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Microcontroller-based mobile wireless charger
design

Ding Xiaoxu; Guo Baifu; Like
(Jilin University of Instrument Science and Electrical Engineering, Changchun 130012)

Abstract—In order to adapt to the wireless charging of implantable medical devices, sensors, municipal transportation and

other aspects of the application, Change the current electronic charging interface incompatibilities. The design uses a

low-power microcontroller STC12C5A60S2 energy transfer charger as a wireless monitoring and control core, based on the

principle of electromagnetic induction, through energy coupling coil, to achieve energy transfer, the current control, voltage

control, achieve transmission distance 5cm, the voltage reaches 5V, 0.5A current steady power supply, after the prompt is

given full power and full automatically stop charging. Charging voltage and charging current display with low power

LCD1602.System has a wireless charging, energy transfer effect is good, low cost, no wiring, easy to carry and other

advantages, has a broad application prospects.

Keywords—STC12C5A60S2 MCU intelligent wireless charging

FOREWORD

PHONE needs the corresponding charger, most
chargers can not be universal and compatible portable
wired charger and charge the user is not easy. So a no
charger charging technology to be developed. Nokia
920 handset with a wireless charging technology,
using electromagnetic induction principle, sending and
receiving end have a coil, transmitter coil is connected
wired power generating -electromagnetic signals,
Receiver coil induction sending electromagnetic
signals to generate current to the battery. But Nokia
920 wireless charging, you need to put the
corresponding wireless charging plate, once more than
2 c¢m can not be charged, and the production process is
visible increase the

complicated, expensive,

transmission distance is a wireless charging
technology should pay attention to the issue. This
design uses the same principle of electromagnetic
induction to generate energy through the coil coupling,
hardware circuits are transmitting and receiving ends
of two parts, transmitter using NE555 with the RC
oscillation circuit constituted, as a power amplifier
using FET devices; Receive comprised BUCK
chopper circuit voltage type step-down DC/DC

conversion circuit realized steady flow. Transmission

distance can reach 5-10cm, voltage 5V, 0.5A current
stable charging. Has simple, wireless transmission
distance is long, low-cost advantage. In the design of
single chip microcomputer and LCD power
consumption is more, lead to the problem of lower
charging current, so use low-power chips and liquid

crystal display, the charging current can be improved.

1 THE HARDWARE SYSTEM DESIGN

The wireless charging system design using
electromagnetic induction principle, the use of coil
coupling to transfer energy. Due to the wireless
transmission of power voltage with energy sending
unit and receiving unit coupling coil spacing D may
change in the test, lead to different charging voltage
change of distance, design considerations for safety, so
charging ways on the choice of constant voltage
charging scheme. On the device select select has a
variety of power saving mode, power consumption
province in particular, Strong anti-interference force of
MSP430 ultra-low power MCU series MSP430F2274
as monitoring of wireless transmission can charger
control core chip, voltage and charging time display
with low power consumption LCD1602 LCD screen,
to improve the utilization efficiency of the energy of
the charging circuit.
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1.1 Oscillator circuit design

Transmitter circuit consists of resonant oscillation
signal generator and a power amplifier, Shown in
Figure 2.Using NES555 constitute approximately
55KHZ oscillation frequency of the signal generator,
which provides incentives for the signal amplifier
circuit. Resonant Power Amplifier consists of LC
parallel resonant circuit and switch. Oscillation coil
has a diameter of 0.50 mm enameled wire tightly
wound 30 ring as required. Inductance value of about
90 uH. Seen from the formula.

1

27z LC

When the resonance is at 55 KHZ, the capacitor value

f:

of C16 is about 0.1uF.The resonant frequency of
frequency selection circuit is the same as the
frequency of the excitation signal in the power
amplifiers. PA resonance, at this point the voltage and

current in the coil reaches the maximum, thereby

generating maximum alternating electromagnetic field,
achieve the best effect of energy transfer.
1.2 Design of the half-bridge inverter circuit

Shown on the right in Figure 2 half-bridge inverter
circuit, half-bridge circuit composed by two MOS
switch. When the MOS transistor Q1 turns on, Q5 up,
current from the MOS transistor Q1 and go through
the LC circuit to ground. When the MOS transistor Q5
is turned on, Q1 up, the current through Q2, LC to the
ground. So the cycle continues, direct current into
alternating current by inverse, in order to transmit LC
circuit. Using IR2104 as the driver of MOS transistor
chip,IR2104 is a high voltage, high speed power
MOSFET and IGBT driver, operating voltage 10-20V.
QI is turned on or off ,which is controlled by the
output of HO and LO control Q5 on and off, so as to
control the half-bridge .
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Fig.2 The hardware circuit

1.3 BUCK chopper circuit

DC / DC converter is fixed DC voltage into a
variable DC voltage, also called DC chopper. Buck
circuit is a step-down chopper. The output average
voltage UO is less than the input voltage Ui, the same
polarity, In this circuit, the input is always greater than
the output, so we use pulse width modulation BUCK
buck

supply,

BUCK converter also known as
the
three-terminal switching buck regulator.

1.3.1 KA7500B Introduction and working principle

converter,

converter, series switching power

Circuit depicted in Figure 3 is essentially a power
supply circuit, with constant current / constant voltage
output. It comes with two way feedback circuit that is
current feedback and voltage feedback, wherein the
current feedback positive and negative corresponds to
the 1/2 feet of KA7500B.Output current produces a
voltage drop at the current sampling resistor, The
pressure drop through resistor R9, R10 and R14, R15
feedback back. When KA7500B feetl voltage is
greater than the first voltage feet2. KA7500B will
reduce the output pulse width (8, 11 feet), the current
is reduced, or increased pulse, so that the output
current is constant at the default value, the current

value of the following formula:

0.59K
(0.59K +20K)

| = PWM *

Where R is the current sampling resistor, positive and

negative feedback of the circuit voltage corresponds to
the 15/16 feet of KA7500B. After power,
microcontroller output PWM voltage, to KA7500B 15
feet as the voltage reference. Output voltage through
the voltage sampling resistor divider in the front ,
compared with the voltage reference, when the voltage
is too large, decrease the pulse width when the voltage
is too small, increase the pulse width, so that it
remains constant output voltage value, while the
output voltage set by key, ensure maximum output
voltage and current does not exceed the rated battery
charging limitations imposed by the receiving end of a
USB cable to connect the phone charging port, its
output voltage to the following formula:

16.49k

V. = PWM *(
10k

)

2 PROCEDURAL FRAMEWORK FOR THE WHOLE SYSTEM

The overall design work is mainly achieved by the
microcontroller program control, which works as
follows: the circuit startinitialization, the circuit
function selection, output select and determine the
output, the microcontroller calculates the output PWM
signal acquisition, regular data collection and
processing adjust the PWM signal duty, etc., done by
adjusting the duty cycle voltage.

2.1 overall framework of the program shown in Figure

4
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Fig.4 System program flow chart

2.2 Charging subroutine design

Charging process is divided into two phases, the
first stage is the constant voltage charging, the
charging voltage can be set, when the charging voltage
reaches 4.2V, is transferred to the second stage, that is
4.2V constant voltage charging, constant voltage
charging current will increase gradually decreased
over time, until the charge current drops to 10mA, it
indicates that the battery has been charged to the rated
capacity of 90% to 95%.At this point it can be
considered basic full, if we continue to charge it, the

charge current will gradually be reduced to zero, the
battery is fully charged. Specific charging process,
"charge" red light is lit; when the battery is fully
charged, the "fully charged" indicator is lit green. As
the mobile phone's battery and charging distance are
different, electricity charged into the mobile phone
battery is different. The capacity of the lithium battery
of Small wasps and HTCONEX are 1420mAh and
2000mAh used in the experiment. For example, the
third row of Table I: Lithium Output voltage 3.7v,
transmitter terminal voltage and current of 12V and
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1A.
Poys =3.7x2x0.4=3.0w
P =12x1=12w
P 3.0
n=— =="x100% = 25%
I:)Launh 2
Form.1 The actual charge
Phone Charge into the Time (min) Distance
electricity (em)
Small 30% 30 6
wasp
Small 40% 30 5
wasp
HTONEX 40% 60 5
HTONEX 10% 30 8

3 CONCLUSIONS

This design enables the transmission distance of
5-10cm, it is suitable for most mobile phones interface,
a wireless charging, and it solves the issue that wired
charging port is not compatible inconvenient to
carry .System hardware and software are modular in
design, so easy to debug and troubleshooting.But
charging a bit low, the transmission distance is shorter,
if in-depth study, by increasing the supply voltage to
24V or increasing radius of the coil. If PWM can be
produced by separate chips, which can reduce the
burden on the microcontroller, and can improve the

circuit output accuracy.
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Pedestrian Dead Reckoning Device Design Based
on STM32

Luo Yin,Lu Hongzhou,Zhao Yu,Wang Jun

College of Instrumentation and Electrical Engineering,JiLin University,Changchun 130012,

China

Abstract—We put forward a new design of pedestrian dead reckoning device based on the portability and practicality. The

device uses LSM303DLHC integrated with a three-dimensional accelerometer and an electronic compass,and MPU3050

integrated with a gyroscope to collect the real-time movement information of pedestrian.The Cortex-M3 core

STM32F103RBT6 in the device collects data produced by the sensors,performs pedestrian dead reckoning and displays the

dead-reckoning information of pedestrian on a TFTLCD.Experiments prove that the device has the high precision of

dead-reckoning and satisfies the requirement of practical application.

Key words—STM32F103RBT6; multi-sensor;heading;step count; track display

INTRODUCTION

IN the wild woodlands, rocky areas or the urban region
located with skyscrapers,the positioning accuracy of
global satellite positioning navigation system(GPRS)
will descend because of the signal block,it even can’t
finish positioning in some circumstances.Therefore in
recent years,self-contained positioning scheme based
on movement characteristics for pedestrians has
become a research hot spot.Most of the adopted
solutions use wearable multi-sensor to complete
pedestrian dead reckoning(PDR),such as Lei Fang[1]
extracted motion information by the sensors worn on
the pedestrian waist and transmitted the information
to the computer to complete pedestrian dead
reckoning.Lauro Ojeda[2] set the gyroscope and
three-dimensional accelerometer on the foot to extract
information then transmitted it to a computer and use
Matlab software for 3D image processing.SUN
Zuolei[3] used the particle filter and probabilistic
neural network to identify and filter the pedestrian
motion information and improved the accuracy of
pedestrian dead reckoning.However, the information
of PDR of these designs is produced by specialized

software on the computer,it is not very useful,while in
the outdoor, the portability of the computer is not high,
so the development of a portable, practical pedestrian
dead reckoning device is very necessary.For the above
design shortcomings combined with the characteristics
of pedestrians dead reckoning,we design a portable
and practical pedestrian dead reckoning device.lIt uses
accelerometer and electronic
chip LSM303DLHC and
gyroscope integrated chip MPU3050, multiple sensors

three-dimensional
compass integrated
ensure the accuracy of collected information of
pedestrian movement,and ARM Cortex-M3
micro-controller core STM32F103RBT6 as a data
processing unit.The real-time processing pedestrian
dead reckoning information is displayed on a
TFTLCD, which has high data processing accuracy
and also meet the needs of portability and practicality.

1 SYSTEM COMPOSITION AND WORKING PRINCIPLE

The pedestrian dead reckoning device contains a
heading sensor module, a data processing module and
a display module, the specific composition diagram is
shown in Figure 1.
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Figure 1 Block diagram of the system

The three-dimensional sensor module is divided
into the triaxial accelerometer and electronic compass
chip LSM303DLHC
integrated chip MPU3050 and micro-controller
STM32F103RBT6 for data
three-dimensional sensor module is placed on the

integrated and gyroscope

processing.The

waist of the pedestrian while it is working,the
three-dimensional ~ accelerometer  collects  the
acceleration in three directions, use it to calculate the
tilt angle and the pitch angle and estimates the number
of steps and stride of the pedestrian.The electronic
compass collects real-time heading data real time data
of pedestrian.The gyroscope measured three axis
angular velocity to correct the calculated pitch angle
and the tilt angle in the unit time.The MCU is
responsible for converting raw sensor data,uses the
serial port for communication with the data processing
module. The core data processing module also uses a
single STM32F103RBT6 chip,while it is serial
communicating with the three-dimensional sensor
module, the required data of PDR is stored through the
FAT32 file system in a SD card at the same time.The
display module uses TFTLCD ILI9320, when the
pedestrian needs to view the current information of
PDR,the micro-controller calls up the original data via
the FAT32 file system from the SD card and performs
PDR,then the track of pedestrian will be displayed on
the TFTLCD.

2 HARDWARE DESIGN

2.1 Master chip and peripheral circuit design

The master and the slave micro-controllers both are
ST's ARM Cortex-M3 core with industrial-grade
control chip STM32F103RBT6, it has 72MHz clock
frequency, the internal ROM storage capacity of

128KB, RAM memory capacity of 20KB. Has eight
timer counters, 3 SPI, 2 IIC, 3 UART, 1 USB, 1 CAN
and other communication ports, these ports are fully
able to meet the needs in the design process.

The STM32F103RBT6 chip is supplied with 3.3V
voltage , the external power supply is 5V batteries, so
a buck chip AMSI117-3.3 is adopted, the output
voltage can be lowered and stabilized at 3.3V,with 1%
accuracy.

2.2 Three-dimensional sensor module design

The LSM303DLHC chip can work in 2.16V ~ 3.6V
low voltage, the measurement range of its built-in
three-dimensional accelerometer measurement range
is + 2g ~ + 16g, the measurement range of of the
electronic compass range can be + 1.3 ~ + 8.1 gauss,
The micro-controller IIC bus
communication through the SCL and the SDA
pin.While the contents of register CTRL REG4 is

edited,the three dimensional acceleration measurement

performs the

range can be set, and the electronic compass range can
through the CRB_REG_M.Its
peripheral circuits is shown in Figure 2.

MPU3050 works in 2.1V ~ 3.6V low voltage, its
built-in three-axis gyroscope can measure the direction
of £ 250 ° / s ~ £+ 2000 ° / s angular

displacement.Editing the content of its register

be set register

DLPF_FS can choose gyroscope’s working range,
while the micro-controller read out the six-axis
original data of registers X OFFS USRH / L,
Y OFFS USRH /L, Z OFFS USRH /L through the
IIC bus,and its peripheral circuits is shown in Figure 3.
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2.3 Data storage and display module design

The master micro-controller which is responsible
for PDR communicates with the three-dimensional
sensor module through the serial port, they are set to
the same baud rate. Since the built-in RAM capacity
of STM32F103RBT6 is only 20KB, and dead
reckoning data used in the process is much larger than
the amount of memory capacity, the FAT32 file system
is used to help the host micro-controller store data into
an SD card, the micro-controller write or read data via
SPI interface, the data storage module schematic is
shown in Figure 4.

The display module wuses TFTLCD ILI9320
produced by the Ilitek,the operating voltage is 3.3V, it
has a resolution of 320 x 240, 16-bit bidirectional data
line, the micro-controller via the WR pin to write the
data into the TFTLCD and read out data through the
RD pin, the schematic of the display module is shown

in Figure 5.
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Figure 4 Data storage module schematic
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3 SOFTWARE DESIGN

3.1 Dead reckoning principle

The motion of pedestrian can be considered as
two-dimensional motion in general[4], connection
between the two foothold in a step cycle can be
considered as a straight line.When the data sampling
time is a step cycle, the information of pedestrian at
the end of the current cycle can be calculated by the
orientation information with the sampling period stride
length and heading angle information sampled at end
of the last sample cycle.Showed in two-dimensional
xy coordinate plane, let us suppose that the orientation
of the pedestrian in initial time is (x0 , yO0), the
orientation of an arbitrary time is (xt , yt), within
each sampling period walker steps is S, heading angle
is A, then a step in accordance with the sampling
period is T. According to the principle of recursive, the
orientation of pedestrian at any time t may be
expressed as:
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n=t/T

X =X+ > SsinA

i=0

n=t/T
Yy =%+ > ScosA
i=0 (1

3.2 Heading angle calculation

The pitch(represented byl ) and the tilt angle
(represented by82) of the sensor module calculated by
the Ax, Ay, Az measured by the three-dimensional
accelerometer can be expressed as[5]:

A
A
0, = arctan(L)

VA +A 2)

The Ax. Ay Az in the formula(2) is acquired by the
triaxial acceleration values corrected through least

6, = arctan(

)

squares method [6].Since the sensor module is placed
on the waist of pedestrian.It is inevitably introduce
vibration disturbance when the pedestrian is walking,
and result in pitch and tilt angle solving error,a
complementary filtering algorithm is used to integrate
with the data produced by the gyroscope to reduce
interference of solving error caused by vibration. Let
us suppose the three-axis data of the gyroscope after
performing filtering complementary algorithm as Gx.

Gy. Gz,and three direction acceleration data after
fusion as Ax’+ Ay’~ Az’ The weight of three directions
acceleration as PAx . PAy. PAzthe
three-axis gyroscope data as PGx. PGy. PGz,the

weight of

following can be expressed as formula(3):

A =(AxPl+G, xP) /(P +FY)

A = (A xP! +G,xPY) /(P! +PY)
A =(AxP;+G xPOIPL+RE) (5

By reducing the weight of the acceleration values
and improving the weight of three-axis data of
gyroscope can achieve satisfied filtering effect.Put the
processed acceleration values into formula(3), we can
obtain the de-noised pitch and tilt angle.Let us
combine with three-axis magnetic field components
Mx. My. Mz
compass,suppose the component of the magnetic field

measured by the -electronic

projected onto the xy plane after tilt compensation[7]
as Hx. Hy,the heading angle A of pedestrian can be
expressed by formula(4):

H,=M,sinb +M, sin6,

H,=M,sin0,sin 6, + M cos 8, — M, sin 6, cos 6,

A = arctan( H L)
H, (4)

The Mx. My. Mz is the three-axis magnetic field
component after ellipsoid correction[8].
3.3 Count of the number of step and stride estimate

Since the three-dimensional sensor module is placed
on the waist of pedestrian, the accelerometer can
detect vertical acceleration changes in walking cycles
of pedestrian,the vertical acceleration threshold
determination method is used to count the number of
step. Meanwhile, the stride frequency(Hz) and stride
length(m) of pedestrian has linear relationship and can
be used the following model[9] to estimate:

0.4375, 0<F<1.35
S= 0.45F-0.17, 1.35<F<2.45
0.9325 2.45<F<o0 (5

Where S is the real-time stride length of pedestrian,
F is pedestrian’s real time walking frequency. To count
the real time walking frequency in the data processing
terminal can determine the real time stride length of
pedestrian, and reduce the travel distance statistical

CITOT.

4 TEST RESULT AND ANALYSIS

Field test result is shown in Figure 6, the test site is
the school internal standard athletic field, the athletic
field included two straight lane, one is set form the
west to the east, and the other is set from the east to
the west. The fifth lane is chosen and the actual
walking length is 430m, the actual number of steps is
560 .The number of steps measured by dead reckoning
is 587, the measured walking distance is 428.5m.The
relative statistical error of the number of step is 4.8%
and the relative statistical error of walking distance is
less than 1 %.Compared with the actual route, the
maximum deviation is 5Sm, appears in the straight lane
which is set from the east to the west, the deviation

interval length is 85m, the heading angle measured
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error is +2, ~+4. or less. It is indicated that the above
method designed walker dead reckoning device has a
high accuracy, timeliness and reliability and meets the
needs of practical application.

Figure 6 the test result schematic

5 EPILOGUE

The article describes the hardware and software
algorithms design of the pedestrian dead reckoning
device based on the
STM32F103RBT6, which completes the multi-sensor
data acquisition and dead reckoning. The system

micro-controller

which uses micro inertial devices and the
micro-controller can meet the applicable requirement
of miniaturization, practicality and portability and has
the ease of setting up a system.Field experiments
prove that the measurement accuracy can meet the

actual demand.
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Transit Passenger Flow Statistics System design

Xueyan hu Lubai Xingzhi han

Abstract—Recently, the urban traffic jams in serious condition, bus as one of the most common means of transport is
overcrowded in the rush hour, on the other hand, it's nearly empty in times of traffic low.Moreover, faced with the situation
of buses dispatching at regular time, some people choose to buy their own carswhat made traffic in a worse
condition.Considering resolving this problem , we designed a transit passenger flow statistics system, which would make a
reasonable provision of public transport resources, and then contribute to alleviating the pressure on traffic. Transit passenger
flow statistics system consist of transmitting part and receiving part.Transmitting part using Infrared Emitting Diode and
Photodiode calculators the passenger flow on the bus , then acquired the current location and speed through GPS, and sent
these information to receiving part (i.e. the bus stops and Transit Company Dispatch Center) by wireless. The passengers
who was waiting at the site could observe operating conditions through the LCD of the bus stops , in order that the
passengers would make the most rational choice, saving time to facilitate travel. Transit Company Dispatch Center would
schedule bus trips according to passenger flow conditions , in that way could help conserve resources and satisfy transport
needs.

Keywords—bus; GPS;MSP430;people-counting; wireless communication

consist of radiating portion and receiving portion.

