was designed to avoid the tracking deviation.
The improved tracking performance of this suggested
method was verified through computer simulations.

size.
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The development of the near infrared spectrum
brain function analyzer

Yang Yu ; Huang Linfeng; Li Yuchao
(College of instrumentation and electrical engineering,Jilin University,Changchun 130061,)

Abstract—With the continuous development of information era of science and technology level and the further exploration
and research of brain science, higher and higher demands for brain function testing technology are proposed. Near infrared
brain analyzer uses near infrared spectroscopy (NIRS) for nondestructive testing brain function. It mainly use the good
penetrability of near-infrared light to external layer organization, and make it through the outer skin into the cerebral cortex,
and use some of its information which is about diffuse light to calculate the blood oxygen parameter .As a consequence, we can
further infer the change of blood oxygen and blood volum in the area of the brain so as to analyze the functions of the cerebral
cortex. This set of brain function near infrared spectrum analysis instrument includes driven by light - coupling fiber - detector,
light control circuit, data acquisition circuit, amplifier and filter circuit, under a machine composed of hardware circuit and
the PC software. The hardware circuits of MPU system are used in order to realize the photoelectric signal acquisition and

hardware filter, by double machine communication and sending data to machine firstlly, we can calculate the collected signal

processing and the cerebral hemodynamic parameters, finally PC, record and storage will be achived.

Key words—NIRS; Cerebral hemodynamic parameters; Optoelectronic signal; Filter circuit

LINTRODUCTION

NOWADAYS various of brain detection technology is
developing rapidly.The existing technology mainly
includes the electro encephalograph (EEQG),
Event-related-potential(ERP),

(MEG), Positron
tomography (PET), Functional magnetic resonance
imagine (FMRI), Near Infrared Spectroscopy(NIRS),
etc.

Magneto

encephalography emission

Compared with electro encephalography (RRG),
magneto encephalography (MEG), near infrared
spectroscopy (NIRS) is not only a kind of
noninvasive measurement technique, but a kind of
technique which has accurate millisecond time
resolution. The brain function analyzer uses near
infrared spectroscopy analysis system in the field of
brain function test which has very broad application
prospect, it has many advantages such as inexpensive,
light weight, small volume and low energy
consumption[l].

In 1977, Jobsis used the near infrared light to test
on animal blood oxygen levels in the cerebral cortex
for the first time, and became a forerunner of
imaging technology research of near infrared

spectroscopy .At present, the use of near-infrared

light,together with the measurement of blood oxygen
parameters, has a very wide range of subjects,
including skin, skeletal muscle, liver, breast and
brain, etc. As the highest and the most complex
organs among them, the brain participates in the
activities of all the complex psychological, thus
occupies an important position in the field of life
science research. Therefore, brain tissue optical
parameters measurement is not only the difficulties
of the current research topic, but aiso a hot topic
about research.

II. THE PRINCIPLE AND THE SCHEME DESIGN

A. The principle of near infrared spectrum brain
function detection
The main components of the blood
(water,oxyhemoglobin and deaeration hemoglobin)
scatter well in the near infrared light of 600-900nm,
but in near infrared wave band ,their absorption
coefficients of the blood components are different.
Oxy-genated hemoglobin(HbO,), reduction of
hemoglobin concentration(RHb) are two basic
parameters of the blood oxygen parameters[3].Using
near infrared spectroscopy (NIRS) for brain function
test, the basic principle is: The biological tissue has a
strong ability of scattering but weak ability of
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absorbing in the near infrared, which makes it
possible that the photon can penetrate into the deep
tissue. HbO, and RHb are the main absorbing
chromophores in near infrared field, and they have
different absorption spectral characteristics, so we
can identify the change of concentration of different

]

absorptions'™, which are shown in figure 1 as

follows.
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Fig.1. The absorption coefficient of HbO2 and

RHD under the near infrared spectroscopy

In this figure, there is a near 805nm absorption
point in the two hemoglobins, so the light in
wavelength of 805nm can express the organization
changes of the blood volume. On both sides of
805nm, the two kinds of hemoglobin show respective
comparative advantage of absorption properties, so
the near-infrared light of 780nm and 830nm
wavelength were used respectively for detecting™.In
this way, the change of blood oxygen concentration
can be realized by using near infrared spectroscopy
for brain activity according to the analysis of these
parameters on brain function.

B. The design scheme of the near infrared spectrum
analyzer

The whole brain analyzer includes two
parts :software and hardware, hardware part consists
of sensor module, control module and serial interface,
using single chip microcomputer as main control
chip to realize functions such as implement the
light source drive control, sampling, data storage, and
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so on. At the same time, the gathered result of the
signal after amplification will be sent into PC
software for further processing.

The low photoelectric sensor is made up of LD
semiconductor laser source, optical fiber and detector,

diagram is shown in figure 2:

Fig2. The helmet-shaped sensor

All the parts of the whole brain analyzer module

are shown in figure 3:

TEHURTENL
SRR U R

MSP430 HEME(D+)

L)

Fig3. The major module of the instrument

Software part is include two parts:the hardware
interface module and data processing
module.Through the communication with lower
machine controls, the beginning and end of the data
acquisition data were collected, read and complete
the data processing.

Overall instrument work process is shown in

figure 4:
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A. Hardware amplification and filter circuit design
Hardware amplifying circuit used OP07.This is a
kind of integrated operational amplifier circuit with
low noise and the chopper stabilizing zero bipolar.As
the OP07 has very low input offset voltage, the

noise is low. Preamplifier circuit design is shown in

figure 5:
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Fig.5 the pre-amplification electric

Choose low pass filter , secondary passive type,
and cutoff frequency is 2000 Hz.Circuit diagram is
shown in figure 6:

[Poni

Fig.6 the filter circuit

B. Module design under a machine drive control
The drive control circuit of single chip processor
system selects MSP430F249 micro-controller at the
core of the controller. The single chip microcomputer
have advantages of low power supply voltage, low
power consumption and the hardware serial
port®. MCU time-sharing drive laser source drive

sequence diagram is shown in figure 7.

Fig.7 One of the LD driver sequence chart

Program design, please light the 780nm laser
source firstly, and wait for 3ms for stability, trigger a
sequence of sampling as well as wait for the end of
the sampling, turn off the LD laser of 780nm, 780nm
laser logo, transformation, and send the first
wavelength (780nm), during which, 4.2ms execution
time of the acquisition will be needed for the
collection of data along the way. And the LD driver

circuit diagram is shown in figure 8.

Fig.8 One of the LD driver circuit

CHardware design of double machine
communication

The single chip microcomputer system and
computer system are connected by MAX232
communication level interface circuit. Firstly,
connect two DB9 connector J1, J2 In the MAX3222
chip level connection, and it will produce level need
for the serial communication interface, which can
enter through the DB9 connector J1, J2 directly and
connect to the PC serial interface!”. Through the
micro controller programming, double machine can
get protocol communications, PC is under control of

a single chip microcomputer, and in this way
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collected data can be sent to the PC. MAX232 level
of communication interface circuit is shown in figure
9:
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Fig.9 The MAX232 Communication level circuit

IV. DATA PROCESSING OF UPPER COMPUTER

SOFTWARE

A. The data processing

The near infrared can be attributed to the essence
of the study of the optical properties of biological
tissue'™, it mainly includes two aspects of content':
the light transmission rule in the brain tissue and
brain tissue signal extraction technology .

Scattering photons will pass through thousands of
random until it leave sthe organization after entering
into the organization, during which, its path cannot
be recorded exactly, but we can get the possible paths
distribution!'”  through  the calculation  of
probability ,it is shown in figure 10.

Light detector |

Fig.10 The photon propagation path in the

organization

Brain tissue is a strong scatterer'''l,  through

multiple scattering ,the light can transport from the

light source to the detector!'”!

in the organization.In
biomedical photonics research, when dealing with

interaction between light and matter, we are mainly
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considering the particle nature of light and ignoring
the volatility of light and the polarization effect,
etc.l'" ! Because of unique optical properties are
contained in HbO, and RHDb in near-infrared light
wave. In the measurement method which is on the
basis of the absorption of light , the concentration of
molecular changes can be detected! .