0 INTRODUCTION

THE present situation of the urban traffic is not
optimistic,especially the peak commuting,in my
opinion,in order to solve this situation,there are two
ways to go,on the one hand,improving the situation of
road and enhancing road construction,on the other
hand,enhancing the management of road and
improving use of existing resources.though the
government is going on the first way,but there are a lot
of works to do,relatively speaking,the second way can
remit current situation quickly and effectively,so this
passage do a research about the second way.current
bus is a great resource,if we can use it effectively,it
will improve the current situation obviously,as the
same time,we can achieve the energy conservation and
emission reduction,intelligent transportation system is
the only way which is passed in the future.if there are
enough loose and comfortable bus, i think people will
choose bus but not private car, in order to intelligent
transportation system, people counting and scheduling

is very important.

I THE OVERALL DESIGN OF THE PROJECT

Transit Passenger Flow Statistics System is

Radiating portion is used in the bus to achieve
people counting,to get the current speed and location
by GPS,and send the information to the receiving
portion, receiving portion shows the message by LCD
to allow the passenger to choose the best way,the

overall block diagram show as Figure 1.

People counting GPS

}

430 controller

k4

Wireless module

k4

430 controller

}

LCD module

Figure 1.the overall block diagram
2 ACHIEVEMENT AND ARRANGEMENT OF PARTS
2.1 radiating circuit module :

Radiating circuit module includes MSP430F169
PCB, GPS module,radiating circuit and double red

11
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outside to the tube . GPS module and wireless module

gear into MSP430 by serial portradiating circuit
module show as figure 2. Close watchdog

Timer init
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Figure 2.circuit of radiating module

2.2 receiving portion Figure 4.flow chart of radiating portion
Receiving module includes  MS430F149 3.1.1 people counting module
PCB,wireless module,LCD circuit,LCD is controlled people counting module consist of red outside to
by parallel port,wireless module connect to serial the tube,it's output voltage is high when people
port ,receiving module circuit show as figure 3. pass,on the contrary ,it's output voltage is low,flow
e chart of people counting module show as figure 5.
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Figure 3.circuit of receiving module

3 SOFTWARE DESIGN

Number—— N
Software includes receiving portion and radiating ‘
portion. Check
3.1 radiating portion Number
Tasks of radiating portion are people counting, GPS 7&1‘1 d
Map,speed measurement . send data.flow chart of
radiating portion show as figure 4. Figure 5.flow chart of people counting module

3.1.2 GPS module
The key of using of GPS module is to formulate
the communication protocol of Serial port,it includes

12
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data type and information format data type contains
mainly Binary information and NMEA information,
these two types of information can correspond with
GPS by serial port, flow chart of GPS module show as
figure 6.

Timer init

Figure 6.flow chart of GPS module

3.2 receiving portion

The main task of receiving portion is showing the
number of people and position
information ,meanwhile,to response the IRQ of
receiving data, flow chart of receiving portion show as

figure 7.

Close watchdog
limer init

| Serial port init |

Upen
TR

| Read data |

-

| Show data |

Figure 7.flow chart of receiving portion

4 SYSTEM TESTING

Testing on the outdoor,data can be showed
accurately on the LCD,result of testing show as table
1.

Test Number of people |longitude | latitude speed (kmh)
number |in the car

1 33 125°35 43788 36

2 16 125°35 43788’ 25

3 27 125935 43788’ 38

Table 1.result of testing
5 CONCLUSION

Finally, Transit Passenger Flow Statistics System is
finished,it can achieve display of number,speed,and
position,according to the control mode designed ,the
goal which passengers choose bus based on the
message is attained.

As the same time , dispatching center realizes the
effective dispatching,depending on the message.
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Design and Implementation of the full range of
sub-control intelligent lighting system
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(College of Instrumentation and Electrical Engineering, Jilin University ,Changchun 130021,China)

Abstract—In order to create a good lighting environment, making full use of the outside natural light to control dynamic

lights with low power consumption and intelligent characteristics, the intelligent lighting control system is based on the

STCB89C51RC single-chip microcontroller as the processor, composed of light intensity sensor module, LED module and LED

drive circuits. It can automatically adjust the brightness supplemented by the outside light intensity, saving energy and

realizing sub-regional control functions. The detection accuracy of light intensity is less than 1.0 Ix, adjusting time is less than

2.0 s, through actual measurement. Compared with ordinary fluorescent lamp, energy saving can rate up from 25% to 30%.

Key words—L.ighting system; Light intensity sensor; Partition control; Low power consumption; Energy saving

0 PREFACE

THE intelligence of traditional lighting systems is quite
low, with uncontinuous lighting control, short
longevity and low energy conversion efficiency;
besides, in some public places, such as classrooms, the
use of light is often in unattended or poor management
situation, which not only affects people's lives, but
also is a great waste of power. This paper mainly
introduces a design of a modular lighting system able
to monitor external light intensity in full directions by
each angle anytime and adjust its brightness
automatically. This system uses the sub-regional
controlled manner. Each region can detect the light
outside

intensity automatically, and  the

microcontroller control system processes the
information, then send signals to the controlling
system, which will adjust the number of lights and
then adjust the brightness so as to meet general
lighting requirements[1]. This lighting system can not
only meet the requirement of normal life and work
light intensity ,but the system can automatically adjust
its brightness to facilitate the monitoring and
management of public places.

This system selects the LED as light source. LED is
called the fourth generation of green light source. Its
emitting device is cold light source with low energy
consumption, long longevity and other characteristics.
In the case of the same lighting, the power

consumption of LED lamp is one-tenth of an

incandescent lamp, half of a fluorescent. Compared
with other lighting fixtures, LED lights contain no
sodium, mercury and other elements which will do
harm to people’s health and thus can protect

environment to some degree[2]
1 SYSTEM ARCHITECTURE

In this paper, the design of the full range of lighting
district  intelligent system, is composed of
STC89CS51RC controller, BH1750FVI light intensity
sensor module, drive circuit of LED module, LED
module and arc lamp shade. The overall structure of
the system is as shown in figure 1.The sensor module
uses photosensitive diode to acquire external light
intensity. And the detected signal is processed by
preamplifier, filter and A\D conversion ,thus there will
be digital signal. Through the IIC protocol the digital
signal will be transferred to the controlling system for
processing, then through the LED drive circuit we can
control the number of LED lights, in order to meet the
general lighting requirements.

Power supply H Vol tage H Protect ion H a3 output
roegulatar cireuit

Light - —
e TED drive LED lights
intensity —» ML

crrourt BHrray
sensor module

Fig.1 System architecture

2 HARDWARE DESIGN

15



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the Second Half of 2013

2.1 System Controlling Structures

Controlling systems are generally divided into the
closed loop control system and open-loop control
system. In this design, light intensity signal collected
requires feedback regulation so we choose closed loop
control system[3]. System structure is shown in Figure

Detection controlled controlled
controller Actuator .
value object parameter
Detection
device

Fig.2 System Control Structures

2.2 The main controlling module

This system uses STC89C51RC microcontroller as
the controller. STC89CS51RC belongs to a class of 16
buses with FLASH microcontroller. It uses a 16-bit
bus, peripherals and memory unified addressing,
whose addressing ranges up to 64K, with the external
expanded memory available. With a unified interrupt
management, it has a wealth of on-chip peripheral
modules. As for the FLASH-based, online debugging
and downloading is available. Because the JTAG port
and FET (FLASH EMULATION TOOL) are
connected directly, no additional simulation tools are
needed .it can work in low power mode[4] which is
convenient and practical to use.

The main controlling system circuit consists of light
intensity sensor, LED driver modules, and power
supplies system. Hardware circuit diagram is shown in
Figure 3.Controllers are connected to measuring
circuits with light intensity sensors in five directions,
namely, east, west, south, north and below. The array
of LED lights in each partition is controlled
individually by the fixed light intensity sensors.
Through external expansion, the LED driver circuits
are connected to LED lights array in each partition.

Fig.3 System hardware circuit

16

2.3 Measuring circuit module

This design uses BH1750F VI, an integrated circuit
for two-wire serial bus interface digital light intensity
sensor. This integrated circuit can adjust the brightness
of lights according to the collected light intensity data.
Taking advantage of its high resolution ,it can detect a
wide range of light intensity[5]. It has a spectral
sensitivity of vision closed to human’s eyes, which has
a wide measuring range and high-precision (equals to
11x-655351x) and other features.

Its internal circuit includes an A / D converter and a
signal transmission circuit. The diagram of the
measurement circuit is shown in Figure 4. D1 is the
sensitive element of the module, through the
pre-operational amplifier and filter, and then through a
16-bit A / D converter the output signal is converted to
digital signal ,and finally through (IIC) protocol the
signal is connected to the output terminal. The sensor
module contains an internal 3.3V power regulator,
which can remove 50Hz/60Hz light noise ,then a
stable light intensity measurement can be achieved.

vee

% Om\

AD1
[l LogicHIC Interface
¥ p—————0 s

D———0 sa

MIPYHO0RL

aH

[¢]
GND ADDR

Fig.4 Measuring circuit schematics

2.4 LED driver module

As is shown in Figure 5, port 1 is connected to the I
/ O port extended by LED driver module, using the
switching characteristic of transistors to control the
LED lights. After testing the circuit, when there is a
high level in the base, the output current is 1mA,
meeting the designed requirement. Resistor R1 is 5K,
avoiding output power shortage and playing a role in

limiting current[6].
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+5V

D1
LED

110 R1 Q1
BC850B
5k1

Fig.5 LED Lamp driver circuit

2.5 LED lamp module

According to the core concept of the design, that is,
reducing the waste of light to achieve the effect of
environmental protection and saving money, therefore,
in this design, LED lights are arranged in an arc, so
that these lamps can provide light to the outside world
in full range of 360 degrees. LED lights above arc
lamps are arrayed in five areas, namely, below, east,

west, south, north. Figure 6 is the full range of

sub-control intelligent lighting system schematic.

North

Fig.6 (b) Outline structure (Three-dimensional visual)

3 SOFTWARE DESIGN

The main controller program flow chart is shown in
Figure 7. The program of the main controller includes
module initialization, gathering lighting information,
response processing and so on . The main task is to
process digital signal from the sensor. The first step is
to choose the direction and then obtain information
from the direction of the light. if the light intensity in
this direction exceeds ordinary lighting requirements,

the microprocessor will reduce the number of lights in
the area, whereas will increase the number of lights
in the area; as a result, the indoor light intensity will
be maintained in the required range for general

lighting requirements.

Initialization+

"

Select Direction+

v

Light information+

Intensity+

wealk+

Reduce lights+

]

A 4

Increase lights+

Figure 7. Software system flow chart

4 TEST RESULTS

Test both the experimental prototype and the
ordinary lighting system for energy-saving efficiency:
Under the same operating conditions ,in the same
environment of power consumption for 24 hours,
compared with ordinary lighting system, the
intelligent lighting system saves about 25% -30% of
the electricity. Detailed test results are shown in

Figure 8:

Power consum) D(i on compare

50 . Rt gl pitnd

30 — wrdinary lighaing oiem

1:00
3:00
5:00
7:00
9:00

2:00-3:00
4:00-5:00
8:00-9:00

0:00-1:00

@:00-7:00
12:00
14:00-
16:00
20:00-21:00
22:00-23:00

Fig.8 System energy saving effect test results
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5 CONCLUSION

This paper mainly introduces the full range of
intelligent lighting control system. Not only does the
system accomplish real-time detection of ambient light
intensity, but it also compensates for each other with
the outside light intensity to adjust brightness
automatically, which will meet the intelligent lighting
requirements. Moreover, compared with the traditional
lighting system, the intelligent lighting system has five
partitions ,they are east, west, south, north and below,
each of the LED lights array is equipped with a
measuring circuit composed of light intensity sensors,
five partitions are independent, realizing the purpose
of sub-regional management. After actual test,
regional recognition rates up to 100%; settling time is
less than 2.0s; light intensity resolution is less than
1.0lIx. Compared with ordinary lighting system ,the
intelligent lighting system saves about 25% -30% of
electricity in the same condition. In addition, the
intelligent lighting system can achieve good energy
saving effect, extending lamp longevity. All the
advantages guarantee the intelligent lighting control
system a promising market prospect.
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Research on wireless synchronization device in
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Abstract—In order to better solve the time synchronization problem of shallow seismic prospecting signal acquisition, Put

forward a data acquisition system of shallow seismic exploration based on wireless network.It uses AT89C51 micro-controller

as the main controller,Use AD7705 modulus conversion chip with low power consumption and high resolution to realize data

collection ,Choose nRF24L01 set up wireless network ,According to the characteristics of modulus conversion unit and

MCU ,Design the power module and the voltage stabilizing circuit to realize accurate flexible power supply.By determining

the real-time data of different transmission distance ,Use seismograph for time compensation thus realize data acquisition

synchronization .Solving the complex wiring and synchronization problems when the conditions for exploration,realizing

low-power,portable and synchronization function in the shallow seismic exploration.Tests show that the system power

consumption is 2500mW ,the wireless transmission distance is 94m, and transmission delay time is less than 1.87 u s.

Key words—Instrument and meter technology; wireless Synchronous; prediction model; superficial seismic exploration;

data acquisition; Analog-to-digital conversion;

INTRODUCTION

SHALLOW seismic exploration is the use
the artificial

excitation seismic reflection and refraction , wave travel

of special detection equipment , record
time,amplitude , waveform ,in order to analyze and
judge ofa geophysical method formation interface of
geotechnical and geological structure[1. 2] . Shallow
seismic exploration instruments are precision and key
equipment for the most shallow seismic prospecting[3] .
And the synchronization precision of data acquisition and
wireless  transmission technology has become an
the shallow

prospecting instrument. The measurement precision of

important index to measure seismic
time synchronization directly influences the quality of
seismic observation records, is required for seismic data
analysis and inversion of seismic wave valuable data[4].
With the poor and the exploration of shallow seismic
exploration environment of the expansion[5], the cable
telemetry seismic instrument mainstream in some degree ,
it is difficult to meet the actual needs, and requirements of
shallow seismic exploration instrument must be light[6] .
Radio telemetry seismic instrument not only reduces the
field work burden, but also avoid the inherent large line
crosstalk , antenna interference , frequency interference ,

so synchronization, wireless , portable[7] ,low power

Wireless synchronization

consumption is the keyof system design.The more
mature and widely used in wireless communication are
mainly GPRs , WiFi , Imote2 , Zigbee , ultra wideband
impulse ,butcan meet the design requirements of the
few , such as the GPRS network , although can meet the
communication

distance  requirements ,but the

communication speed is low,can not meet the
requirements of rapid transmission of large amounts of
datathe ; Although WiFicanmeet the

transmission requirements ,but the real

seismic
speed
environment of radio interference too much , can not
guarantee the accuracy of the data ; Imote2 can meet the
wireless synchronous but complex protocol and is mainly
applied to speed[8] Zigbee sensor network are slower and
not through a barrier[9] ; Ultra wideband pulse wireless
transmission distance , low power consumption and poor
anti-interference ability , dataand low accuracy[10 .

11].Integrated simple and portable ,low power and
wireless synchronization requirements , this study adopts
nRF241L.01
transmission based on detecting, and combined with the

wireless  moduleto  realize wireless
AD7705 analog to digital conversion using strain sensor ,
it not only has the real-time detection ability , and simple
hardware , good stability; software algorithm is fast and
efficient , the design has important significance for
seismic data acquisition in shallow layer and wireless

synchronization .
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1 THE STRUCTURE OF THE OVERALL SYSTEM DESIGN

The system consists of detector data synchronous
transmission system and acquisition terminal of the
wireless synchronous receiving and processing system of
two parts , the shallow layer seismic exploration , seismic

instrument control system , the hammer source signal is
received by the detector data synchronous transmission
transmission to  the

system , through the wireless

acquisition terminal of the wireless synchronous

receiving and processing system , start the seismograph
began data acquisition . The overall structure block

diagram is shown in figure 1 .

. A/D analo . .
Strain type , ana.og ATBR9CS1 Wireless
- digital .
pressure . The main »  data
conversion .
transducer . controller transmission
unit
r 3 A A

power-supply

module;

The LM11173.3
regulator circuit

Detector data synchronous transmission system

Wireless ATB9CS1 Acousto-ontic
+ — —p data »  from the » P
L prompt
receiving controller
A A

power-supply

The LM11173.3 .
module

regulator circuit

The collection end wireless synchronous

receiving and processing system

Fig.1 The overall structure diagram

Detector  data wireless ~ synchronous transmission
system will hammer source signal through the strain type
pressure sensor circuitis converted to analog voltage
signal , using A/D 16 to improve the signal acquisition ,
data processing precision , synchronous signal picked up
by the wireless data transmission module based on
nRF24L01 transmission in digital mode is more accurate ,
is the main part of the ensure the test signal and then
reference

measured datatime synchronization

acquisition terminal of the wireless synchronous
receiving and processing system to receive the data
wireless transmission system transmits the same step by
nRF24L01 wireless  data

exactly the

using the transmission

module in same data , the
wireless transmission, wireless transmission , relay and
receiving delay , resulting in synchronization
through the

specific delay  time

error ,timing meter or oscilloscope

calculation of a , seismic
instrument synchronization adjustment using the software
compensation method ,the error synchronizing signal

to target .

2 DESIGN OF DATA ACQUISITION MODULE

Hammer source signal acquisition module

plays
an important rolein the whole system. Amplification

circuit, the anti-interference ability and stability directly
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affect the acquisition to the accuracy of the data . The

source signal acquisition module block diagram is shown

in figure 2 .
Strain type A/D. The ATS9C51
pressure » conversion >
. host controller
transducer unit
y . 7y

power-supply module;

Fig. 2 Data acquisition system

of the
sensor , analog digital conversion module with AD7705
as the core and taking AT89CS51 as the core ofthe
main controller .

2.1 Design of A/D conversion circuit

Acquisition system consists strain

Hammer source signal has a weak signal , amplitude is

small ,strong electromagnetic interference ,low

signal-to-noise ratio , the signal frequency is low , so the

A/Dcircuit should have high gain ,high input
impedance , high CMRR characteristic .
Acquisition system  usinga  small  hammer as

simulation source , using strain type pressure sensor
converts the analog signal into voltage signal through the
A/D conversion circuit , digital . The A/D conversion
circuit using AD7705 chip , it has high resolution , wide
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dynamic range , automatic calibration , noise , with 16
bitno missing codes; nonlinearity of 0.00003[12] ;
Programmable gain ,low power consumption and
is with programmable = amplifier =~ andan  on-chip
digital filter for 16bit sigma delta ADC .AD7705

through the serial clock input chip select CS, SCLK,

L

instructions or datainput DIN and output DOUT
conversion pin connected with the
AT89C51. When the state signal
DRDY output data register data is ready , the MCU reads
the conversion results . AD7705 and MCU to connect

the circuit shown in figure 3 as shown .

single chip

microcomputer

L

>2>2>00)
Z=Z

— v AD/Z705
21 i:gi [ 24576MHz : MCIKIN BB . aI =l
"_i | © MCLK OUT _ DIN P \Y;

%.

o

®)

C

—
ENaENE

VIN+
VOUT TEMP | °

T %

C3 C4 R1 4k7
10uF 01uF

oo HHH
|
it

d
o)

—4
ulwc

TRIM SEL [ ©
GND

4] AD780

Fig. 3 AD7705 and single-chip computer connected to the circuit diagram

The AD7705 chipin 5V analog voltage , and by the
AD7802.5V reference voltage regulator chip provides
between electrolytic
capacitors and ceramic capacitors in parallel to form a

Accurate, analog voltage and
decoupling circuit ; in order to improve the update rate
of sampling frequency , get higher data, the master clock
frequency of AD7705 is set to 2.4576MHz ; in addition ,
AD7705 the
additional signal conditioning circuit. The acquisition

integrated amplifier , filter circuit , no

system integrated, simple, to meet the system is small ,

portable design requirements .

3 THE DATA TRANSMISSION MODULE DESIGN

New system uses NordicVLSI company working in
the global open 2.4 GHz ISM band rate 2 m bit/s
nRF24L01 radio frequency chip[13], and is controlled by
single chip microcomputer AT89CS51 achieve short-range
wireless data transmission system . Given nRF24L01 on
chip integrates modulator crystal oscillator frequency
synthesizer power amplifier module , make its stable
performance anti-interference ability is very strong[14] ,
this also happens to meet the needs of our integrated
low-power portable anti-interference , moreover
nRF24L01 wireless module works simple , easy to
connected to the micro controller[15] , wireless module

schematic diagram as shown in figure 4 .

es== T =
VOO RF 33nF 22k
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B RE I = MISO ANTI T 1
. VDD_PA —
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Fig.4 Wireless module schematic diagrams
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Wireless including wireless sending and receiving two
parts . When a hammer source signal on the sensor, the
sensor quickly feel hammer signal, pressure signal can be
converted to analog signals, and signal disposal by
AD7705 digital signal will be sent to the main controller,
wireless module is controlled by a master controller will
be the source signal , a buzzer and LED to successfully
sent by sound and light signals such as prompt ; The
receive module , real time, when the received signal after
first by judging whether the source signal from the
controller and then data processing , a successful
acousto-optic hint at the same time Wireless
transmission part of the program flow chart is shown in

figure 5 .

The Dat;a sent
failure
controller
initialization
v
nRF241L01
initialization
A4
Read the
A/D
information Data sent
successfully
A
A model v
for launch Register to
restore the
default value
Enter the

next launch

Fig.5 Wireless transmission part of the program flow chart

4 SYSTEM TEST

Test method : The whole systemis tested by the
sending and receiving of two parts , the sending end and
receiving end of two signals through the length of
shielding line is connected to the two input channel of the
he two  signal
oscilloscope before the line length , layout is identical ,

oscilloscope shieldinginto  the

transmission time difference between the two signal

22

to oscilloscope ignored , by the oscilloscope observation
delay time signal waveformis the time difference
between the acquisition system . System test connection
diagram as shown in figure 6 .

The wireless )
] g Wireless data
radiodetector (™ transmission -~ N

receiving
system

v

seismometer

Two identical
shielding line

Oscilloscope

.
A

Fig. 6 System -test connection diagram

Overall test : When the hammer peening source signals
in the detectors, sending digital hammer source signals ,
and the buzzer soundstips andreceiving end ofthe
indicating lamp is bright , and the received signal to the
seismic instrument . The exploration of environmental
uncertainty , the same environment different transmission
distance or different circumstances the same transmission
distance transmission effect is not the same , the precision
of the synchronization time is not the same , determined
by exploration environment and wireless transceiver
distance , the design of data acquisition system of delay
time is constant , the seismic instrument we can make the
corresponding compensation according to the delay time
measurement , so as to achieve the purpose of shallow
seismic exploration of wireless synchronization
purposes .

Test in an open environment , far transmission distance
system reach 94m , the transmission delay time is 1.87 p
s-0.05s ; in a laboratory environment officers around and
other electromagnetic ~wave interference , far
transmission distance of the system is 38m , the delay
time is 3.05 p s-0.067s ; complex field environment , the
distance of transmission up to a distance of about 24m ,
the delay time is 2.65 p s-0.039s ; after determining the
delay time under different environment system , the
seismic  instrument according to delay time
compensation , so as to achieve synchronization . The
different environment , The relationship between system

time delay and transmission distance as shown in table 1 .
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Table 1 The relationship between system time delay and transmission distance

testing environment The test distance and delay time
Measuring
The wild complex . 1 5 10 15 20 22 24
distance/m
environment test
Delay time/ps 2.65 16.90 96.05 253.78 1715.63 28400 39000
Measuring
Members in the ] 1 2 5 10 15 20 21
distance/m
laboratory
. Delay time/us 3.05 11.78 40.23 93.01 189.10 369.74 410.92
environment,
walking and other Measuring
) 28 32 36 37 38
electromagnetic distance/m
interference Delay time/ps 826.45 1780 8140 31620 67000
Measuring
) 1 5 10 15 20 30 50
distance/m
Delay time/us 1.87 9.62 24.17 49.86 75.00 96.45 256.92
The open
. Measuring
environment 60 70 80 88 91 93 94
distance/m
Delay time/us 366.50 523.11 752.16 965.25 2740 33690 50000

We can conclude from theactual testdatain the
table ,the

environment , delay timeis much smaller ,and with

same transmission distance , open
the increase of wireless transmission distance, time delay
and more obvious difference in different environment ; In
addition , close to the transmission distance limit in any
kind of environment , the delay time will be greatly
increased .In view of thesystem is the hammer of
synchronous source, generally for signal transmission in
short distance ,does not apply to thelimit ,so
the delay time for the microsecond level , in line with the
actual application requirements and seismic instrument
increase the

compensation Ability , ifneedcan

transmission distance by using high gain antenna .

5 CONCLUSION

Shallow seismic exploration instrument transmission
mode and the power consumption directly affects the
performance of the portable instrument and field work
time ,using wirelessreplace wired overcomes
exploration environment complex wiring problem ; high
integration and low power ADC module and the wireless
transmission module , not only simplifies the hardware
structure of the system , making the system more simple

and portable , also helps to improve work efficiency ,

increase working time ,reduce the delaytime ; in
addition , using self calibration and self detection
function of the MCU AT89C51 as the

controller , the accuracy and response speed of the system

main

have been greatly improved . To effectively solve the non
synchronization , high power consumption , the actual
shallow seismic explorationin the presence of large
volume , complex wiring problems .

The design of shallow seismic exploration of wireless

synchronization  systemmeet the requirements of

exploration and application
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The Research of Sphere Lifting Height Automatic
Control System Based on Air Pressure Control

Qian Chenghui ;Shi Zhaomin;Kang Lili; Li Qi
(College of Instrumentation&Electrical Engineering,JilinUniversity,Changchun 130022,China)

Abstract—For precise control of sphere lifting height in the pipeline, this paper puts forward to a better way to regulate sphere

lifting height based on the control of pressure automatic regulating’s principle. MCU changes the rotation moving angle of the

stepper motor to manage the pipeline pressure change. The test result shows that the system can set lifting height. residence time.

the order of spherical movement, send control information via wireless communication and display spherical height and error

information continuously. The relative error is 1.45%. With the movements of  sphere, it reflects the status of the pipeline’s pressure.

This system has good application prospect in the physics experimental teaching.

Key words—Air pressure valve; Sphere lifting height control; Experimental teaching

0 INTRODUCTION

AT present, with the development of electronic products
and electronic technology, physics teaching demonstrates
related physical phenomena to students through related
animation to help them understand and learn. Although
animation image, screen demonstration of the ideal
situation is not conducive to cause the students to
understand and think for the reality of the physical
phenomena. According to illustrate vividly pressure
meaning problem, the author designed a sphere lifting
height automatic control system based on air pressure
control. For pure pneumatic control system, the
complexity is higher and the corresponding costs are
bigger [1].1t’s not suitable for the promotion of laboratory
teaching. In order to save the cost, we adopt the
combination of pneumatic technology and electric
technology to complete the design

Pressure control system has some advantages such as
fast signal transmission, high transmission efficiency and
so on. But its adjustment range and adjustment precision

is lower than the same degree of hydraulic control system.

At the same time, the noise is larger and the smooth
degree is low [2]. To make up for the shortage above,
system adopts pneumatic control, combines step motor
and pneumatic valve to closed loop network, to enhance
the accuracy of the system. One light sphere goes through
the system, and the ball movement reflects pressure state,
vividly and maneuverably.

1 THE SYSTEM HARDWARE DESIGN

System set up by sphere lifting height and display unit
A and sphere lifting height control unit B two parts. Unit
A man-machine interface is used to set and display the
ball movement information; unit B is the main control
part of the whole system, used to control the lifting height
and the speed of the ball. Unit A and B use wireless
communication. Unit A sends the setting information to
unit B and unit B sends the real-time height information
to unit A. The whole system design diagram is shown in

figure 1.

PHlsale SErkE

BHERRAEEE

j \{ P b
L& }(,i

B RRERM:

Jispiifl [ Rl

P— -}

10D 5kise

Fig.1 System diagram
1.1 wireless communication module design
NRF24L01 wireless module is used for wireless
communication. NRF24101 wireless module schematic
diagram is shown in figure 2.
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Fig.2 The principle diagram of the wireless module
The nRF24L01 of the man-machine interface A and

control unit B are configured to automatically reply mode.

Before the data transmission we need to transmit the
handshake signal(The sender sends information 0xAA,
shaking hands receiver sends reply 0XBB after receive
authentication information ) Transmission can’t be
performed until ensuring shaking hands successfully.

1.2 lifting height control module design

Adopting pneumatic control method, the sphere lifting
height can be controlled by controlling the lifting pipe
pressure. We accomplish the quantitative control of
pressure valve closing degree by quantitative control of
stepping motor rotation. This scheme can realize the lift
tube pressure adjustable, so as to realize the object
movements to a specified height.

Temperature is constant at room temperature.

Stepper motor turning angle of 0 ; the radius of
stomatal patch is r; the speed of the pump pumping gas is
V' the valve conduction time is t; the actual lifting height
of a sphere is H; ventilation tube bottom radius is R; the
total air inflow is L; the volume of gas is V; the amount of
substance of the gas is n.

According to the thermodynamic equations [3] of ideal
state of gas and gas velocity formula [4] we can establish
the relational model of the pressure and sphere lifting
height. The process is as follows.

According to the thermodynamic temperature relation:

PV =nRT D
We can get:
v = RT
P 2)

In the formula R is a constant.

26

Gas velocity formula:

0
L=——3%*zr’vt
360 (3)
Duetothen oc L :
n=KL 4

In the formula K is the unit of gas input corresponding to

the amount of gas material, and it’s a constant.
— H *7rR12
V =H*zRI (5)
By the above formula we can obtain:
RTK 6 _r'vt
H=———*
P 360 R’ 6)

By the above formula we can know that the sphere of
higher level only relates to the motor rotation, and a
linear proportional relationship.

Reasonably setting the stomatal patch radius,
ventilation tube bottom radius, the speed of the pump
pumping gas, we can make the ball higher level and
motor rotation linear relationship.

1.2.1 motor control module design

Due to the stepper motor output angle is proportional
to the number of input pulses strictly, we can control
displacement by the input pulse number. The stepper
motor speed is proportional to the input pulse frequency,
so we can control speed by the input pulse frequency [5].

Stepper motor uses 57BYGH210[4], and it’s four
phase servo stepper motor. The stepping angle of the
motor is 1.8 or 0.9 degrees. To ensure accurate control,
we use eight beats to control motors. Motor control

sequence diagram is shown in figure 3.

Bt
i ] I I
B _ L] I

Fig. 3 Timing diagram of motor controling
Driving a stepper motor and supplying electricity
according to the order of DA-A-AB-B-BC-C-CD-
D...,the stepper motor is rotating clockwise. We can
control the angular displacement and the speed of the
stepper motor by controlling the input motor pulse
number and pulse frequency.
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1.2.2 worktable design

In order to make the valve open and close normally,
We use spring and chute of a mechanical transmission
mechanism. Setting the stomatal patch radius of 2 cm,
ventilation tube bottom radius of 5 cm, the workbench
system mechanical diagram is shown in figure 4.

Fig. 4 Mechanical figure of table system

Pressure control system of the workbench design has
the following characteristics:

(1)mechanical aspects: By connecting pneumatic valve
with one end of the spring and connecting the other end
with the chute fixed end, the valve is to provide a guide
chute and avoid drawing phenomenon to appear the valve
because of the stepper motor rotation.

(2)Controlling aspects: the reasonable design of the
stomatal patch radius and ventilation tube base radius
make sphere lifting height and motor rotation angle a
linear relationship. We can control sphere lifting height
by motor more easily.

1.3 height measurement module design

System uses the ultrasonic ranging methods. The
method mainly emits ultrasonic to a certain direction by
ultrasonic emitter, in the moment of timing starts at the
same time. The ultrasonic wave in air immediately
encounter obstacles on the way back, the receiver receive
the reflected wave and immediately stop timing [6]. The
speed of the ultrasonic propagation in the air is 340 m/s .
According to the timer recording time t, measure
distances [7] as follows:

Although it is in the lifting pipe height measurement,
because the lifting device has good sealing system, lift
tube in different speed of the wind will not affect the
transmission of ultrasonic velocity and will not affect the
ultrasonic measurement precision. Temperature and

humidity will affect the speed of ultrasonic propagation,

so the result of the measurement is for temperature
compensation [8].

2 THE DESIGN OF SYSTEM SOFTWARE
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The control unit A
program structure
diagram

The control unit B
program structure
dimgram

Fig.5 Flow chart of system software

Control unit A displays receiving sphere movement
state data and Scans buttons at every time. When the set
button is pressed ,we can set menu that sphere movement
rising height, rise time, such as man-machine interface,
and send parameters to the control unit B through the
wireless way.

After the control unit B receives the information from
the parameters of A, stepper motor open air valve
according to the instruction information, control valve
tube gas volume by adjusting the rotation Angle of the
valve ,control the height of sphere, detect the sphere’s
higher level at every time, and send higher level and
rising time to the unit A through the wireless way.

3 TEST DATA AND ANALYSIS

3.1 System testing

In order to verify the reliability of system and the
degree of adjusting precision . Room temperature is 25
degrees, atmospheric pressure is normal, rising time is 3 s
constant value. We can test the system by setting height
information random, and analyses of system error , Error

distribution curve is shown in figure 6
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Fig.6 Error distribution curve

3.2 Analysis of the results

The error analysis of the above test results is as
follows:

(1) the actual higher level and set the height of the
error

This error is relative to  temperature error, pump gas
velocity and Angle error of the motor .

Error is caused by the temperature error of A7
height:

b AT x0
12x298 (8)
The velocity error to the height of the error caused by
Av,
_ OxAv
12x1000 )

Error is caused by motor Angle error of AG ,

12 (10)
The actual error is as follows:
S, SR
3576 12000 12 (11)

The actual error of system is J_r0.2cm’ the relative

error is 1.67%
The height error is as follows:
Height is relative to temperature error and time error
The ranging error caused by the temperature error of

AT
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Ah— (B3315+0.607xAT)xt
2 (12)
Timing error range error caused by At
sh = 220X AL
2 (13)
Total error is
Ah =0.905x AT +170 x At (14)

System shows error is£0.16CM, the relative error of
1.45%

The best local error analysis system actual height error
is £0.2cm, height error of +0.16Cm . This system can
stably control sphere of lifting height,ensure the sphere to
specify the height within the given time and .

4. SUMMARY

How to arouse the enthusiasm of the students is an
important problem existing in the actual teaching.the
teaching tools can enrich the teacher lectures,improve the
students' learning efficiency, and active classroom
atmosphere.System adopts motor closed-loop control
method to precisely control the Angle of the machine.

we can control the sphere’s height change precisely
by controlling the pipe pressure.The actual height error is
within 0.2 cm .With temperature compensation of
ultrasonic distance measurement method ,we can
accurately indicates the lifting height of the ball.and
ensure that system actually displayed the error is within
0.16 cm, the relative error is 1.45%.the system reflect the
status of pipe pressure precisely and visually ,by
controlling the sphere movement .Using the wireless
control, the teacher controls system conveniently and
simply.Students can deeply understand the meaning of
the air pressure, stimulate the thinking and explore the

scientific knowledge.
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The design of lowcost Vibroseis based on FPGA

Qian Chenghuil ;Shi Zhaomin; Li qi; Xu qgian
(College of Instrumentation&Electrical Engineering,JilinUniversity,Changchun 130022,China)

Abstract—Based on the FPGA platform and the principle of DDS, the control part adopts double machine communication
between MSP430 MCU and FPGA.The lowcost signal source, designed in VHDL language and IP core, is applied to the

electromagnetic Vibroseis. It not only can test the amplitude and frequency, but also it has the correction function. Using MATLAB

software and the method of digital analysis, the result shows that the accuracy of signal source output signal completely satisfies the

requirements of the source system.

Keywords—vibroseis FPGA DDS signal source

0 INTRODUCTION

As the seismic exploration is becoming more and more
valued by people, the seismic source as an important part
of seismic exploration technology directly influences the
effect of the today's
international seismic exploration areas, compared with

seismic  exploration[1]. In
other source, vibroseis with its advantages of easy control
and small destruction, has become the main excitation
source[2]. Current vibroseis signals are mainly based on
DDS chip of high precision, but the practice proves that
the source itself is open loop structure, which can easily
cause nonlinear distortion, and the nonlinear coupling
between the source base board and ground|[3,4], lead to
the distortion error between the output signal of signal
source and the actual vibration signals, making high
precision signal generated by original signal source not
be converted into equivalent precision of vibration signals,
which waste system resources greatly and make the
existing source cost higher. According to the above
article is based on

problem, this large-scale

it s it s
NdB
~ > > LA "
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(a) Ideal source pulse signal

programmable logic device FPGA, using VHDL
language to design a new type of signal source device,
which can guarantee the source precision requirements
and lower cost and has the function of self-test of
amplitude, frequency and correction. VHDL is a kind of
programming language with the development of the
programmable logic devices, using top-down design
method, which can make the design personnel design
from the whole to the part in accordance with
requirements of the system as a whole[5].

1 VIBROSEIS SIGNAL CHARACTERISTICS AND THE

PRINCIPLE OF DDS

Currently the main source for seismic exploration are
explosive source, sparker source, gas source and
vibroseis[6~9]. Explosive source, gas source and so on
belong to the impact source, and the source signals are
pulse signal with short duration and high concentration of

amplitude energy.

A

=

Ums fHz

(b) Practical vibroseis pulse signal

Figure 1 the source pulse function

Compared with the impact source, vibroseis signals are

30

continuous scanning vibration signal and have the
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characteristics of long duration, amplitude equalization,
of which frequency components can be adjusted by
people. Continuous scanning vibration signals generated
by vibroseis can become narrow pulse signal after
dealing with the autocorrelation, as shown in figure 1,
finally achieving the same effect of seismic exploration
with the impact source like explosive source, etc[10].
Existing vibroseis signal generator uses DDS chip
AD9850 mostly. The basic principle of DDS is based on

S

| MCU = FPGA
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the Nyquist sampling theorem that it collects quantitative
simulation waveform signal and saves the quantitative
waveform data in the memory, and then finds the
appropriate storage for data, and converts the data into
analog signal to output through DAC conversion[11]. The
premise that signal can be recovered is that sampling rate
is 2 times greater than the signal frequency, otherwise it
will generate aliasing. DDS principle block diagram is
shown in figure 2.
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Figure 2 DDS principle block diagram

Under the control of the system clock, phase
accumulator use frequency control word as the
incremental step to accumulate, output the linear phase
function of time, and changing the frequency control
word is to change the phase increment per cycle so as to
change the output frequency. As the address of the
memory, the output of the accumulator address the
discrete data of the memory, and turn the result of DAC ,
and low pass filter output waveform after the smoothing
filter.

2 THE OVERALL SCHEME DESIGN

According to the order of the controlled object, system
is divided into three functional units: the control unit,
signal generation unit and amplitude, frequency, feedback
and measuring unit. The system overall design block
diagram is shown in figure 3.

FAMUAEN
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t@wm&%m&# TE ﬂy e b e :>

Figure 3 system design diagram

Controller uses MSP430 single chip microcomputer,
3.1 Diagram of the overall system design

which not only can provide control signals for the FPGA,
but also can measure the amplitude of generated signals
by internal 12 AD. Measurement accuracy can reach 0.2
mV. The FPGA uses DDS principle to produce linear
sweep frequency and cone signals which the source is in
need of, and at the same time through the plastic of
measuring frequency circuit to measure the frequency of
the signal. The FPGA uses internal 50M crystal oscillator.
Signals are output after DAC conversion and the smooth
of low-pass filter circuit. The system constitutes loop
feedback network with frequency and amplitude
measurement so as to control the signal frequency and
amplitude accurately.

3 THE SYSTEM SOFTWARE DESIGN

System software design is divided into control section
and execution section: the control section is mainly
responsible for parameter setting, data storage, data
transmition, and the liquid crystal display; Execution
section is mainly used for data reception, the algorithm of
sweep frequency signal, as well as the algorithm design
of cone signals. The executable program design is related
to whether the signal generator can generate signals
which conform to the requirements of the system design.
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Figure 4 system overall design diagram

Figure 4 is diagram of the overall system design.
According to the design block diagram, first the
top-level module is decomposed into a series of
submodule, then using VHDL language and IP to
check each submodule for designing, and finally
packaging submodule, generating schematic symbols,
using principle diagram to complete the top module
design.
3.2 Sweep frequency wave module design

Scanning signal, also called chirp signal which
refers to the continuous oscillation signals that
instantaneous frequency monotone changing over time,
in other word, the instantaneous frequency is the linear
function of time. By improving the Direct Digital
Frequency Synthesis (DDFS) technology, this module
can be divided into three child modules: the control
word of frequency module, phase accumulator module
and the tables of waveform data.

Frequency control module produces the linear
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change of frequency control word that satisfies the
scanning requirement.
(1) The design of frequency control According to the

formula:

out

~ SYSCLK (1)

f x 2N

In the formula

N _ the frequency of the accumulator

fou - the output frequency

SYSCLK  the system clock

FTW _ the frequency control word

In this system,N is 26 bits, FTW is 16 bits,
SYSCLK js 50 MHZ, the lowest output frequency is 1
Hz. By changing the three parameters, the range of
frequency control word which satisfied the
requirement of the source signal can be got.

(2) The frequency resolution design
In the formula:

_ SYSCLK

f
2" 2)

f— the frequency resolution

Other letters are above meaning ,Based on the above
indexes have resolution of 0.49 Hz, which are meeting
the requirements of the source signal source design.
We can increase the N or reduce 1 to change
resolution.

(3) Step time and frequency design
In the formula:

Af = DFW xNSTSCLK 3)
e
DFW— frequency stepping control word
Af —The step frequency
Other letters are above meaning.
DFFRW
= (4
SYSCLK

DFFRW _ the time step control word

At —Step time

Other letters are above meaning.In this system Af s

0.99 HZ, We can design the need of step frequency
signal by changing the system clock frequency and
accumulator digits according to the actual needs.There
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is a relationship between At ang AF According to

Af ,we can calculate the corresponding Al yalyes.