The basic principle of near infrared spectrum for
brain function testing is to regard the biological
tissue as uniform and semi-infinite medium, and
describe light propagation with application of
Lambert - Beer's law (Lambert Beer) in biological
tissue!'”. As a consequence, corrected lambert beer's
law can be revised according to the characteristics of
human tissue.

When the light enters through the flat and free
scattering medium, we ought to only consider the
medium for the absorption of photons, the
relationship between the emergent light intensity and
the incident light intensity can be described with
lambert - bill"®equation as:

OD = log(Ip/I) = eCL (1)
OD is the optical density in this course, which means
the reduce of emergent light intensity compared with
the incident light intensity.L is the distance from the
light source to the detector, and C is the absorption of
concentration, 10 represents incident light while I is
the light intensity.E is called extinction coefficient, it
is a constant number related to the types of absorber
and wavelength.

Human biological tissue is highly scattering
medium, so the basic of Lambert Beer's law is no
longer suitable.Because transmission path length
increases due to multiple scattering effection, the
probability of photon is greatly increased.In order to
reflect the influence of the scattering light loss,

U7 put forward correction about Lambert

Delpy etc.
Beer's law in 1988, namely Type G represents the
background caused by the loss,

OD=In=e-C-DPF+G 2)
DPF is called path difference factor, which is used to
describe the increased length that are caused by the
scattering of light propagation,and some related
literatures also show the different organizations in the
scope of DPFI'®. We can calculate the concentration
of the material by the application of multiple
wavelength absorption spectrum,if G values and DPF
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can be gathered under test!'”.

B. PC software design

During the design process,besides the ability of
interface communication between software and
hardware , it still should be able to deal with the data
accurately, and used conveniently . So the entire
software development system shall have operability,
friendly interface, wide application, and real-time,
etc.

The complete set of PC software can be divided
into two parts: one part is the interface unit which
is connected with the hardware module, and it is
responsible for a serial port parameters set and the
control hardware acquisition signal, namely, the
serial communication with the machine;and the other
part is responsible for the signal process, calculation,
real-time apperence and storage.

I will introduce them respectively as follows:

Hardware interface module:PC connects with the
hardware via a serial port connection, the upper
machine and lower machine can get specified
protocol communication. By sending signals and
commands to control the start and stop of acquisition ,
it can receive and store data.

The data processing module:Due to the hardware
part of the data is collected by a mixture of two
wavelengths of data, we should separate the data
firstly. The received data can be divided into two
groups respectively, and then filte.

Near infrared spectrum data process as
aforesaid.In this part ,the software can complete the
implementation of the computer language of the
algorithm, through the computer platform
management and real-time Apperence.Software can
drawcurve of change over time about HbO, and RHb
variation, and the results are stored and used for
subsequent analysis.

The main function of this set of computer
processing system is real-time control, data
processing, display and storage. Now it can realize
the function of computer software development, such
as Matlab and Visual C++6.0, the Labview and
Visual Stadio 2010 etc. We chose to use the Matlab
software, its powerful data is used to calculate the

ability to complete the computer language
implementation of the proposed algorithm”), and
through its GUI platform realizes the visual interface
design.

Matlab is a numerical calculation software
introduced by the American Mathworks company.In
this experiment, as the data processing and computer
management software, the Matlab platform reflects
its advantages about powerful data process and
visualization platform development.The PC software
design flow chart is shown in figure 11.

ctart

Set serial port

Send the

starting signal

recieve

ERROR?

wait

More of 1000 byte?