Calculation method follows:

R -R[x2"  DFFRW
SYSCLK> ~ DFW

(5

T —frequency sweep signal, scan time
Through IP core multiplier and divider operation
design can be more convenient. The result is not

necessarily an integer, so the calculation results

processing uses rounding algorithm to reduce
calculation error. In addition to the frequency control
word module, frequency sweep wave module design
includes phase accumulator module and waveform
data ROM table. Figure 5 is frequency sweep wave
simulation diagram, k is pulse count for gate time. The
smaller the k value is, the greater the frequency is. K

value from the figure, the frequency of frequency

sweep wave linear change over time.

Simulation Waveforms
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RV Master Time B 181ns M Painter 2657 ms Iteral 657 ms Statt: End
A = 41 9%3 ne 83 E?B ns 125. EIZQ ns 167. TITZ ns 208 7‘15 ns 1 E‘SE ne 93 E‘Ul ne 3%, 5‘44 [H 3. QIBT ns 419, ?3 ns 461 3‘73 nz
" Fene  f15 10
a 0 choiee
o1 clk
2 reset
f 3 signal
’-‘+ o1 k 33850 § 35400 §33950 34050 ¥ 34100 4250 % 34300 ¢ 34350 RG4400 § 350

Figure 5 frequency sweep wave simulation diagram

3.3 Cone module design

Because of the rigid contact between substrate of the
source and the ground, if the signal amplitude is too
large, the effect of the shock vibration is not ideal. So it is
hoped that the generated signal's amplitude can gradually
change to satisfy the requirements. Based on the design's
requirements, amplitude tapering design is in need.

Module design is mainly implemented by master-slave
control module. The main module based on the analysis

3 SR
Ve

compares adding cone time with scanning time,
determines the start of adding cone, steady output, the
moment of the end of adding cone, and cone stepper
control word, and transmits the control signal and data
transmission to the adding cone execution module for the
design of amplitude and adding cone.
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Figure 6 Amplitude with cone module design diagram

Master control module mainly includes four
modules: jisuan, multiplier, divider, and bianful, which
turn the adding cone time data0 and scanning time
dadal which are input into a control signal b, so as to
adjust signals' amplitude to add cone through writing

in pulse control data dataout generated by b. Figure 7 is

frequency sweep and adding cone wave simulation
diagram. As the figure shows, at the same time of
increasing frequency, a cone-shaped signal amplitude
increases, keeps after a period of time and then reduces,
and the cone wave has certain improving effect on
non-ideal vibration caused by the rigid contact between
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substrate of the source and the ground.

e

« ”JMJ\M |

Figure 7 frequency sweep~ plus the cone wave simulation

diagram

4 THE EXPERIMENT WAVEFORMS AND ANALY SIS

Figure 9 Amplitude with cone waveform figure

Figure 8 and figure 9 respectively are frequency
sweep sine wave and cone wave observed by
experiments. Through the experiment, the signal can
output sweep frequency wave whose frequency is
ranging from 1 Hz to 2 kHZ, frequency step interval is
1 Hz or less, and output waveform's amplitude ranging
in 0 ~ 5 V (peak - peak) is adjustable and can step as
0.1 V (peak to peak) to adjust. The frequency range of
the source system signal is 1 Hz ~ 1.5 kHz, the big step
frequency is 1 Hz, and amplitude range is required
within 2V, so the design of signal source should satisfy
the requirement of the signal source system.

5 CONCLUSION
After analyzing the characteristics of vibroseis

system signal, signal source based on the FPGA design
has the following advantages: 1. On the basis of

34

meeting the requirement of accuracy in the source,
compared with the existing DDS signal source, the
dependence on the system resources is reduced, and
the cost is lower; 2. Because of rich internal resource
of the FPGA, there are different types of waveform
signals for design according to the actual needs, such
as frequency sweep signal, cone signal,etc, and DDS
signal source is more flexible than the existing. 3. The
existing DDS signal source generates the analog signal,
in the process of system calibration, it needs to be
sample and quantization, to convert them to digital
quantity and then do the data processing. The process
will generate error, but the FPGA which generates
digital signals can be directly for data processing, thus
greatly improving the accuracy of the calibration. 4.
Because the FPGA internal program can be run in
parallel and has the ability to deal with complex
function, it can be integrated into its internal data
acquisition part in system calibration process to make
the system structure further optimized.
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Design of Gravitational Acceleration Measuring
Device Based on Balance Method

Qian Chenghui, Chen Changsong
(College of Instrumentation and Electrical Engineering,Jilin University,Changchun 130026,China)

Abstract—Gravitational acceleration is of great significance in scientific research and social production.There are several methods

measuring gravitational acceleration,such as free-fall method, air-cushion guide method, pendulum method,balance method , etc.

Devices based on these methods are large and imprecise. In this paper,the method is improved from traditional balance method and

the arithmetic is based on Newton’s second and third law.The device figures out the local gravitational acceleration using a cube

made up of 6 piezoresistive transducers when the quality of nonmagnetic iron ball and the force on it are kown.The precision of this

device reaches +0.002m*s-2and the relative error is lower than 0.043%, which applies to teaching and scientific research.

Key words—gravitational acceleration; balance method; piezoresistive transducer; nonmagnetic iron ball

GRAVITATIONAL acceleration is an important physical
quantity, whether in the physical laboratory or in
scientific research and applications, measuring
gravitational acceleration is of great significance [1].

At present, in the field of the gravitational acceleration
measurement, the methods of air track and Doppler
effects is the more advanced ones. Now, our country has
breakthrough in this

acceleration measurement to the outside world step by

greater field, gravitational
step [2].Technology level and research depth is steadily
rising in field of research.
method

acceleration are: the free-fall method, the simple

Common of measuring gravitational
pendulum method, slope method, balance method and
dripping method[3], etc. The accuracy of traditional
measurement is not high and of the device volume is
clumsy. Traditional balance method, respectively, figures
out mass(m) and weight(G) of object with the balance
theory and gravity acceleration g = G/m can be obtained.
Due to the accuracy of the traditional spring
dynamometer is inaccurate, which causes the gravity
measurement error [4]. And in the artificial measurement,
many factors such as artificial record can lead to
inaccurate data.

Based on balanced method using piezoresistive sensor,
the gravitational acceleration measurement works using
hexahedron type pressure acquisition device,which
overcome the problem in traditional measure that when
the single side is forced,the device must maintain
absolute level of defects.Then after signal adjusting and
conversion by the A/D,the deivce collects resultant force
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value.For hexahedron is a kingd of symmetrical graph,
the size of the plane stress theory have symmetry and
rotary substitution, the amount of calculation and
complexity of algorithm are reduces.Finally, the
controller calculates the local gravitational acceleration

value according to the mass quality of the object.

1 DESIGN SCHEME AND ALGORITHM ANALYSIS

1.1 Design Scheme

Gravitational acceleration measurement device was
improved basing on the traditional balance method.Put a
nonmagnetic iron in hollow regular hexahedron
composed of six pieces of piezoresistive sensors,so Six
bearing surfaces form the six channels.data acquisition

system principle block diagram is shown in figure 1:

Pressure sensor

channel |

channel 2

channel 3
L CANEE D

channel 4

1ajjonuo))

Funpdwes ¢y

channel 5

mana sayy-dury

channel 6
Nonmagnetic iron ball

Figurel. Principle Block of System
Pressure sensor using piezoresistive pressure sensor
[5-6], its main principle is based on the piezoresistive
effect, namely the resistivity of solid materials will
changes under the action of stress. So when the feeling
part of the sensor component (semiconductor materials)

is under deformation of stress, the internal resistance of

Result display
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the circuit connected to the sensor will produce
corresponding change, which changes the output voltage
value. Six pressure sensor output voltage value through
filtering and six channels of A/D transformed from
regular hexahedron system to collect various surface by
pressure value.And according to the resultant standards
and Newton's second and third law the gravitational
acceleration in regional systems can be calculated.
According to the balance method in classical physics
[7], analysing the system including regular hexahedron
and non-magnetic steel ball ,it shows that when the
system balance,there are at least one side forced, up to
three sides are forced in the regular hexahedron, and they
are vertical to the adjacent ones, as shown in figure 2:

(a) Force on One Surface (b) Force on Two Surface

(¢) Force on Three Surface

Figure 2. Stress Analysis of Different Situation

In the the figure, F1, F2, F3 are the support from
hexahedron to the nonmagnetic iron ball on the certain
face ,and G stands for gravity of the nonmagnetic iron
ball.
1.2 Algorithm Analysis

F1, F2, F3, F4, F5 and F6 are supports from regular
hexahedron to nonmagnetic iron ball, as shown in figure
in figure 3:

Figure3. Stress Analysis of System

In regular hexahedron, adjacent surfaces are vertical
and opposite surfaces keep parallel. According to
synthetic criterion, when the system are balanced,the

resultant support produced by the surfaces turns out:

F=J(FF)+HFF)HFFRY

When force on one surface shown in figure2 (a):

F,=F,=F,=F,=F, =0 o

Conclude by (1)(2):

F=Fk &)

When force on two surface shown in figure2 (a):

F=F,=F,=F =0 "

Conclude by (1)(4):

_ [e=2 2
F= Fl +F2 )]

When force on three surface shown in figure2 (a):

F,=F,=F,=0 6

Conclude by (1)(6):

F=\F*+F*+F’ @

Because this system is composed of symmetrical
objects, such as sphere, cube, the above algorithm meet
the symmetry and rotary substitution sex, namely regular
hexahedron any one, two or three adjacent surfaces stress
distribution are all meet the above formula.

Analys the system when it is balanced and according
to the Newton's third law: Action and reaction between
two objects,are in the same line, equal and in the opposite
direction [8];While balance force are two forces acting on
the same object and of the same value, direction, and also
in a straight line. Therefore,pressure on each surface of
regular hexahedron pressured by nonmagnetic iron ball
and its corresponding support is a pair of action and
reaction, and they are of the same value and reverse; And
hexahedron to
nonmagnetic iron ball nonmagnetic iron ball’s gravity are

resultant support from regular
a pair of balance force, and they are also of the same
value and reverse.

G| =|F| ®

According to Newton's second law: the acceleration of
the object is directly proportional to the force of the
object and is inversely proportional to the quality of the
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object and the direction of the acceleration and direction
closing an outside force the same [9]. We can get:
d(mv) dv
=——~=m-—=ma
dt dt )
Analys nonmagnetic iron ball when the system is
balanced combining Newton's second law:

F=G+F=0 o

|G|=mg =|F|=F W

In the fomula,Fr is the resultant force on
nonmagnetic iron ball when the system is balanced.m
iron ball’s mass.So the

stands for nonmagnetic

gravitational acceleration:

_ E _ \/(F4'F1)2+(F5'F2)2+(F6'F3)2
m m 1

2 THE HARDWARE&SOFTWARE DESIGN

2.1 Hardware Design

Feeling part of this device is designed for regular
hexahedron, installation of a piezoresistive sensor on
each side to feel regular hexahedron, respectively, the
surface stress distribution, thus forming six data
acquisition channel; Then generate electrical signals by
force - electricity transformation through the Wheatstone
Bridge, then amplifier electrical signals and filter circuit
and other noise through differential amplifier and filter
circuit to get ideal voltage; Then get the corresponding
digital quantity by the A/D conversion module from
voltage acquisition; By input the transformation of the
digital quantity data-processing unit (controller) for data
calculation and processing to get the final gravity
acceleration value; and through the man-machine

interface,the result is displayed. (Fig. 4).

| . Voltage
I AC t r 8 Voltage |
ransforma
I 220V ) regulatlon |
—tion |
| o == _—————— J
Power supporting
5 channel ¢ ¢ ¢
ressure
3 = A 4 A
sensor 1 5 o =
channel| & . = 5 = (a4 o kel
ressure — — S ]
P 2 g - = - e =1 o = =
s S - ] Q j=n
sensor 2 o — - 2 = s = S o n 2
= = @ @ N 12}
S = o3 = =3 =555 g = & S =D =1 S, 2
: =2 S = z 9 o Sy
= D
. =8 e = = = IS = =
. - o, = — = 02
channel cr% = =
Pressure 6 o
sensor 6

Figure 4. Circuit Principle Diagram

For the output signal of the pressure sensor is small,
signal is tend to be interference by power-frequency noise
and other noise, it needs to be amplified and filtered
before analog-to-digital conversion.

Filter circuit can use second-order low-pass filter

circuit, as shown in figure 5.

INTOUT

OUTOUT
L —

Figure 5. Second-order Low-pass Filter Circuit
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Using second-order low-pass filter [10] circuit to rid
off 50hz
interference.For the filter characteristic curve is 3 db by

frequency interference and  noise
the angular frequency, thus set a cutoff frequency at wn
=33 hz.

Second-order low-pass filter circuit’s structure is
simple,whose high input impedance, output impedance is
low, so in the case of the circuit parameters set reasonable,
can satisfy the requirement of accuracy in the system at
the same time to achieve the ideal effect.

2.2 Software Design
A/D converter samples for several times from six

channel and collection object is coming from the pressure
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sensor signal that has been amplified. Then the system
reads the modulus of conversion of data and data
conversion and the average sum calculated to minimize
the error of data [11], and eventually get the gravitational
acceleration value g, software flow chart is shown in

Initialization

figure 6.

»
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Figure 7. Results of Different-mass Nonmagnetic Iron Ball

Change nonmagnetic iron ball’s mass appropriately,

measuring the gravitational acceleration value as shown

in figure 7.

Do summation average income groups of data, and

compares to the regional gravitational acceleration .Then

calculate the absolute error and relative error.

Table 1 Analysis of Different-mass Nonmagnetic Iron Ball

Measuring Changchun area absolute error relative
g (m*s"-2) g (m*s"-2) (m*s"-2) error[13]
9.8109 9.8066 0.0043 0.044%

: /D
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opening N samples
Read 6 A/D
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; channels
interrupt
equest?
Data
conversion—
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ALgorithm &
calculation
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i g=F/m
Refresh
display m l
¢ Refresh
display g

Figure 6. Software Flow Chart
3 MEASURING AND ERROR ANALYSING
3.1 Measuring [12] and Result

Reduce the

nonmagnetic iron ball’s quality measurement by several-

random error caused caused by
times measurement and averaging method. Nonmagnetic
iron ball quality is measured with scales, measuring times
to 10 times more is preferred; Record all measurement
results, and sum them.Then average and record it; Put the
nonmagnetic iron ball in regular hexahedron device,
horizontal measurement devices, balancing system; Input
to the device with nonmagnetic iron ball’s mass; Read
according to the results and for recording; Choose
different quality of nonmagnetic iron ball repeat the

above steps.

3.2 Error Analysing [14-15]
3.2.1 System Error Analysis
1). The main error caused by the pressure sensor
sensitivity error: s1=+0.05SmV/mm.The resulting system
local error:
el =1.22*10-5m*s-2 (13)
non-linear error: s2 =+0.02%.The resulting system
local error:
€2 =1.96*10-3m*s-2 a4
Zero temperature error: s3 =+0.03%/10°C, The
resulting system local error:
e3 =2.94*10-4m*s-2
2). The main error caused by the A/D converter
linear error: s4 =£0.012% (FSR) .The resulting system

local error:

(15)

e4 =1.18*10-3m*s-2 (16>
Gain temperature coefficient (max): s$5=+25%* 10-6/
°C.The resulting system local error:
€5 =7.35%10-9m*s-2 a7
Imbalance temperature coefficient(max):s6 =£7*10-6/
°C.The resulting system local error:
€6 =2.06%10-9m*s-2 (18)
Voltage sensitivity: s7 =+0.01%(£5V).The resulting

system local error:
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e7 =2.44*10-8m%*s-2 ay
3). Error caused by environment temperature change
Due to the different material of parts in the module of
devices,which has intrinsic to the thermal expansion
coefficient of various materials. When system is working,
the environment temperature changes, will produce
relative displacement between components, local error
caused by temperature. Device’s using request the
environment temperature change At < 2 C, the
temperature error of local error caused by the system:
e8 =1.24*10-5m*s-2 (20>
According to the uncertain system error formula,the
total system error synthesis:

8 8
Ae=Yle |5 > e?=2.31410m*s
= = 21

3.2.2 Random error analysis
1). Random error caused by angle between surface and
surface :

r=yF>+F; —2FF,cos0 —F>+F}

(22)
The resulting random local error:

A 1=1.64*10-3m*s-2 (23)
2). Measurement error caused by nonmagnetic iron

r,=+0.01g

ball’s mass:

When nonmagnetic iron ball’s mass g>10g, the
resulting random local error:
A 2(max)=9.78*10-4m*s-2 (24)
Total synthesis of random error, based on the principles
of action:

2
Aw = A =1.91*10"m*s™?
5 /Z, 91*107°m*s
i1 (25)

In conclusion, the overall error:

8

-3 -2
e=>e [+Ay =(23H191*10 m*s

i=l (26)

Gravitational acceleration in Changchun area: g0=
9.8066m*s-2, overall relative error:

s_A9 _18=90l_g 430
gO gO (27)

4 CONCLUSION

Improved from the traditional balance method in order
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to, put forward regular hexahedron mechanical synthesis
method and multi-channel data acquisition. Data
transformation and processing of regular hexahedron
different loading cases to figure out gravitational
acceleration value, in order to realize miniaturization,
intelligent and high precision of the Gravitational
Acceleration measuring device.

The precision of the measuring device is +/ - 0.002 m
* s-2,and the relative error less than 0.043%,which can be
applied in the experiment teaching and scientific
research.In the same time, provides a new reference
direction for the design and improvement of the

gravitational acceleration measuring device.
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A 3D scanning and laser ranging device based on
Triangulation

CHEN Hao, HAN Xing-Zhi, TANG Xiang-Mei, JIANG Tao
(' The College of Instrument Science & Electrical Engineering, Jilin University, Changchun 130026, China )

Abstract—The purpose of this research is the actualization of 3D scanning to the measured object. The method is a combination of
triangulation and image acquisition. The first step of the working Procedure is calibrating image sensor location, and obtaining the
distance between the objects and sensor with the principle of triangulation, laser devices, which driven by the servo, begin to scan the
object which is on a rotating platform driven by a stepper motor. The camera capture point clouds data when surface of object reflect
the light of laser, produce a file of obj format by David laser-scanner, which is a aided 3D scanning software; Then match the photos,
which is taken when there is no laser, with point clouds and show them. Matlab is used to extract a file of Obj format whose error
points have been eliminated and save the three-dimensional point clouds data (vertex coordinates, face vertex coordinates and etc) as
Mat formate files. Splicing is aided by a C++ program after Multiple perspectives scans multiple times to the same object, lastly filter
out redundant data points and show it by mashlab. It can complete range within close distance (0.1 m to 4.3 m) with the precision of
millimeter, scan the object from multiple directions and generate the 3D point clouds. Compared with other advanced scanner, The
advantages are of low cost, the softares used is free, easy to disassemble the maintain, button panel can be operated easily, and
standby batteries is available. This is a alternative of the expensive instruments when scanning 3d point clouds and non-contact
ranging .

Key words—Engineering measurement, three-dimensional scanning, stitching registration, image acquisition, point clouds
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0 INTRODUCTION

IT is on the laser scanning and storage of 3d point
clouds data (which can be used for 3d model
reconstruction).

Since 1995 Swiss company Leica launched the
prototype of the first three-dimensional laser scanner of
the world, 3D laser scanning technology had gone
through a course of 18 years.

3D scanning has a wide range of applications, such
as digitized monuments, industrial site monitoring,
inversus engineering, rapid prototyping, game
production modeling, fast garments, increased material
manufacturing, straightening teeth cosmetic and
biological tissue simulation, which already have a
greater development. Some 3D scanning softwares
generate a stl format flie, which is the standard input
file of some new 3d printers.

There is many researchs on three dimensional
scanning both in the domestic and abroad, famous
softwares  include Pro/E, HALCON, David

laser-scanner and so on. The majority of professional

4

scanners can complete the scanning task perfectly.
American MakerScanner and grape3D, promote
appling to the Household three-dimensional scanning
production with rapid scanning system at low cost.

1 SELECTION OF THE RESEARCH SCHEME

There are three ways of scanning.

Modeling techniques using laser scanning, as
described below:

The first one is to make laser and camera rotate
around, scan and photograph the experimental object
every equal angle at a time.

The second one is to make the measured object
rotate around its axis of rotation, when it is paused,
linear laser scan back and forth, up and down,and the
camera keep still, this way need conduct background
coordinate calibration accurately before scanning.

The third one is to make the laser and the camera
rotate around the axis of rotation on the platform.
While the measured object is still.
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CMOS

CMOS
camera

viewport8 viewport7

Fig.. 1 the equivalent schematic of Method I

Among the above three methods, For small size
object, the first one is fast, because we need less
components, but it has harsh requirements for the
quality of photos, as well as the shootting angle and
distance, it is not easy to realize. For the third one , the
rotation of the servo and real-time scanning aren’t easy
to be synchronous. For the second one, it is easy to
control the rotation of step motor, and the rotation is
relatively stable.So the second scanning mode is
adopted.

2 PRINCIPLE AND PROCESS OF THE EXPERIMENT

2. 1 Principle

Point clouds data obtained by non-contact
measurement (linear laser scanning) Through the
triangle range principle. The close proximity of the
points form a dense surfaces, the method used is
analogy and approximation. Its advantage is the high
accuracy, the disadvantage is the large amount of data,
the higher requirements of the surface of the object
(such as an object to be reflective, opaque), the
transparent surface (such as glass and stones), and the
mirroring, polishing treatment, very shiny objects
(such as metal), fluffy and fuzzy substance feathers and
fur can’t be scanned.

The scan view field of the three-dimensional point
clouds scanning is a domed visual field, And the mode
is linear laser scanning; The suitable distance is within
5m (if use camera with bigger view angle or more
powerful laser, we could realize the aim of ranging
farther) .

Measurement accuracy is of positive correlation

with the narrowest width of laser light, power of the
laser, the pixels of the image sensor, frames, is
effective distance apart from the object and the field
angle of the light. The size of view angle is of positive
correlation with the angle of theta produced by axis of
camera and axis of the laser projector.

The received point clouds data is conversed into
file of obj format by David laser scanner, so that
matlab can extract, process and storage it, and call
camera by Matlab for extracting the images and
analyzing the distance information obtained with the
triangular laser ranging principle

The main principle is triangulation principle, as
shown in figure 2.

Laser projector

Imager \
“f

[= P ]

Le \k\]j‘?i‘\l\t\er

Fig.2 Principle of laser triangulation
The distance between the object and the laser can be
obtained by the following formula:
v=fxu/x )
The distance 1 between the laser projector and the
reflecting point can be expressed as the following
formula:
[=v/sin (q)=txu/xxsin (q) )
{+exPl=x 3)
c is the length of the unit pixel, f'is the focal length. x is
the length of the projection in the photosensitive unit. £
equals x minus the calculated value cxP1 of the
differential. P1 is one of the pixel coordinates. Then the
formula (4) can be acquired by the transposition
differential of the formula (1)

dv v2

dx fu )

We finished using the reflection of laser spot pixel
coordinates to calculate the distance between the object
and sensor, and the distance of the laser spot center is
acquired by the way of extracting the brightest
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reflection point with matlab.
2. 2 Procedure of the experiment

Experimental preparation: camera, the red linear
laser device, rotating platform (including stepper
motor), the measured object, infrared filter. Software
David laser-scanner, matlab, meshlab, and so on.

Step 1: the focal length of the camera calibration and
calibration of setting the linear laser

The camera and the linear axis of the laser beam into
a certain angle; Red laser. If only a single-point laser
can change the path so that the light into a goblet glass
column linear; In mutually perpendicular two
cardboard (60x30cm rectangular plate from the
intermediate cut open), to prepare doing the calibration
process described in the two White coordinate points.

[ =] . . . o q E

o . shlr O
L . o L] L] a0 20 &
W e | o
. . . . . L,

B + » .
o - - oo [
Fig. 3 coordinate system Calibrating board

While the object is being scanned, the laser is placed
on the servo. The servo is installed on the bracket,
which is about 30cm above the lens. If the laser is not
high enough, it can be installed on the tripod head,
which is placed on a tribrach with adjustable height
and angle.

Step 2, close the linear laser, open the dot (or
cross-piece) laser, which is uses triangle principle of
distance measurement to measure the distance between
the sensor and the objects (the distance is saved with
point clouds information). Place object on the axis of
the of the rotation center of the stepper motor
controlled platform.

Step 3, closed dot laser, open linear laser, and adjust
the focal length of the camera to start scanning again.
In order to make the image processing easier, a
detachable and laser wavelength matching band -pass
filter can be added to reduce the interference of light.

Step 4, after each scanning, remove the filter and
film imagers, add filters, open the stepper motor to
rotate the scanned object. the digrees of rotation is 36.

Step 5, repeat step 2, 3, 4 for 9 times, until the
scanned object rotates 360 degrees. Then the 3d point
clouds and image registration stitching together to
form a complete 3 d point clouds model.
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2. 3 Major processes of rebuilding models

As surface factors of the observed objects, scanister
and some other factors will result in some noise points,
we need to make some filtering and optimizing
processes. Using David laser scanner software
implementation point clouds scanning, acquisition, the
output contains the point clouds vertex coordinates and
surface coordinates obj format file.

In order to create a subsequent surface, we need to
rebuild a polygon model via using lines. Curve surface
is composed of several minute surfaces, which is
regarded as visible mesh model.

After the point clouds files being process by matlab,
they can be roughly showed in the matlab interface and
the point clouds information extraction is stored in the
mat format data files, we can use Blender to process
obj files, filter out redundant information and join
multiple model together, mashlab can be used to view
the last result (meshlab provide with filtering function
can make the images much more smooth and clear),
then texture mapping with mashlab, the principle is a
transmission mode of “Near bigger and far smaller”.

Camera and the laser transmitter
unit level calibration

v

Camera calibration

Stop once every 36 degrees
until the object rotates

- h 4 h 4
aser Image Acquisition
Scanning
v
Noise removal Image filtering denoising
point cloud smoothing

| |
v

Images and point cloud
registration and stitching

v
‘ Triangular griding ‘

v

Texture Mapping

Fig.4 The flowchart of 3D scanning and 3D reconstruction

3 THE DESIGN OF SYSTEM

3. 1 single-chip peripheral hardware design

The hardware design circuit diagram is as shown in
figure 5.
3. 2 Software Design
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The program flow chart of single-chip
microcomputer controlling steering is displayed in
figure 6,.

The rotation range of the steering gear is about 30
degrees deviating from of the median line on both
sides. At first it turns to the maximum angle , and then
slowly rotates back and forth. Stepper motor and the
steering gear don’t work at the same time, meanwhile,
the linear laser projector works. The principle of

Fig.5 circuit schematics

Initializatio
n

' (»)
Pwm_h=60
v N
timer mode 1
Y
Diminishing
A Pwm_h
Pwm- -
h=40 v
E A Delay
PWM-h
increments
y N
Delay
Y

Fig. 6 main program flowchart of MCU controlling servo

stepper motor fixed rotation angle is: the
predetermined angle / step angle = number of steps,
step angle is 1.8 degrees. If the angle is 36 degrees, the
number of steps is 20.

The program flow chart of single-chip
microcomputer controlling stepping motor is displayed
in figure 7; the laser ranging flowchart is displayed in

figure 8

L

.lrl

W B e ey —
|

moc
Hardware design
Initialization
The definition
of the status
of each beat
N
Y Jump out
n++
Delay
governor
N

Fig. 7 MCU control stepper motor program flow chart
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Matlab Call camera extract image

v

The read image into a binary image

v

Through regionprops function Note the
matrix function annotation area of each
measured and calculated

v

The calculated total number of pixels of
the rectangular area , including the area of
??the smallest rectangle is marked
boundingbox the length and width values ??of
horizontal and vertical coordinate values, and
the number of regions , respectively, are
marked in a custom matrix

;

Calculate the value of the length and width of
the matrix near the center of the cross four
coordinate values

v

Find the coordinates of the center position of
the spot is the cross

I

In different regions piecewise interpolation
method to do error compensation

-

Distance values obtained with the
conversion formula

Fig. 8 Laser Ranging Flowchart
Matlab program used in laser ranging:
y=[215:5:400];
x=[21. 8272, 24. 8125, 29. 5936 , 34. 8217, 38.

3455, 42.0771, 52. 5728, 64. 5487, 73. 0343, 79.

6150, 87. 7654, 94. 0528, 100. 9066, 108. 3337,
115. 1659, 120. 3292, 125. 9549, 129. 5712, 135.
8476, 141. 9626, 147. 9923,  154. 3038, 160. 5775,
165. 8763, 171. 4303, 176. 0763,  180. 7522, 184.
0523, 189. 5303, 193. 4214, 198. 9518,

204. 6413, 209. 2538, 214. 5442, 218. 7177, 223.
5045, 226.9327,231.9034];

f=inline (a (1). /x+a (2)', 'a, 'x')

a=nlinfit (x, y, f, [1 1])

Using piecewise interpolation fitting method for
fitting function in turn, we can get a (1), a (2). Using
the relationship between f and a(1),a(2) and then
combining it with (1) (2) (3) (4) formula, the program
will calculate the actual distance 1 based on the
ordinate value obtained.
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Fig. 9 fitting function of range from 215 mm to 400 mm

4 RESULTS

A obj point clouds file of a cell-phone case and
plastic box is displayed in figure 10, scanned at a
certain viewport, which are put on a rotating round
wood shale.

Fig.10 The object and scanned texture mapping renderings
Matlab data: the number of vertices of the
three-dimensional point clouds surface is 10381; the 3d

point genting number of points is 6229.

Experimental distance is 1274 mm .The distance,
the matlab calculation of which is 1278 mm, and the
difference is 4 mm. The causes of difference include
system error and random error. System error includes
the production of stents, the laser transmitter and CCD
camera isn't on the same horizontal line. Random error

is caused by inaccurate measurement readings.

5 CONCLUSIONS

This experiment implements most functionality
expected with a lower cost, which can realize the
purpose of acquiring the 3D point clouds and images
of the object semiautomatically.

The advantages as follows, self-cost is little, most of
the softwares used are free. The device is easy to
disassemble and maintain, and the button panel is easy
to operate. Some aspects still need be improved: the

laser is not narrow enough; the power isn’t enough;
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pixels of the imager sensor are 640X480; shootting
speed is unstable. Therefore, the accuracy is not high.
Because the components used are entry-level, it is not
very stable, and quality of real-time feature still need to
be improved. However, the hardware, software design
isn’t very mature, so it can ‘t be put into application
temporarily.
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The Design and Implementation about attendance
system used in campus classroom based on RFID
technology

Li Jiaoyang, Wu Ziyu, Piao Guanyu
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026,China)

Abstract—In order to make up the disadvantage that the traditional attendance system used in classroom brought,such as taking
up the class time,Can not avoided on behalf of the named phenomenon that Behalf of named and so on.At the same time, in order to
improve students' class attendance,and eliminates the burden that the teachers Statistics students usually scores manually
brought.Based on the above reasons,we developed a attendance system used in campus classroom based on RFID technology.The
system combines student IC card which has been popular used on campus.It use two alignment type infrared sensors combined
FM1702SL wireless RF card reader to Get students’ name, number, and status that students out of the classroom or not.Then the
information will be transmitted to the host computer through the nNRF24L.01 wireless transmission module and the FT232RL level
conversion circuit. The host computer Statistics and organize information and Generate students usual results through the software
program written in Visual Basic language.It can eliminate the burden that teachers statistics manually brought.System testing
arrangements for 183 college students carry the Student IC card out of the classroom, which 101 students from bringing himself and
other students IC card and continuous brush cards illegal operations in and out of the classroom, and the remaining 82 students
make a normal credit card operation.The test results show that 98 students violate the rules amd 81 students obey the rules, the
relative error is less than 3%.

Key words—RFID;wireless multi-point transmission;class attendance;anti violations

module with wireless data transmission module to

0 INTRODUCTION

NOWADAYS,teachers usually give score to students
according to their attendance.Artificial checking class
attendance is a waste of time and it can’t avoid the
cheating of checking.So it is necessary to design a set
of system to checking class attendance.This kind of
system can do convenient to the teachers to know the
class attendance.

There are two kinds of attendance system that can
check class attendance.One is the fingerprint
attendance system.It’s advantage is that can put an end
to the cheating of checking.The disadvantages are that
this kind of machine is expensive and required better
quality of personnel .At the same time,fingerprints
required cleaning. It can’t recognize the fingerprints if
the fingerprints is damaged[1].Second one is inductive
card attendance system.It’s advantage is fast,
convenient, reusable. But it can’t avoid cheating of
checking.

For these problems,we have designed an attendance

system based on RFID.It combined abortion statistics
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collect information of students.Then the information
of students will be sent to the PC.After that,the PC
analyze and organize data.The students score will be
given automatically at last.It eliminates the burden of
statistic scores manually.So that teachers can be more
easily and quickly to check class attendance.The
system can avoid cheating of checking and identify the
students who are cheating by abortion statistics
module[2] .

1 MEASURING PRINCIPLE

1.1 Principle of Beam infrared sensor

NPNstyle
— palm ——— +
@ — black ———mmm oo
—o—"" |— blue B —

Fig.1 Sensor model diagram

System uses PIH-T12NO/NC3MD (M12) beam
infrared sensor.Its working voltage is 10V to 30V and
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Output current is 200mA.The sensor’s detection
distance up to 6m,and its Response time is less than
5ms.The sensor have the work lights which lights
when object is detected on the back of the sensor.The
output of this photoelectric switch uses NPN type
transistor open-drain output mode.The black line of
the module is the collector of the transistor.We link a
1K resistor between the brown line and the black line
in order to obtain a voltage signal[3].Its model is
shown in Figure 1.The module detects a signal when
there are objects between the launch tube and the
tube.At the same
conducted,the black line jump into ground and output

receiver time,the transistor

the low level. The module won’t detects a signal when
there are no objects between the launch tube and the
receiver tube.The black line will jump into positive

voltage and output the high level.The sensor’s output

level change process is shown in Figure 2.

A The uncovered The uncovered

v state state

»
P

. Cover state . Time
Fig.2 Sensor output signal Figure

1.2 Principle of FM1702SL Reader

System uses FM1702SL as the reader ASIC of
RFID.FM1702SL is the non-contact card reader ASIC
1SO14443.1t
contactless-communication protocol by 13.56MHz

based on supports  type A
and variety of encryption algorithms,reading and
writing operation’s distance is up to 10cm[4].MIFARE
S50 is a type of IC card which is widely used on
campus and it is a RFID tag working at
13.56MHz.When the FM1702SL card reader send
high-frequency electromagnetic waves to the IC
card,the LC series resonant circuit inside the card will
resonates,the capacitor will accumulated charge.It can
provide operating voltage for the card’s circuit when
the accumulated charge exceeds 2V.Simultaneously,it
achieved the wireless transmission between the card
reader and the information of the card[5].The principle

of the card reader is shown in Figure 3.

Serial Interface

Infrared sensor on the ~
tube Y
. ert Wirel
Swipe District] Ireless
‘transmission
PC

|ﬂ Blackboard D]

Fig.3 Reader working schematic

2 HARDWARE DESIGN

System hardware consists of Data Measurement
Module,Data Transmission Module and PC Processing

Module.System hardware schematic diagram is shown

in Figure 4.
—— —— /,,..-: ###### -
Ul | {/ Q\\\ u2! :
Al 11
| ¢l o M:gar::tic e :
AL |- field T I i
______ !
L E% \\_/y/ L2 C2 ¢
FIzIT7((j)’I§L Ry Electronic tags
eaaer

Fig.4 System hardware diagram

2.1 Data Measurement Module

The Data Measurement Module consists of Beam
infrared sensor,FM1702SL card reader,Buzzer circuit
and Display module.Data Measurement Module get
the information of students name,number and status.
2.1.1 Beam Infrared Sensor

The two pairs of beam infrared sensor of this
module are placed one after the other like shown in
Figure 4.The timing of the two pairs of beam infrared
sensor’s output signal is shown in Figure 5.When no
students passed, the output signal remains high.When
a student is passed,the sensor will be covered and
output a falling edge signal[6].We can judge the status
whether the student is out of the classroom according
to the chronological order of the falling edge signal

occurred.

The uncovered state The uncovered state

A Sensor

Hulied

The uncovered state The uncovered state

B Sensar

Bul|e4

Students enter the
classroom status
The uncovered state The uncoverad state

duijeq

C Sensor

The uncoverad state The uncovered state

O Sensor

Bue4

Students out of the
classroom status

Fig.5 The output signal timing diagram
2.1.2 FM1702SL RFID Card Reader
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FM1702SL’s internal transmitter can directly drive
an antenna which is at close range without additional
active circuitry.The receiver part provides a reliable
and efficient demodulating and decoding circuitry for
ISO14443A compatible transponder’s
handles
detection[7].This provides readers terminal’s design

signal.The
digital  part framing and  error
great flexibility.It can achieve read and write
capabilities just need a small amount of peripheral
circuits,because chip has highly integrated analog
circuits. FM1702SL’s peripheral circuit is shown in
Figure 6.
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Fig.6 FM1702SL Peripheral circuits
2.1.3 Buzzer Circuit and Display Module
The main function of the buzzer is to remind the
students of operational errors when their operation is
wrong.Display Module use LCD12864 to display the

student’s name,number and status when he is checking

card.
2.2 Data Transmission Module
NRF241.01 wireless transmission circuit and

FT232RL level conversion circuit make up the Data
Transmission Module. This module transmits student’s
information from the lower machine to the host
computer[8].System’s wireless transmission circuit
adopts nRF24L.01 chip.The chip is a single-chip RF
transceiver chip working at 2.4 ~ 2.5GHz ISM
band. This chip has frequency synthesizer, power
amplifier, crystal oscillator and modulator function
modules inside[9].The nRF24L01 chip can achieve
point to point and point to multipoint wireless
communication. It’s transmission distance is up to 40
to 50 meters. Therefore, it can meet the basic
requirements. System using AT89C52system as the
core control module. The communication mode

between the lower machine and the host computer is
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multi-machine communication mode[10].
Multi-machine communication’s block diagram is
shown in Figure 7.

FT232RL circuit is a circuit used to achieve the
communication between the SCM and Computer serial
port.This circuit uses the FT232RL chip to change the
TTL level into USB[11].The FT232RL circuit is
easy,stable and can be removed from the external
crystal oscillator.

2.3 PC Processing Module

The host computer uses computer to control and
display.The host computer automatically statistic and
sort out students’information and save them into
EXCEL spreadsheet.In addition,the software written
by Visual Basic can generate scores students got based

on the standard[12].

Lower

machine |
I
n nRF24LO1_|
. [ s /] )))

|
|
)) M| | RR2a101
N ( /1 [terace
,,,,,,,,,,,,,, ‘
machine } |
1 nRF24L01_| |
,,,,,,,,,,,,,, |
\ |
|
|

Fig.7 Schematic of multi-machine communication

3 SOFTWARE DESIGN

Since 51 MCU kernel supports the C programming
language,so we use the C language to develop the
lower machine’s software[13].The host computer uses
Visual Basic language to develop the software.The
whole system program uses a modular design
block is
independent.Accordingly,it is easy to modify and

approach..Each  subroutine Relatively
adjust later.

The two sensor’s signal output ports of the lower
machine respectively connected to the MCU external
external 1.Software

interrupt 0 and interrupt

determines two nested interrupts relationship
according to the sequence of two sensor signals.Then
we can determine whether the people is coming in or
go out.When the MCU receives an external interrupt
signal,it jump into interrupt service routine.After the
interrupt service routine processing has done,it return

to the main program.When the student pass the
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attendance system,the first beam infrared sensor will
be touched out.Then the student comes to the part of
card reader and check his card.After that,the second
beam infrared sensor will be touched out and finish
the attendance checking.If one student checks more
than one card,the system software will automatically
discover such illegal operation, triggering the alarm
buzzer and transmits the student’s information to
PC.The PC’s software mark these students.There are
six kinds of situation that will happen during the
attendance checking,like the Table 1 shown.The lower
machine’s program flowing chart is shown in Figure 8.
Tab.l  Attendance list

Brush
Infrared | Infrared .
number sheet System judge
sensor A | sensor B
number
First After .
1 ) ) 1 Students into
trigger trigger
After First
2 ) ) 1 Students out
trigger trigger
First No .
3 ) ) \ Invalid operation
trigger trigger
No First ) )
4 ) ) \ Invalid operation
trigger trigger
First and After 5 Illegaloperation
or
5 after and first ,thecorresponding
) ] more )
trigger trigger points
First and After Illegaloperation
6 after and first 0 ,thecorresponding
trigger trigger points

PC shakes hands with the lower machine through
wireless and transmit the signal after shaking hands
successfully.The MCU of the PC will send the
information it received to PC through FT232RL
circuit.Then the PC will handle the information and
display it[14].The host computer’s program flowing
chart is shown in Figure 9.

( start )

initial
A4

Turn on the external

interrupt

NMhether two
pairs of infrared
sensor receives

no

Read the card
information

|

Judge the data

l

Wireless
transmitter
module

Fig.8 Lower computer program flow chart

()

initial

Y
PC wireless module send
handshake

a corresponding

no

Lower mypehine
wireless module
transmits data

v
PC wireless
module receives
data
v
Sent to the host
computer
processing

Fig.9 Host program flow chart

4 SYSTEM TESTING

Install the attendance system at the entrance of the
classroom and arrange 183 students go into the
classroom in turn with the card in hand.101of the
students carry his own card and other
students’card.These 101 students check more than one
card at one time when they go into the classroom.The
other 82 students check their own card when they go
into the classroom.After the test.The PC software
interface is shown in Figure 10[15].The System test’s

results and error is shown in table 2.