Enter the fucntion

end

Fig.11 The software flow char
V. THE EXPERIMENTAL RESULTS
After completing the hardware part encapsulation,
it is connected to PC through a serial port.Upper

machine which is based on Matlab GUI tool design
of interface is shown in figure 12.
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Fig.12 The software operation interface

After the completion of the test, we ought to
choose a volunteer as experimental object, and draw

variation curve changes over time about the

oxidation of hemoglobin concentration variation and
reduction of hemoglobin concentration, curve is

shown in figure 13.
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Fig 13 Curve of cerebral hemodynamic parameters variation

VI .CONCLUSION

As a means of non-invasive optical monitoring
with real-time, Near infrared spectrum technique can
be continuous used, etc. and application scope is
more and more widely in the biomedical field.On the
basic of near infrared spectroscopy is real-time with
brain function monitoring system ¢, non-intrusive to
measure a region of oxygenated hemoglobin in the
cerebral cortex and reduction of hemoglobin
concentration relative variation, and the function of
the cerebral cortex activity monitoring.Brain function
analysis system is convenient to carry and easy to
operate.

On the analysis of the development of near
infrared spectrum technology and the application

status quo, moreover,on the basis of study of the
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detection principle for cerebral hemodynamic
parameters, the technical design has developed a set
of brain function analyzers.In this article, we
introduce the design prosess about the instrument of
hardware and software in two aspects respectively, as
well as the design scheme of the analyzer, device
selection and implementation function.Finally, the
experiment results are given, that is,by using the
instrument about cerebral hemodynamic
parameters,we draw variation curve changes over

time and completed the analysis of brain functions.
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Design of DDS signal generator based on FPGA

ZHANG Lin-hang,

ZHAO Mei-cong,

SHANG Xiao-hu, LIU Yang

(Jilin University Instrument Science and Engineering Institute,Changchun,130021 )

Abstract—A method based on FPGA was presented for DDS signal generator. The DDS signal generator can

provide sine wave, triangle wave and square wave. Meanwhile, the frequency and amplitude of the signal are

adjustable. PLL is used to make the output signal frequency stability. This design has the advantages over the

traditional signal generator of lower cost, smaller volume and easier to implement.

1. INTRODUCTION

DIRECT Digital Synthesis technology is based on
sampling technique and calculation. Waveform signals
were generated based on Digital Synthesis. Frequency
and phase of the signal with fixed reference frequency
is adjustable. The DDS signal source has high
frequency resolution, rapid frequency switching speed.
The output phase noise is low and it can easily be
integrated. DDS has a wide range of applications in
modern electronics, communications, medical imaging,
wireless PCS/PCN system, radar and satellite
communications.

FPGA has been widely used in the design of special
digital integrated circuits based on high integration,
high speed and the use to realize the characteristics of
large capacity storage function. Phase-locked loop is a
kind of technology to make sure the synchronization
of the frequency and phase based on feedback control
principle. Its role is to make the output clock circuit
and its external reference clock in sync. Based on
FPGA of Altera Cyclone series design PLL and DDS
signal source, the FPGA design can effectively realize
DDS technology, greatly improve the performance of
waveform generator and reduce the production cost.

II. THE PRINCIPLE SCHEME OF DDS SIGNAL SOURCE

Write programming through the VHDL language,
using Quartus2 software based on FPGA. Design
phase-locked loop to control the different working
clock, to ensure that the inside and outside work in the
synchronous frequency. Design frequency generation
and control part, by addressing waveform ROM to
generate sine wave, triangular wave and square wave,
and to frequency and phase meanwhile. Rectangular
wave and sawtooth wave can be generated through
phase adjustment. Again after D/A conversion, output
the waveform signal. By controlling the D \ A
reference voltage to adjust the amplitude of the output

signal.
III. THE PRINCIPLE SCHEME OF DDS SIGNAL SOURCE

Select Cyclonell EP2C5T144C8N chip of Altera
corporation as the control system. Provide 50M
system clock input the FPGA chip built-in
phase-locked loop. Using VHDL language design a
phase-locked loop to output a SOM clock as a clock for
frequency generation and frequency adjustment. The
system clock after 16 frequency division supplies
serial interface module. Frequency control word PFSK
and PASK/PSK are generated by frequency control
module. They are sent to NCOFSK and
NCOASK/PSK module respectively to generate
control signal as ASKOUT, PSKOUT, FSKOUT.
Return the control signal back to the PC via a serial
port way to verify analysis. At last, through D/A
conversion, convert digital signals into analog signals,
as the output signal of the DDS signal source.