51



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the Second Half of 2013

Tab.2 System test results and error table

Sample Actual Relative
values value error
Normal number of
82 81 1.22%
students
Foul number of
101 98 2.97%
students
Name ID Grade Number

T ER R F
Student B 65100101 10
Student D 65100101 10

|Student E |65100101 |10
Student G 65100101 10

Student I 65100101 10

|Student il |65100101 |10

Fig.10 PC software interface
From the result,we can know that the system can
check the students whether they are go into the
classroom or not accurately and determine whether
students have illegal operations.The system is reliable
and effective.

5 CONCLUSION

The feature of the attendance system based on RFID
is that it combines the Beam Infrared Sensor and the
RFID card reader to detect signal.In this way,the
system can measure students’information and identify
whether student is cheating effectively and
accurately.In addition,the system use the multi-point
wireless transmission technology to achieve the
transmit between the host computer and the lower
machine.The software of the host computer can help
the teachers to know the information of the students in
class conveniently and save the wasting time that
handle statistic brought. Therefore, system can
effectively solve the problems that traditional class
attendance system had and improve the quality of
higher education class.So the system can do help to
the intelligent

management of colleges and

universities.The system uses modular design

concept.Although each module is functionally
interrelated,they are relatively independent in software

and hardware.So it is effective to query faulty.At the
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same time,each component is cheap and easy to
obtain,then it can decrease the cost and broader its
application range.In a word,it has a strong marketing
and it is practicality.
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Intelligent Multifunctional lamp

Zhang Zhuo, Chen jie-yuan, Zhang Wei
(College of instrumentation and Electrical Engineering, Jilin University,Changchun130022,China)

Abstract— The design of this article is to make a LED smart lamp, to the microcontroller of STC89C52 for core, integrated

using pyroelecticity infrared sensor, collecting light, and the control of PWM wave. When people close to , light on, when

people go away ,the light off. And it can warn your sitting posture . If lighting outside strength, light changes automatically

changes function, energy-saving and environmental protection; We can also change the model of light manually and

achieving no shadow, better in protecting eyes. It can meet the needs of different people, also with a certain market value.
Keywords—Intelligent lamp STC89C52 SCM Infrared heat-release PWM control

INTRODUCTION

MYOPIA has become the important issues affecting the
health of our people. A few daysago, according to
China, the United States, and Australia collaborate on
prevention of myopia in children research project
survey showed that our population myopia prevalence
of 33%, the country suffers from myopia number is
close to 4 billion, is the world average 22% 1.5 times.
In high risk groups--young people with myopia and
myopia prevalence is as high as 50% to the 60%, our
country is one of the countries with the highest
prevalence of myopia, myopia number first in the
world, so myopic question cannot be ignored.Year 11
42835

kilowatt-hours. Primary industry consumption grew

month, national consumption million
3.77%, secondary industry consumption rose 12%,
consumption of the tertiary industry grew by
14% ; Residential electricity consumption in urban
and rural areas rose 10%, for more rational utilization
and conservation of energy, we've designed this smart
eye and accompanied by energy-saving a.

Selling lamps now used by most lights are
incandescent bulbs or LED, there is a major flaw, such
as light luminance should not automatically adjusts
with changes in the environment, resulting in the light
is too weak or too strong, prolonged use can damage
people's eyes and cause eye fatigue. Even eye lamp,
whose light brightness only by manually adjusting,
and limited their stalls, does not fully meet the user
requirements and do not remind users seated

correctly. In addition, common eye lights and lamps,
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low efficiency, even if the use of energy-saving lamps,
still can not cover up the abuses of its efficiency is not
ideal. General lamp lighting area as a single lamp
or LED focus light, spot, after a block such as writing
Office, hand and inevitably result in blocking, form
the shadow areas, affecting Office writing. Based on
the above three points, to design a set of eye, shadow
and efficiency as one of the smart table lamp, to fill
the vacancies in the market.

1 SYSTEM CIRCUIT DESIGN

1.1 The overall design of the system

J

control || lamp

T

Sitting posture

power

i

Body detection

Fig.1 The overall design of the system

Can be seen from chart:

1 ) Power system: control system and led to provide
power, so that it can work properly;

2) Control system: main STC89C52 SCM as the
core, the control over the entire lamp normal
operation;

3 ) The human detection: when a person close to the
lamp at a distance of, the resulting infrared signal to
the control system MCU Lamps automatically turn;
people leave after a certain distance, table lamp
automatically turns off;
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4) Ambient light detection: changes in ambient
light intensity signal after the analog to digital
conversion, to control systems, control lamp
brightness, adjust the suitable brightness in order to

protect the eye.
1.2 Hardware design

1.2.1 Power supply module

Power transformer, Rectifier bridge, and filter

circuit, again by switching power supply
device LM2596 Composition,design simple. 220V AC
by 2596 switch  chip Road,  voltage-output 12V 5

v, single-chip and led power supply circuit in Figure
II:

Figure .IT Rectifier filter

RE

w0
LM2506-ADJ
A R

Feedback
B 2+ o 10K

o, 8 vee
Z Z..l2 B T
£c10 i B 200uH T

= = Tl
10000F/16] 104 Di4 =l
o 4T0uF Y T_—m

Figure. III switch chip 2596 buck circuit
1.2.2 Human detection module

Human detection using infrared thermal-release
module whose main BISS0001 , Which is a relatively
high-performance sensor signal processing ICS. It
enjoy to hot release electric infrared sensor and few
add-ins components can constitute passive hot release
electric infrared switch, so can automatically fast
opened various white hot lamp, and fluorescent, and
bee Ming players, device, special applies Yu
enterprise, and hotel, and Mall, and warehouse and the
family of aisle, sensitive regional, or for security
regional of automatically lighting, and lighting, special
for detection human, Through high and low level
signal to the MCU to control a lamp lit and snuffed

out the circuit as shown:

25—
- |

e
[

Tas
!

Figure .IV Signal detection and processing unit
1.2.3 AD Conversion module

cs
GND|| Ve
1 0.1uF
N w
SAK DGND 8
DRy DVDD | —137533
MCOUT DIN (<3022
S DTy
RESET  DRDY [
o AVDD  AGND | |1 aGND
ANG)  RERNO) (<
AN()  REANG)
ADTISVC o
LE Vin  Vout
* GND
TLA31

AGD
Figure .V ADC module circuit diagram
1.2.4 lllumination module

[lumination module using photosensitive
resistance and brightness when the outside changes,
also changes the resistance of the photoresistance.
Analogsignal afterAD change, control system, control
the brightness of the lamp to change its working
principles block diagram is shown in the following

figure:

‘ Light up ‘ % ‘ Resistor down }% ‘ PWM down F ‘ Lamp down ‘

Figure.VI Schematic diagram of light collection
1.2.5 Position detection

Primarily through human distance table lamp
judging distances, when the person is too close,
prompted a buzzer sounded, circuit as shown in

Figure:

Figure .VII Buzzer remind circuit

1.2.6 LED Led driver modules
Traditional power LED Power supply, mostly 220V
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AC~DC Back again  with LM358 Or

constant current, constant current accuracy of this

transistor

circuit and overtemperature and short-circuit
protection features are not output variability is not
strong . In this design thehighlight LED , Highcurrent,
Highvoltage DC/DC Boostconstant-current XL6004 C
onstant-current drive, it has a wide input voltage, high

current output and , Schematic diagram is as follows:

Us

+12—2 Vin LED+ |2 L

1
||'— GND LED- L

'l LED_DRIVER_XL6004
WM

Figure. VIII LED lamp driver circuit

PWM
-

1.2.7 Display module

74LS138 Decoder driver 8 Red LED As the
system's display, to display the lamp brightness level;
driving liquid crystal display used to display the date

and time for the circuit as shown in Figure:

Figure .IX Display circuit

2 SOFTWARE DESIGN

2.1 Work flow chart

initializing program

Start break

v

Break return

\;

end

Figure .X Process flow chart
MCU Control

gathering with closed-loop control, specific algorithms

brightness and environmental

PID Algorithm for incremental mode. Specific
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functions are as follows:

typedef struct PID {

double SetPoint; // Setting goals

double Proportion; // Constant proportion

double Integral; // Constants of integration

double Derivative; // Differential constant

double LastError; //Error[-1]

double PrevError; /Error{-2]

double SumError; //Sums of Errors

}PID;

double PIDCalc(PID *pid, double NextPiont)

{

double dError, Error, rOUT;

Error = pid->SetPoint - NextPiont; // Deviation

pid->SumError += Error; // Integral

dError = pid->LastError - pid->PrevError; // The
current differential

pid->PrevError =
=Error[-1]

pid->LastError = Error; //Error[-1] = Error

rOUT = pid->Proportion * Error + pid->Integral *

pid->LastError; //Error[-2]

pid->SumError + pid->Derivative * dError;
/' // Integral term // Differential
return (rOUT);

}

3 CONCLUDING REMARKS

Successful design one can automatically adjust the
brightness, correct posture, reaching eye features; for
shadow effects, loss reduction, reach the purpose of
the smart table lamp.
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XYZ three-axis stepper motor control system

NieYang LiTengFei

LiuHui

(jilin university instrument science and engineering institute,changchun,130061)

Abstract—In the process of sample measurement, due to environmental factors, in many cases, researchers are unable to

directly measure the sample. This requires the application of measurement and control equipment to accomplish remote

control . With the development of modern science and technology,we can easily achieve this goal.we can design one kind of

monolithic machine-based step-by-step electric motor runs navar. Through the epigynous machine, we can realize the sample

location. We use MCU as the controller, And we design the interface of the epigynous machine based on the labview

software. It can send commands to the microcontroller,.finally,we can realize the location of X 'Y Z three directions.

Key words—epigynous machine stepper motor three-dimensional system

PREFACE

THROUGH the epigynous machine ,the stepper motor
can be controlled very accurately. When the high
temperature or high radiation comes, It’s not suitable
for the operator to operate the instruments by their
own hand.then the MCU can be choosed as the
controller.we can design the epigynous machine based
on labview,which is a very used software.Then
through the RS232, it realizes short range control of
hypogynous machine and long-distance control of
epigynous machine.Finally, the operator can easily
control the stepper motor’s working state.

Stepper motor

1 WORKING PRINCIPLE OF THE SYSTEM
{The x direction ).

R5-232.
COMPUTER- \ (The data transfer) .

1298 'l
Driver module | ; Controller( STC88C52 ). ,, L2598 Driver module.
‘ L298 Driver module- /‘

Figure 1 overall system structure diagram

Stepper motor Stepper motor

{ ( I
(The y ( The z direction )

As what shown in the above : The computer
Through the RS - 232 serial communication , Send
instruction to 52 microcontroller , then through the
L298 drive module driver, stepper motor to control the
three direction of positive &negative and mobile
implement system of

distance, namely

three-dimensional positioning function.
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location

2 THE SYSTEM HARDWARE DESIGN

2.1 Communication part

Because the system is mainly controlled by PC, the
hypogynous machine and epigynous machine must
carry on the communication.Now we can choose to
use the RS — 232 protocol to communicate .RS -232
signal from the computer is a positive voltage based
on 3 ~7YV,3 ~7YV negative voltage pulse chain. The
voltage signal needs to be converted into 0 ~ 5 V pulse
chains, so that the processor reads. Conversion circuit
apply MAX232 chip.MAX232 chip contains a power
supply voltage converter, to + 5 V voltage transform
into RS-232 -10 ~ + 10V output level need voltage.
Therefore, need only a +5 v power supply to the

system power supply.

Y
21
{
\ ml——
f‘l‘0|; 1o = 1l
191 Y 1 N L Lo
L ROt i\m =0
— RN 773 ROUF|—
E_: TN I OUT I o
= BN T2OUT ——" 90
cl+ 8 C2+
s ¢ 0 @ N T°
Iuf MAXR e 1o

Figure 2 Peripheral circuit of MAX232
TIIN pin connect the TXD of MCU, The receiving
end of the RS-232 connect the TIOUT pin. At the
same time the RIOUT connecsts the TXD of MCU’s
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sender, The receiving end of the RS-232 connecting
the TIOUT pin. And the RIOUT connects the RXD pin
of the MCU, the TXD of the RS-232 connecting the
RIINpin.
2.2 L.298 Driver module

L298N is dedicated drive integrated circuit, belongs
to the H bridge integrated circuits, are the differences
and L293D increases its output current, power
increased. Its output current is 2 a, 4 a highest current,
the highest working voltage 50 v, can drive the
inductive load, such as high power dc motor, step
motor, solenoid valve, etc., especially its input can be
associated with single-chip microcomputer directly,
thus easily controlled by single chip microcomputer.
When driven by direct current machine, can directly
control the step motor, and can realize the motor
forward and inversion, implement this function only
need to change the logic level at the input. In order to
avoid the motor disturbance to the single chip
microcomputer, this module is to join the light
coupling, photoelectric isolation, so that the system
can work stable and reliable.

][m ] 3

Todn | ]

]Ep\;l'l' 7]Ew(ﬂimaﬂqfhﬂ

Wi 1 X
ﬂ&l_l s | i By
a1 Phigm B o
—Ldm 1} YT o
ur B 7} prom M ow
L Lo
o — 1 g
ET] I:IR T3 o [om ?I':I sy
m ], . (@D
e
P4

Figure 4 Optical coupling isolation circuit

3 EPIGYNOUS MACHINE DESIGN

When the labview is installed on the computer, the

VISA driver and VISA package must be also installed.
After these steps,We can realize the string mouth
communication.The VISA function is located in the
function panel/ Instrument 1/O /Sub template. The
VISA serial configuration function to bring the VISA
resource name specified serial according to specific
initialization settings.Through the connection data to
the VISA resource name input can be determined to be
polymorphic instantiations. VISA write a function of
writing device and interface VISA resource name
specified the write buffer data. The specified number
of bytes read VISA read function from the VISA
resource name specified in the serial. And return the
data to "read buffer”. VISA shutdown function closes
the specified serial session handle or event object. The
project design of stepper motor control procedures
using the communication function of these binding
events structure were prepared. Through the program
debugging, The stepper motor’s steering and speed can
be controlled.

Figure 6 back panel interface
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4 THE SOFTWARE PART

4.1 stepper motor acceleration and deceleration
design

Singlechip  stepper motor acceleration and
deceleration control, is actually change the output
clock pulse interval, increases the speed of the pulse
string encryption, gradually, deceleration, the pulse
train gradually sparse. MCU timer interrupt to control
the motor speed, is actually changing the timer loading
value, can control the motor speed.

Example: void Delay (uchar I)

{

Uchar x, j;

For (j=0; j<i; j++)

For (x=0; x<=148; x++);

H

In the control of acceleration and deceleration we
can put in a external interrupt, such as the original
initial value of I is 5, in order to slow down, when
there is an external interrupt command, i=i+2; is the
delay time of growth, pulse time interval becomes
wider than before. If you need to accelerate, the pulse
time interval narrowing. .

4.2 The 2.2.3 program flow chart

slad

|

(e )

Il

Wait for the
computer input

I

MCU receives the input
data processing+'

Send
command

Data feedbacks+

the
and

Figure 7 program flow chart
Through the PC interface on the X, Y, Z, three axis
choice, the choice of MCU output, input step
instruction, through the provisions of step angle screw
and stepper motor, stepper motor can be calculated by
rotation of the distance, through the single-chip

stepper motor corresponding to certain pulse number.
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Every time after the execution of a data feedback.

5 EXPERIMENT RESULT ANALYSIS

Procedures for the use of C language, using Protues
simulation, software keil compiled, downloaded to a
single chip, connection debugging through RS232 and
PC, can stabilize the PC to receive instruction,
accurate control of X, Y, reverse Z axis stepper motor
and a corresponding number of steps.

6 CONCLUSION

By using the graphical programming language
Labview can realize the serial communication between
PC and MCU controller, combined with the L298
drive circuit is completed on the stepper motor
steering and distance control can. The experiment
proves that the host computer program written in
Labview with good communication, simple, high
efficiency. Join the optocoupler in the original driving
circuit can shield the disturbance of good, make the
motor running stability. Through field test, combined
with hardware circuit and PC good, can control the
moving states step stable motor.
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The dormitory intelligent security alarm system
based on GSM wireless communication

JiaoLei
Supervisor

ZhaoYue WangZhengyu
QiuChunling

Abstract—A remote alarm system has been designed, which is based on GSM, and improved the traditional anti-theft

system of intelligent, localized hidden trouble. It with 51 single chip microcomputer as controller, and through GSM wireless

communication module, to our bedroom burglar alarm, fire alarm, temperature monitoring, expensive equipment monitoring,

gas leakage, site monitoring exception information to messages sent to the real-time called on the phone. This convenient

called personnel alarm in a very short time to make a precise and rapid emergency treatment.

Key words—GSM; Single chip microcomputer; Alarm system.

0 FOREWORD

AS an important part of society, the problems of safety
management of colleges and universities are
increasingly on the agenda. Students' dormitory is
college students' life, study, rest home, is a place
where students live longest and its security or not is
directly related to the students' vital interests, affects
the normal study, the life order of students and the
school's harmony and stability. My campus is located
in the downtown, liquid, and students' safety
consciousness is not strong, so lead to theft, fire and
other events occur which cause serious damage to the
property and life safety of students. Therefore, the
safety of the college students dormitory is related to
the steady development of colleges and universities,
and students' physical and mental health.

At present, the traditional security such as bedroom
burglar mesh, window, etc exist in the actual use of
other never stolen, Ann window close to the floor of
the hidden trouble of the emergencies is not easy to
escape. And common security alarm system on the
market at present way of communication, such as
fixed telephone dial-up are easy to be a rogue in front
of the house to cut off the telephone line is busy or
malicious, make its failure in critical moment.
Ethernet are also faced with the hidden trouble of the
line is cut off; The cluster system power consumption
is very big, network building and maintenance costs
are very high, and need to purchase a fixed frequency
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point. In order to solve these existing hidden trouble,
dormitory wireless burglar alarm system based on
GSM short message module is designed, and it is no
longer dependent on cable telephone alarm, but with
the aid of the most reliable, most mature GSM mobile
network, with the most intuitive form of short message
or phone, the place for the alarm directly to reflect to
the to the user's mobile phone.

1 SYSTEM OVERALL SCHEME IS INTRODUCED

This intelligent alarm system based on 51 single
chip microcomputer as the core processor, its overall
structure are shown in figure 1 below. It mainly adopts
TS35i as the main communication module to collect
signal communication alarm. TC35i is Siemens
company introduced GSM wireless communication
module industry, it is driven by the AT command
control system alarm controller test top-up SIM card,
and will start the information to the communication
module to achieve activation network status, and then
send alarm information by microwave antenna to
achieve short message, even dial the preset receiving
alarm telephone number ", First of all, the system of
various sensors which have been dealt with by SCM
are collected, and then output to the LCD, as a way to
monitor the situation of the dormitory, and then
through the TC35i communication module, the
abnormal situation to send to the preset phone number,
in order to realize the remote monitoring and

management of the user.
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—>

Pyroelectric infrared sensor

Temperature Single .| GSM  communication
chip ~ | module
Smoke sensor microcomputer
main » Alarm circuit
Hall sensor system
The LCD display
™ module

Figure 1 overall structure

This system mainly includes the following features:
1) real-time temperature monitoring. This system
through the temperature sensor 18 b20 collected
information of temperature in the dormitory, and then
through the
microcomputer control output to the LCD. And start

the information single-chip
the buzzer when temperature is too high.

2) time showing reminders. By DS1302 time online,
according to the current time can effectively remind
residents, give warm prompt to the user.

3) remote monitoring alarm. Through the
pyroelectric sensor, smoke sensor such as real-time
monitoring of the house will be gathering information
and TC35i

module to realize the remote communication, to

through single chip, communication

inform the user of the house.

2 THE HARDWARE DESIGN

2.1 the main control unit module

This design adopts 51 series of 89 c51 single chip
microcomputer as main control unit. AT§89C51 is a
high

performance CMOSS8 a single-chip microcomputer,

low voltage, low power consumption,
the combination of general microprocessor with Flash
memory together, it can wipe again and again, so can
effectively reduce the cost of development. It has 40
pins, 32 external bidirectional input / output (I / O)
ports, also includes two external interrupt port, two
16-bit programmable timer counters, two full duplex
serial port, it can be programmed according to
conventional methods, can also be online
programming. SCM system work constantly refresh
RAM, appropriately processed data to the LCD

display, if there is an exception, it will be sent via

SMS alarm message to a specific preset phone number,
and make the appropriate measures to inform heads of
households, achieve dormitory remote security.
2.2 the pyroelectric infrared module

The body has a constant temperature, generally at
37 C, it will emit a lot of infrared around 10um.
Human body emits infrared light through the Fresnel
sheet enhanced infrared sensors gather source.
Pyroelectric infrared sensor element, this element in
body

temperature changes will be lost when the charge

the human receives infrared radiation
balance outwards released charge, the subsequent
processing circuit has been tested and will be able to
generate an alarm signal. Pyroelectric infrared sensor
itself has not made any type of radiation advantages,
and the device power consumption, good concealment,
low prices. But it is also subject to various sources of
heat, light interference. The design we use HC-SR501
models. It uses LHI778 probe design, high sensitivity,
high reliability, low voltage operation mode, widely
used in various auto-sensing electrical equipment %!,
2.3 temperature and smoke sensors module

The design uses MQ-2-type smoke sensor, smoke
sensor of this type of high sensitivity, fast response,
Bl With
senses the

anti-interference ability, long life, etc.
DS18B20
temperature changes, and use LCD1602 display.

temperature  sensor room
Dormitory fire or going to happen, I also smoke or gas
leak sensor will detect the concentration of pollutant
gases, when it reaches a certain concentration, the
buzzer is activated and an alarm signal.
2.4 GSM communication module

GSM communication module select TC351, it is a
new version of Siemens industrial GSM module a

support Chinese short message industrial-grade GSM
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module .

GSM short message in Chinese is in
accordance with the PDU (Protocol Data Unit) format,
send or receive up to 70 Chinese characters, Chinese
characters according to the UNICODE encoding,
unlike computer Chinese character coding . SCM
send SMS command to the GSM module, GSM
module can identify the command and send
information to a user's phone number. Message
content for reminding, safety accident happened such
as gas leak, the sensor will be sent via single-chip
computer command prompt warning messages to
residents, these messages are programmed in advance,
according to the type of accident direct call.
2.5 other modules

Other module and alarm circuit, it is when each
sensor detects the abnormal signal is sent to the
microcontroller, through the single-chip
microcomputer control. And LCD1602 display screen
is used to time and temperature of each module
according to the status of the module. Also includes
valuables detection module, which is the use of Hall

sensors to monitor valuables detection module.
3 SOFTWARE DESIGN

The system uses a microcontroller as the main
controller, when the system boots after power on,
single-chip, GSM

microcontroller

module initialization, the

initialization includes selecting
operating mode, initialize the variable parameters,
flags, etc., and then run in the main function. Where C
language program includes a display shows the
temperature sensor to the temperature value, and
pyroelectric infrared, smoke sensors perceive external
abnormalities acquisition value delivery to the
microcontroller, then controlled by the microcontroller
TC35i pass through remote monitoring terminal that

household. Detailed flowchart is shown in Figure 2.

'1 ]E il '.:.l F 10031 1R '.:| 17

emperature alarm!Gas leakage!!

A stranger enteringLoss of valuables

Figure 2 temperature respectively. Smoke. Infrared. Valuables

alarm message content
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4 DESIGN RESULT AND ANALYSIS

The design of the wireless remote alarm when the
measured reflect good, and it also can achieve the
desired function. In the end, the text messages which
sent to the user's results by mobile phone are shown in
figure 3 below .And this design has the advantages of
low cost and good reliability, high precision, easy to
install. But also question the safety of the residents
have a good prevention role. It can effectively avoid
the loss of the user. Again due to the system of many
functional solve the similar devices on the market of
the defect of single function, the subsequent market
promotion will have very good advantage.

MCU initialization

‘ The GSM module initializations ‘

Selector
switch?«

L L
Temperature Smoke
detection+ detection+ Pyroelectric The valuables 4
detections detection+
Y4
" y
Normal
74
Ne! Ne!

A buzzer alarm, indicator, GSM send text messages+

Temperature

and time Alarm processings
displaye p

Figure 3. Flow chart of system software
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A post-disaster Detection Rescue Robot System
Design

HU Rui-fan,

WANG Hong-chao,

PENG Yi-shuai

(College of insrumentation and Electrical Engineering, Jilin University,Changchun 130022,China)

Abstract—For the frequent occurrence of natural disasters in recent years, the status of the rescue work difficult to design a

post-disaster relief robot system. System is divided into a remote monitoring control station and robotic body. Robotic body is

equipped with sophisticated sensor systems, motion control planning system, real-time communications and reliable actuators

etc, mounted night vision CCD camera, 512 * 582 resolution, real-time images obtained by pyroelectric infrared detection

module detects human radiation energy, looking upon rescue personnel, and designing automatic obstacle avoidance device to

prevent the robot collision .Remote monitor control station equipped with the corresponding management software, through

the transmission of image real-time remote control of the robot, observing and analyzing image information, getting the

position of the second accident -prone ,improving rescue efficiency and safety.Robotic system data and image information

through a wireless real-time transmission, small size, fast response, practical, it has a broad market prospect.

Key words—disaster relief; robot; sensor system; real-time communication; remote monitoring

0 PREFACE

GLOBAL frequent disasters in recent years, has brought
people's lives and property damage. The most urgent
thing is to search and rescue after disaster survivors
trapped in the ruins. How to safely and effectively to
search for survivors and timely detection of relief has
become a major social problem at present.
Post-disaster complicated scene environment to the
rescuers and survivors are of great security threat, will
hamper rescue work quickly and efficiently. Using the
rescue robot for auxiliary search and rescue is an
effective means to solve this problem .

The characteristics of the rescue robot has high
flexibility and maneuverability is strong, and has a
good grade and obstacle capability, able to adapt to
field a variety of geographical environment, at the
same time in the process of rescue can quickly
determine the position of the survivors, and all kinds
of changes that can detect the scene of the accident in
order to prevent the secondary accident. Rescue robot
that can overcome the traditional relief of low working
efficiency, large rescue equipment is not stable,
flexible and rescue fast, easy to carry and adaptable to
the environment, thus the rescue robot research has
important significance.

Intelligent rescue robot is designed and developed
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based on the background of earthquake relief, is a kind
of can repair function, mark accident sites, to seek
relief road of advanced equipment. Highly intelligent
(3] and automation is another big characteristics of
this work, is also one of the advantages of strong
competitiveness. At the same time, adopt the advanced
control system and algorithm, universality and
applicability of the system to further strengthen B to

be able to complete various tasks.
1 DESIGN OF THE SYSTEM

Detection after a disaster rescue robot is a machine,
electricity, light, communication technologies such as

4 remote monitoring system and

integrated products
the robot body of two parts, can complete the life
signals detection, location, and the implementation of
the rescue mission. Mainly by the visual system,
detection system, wireless communication and
computer control parts ). Overall system diagram as

shown in figure 1.

(Cc4)

&

When rescue, rescue workers through the leading

Fig.1 Overall system schematic
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device of night vision camera units, through remote
control its freedom through “ in the rubble. When
finding survivors, rescue workers survivors can be
observed through the night vision camera, also can
through to the phone conversation with survivors,

detailed understanding of the survivors of the situation.

And can be calm and psychological counseling for
survivors through dialogue. According to the observed
and the
immediately.

location of survivors, rescue work

2 THE DESIGN OF ROBOT HARDWARE

7 .
], motion

Robot body with perfect sensor system |
ability  of

communication and reliable actuators. The system

control  algorithm, the real-time

composition block diagram is shown in figure 2.
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Fig.2 Robotics system block diagram

First, by adding the infrared induction equipment
and detection radar and other equipment, to perform
the earthquake-stricken area on a wide range of search
and rescue mission. The center of the robot carrying
platform adopts modular design, can according to
actual needs, timely replacement of equipment for
search and rescue work. Optimizing circuit at the same
time, isolation filter [8], to prevent interference
between each sensor, increase the reliability and
sensitivity of signals. As shown in figure 3 is the
pyroelectric sensor filtering amplifying circuit. After
adding the front of the camera, has realized the
rescuers on the remote control [9], to be able to let the
aid workers have a better understanding of the disaster
area topography and building structure, to avoid the
danger zone for rescue personnel safety threat. After
equipped with advanced detection radar can make
rescue workers know the specific location of the
survivor and instant life physiological state, facilitate

the timely rescue survivors of the weak, the maximum

increase the survival rate of survivors.
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Fig.3 Pyroelectric sensor amplifying and filtering circuit

Secondly, in the aid mission, through the study of
the area of the center of the robot carrying platform
optimization work, make its carrying different task
module components, with different situations aid
missions. When carrying voice module can be
one-way or two-way communication to guide and help
the survivors of the action ability to save themselves
and escape from work; When powered hoisting
components, can rapidly finish the ruins of the disaster
area road opening work; When carrying infrared
sensing module, the robot can aid missions in the night,
in the 72 hours of uninterrupted gold time performing
a rescue mission, effective use of the valuable time,
improve work efficiency, reduce the workload of aid
workers and increases the chances of the trapped were
rescued.

Again, and carry through strengthening center
platform, make its can perform the shipping quantity
of the transport task. Most of the time delivery of
goods vehicles can't go into the earthquake zone, you
need to replace other transport tools. The robot has the
function, and has a certain obstacle ability, can better
adapt to the disaster area road conditions, timely
supplies to their appointed places. At the same time, it
also has the ability to transport personnel, can be in
the process of round-trip transport rescuers and
survivors, avoid human transport than .

Finally, the miniaturization of robot carrying special
supporting tools, general perception system, lead the
CCD camera in the center of carrying platform, can be
in the large machinery is unfavorable and carries out
the task in the ruins of the bearing, and reduce the
pressure on the rescue such as survivors trapped in
wallboard. Open access can be different from the
different Angle direction at the same time, select the
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optimization of channel guide trapped out of danger
area.

Rescue workers external controller is used to
control the robot to walk, can through the camera
picture back to control the robot move freely in
narrow space, at the same time, rescue workers
through the picture to see if there is a sign of life,
realize life detection. Through dialogue with handheld
PC to determine whether trapped alive, understand the
trapped in current situation, in order to choose the
rescue package, also can give trapped persons
psychological comfort, stimulate the trapped persons
fight to survive, with rescuers implement effective
relief. The robot USES the advanced modular
assembly technology, have the ability carries out
multiple tasks at the same time. Set of powerful
functions in one of the robot has the very strong
development potential and market competitiveness,
can well meet the wupgrade improvement for

subsequent does not affect the subsequent use %)

3 THE DESIGN OF ROBOT SOFTWARE

Robots are installed on the wireless module receives
the control signals sent from the upper machine,
further recognition of these control signals and make
the corresponding action, including walking robot and
the lamp switch. At the same time, robots are installed
on the pyroelectric body detection module and a
photoelectric switch can real-time monitor the life
information and obstacles, and further back to the PC.
The software system flow chart shown in figure 4.
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Fig.4 Robot software system flow chart
4 DESIGN OF UPPER MACHINE

PC running in monitoring station of PC operation,
using VB development environment 'l The scene of
the remote monitoring platform can display real-time
information of images, sounds, and the human body
signals, obstacle alarm prompt, etc., at the same time
you can ask the robot body give orders, make its
relevant action. Independent development of PC

interface as shown in

figure 5.

Fig.5 PC software interface
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5 TEST AND ANALYSIS

Image real-time transmission and remote control,
and adopted different wireless devices, in this way,
can avoid the mutual interference, increasing the
actual control distance. In the lab building image
real-time transmission and remote control of robots
from repeated tests. Test result is shown in figure 6
(X, said no obstacle image transmission distance,
when X, said when there is a wall image transmission
distance, Y; no obstacle when control of the car
distance, Y, said when there is a wall to control the car

distance)
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Fig.6 Test line chart

Can be seen from the test results through the PC to
the car's actual remote control distance is more than 15
meters, robot can complete the task, realize the rescue
personnel.

Tested again at the same time the car braking
distance (stop operation after the car walking distance)
and the distance of obstacle avoidance car. Test results
are shown in table 1.

Tab.1 Braking distance and avoidance distance test results

MR € 1 2 3 4 5 6 7

FEFEE (em) 3.1 3.0 32 29 31 30 28
BEFEFEES (em) 5.0 5.0 49 50 49 50 5.0

By the test results can be seen, obstacle avoidance
distance is greater than the braking distance, to avoid
the damage to the car. Especially due to operator error,
lead to the small car appeared out of control, make the
car collision damage. Join the obstacle avoidance
system can effectively prevent the car collision
damage, make rescue robot can stable job.

6 CONCLUSION

Design life detection and rescue robot both life and

timely rescue two big functions. Appearance design is
unique, can move freely in a relatively narrow and
complicated environment, to complete the search for
life, positioning and effective relief. The design
concept of a hierarchical design process, the system is
divided into

communication and execution layer. A clear division

sensing layer, policy makers,
of responsibilities between the layers and collaborate
with each other, forming a real-time and efficient
pipelining structure ',

Rescue robot is a new kind of robot, a practical
form small, function complete, has the characteristics
of easy to operate. The robot is compared with the
existing life detector function more and more
concentrated, and practical, safe and reliable, can play
the role of the larger, is suitable for real life detection
(3] Based on the
above advantages, rescue robot is described in this
article  the
competitiveness has a great advantage, has wide

and post-disaster relief products

market  prospects and  market

application prospect.
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Development of early detection instrument for
apnea syndrome

Xu Li-xia, Wang Gang, Lian Shi-bo
(College of instrumentation and Electrical Engineering, Jilin University,Changchun130022,China)

Abstract—Aiming at low levels of detection and penetration of sleep apnea syndrome, a portable early detection device of

sleep apnea syndrome is designed. The system is composed of signal acquisition module, data storage and transmission

module, host computer data processing module, and an automatic detection program. We use electret sensor to convert

respiratory and heart rate signal, and collect the respiratory data through micro control unit, then store the data on a SD

card or transmit the data by using Bluetooth to the host computer. The automatic detection program can extract the

respiratory signal from ECG signal using EDR algorithm, and display the respiratory signals, meanwhile give the automatic

analysis of SAS for the patients. Testing the prototype under laboratory conditions, the result shows that the device can

achieve early diagnosis of apnea syndrome with low power consumption and low cost.

Keywords—SAS  Electret  SD card

0 INTRODUCTION

Sleep apnea syndrome (SAS) is a potentially
dangerous disease and was once known as "sleeping
killers" '), SAS refers that apnea or hypopnea is up to
30 times every 7 hours or apnea is above up to 5 times
per hour, each time for more than 10 seconds during

@l Current clinical detection method is

sleep
Polysomnogram (PSG) BI but it’s complicated and the
diagnosis is expensive. The rate of SAS in the general
population is 1-4%, but is as high as 20-40% for the
elderly over 65 1. Although population suffering from
the disease is very large, detection and penetration of
sleep apnea syndrome is at low levels due to the long
overlooked or missed diagnosis and family factors
such as economic restrictions. Patients who have the
access to diagnosis and treatment in China are less
than two thousandth of the total ). So a portable,
low-cost, family-sleep apnea detector is especially
important . We designed an automatic test and
non-direct-contact instrument of SAS which can send
data by Bluetooth or store the data on SD card. The
prototype was tested under laboratory conditions and
the results show that the device can achieve the
non-direct-contact detection of breathing signal and

analyze SAS automatically.

1 OVERALL STRUCTURE OF THE SYSTEM

EDR algorithm

automatic detection

The system is composed of signal acquisition
module, data storage and transmission module, host
computer data processing module, and an automatic
detection program. The system structure diagram is as
shown in figure 1.

Data storage

Signal acquisition module Key and

- transmission
module

Analog
sl :
conditioning
MCU PC
MSP430F149

Analog
signal  —— ) Bluetooth
conditioning |

Fig.1 The overall structure diagram

A

Electret

Electret

2 HARDWARE DESIGN AND IMPLEMENTATION

2.1 Sensor selection

There are three main ways to detect respiratory
signal using simple instruments currently:

(1) Using a thermistor to measure temperature
changes of the nasal cavity, but the sensitivity of
sensor can be reduced after repeated use;

(2) Using a pressure sensor to detect pressure
changes of the nasal cavity "), but the pressure sensor
must be placed within the nasal cavity, which will
affect the breath to a certain extent and also arise
discomfort;

(3) Using a sensor to detect impedance change

caused by the pleural motion to acquire respiratory
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signal [8,9]. But the sensor needs to cling tightly to the
chest, which would generate a sense of restraint.
Electret has good characteristics such as a small size,
simple structure,large frequency band-width, low
distortion, transient response and low price [10], we
select the electret to convert signal, place it below the
nose to accurately feel the breath and use the
stethoscope to feel the respiratory signal without direct
contact with the skin of the chest, thus reducing
discomfort. Hardware structure is shown in figure 2.

k=

LR HIEE

FiE-E2IT Sk
Fig.2 Schematic diagram of the hardware
2.2 Model of sensor network architecture
This section consists mainly of basic filtering and
amplification circuit, using common-emitter triode
amplifier circuit for preliminary processing. Basic

circuit is shown in figure 3.
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Fig.3 The signal acquisition circuit
We simulate the signal acquisition circuit by
Multisim10 and the simulation result is shown in
figure 4. The peak to peak value of the input signal is
100mV and the peak to peak value of the output signal
is 450mV .We can see that this circuit realizes the
signal amplification from the figure below.
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Fig.4 The simulation diagram of signal acquisition circuit
The waveform of actual measurement of lung signal

is shown in figure 5.

Fig.5 The waveform of lung signal

3 DESIGN AND IMPLEMENTATION OF SOFTWARE

3.1 SD card storage

The function of SD card storage section is to store
the respiratory signal after AD conversion to SD card,
for the purpose that we can call up the data for
analysis later.

Data is stored using the FAT16 file format [11,12],
SD card partition of this file format is shown in Figure
6. MBR is the physical sector 0 of SD card, reserved
area is to store parameters and guiding figures of FAT
file systems, FAT cluster table records the usage
of cluster, root directory records the root directory
information ,and file directory is the actual data store.

MBR sector
g\ Reserve sector
§ FAT list
= DIR sector
@ File directory data sector

Fig.6 The storage structure of FAT16
MSP430 reads and writes SD card through the SPI
bus [13]. MSP430 firstly initializes SD card and gets
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the sector information before storing the information
in the SD card, and then can create file, write file,
delete file, and so on. After accessing the FAT and root
zones of the SD card and verifying that the file you
want to create does not exist and you have enough
blank cluster, the file can be created and registered in
the root zone, at the same time available blank cluster
address recorded by the chain rule in the FAT table.
When writing data, we can base on the file name in the
file list area to find the destination address, and then
complete the data written by the chained address of
the FAT table.

3.2 Data transmission by Bluetooth

Bluetooth technology is a wireless communications
technology [14], working in open 2.4GHz band. The
line can be omitted in a portable device by using
Bluetooth, so we can realize point to point data
transmission in real time.

This design uses XS128 Bluetooth module, the
module adopts the serial communication mode and is
divided into master and slave module, the two
modules automatically matches connections after
power on, and master module using USB interface can
be directly connected to the PC.

3.2.1 The Bluetooth terminal node

Start

A

UART port select

A

Data format
setting

A

Set baud rate
9600bit/s

Y
Enable UART

If flag=1?

Send Date

return

Fig.7 Flow chart of transmission procedures

Bluetooth Terminal node which is the slave module
is used to send data. The RX pin of Bluetooth slave
module is connected to the TX pin of the MCU and
the TX pin is connected to the RX pin of the MCU.
Flow chart of transmission procedures is shown in
figure7. We use this communication format: 8 data bits,
1 stop bit, no parity bit.

3.2.2 The Bluetooth master node

Master node which is the Bluetooth master module
is used to receive the data, the data is transferred to PC
via serial port on a machine, and then automatically
saved, and finally analyzed by MATLAB.

3.3 Program design using MATLAB

The design uses MATLAB software to achieve three
functions: serial communication, data processing, and
the interface display. Data processing is divided into
two parts, one part is to extract the lungs respiratory
signal from ECG, the other part is to filter the nasal
respiratory signal. Program flow is shown in figure 8.
Firstly the program judges the model and determines
the source of data, then separates the two signals and
judges which is nasal respiratory signals or ECG,
finally processes data respectively and shows the
waveforms in the GUI interface, and also gives

analysis.

Y
SD card reading

Serial port
data reading

Y
Mean filter

PEak value
Data getting

FIR low pass
filter

Show waveforms
in GUI

diagnose

Fig.8 Flow chart of filtering program
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3.3.1MATLAB serial communication

We use the communication function of MATLAB to
create serial communication, and receive real-time
data through the serial port [15]. This design set the
serial property as follows: baud rate to 9,600, 8 data
bits, 1 stop bit, no parity bit.
3.3.2 EDR algorithm

We use MATLAB to analyze the ECG and
extract respiratory signal. The spectrum of heart rate
and pulmonary respiration waveforms is shown in

figure 9. From figure (a) and (b) we can see that ECG
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(c) Pulmonary respiration waveform after the treatment

signal frequencies are concentrated in less than
0.5Hz~5Hz. But the frequency of human breathing is
less than 1Hz, and due to that the peak of R wave of
ECG signal measured by the electret is influenced by
breathing processes, so we use a EDR algorithm to
connect the R wave crest and extract the feature points,
then interpolate to get the continuous signal, finally
get lung respiratory signal through the FIR low-pass
filter [16,17]. Figure (c) and (d)shows the waveform

and spectrum after processing.
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(d) Pulmonary respiration spectrum after the treatment

Fig.9 Waveform and spectrum of Heart rate and pulmonary respiration

3.3.3 Processing of nasal respiratory signal
The nasal respiratory signal enlarged by hardware
has relatively small interference, so only needs to be
filtered in the MATLAB by FIR low-pass filter.
3.3.4 Diagnosis and visual interface displays
According to the definition of syndrome, we

EE :
o Eriam | Fs

© sDeEz

0/ 05 085 —1/A 008
14 105 08— 2/ PP 0508
2.5 BF 05055 3HBH0 508
3AEI050T — AIBI0S0D
(4 B 05085 BT 05708
s ptos 08— 6 ros 0%
6 BF05H0B —THBF0508

CiCHIg R
FESAT ‘ E
IR R B o =
FREENE o . N
B 1] S
R =

33 YN
Lilicgsiioes 27

SEBFI 190

use MATLAB to calculate the number of apnea per
night and analyze the condition preliminarily. The
It has

mode selection, diagnosis, respiratory

GUI visual interface is shown in figure 10.
three parts :
waveform display.