Amplitude
adjustment
Freque
The l
ncy fiess Wave Phase
PLL Hcontrol accum | form control
word e ROM wordP| —> D/A
K l

FPGA Output

Fig. 1. Block diagram of the total design

CLK PD vCcoO

LPF

Fi Fo=Fi/N

— Fi/lN » PD » LPF » VCO T

Fig. 2. Block diagram of PLL
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1. The design of the frequency control module

Design frequency step is 100 Hz, due to the
frequency range is very wide, changing the frequency
span larger requires a long time by frequency step to
change the output frequency. So in the actual
frequency control module, increase the frequency
adjustment of the two additional step buttons, the
minimum step 10 times 100Hz which is 1KHz and
100 times 100Hz which is 10KHz. Use the frequency
buttons can change the signal frequency quickly.

To realize this design, by the formula (1) it can be

seen that when f_ / 2N is  determined, f, is

proportional to the K. Calculate the value of K when
the output frequency f, =100HZ, then the K is the

increment of the K when the frequency step is 100 Hz,
and write it as DK . To multiply the step frequency,
simply increase in DK multiples of the same value.

N
f0=k fC/2 (1)

f =2MHze40% = 800KHz # 100KHz  (2)

£ 30;\’""'2 »1.788Hz £ 100Hz (3)

min 2 N

2. The design of the phase accumul ator

The phase accumulator consists of a full adder and a
register. When the system clock is a positive edge, the
phase and the frequency words of the lase clock cycle
are added, and the sum is set to a register. Then output
W higher bits to the address line of the waveform
memory, at the same time phase values will be sent
back to the full adder for phase accumulation.

The higher W bits to the
control adder reslster . waveform memory
word K s W is the width of the memory

T address line
clk
Fig. 3. Block diagram of the phase accumulator

Due to the frequency resolution is equal to or less
than the frequency step value, and accumulator word
length is eight commonly integer times. According to
the formula (2) and (3) design accumulator word
length as N = 24.

3. The design of the waveform ROM

According to the noise power perspective waveform
ROM address line digits should be equal to or slightly
greater than the word length. Due to the selection of
DAC figures of 8, so choose the ROM word length
and DAC word appearance is consistent, select the
address line as eight bits. The higher eight bits of the
output waveform storage form the phase accumulator
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are used as address line. Waveform ROM outputs the
corresponding binary phase sine amplitude according
to the address line. Edite the program to generate sine
data based on MATLAB:

>> clear tic;

t=2%pi/256

t=[0:t:2*pi];

y=128*sin(t)+128;

round(y);

t=0.0245

ans

Convert the results into eight binary data, amplitude
corresponding to the 00000000-11111111 range.
Finally use the binary data written in VHDL program
to design the sine ROM.
4. The design of the amplitude adjustment
With two pieces of DAC chip cascade, of which the

first piece of DAC as D/A conversion chip, its voltage
as a reference voltage for the generation of the signal
source. The second piece of DAC is used for
amplitude adjustment. Input the adjusted voltage to the
first piece of DAC as its reference voltage, so as to
realize amplitude adjustment.

IV. RESULT

Through software simulation and actual test, the
signal source can generate sine wave, triangle wave,
square wave, square wave and sawtooth wave. The
signal frequency, phase and amplitude can be flexibly
adjusted by keys, the frequency of the output signal is
stable. In conclusion, the purpose of the design was

achieved.
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Fig. 4. Simulation diagram of the signal source
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An intelligent and safer design of multi-function
temperature adjustable water dispenser

Duan Qing-ming, Peng Xing-xing, Yang Kai-qi , Lin jie

(College of instrumentation and Electrical Engineering, Jilin University, Changchun 130022, China)

Abstract—In view of the shortcomings in the traditional water dispenser, this paper provides a smarter and more
energy-efficient design. In this design the controller of water dispenser was MCU, the sensor of water temperature was
DS18B20, and the keyboard and six-interlock switch were used as human interface device to set water temperature and
choose operation modes. All of this information was showed by LCD. Two cans were needed to store the raw water and boiled
water. The volume of the water in the cans that is determined by sensor was used to choose operating modes, automatic power

off mode for shortage of water and automatically mode switch for unattended time. The experimental results show that this

design can meet the demands of friendly operation interface, energy-saving and intelligence.

Keywords—Temperature setting; Multilevel model; Energy saving and safety; Automatic control

I. INTRODUCTION

IN our country, water dispenser has become
indispensable to family and office space, with huge
potential in domestic and international market. However,
when picking the hot water from the traditional dispenser,
cold water is directly into the heating can, making a
substantial increase in heating frequency. So as to
consume a lot of power and form yin-yang water for the
mixture of hot and cold water. When the room has no
one regardless of day or night after turning on the power,
water dispenser has been still in heat insulation
state. Water will be harm for healthy when been heating
repeatedly or a long time. Thirdly, packing water
generally relies on manual valves which are easily
leading to cross infection of viruses. Fourthly, heating
temperature in our life can not be selected generally and
there is no real-time temperature display. However, in
life, the water temperature is different for various
purposes such as instant cup noodles, coffee, etc, which
causes inconvenience to daily life. At last, when water
dispenser is in the state of insulation or heating for a long
time, it will cause air burning. There are huge amount of
household water dispenser in our country, air burning
easily will cause fire failure and waste a lot of
energy .When water dispenser is access to power and it
will be in work condition, then if children touch, it may
cause burns and other unsafe incidents.

To achieve intelligent, energy saving, healthy design
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of water dispenser, the project uses single-chip
for controlling water dispenser work, DS18B20
digital temperature sensor for temperature
acquisition, Nixie tube for display. The raw water
and boiled water were stored in two cans for
prevent yin-yang water. The pressure sensor is
placed in the tank below to measure the amount
of water in order to prevent air burning. If there is
no person to operate within the set time, it
automatically jumps to low energy-saving mode.
This brings convenience to people's daily
drinking.

II. SYSTEM DESIGN

The water dispenser we design is a product
with temperature control, level control, real-time
display, security, intelligence and other technical
integration. System has two parts with automatic
control and artificial control, which can complete
the tasks of setting temperature, testing,
displaying and water level detecting, displaying,
specific response to a particular water level
system, gear setting and intelligent jump.
Dispenser main portion have sound monitoring
system, display system, automatic control and
reliable enforcement agencies. The system block

diagram is shown in Figure 1.
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Fig.1 Water machine system block diagram

III. WATER DISPENSER HARDWARE DESIGN

AAnti-dry device design

Strain type pressure sensor is put under the can. We
use the sensor to measure the weight of the can when it
has no water and has full water. It sends a dry signal to
MCU when the weight is less than 5% and sends a full
water signal to MCU to close the water inlet when the
weight is more than 95%.When it is short of water, MCU
will send a signal to the solenoid valves and then the
solenoid valves opens the water inlet to fill the can with
water. If water is less than 5% for a setting time, it means
off

automatically.Gravity measurement circuit is showed in

devices has no water and will be power

Figure 2.
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Fig.2 Gravity measurements schematic

B.Temperature gathering and multiple temperature mode
settings

Temperature sensor is integrated digital temperature
sensor DSI8B20 which works in bus mode. There are
three pins in DSI8B20,including ground pin, power pin,
data pin.DSI8B20 power can be provided by the data
rather than external supply and

lines power

Communicate with the MCU only by one data
MCU pins.DSI8B20

measurement temperature ranges from -55 ‘C to

line so as to save
+125 ‘C and Incremental value is 0.5 “C.It can
transform the temperature analogue value to
digital value within one second .Accuracy and
speed meets the design requirements.
Temperature keys are independent buttons so
as to set a specific temperature. Six-interlock
switch were used to set multiple temperature
modes. The Water dispenser has intelligent
that it
automatically jump to the low temperature mode

temperature  control  system can
when no one operates the system for a long time.
For example, when there is no one in or the
power without being turned off at night, it can
save energy because water is not heating for a
long time. Specific conditions are as follows in

Table 1.

Tablel.Temperature modes

name APO | drink | honey milk coffee tea
temperature off | 45C 55C 65C 85C 95C
CDual can design and running water

automatically

The design uses two cans to store cold and hot
water separately. Heating device is only in the hot
water tank. When water level in the hot water can
is below the setting level, cold water can supplies
the full.  Its

characteristic is to prevent people picking hot

automatically until can is
water from mixing with cold water.

Picking water is controlled by manual button
or induction system designed with photoelectric
sensor.The cup will block photoelectric sensor
when put on the corresponding position, which
the sensor will sense the signal and then send
signals to MCU.MCU will open relay to pour the
water. When time set before is up, water valve is
back and relay is close. And then warning device
works. The water sensing circuit is showed as
follows figure 4.
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valve
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Fig 4 Water flow Control circuit Schematics

D.Display mode

The real-time temperature is displayed by nixie tube.
74L.S48 used as latch is selecting nixie tube to display
dynamically. Use the LCD screen to display the calendar,
set temperature, time and work modes.LCD is driven by
a 74LS164 and transformed from serial to parallel to

saving pins.
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Fig.4 The circuit of display part

IV.SOFTWARE DESIGN

Master controller program flowchart is shown in
Figure 3

The flowchart mainly includes Module initialization,
temperature and water level test, the cup detection ,
signal processing and display - The main task is
processing the signals from sensors to miss setting mode.
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V. ANALYSIS OF EXPERIMENTAL RESULTS

Fig.3 Software flow chart

In order to test performance merits of the

design, we measure and record some data about

pouring water time, water level test deviation,

heating time and heating-stop temperature. Every

glass of water is measured with balance and the

quality is 160 g. Use a stopwatch to measure time

and graduation ruler to measure water level. The

measure data is showed as table2.




Peng Xing-xing etc.: An intelligent and safer design of multi-function temperature adjustable water dispenser

Table 2 Measurement data sheet

Water-short ~ Response ~ Setting  Response ~ Water
level time time  temperature outflow
5% 1.0s 95C  95.0C 200ml
6% 1.2s 95C  94.5C 198ml
5% 1.1s 95°C 9537C 199ml
5% 1.8s 95C 95.2°7C 202ml
5% 1.0s 95C 9537C 200ml
5% 1.1s 95C  953C 205ml
3% 1.5s 95°C 95.2°7C 198ml

From the experimental data, deviation is in the normal

range including testing water level by pressure
sensor ,solenoid valve opening and closing, response

time and temperature .

VI. CONCLUSION

In this design,the controller of water dispenser was
STC89CS52 and the sensor of water temperature was
DS18B20.When the temperature of the water reaches the
temperature that was setted, buzzer alarms. When
timeout, the water dispenser turn into low temperature
mode, it will automatically cut off the power when no
one operates the system for a long time. In order to
reduce power consumption to achieve the purpose of
energy saving. Temperature setting is not only has five
gear concise model, but also can be set arbitrary
temperature, bringing great convenience to people.

This water dispenser adopts double tanks to placed hot
and cold water respectively. It controls solid state relay
SSR — IOA to heat the heating pipe and cold water tank
is not connected to the hot water tank when heating. So
cold-water will not flow into the heating-water tank,
which is different from the traditional water dispenser. It
improves the efficiency of the heating and saves
electricity. The pressure sensor as a means of water level
collection, when the water level is lower than 5% for a
period of time and it still no response, it will
automatically cut off the power to prevent empty fire.
LCD displays the model of temperature that was setted
by button and the heating mode. The digital tube displays
tank temperature in real time. The design of this water

dispenser is safe, intelligent and more humanized.
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