2 4 6 8 10 12 14 16 18
R idlt/s

o 2 4 & 8 10 12 14 16
R Eltrs

Fig.10 Visual interface
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4 CONCLUSION

The early detection instrument is a system for
detecting human sleep apnea condition based on
respiratory signal extraction, SD card storage,
Bluetooth
technologies. The system can achieve a wireless and

sending, PC real-time processing
no direct contact detection of respiratory signal, and
give basic analysis. The device has the characteristics
of light weight, small size, low power consumption,
low cost, comfort to wear and so on, so as to reduce
the economic burden of the patients, make it
comfortable to sleep at home and at the same time
achieving disease monitoring. In the next work, we
need to make the acquisition module integration, so as
to reduce outside interference and improve the

sampling accuracy.
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Design of nRF905-based Wireless Greenhouse for
Environmental Parameters Detection and
Transmission System

YangShuXin LiuYang LengShuZhe
(jilin university instrument science and engineering institute,changchun,130061)

Abstract—Temperature, humidity and light intensity are important physical quantities and also the most usual and critical
parameters among environmental monitoring .Describes a greenhouse for equipment integrated test system based on wireless
data transmission temperature, humidity and light intensity detector. The monitoring system is mainly composed of a
low-power consumption STC89C52-MCU. DS18B20 temperature sensor,HS1101 humidity sensors and a multi-band radio
frequency transceiver nRF905. The reliability of greenhouse test system is provided by a proper hardware design and a
wireless data transmission mode which ensure that the equipment required to test the complex temperature, humidity and

light intensity environment.

Key words—MCU; NRF905; Temperature and humidity; Light intensity

0 PREFACE

WITH the development of modern industries and
agricultural technologies, people have higher and
higher demands for the precise temperature and
humidity and measurement technologies of lightening
strengths. Traditional measurements of temperature
and humidity data mainly adopt wire transmission
system, which need to set numerous leads and wires,
the installation and dismantle are both very
complicated, which is bad in flexibility and high in
cost". At the same time, the signal transmitted on the
line will be interrupted by the electromagnets and
larger attenuations so as to cause measuring errors.
The paper designed nRF905 wireless greenhouse test
and transmission system raises a solution for the
deficiency of wire transmission system, which adopts
wireless radio frequency chip nRF905 and low power
MCU, making it possible to complete the data
collection and wireless transmission with low cost and
high efficiency, precisely test the greenhouse
environmental parameters so as to ensure the suitable
temperature, humidity, lightening environment inside
the greenhouse. 1 General structure and function
introduction of the system

The general structure frame figure of the system
is shown in Figure 1. In order to implement the

function requirement of wireless data transmission,

the system is divided into two parts of the lower
machine system and upper machine system. The
lower machine system is placed in the collection field
of temperature and humidity. The field temperature
collection is done by the numerical temperature
sensor DS18B20, the humidity collection is done by
humidity sensor HS1101 and the real-time collection
of lightening strength is done by TSL2561. Under the
control of MCU STC89C52, the data of temperature
and humidity is transmitted to the upper machine
system by the emission port of wireless data
transmission module nRF905 and liquid crystal
screen to indicate the tested temperature and
humidity values for the real time so as to implement
the wireless data and display of the data. The upper
machine is usually placed in the control machine
room, and the information collected by the lower
machine is acquired by the receiving port of nRF905
and indicate on the indicating control port of the
upper machine for the real time. When the actual
greenhouse parameter is out of the set scope, the
alarm will be activated automatically.

EE
1l

| JL
BEY ERfle uRF903 WREOS | ERfle - g

T S R T [ T
ﬁ g
- £

=1

Figure 1 General structure frame figure of the system
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2 DESIGN OF HARDWARE CIRCUITS OF THE SYSTEM

2.1 Design of temperature collection of hardware
circuits

The temperature sensor of the single
measurement point of the greenhouse selects the
numerical temperature sensor DS18B20. DS18B20
has wide temperature measurement scope and high
measurement precision. The measurement scope of
DS18B20 is - 55°C~+ 125°C; in the scope of - 10~+
85°C,the precision is +0.5°C[2]. DQ port of the
temperature sensor connects with the MCU of the
system, which can be used for testing the change of
the temperature for the real time. And the circuit is

shown in Figure 2.
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ﬁ
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Figure 2 Temperature test hardware circuit figure
2.2 Design of humidity collection of hardware circuits
HS1101. HSI1101
humidity sensor is the humidity sensor based on

Humidity sensor selects
electric capacity principle, and its relative humidity
change and capacity value show the linear rule. In the
automactic test system, the capacity value changes
with the change of air humidity. Therefore, when the
change of capacity value is transferred to the change
of voltage or frequency, the data collection can be
effectively done [3]. 555 integrated circuits consist of
oscillating circuits, HS1101 humidity sensor is used
for oscillating capacity so as to complete the change
from humidity to frequency.And the circuit is shown
in Figure 3.

Figure 3 Humidity test hardware circuit figure
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2.3 Design of Lightening Strength Collection of
Hardware Circuit

The test of lightening strength uses TSL2561.
TSL2561 can program and set the upper and down
valve value with the direct I2C connector, which can
be used to change the lightening strength to the output
of digital signal so as to pass the I2C bus access, so
the hardware connector circuits are very simple 1. Its
internal part consists of two paths of photosensitive
diode, passage 0 is sensitive to both visible light and
infrared ray and passage 1 is only sensitive to infrared
ray. Two paths integrating ADC makes current
integrals on two photosensitive diodes, change them to
digit quantities and save into the numerical register of
each path. Its hardware circuit is shown in Figure 4.
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Figure 4 Lightening Strength test hardware circuit figure
2.4 Wireless Transmission Module Design
Wireless transmission uses nRF905 chip. This
chip can set the address by the software, and directly
connect with various MCU for the use with very
convenient software programming.
nRF905 has two working partterns (ShockBurst
RX reception mode and ShockBurst TM emission
mode ) and two kinds of energy saving modes
(electricity drop mode and standby mode) . These
modes are determined by the high low-level of three
pins of PWR UP, TRX CE and TX EN controlled

by the external MCU.
Figure 1 Working pattern and corresponding functions of
Nrf905
PWR_UP TRX_CE TX_EN TR
0 x x B SPI G fE

R bLF SP1 R
Shock Burst RX
Shock Burst TX

2.5 Alarm Hardware Circuit Design
The designed system plans the alarm circuit and
alarm cancellation circuit. When the temperature,
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humidity, lightening strength in the greenhouse is over
the normal parameter scope the program sets, the
buzzer of the system gives out the sound of alarm, and
the red indicator light is on at the same time. When it
recovers to the normal, the alarm cancels
automatically. And in the proper parameter scope, only
the green indicator light is on. Hardware circuits are

shown in Figure 5.

(5]
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Figure 5 Alarm hardware circuit

3 SYSTEM SOFTWARE DESIGN

The software design of the system consists of the
main program flow and the sub program flow. The sub
program flow can be divided into: Temperature sub
program, humidity sub program, wireless transmission
sub program, serial sub program, and upper machine
program. The emphases in the software design process
are the test of temperature, humidity, lightening
strength, the wireless transmission of the data. The
overall flow figure of the system is as shown in Figure

6 and Figure 7.
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Figure 6 Launch Flow Figure Figure 7 Reception Flow Figure

4 EXPERIMENT RESULT ANALYSIS

When the temperature is over or below the
temperature of the set value(such as 40°C and

20°C ),or humidity is higher than the set value (such

as 80%) , or the lightening strength is higher than the
set value (such as 8000Lux) , buzzer will give out
sounds for alarm. The general experimental effect is
very good, which reaches the expected design goal.

5 CONCLUSION

The above mentioned NRF905 based wireless
greenhouse environment monitoring system can
implement wireless temperature, humidity, lightening
strength measurement and data transmission, making
the data of humidity, temperature, lightening strength
transmit safely and reliably, remote control and alarm,
which guarantee the complex temperature and

humidity and the lightening environment the

greenhouse and grain warehouse need and obtain good
effects.
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Wireless multi-point temperature and humidity
detection system design based on nRF24L01

Wu Jindi

Song Qihan

Zhao Xiaoyi

(College of instrumentation and electrical Engineering Jilin University,Changchun.China)

Abstract—This project proposes a design of environmental temperature and humidity monitoring system based on wireless

sensor Nrf24101.The scheme is based on nRF24L01 to design a wireless temperature acquisition system. The system adopts

low power, high performance microcontroller AT89C51 and the temperature and humidity sensor DHT11 to constitute a

multiple point, real-time monitoring system of temperature and humidity, finally completes the function configuration,

display and alarm in the PC machine. The system is easy to use, very easy to expand, can be widely used in various industrial

production and aquaculture.

Key words—Wireless data transmission;nRF24L01;DHT11; A multi data acquisition; PC real-time monitoring;

0 INTRODUCTION

In today's industrial and agricultural production,
required temperature and humidity acquisition of more
and more occasions, accurately and easily measure the
temperature becomes critical. Traditional wired
temperature measurement method sexist complex
wiring, easy to aging lines,line fault is difficult to
trouble shoot, equipment relocation and other issues to
bere-wiring. Especially in the wired net work is not
open or because of site restrictions and inconvenience
of environmental factors in the case set up lines to
temperature and humidity data acquisition brought a
lot of trouble. To monitor the real-time temperature
and humidity data, you must use wireless transmission
for data collection, transmission,reception and
wireless data collected tobe processed through the host
computer to control and monitor the operation of
equipment and reduce unnecessary line equipment

expenses.

1 SYSTEM COMPONENTS

This design of multi-node wireless temperature and
humidity monitoring system monitoring and control
system, the microcontroller and RF

communications systems combine master and slave
system consists of two parts, the slave is responsible
for detecting temperature and humidity, and the

collected data sent through the RF system host, the
host receives a signal sent from the slave, and the PC
via the serial port to communicate, log data. While
setting the alarm data via PC upper and lower limits.

2 CORE HARD WARE MODULE DESIGN

2.1 Temperature and humidity acquisition circuit
design

Ina multi-node acquisition module temperature and
humidity, we mainly use DHTI1l temperature and
humidity sensor as a core component into Line design.

Sensor module using DHT11 digital temperature
and humidity sensors. This is a digital signal output
with a calibrated temperature and humidity combined
sensors, application-specific temperature and humidity
sensor technology and digital modules capture
and high
reliability. DHTI 1 sensor using single-wire serial

technology, with long-term stability
interface, the application of simple and quick, the
signal transmission distance up to 20 m or more.
When the cable length is shorter than 20m should be
used when 5kQ pullup resistor, more than 20m should
be based on the situation using the appropriate pull-up
resistors. The temperature and humidity sensors with
small size, low power consumption, fast response,
anti-interference ability and cost advantages. Detailed

circuit diagram shown in Figure 1.
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Figure 1 Temperature and humidity acquisition circuit design
2.2Wirelesstransmitter and receiver module design
In the wireless transmitter and receiver module
nRF24L01 as a design we use the core components.
NORDIC nRF24L01 is produced by a wireless
communications using FSK modulation,
internal integration NORDIC own Enhanced Short

Burst protocol. Can be achieved, or one pair of

chips,

six-point ~ wireless ~ communication.  Wireless
communication speed can reach 2 Mb / s. NORDIC
wireless transmitter and receiver chip nRF24L01

circuit diagram shown in Figure 3.
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Figure 2 receiver, transmitter module nrf24101 circuit
schematics
nRF24L01 is a single-chip RF transceiver chip,
working in 2.4 ~ 2.5 GHz ISM band, the chip built-in
frequency synthesizer, a power amplifier, a crystal
oscillator and a modulator function module, the output
power and communication channels can be carried out
by the program configuration. nRF24L01 chip power
consumption is very low, in order to -5 dBm launch

power, operating current of only 10.5 mA, working
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current receiving only 18 mA, it has a variety of

low-power operating modes, energy saving,
convenient design. nRF24L01 wireless transceiver
module for each pin functions shown in Table 1,
Figure 4 shows the nRF24L01 chip connection with

circuit diagram.

The: FONCTIONS-
PIM-
VoD Power Irput 19 ~ 36V

CEe Operating Mode Salection,TX or X

CSNe SPI Chip Select BEnable, Active Low
Enables }
SCH SPI Clocks

HOSI» | SPI Input<

HISO. SPI Qutputs
IRG Inkermupt Cutputs:
GHD. Poweer grounds

Table 1 nrf24101 module pin functions
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Figure 3 nrf24101 and microcontroller connection diagram

The wireless transmitter receiver module requires
power for the 1.9 ~ 3.6 V, this system uses 3.3V DC
power supply directly to the wireless transmitter
receiver module power supply, 5 V power supply
through the ASMI1117-3.3
conversion stable DC power supply, the power

chip obtained after

conversion circuit shown in Figure 5
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Figure 4 asm1117 conversion circuit chip

2.3 Serial CommunicationsModule
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In serial communication module, we use the core
member is PL2303.

Prolific PL2303 is produced by a highly integrated
RS232-USB interface converter that provides a
RS232 serial
communication device connected to the USB function

full-duplex asynchronous
interface convenient solution. The device built-in USB
function controller, USB transceiver, oscillator, and
with full modem control signals UART, just add a few
capacitors can achieve USB signals and RS232 signal
conversion, can be easily embedded into handheld
devices. The device as bidirectional USB/RS232
converter, one USB data received from the host and
RS232
peripherals; hand to receive data from RS232

converts send message stream format
peripherals into USB data format sent back to the host.
All these tasks done automatically by the device,
developers need to consider firmware design.

By using the USB block transfer mode, the use of
large data buffers and automatic flow control,
PL2303HX able to achieve higher throughput than
traditional UART (Universal Asynchronous starting
device) ports, up to 115200 bps baud rate can be used
for higher performance be wused. System serial
communication module connection diagram in Figure
6 below.

SHTD w0 33
E_CLK DM

= T DP+

Figure 5 Serial Port Module Design

3 SOFTWARE DESIGN

3.1lower computer software

The system uses the C programming language,shall
be determined according to the design requirements of
the task the complete structure of the system
program,as modular programming method,the task is
divided into
modules,each module features a clear,chronological

relatively independent functional

and relationships,system software design can be

divided into several parts, the first is the underlying
driver of each module to write, and then the system
on-line debugging, and finally the preparation of PC
system program.Control and management of the main
program is the core of the system is powered on,the
first initialization,the system begins normal operation,
and then carry out the temperature and humidity
monitoring and processing operations.

3.2PC software design

System complete function position function displays
the serial number, indicating whether the serial port
has been successfully opened;Meanwhile, the PC and
the next crew to simultaneous display of temperature
and humidity of each node in the range of temperature
and humidity over warning after the buzzer control
slave alarm.

PC software is available on the PCthroughVC6.0
prepared, mainly on the MSCommcontrol and
CserialPort class operation.

The first is the serial port settings.The system uses
the CSERIALPORT class initialization function
InitPort (this, nport, nbtl, 'N', 8,1, m_dwCommEvents,
512).Which nport for the serial number, nbtl baud rate,
you can use the serial port settings dialog baud serial
number and two combo boxes initialization function
were obtained in nport and nbtl.

Followed by the upper and lower limit son the
temperature  and
CSERIALPORT class start serial monitoring process

humidity  settings.Available
function Start Monitoring,send the string functions
Write To Port and close the serial port processes Stop
Monitoring for upper and lower temperature settings,
the information is sent to the serial port through these
functions,the  micro  controller receives the
datafromRS232,compared with its own temperature,

and then make the appropriate treatment.

4 EXPERIMENTAL RESULTS

DHTI1 digital temperature and humidity sensor
uses a single-wire bidirectional serial interface
technology, a communication time is about 4ms, the
data sub-fractional and integer part, a complete data
transfer is 40bit, MSB first. Ie 8bit Humidity Humidity
decimal integer data +8 bit temperature data +8 bit
decimal integer data + 8bit temperature data + 8bit
checksum, which is equal to the calibration data of
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four 8bit data and findings of the last eight. For
example: read data as: humidity: 36.50%; temperature
of 22.80 ‘C, then the corresponding 40bit data: 0010
0100,0011 0010,0001 0110,0101 0000,1011 1100,
tested, no increase in the transmitting and receiving
antenna module case, the wireless transmitting and
receiving module, in most cases the data transmission
distance of about 200 m in the error rate is less than
3%, the transmitter first transmit power, receiver
sensitivity receiver factors that may affect the
transmission distance, if separate antennas , will
greatly increase the transmission distance. In addition,
the debugging process, oscillation resistor must match,
otherwise the receiver can not receive even the

distance becomes shorter.

5 CONCLUSION

Through unremitting efforts, and finally completed
the wireless multi-point temperature and humidity
detection system of the preliminary work, namely the
overall hardware connection. As well as temperature
and humidity control part, PC interface debugging
have been completed. According to our design of the
control approach can achieve the collection and
transmission of temperature and humidity as well as
displayed on the PC screen, you can display the
current temperature and humidity changes; the buttons,
sensors and other input signals into the microcontroller,
and then based on the information obtained upward
position machine signals the control PC interface
real-time display of temperature and humidity, reached
a temperature and humidity testing purposes. At the
same time when the air humidity below 20% or above
80% of the time the buzzer will alarm automatically.
On the basis of these. Free to the control system
through the key switch.
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The teaching auxiliarv S\éstem based on the light
cube

Xin Yi; Zhu Zhanshan;  Chen Xu; Jiang Jian
(College of Instrumentation & Electrical Engineering,Jilin University , Changchun 130022)

Abstract—As the traditional teaching methods, teaching the solid geometry mainly relies on the cards and the physical
teaching tool, but this way is rigid and boring. in order to solve the drawbacks of teaching, this paper proposes a method by
developing a 3D LED matrix forms as a teaching auxiliary appliance [1],.This kind of teaching tool is much more vivid than
the wood, plastic models or PPT.Through the light cubic 3D model to display teaching content, the attention of students will

be attracted, the student will understand the knowledge of the books much more deeply. And we develop the PC control

software and the os on the chip.The system has been proved effective.

Keywords—L.ight cube Embedded operating system

0 FOREWORD

AS a more difficult part in mathematics learning,

three-dimensional geometry is very hard for a lot of
students, especially the students whose imagines of the
space is poor. how to teach the solid geometry is also a
troubled to the teachers. The blackboard drawing is
still imagining the three dimensional graphics on the
plane, this always has no effects, this way also
depends on the teacher's knowledge of art. By the
wood or plastic model, you can get good results, but
these teaching aids, once the it is made,you can’t
change them. Facing the changing geometry
difficult. Therefore the

development of a new teaching aids have become very

appearance is rather
necessary.

As a new generation of light sources, LED with its
cheap price, long life, high energy efficiency gradually
walks in the people's production and life, Using the
LED as the basic unit of a three-dimensional matrix[2],
through the PC control certain lights on or off, the
matrix can show the complex three dimensional
pattern. It not only can show the common variety of
three-dimensional graphics, you can also customize
the complex three dimensional graphics. This teaching
method can greatly facilitate the students to learn,
improve learning efficiency. Because you can define a
variety of graphics on the matrix, the need to buy a
variety of different shapes of teaching aids cost is
reduced, save a lot the teaching expenses.

Teaching auxiliary

Vb programming

1 THE HARDWARE STRUCTURE

Figure 1 Hardware schematics

The hardware consists of PC control software, the
slave controller, decoder circuit, light cube matrix , the
host machine is mainly used to send operational
instructions, slave controller commands sent to the
host computer after translation into the translation
code circuit, decoding circuit send the data into the
light cube matrix to display.

Control
Command

Slave controller

Decoder circuit

PC software

Date dosplay

Display contfol
Light cube —

Figure 2 System Block Diagram

2 SOFTWARE DEVELOPMENT

2.1 PC software
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PC software is written by Microsoft VB6.0. VB6.0

is a visual programming tool that supports
object-oriented programming. It has friendly software
interface, has high speed programming, can generate
executable  program  independent from  the
development environment directly. PC control interact
with the user by setting the various buttons, the user
clicks the button to achieve the corresponding
functions to control the LED matrix. a Shape button
match to a real LED. The mouse clicks and move set
the Click and Move events,these events will set Shape
controls Boolean flag true or flase. by the calculated
value of the flag ,the value will decide the
corresponding LED on or off. Set a MSComm serial
control to communicate with the slave controller., The
form initialization process initializes the MSComm
control, and open the serial port, set the baud rate and
parity. When you click "Modulo and Send" button,
the program automatically calculates the user-drawn
background graphics font and font convert a
hexadecimal number into the serial output buffer, the

data will be sended[3].

Begin

A

Form inti

}

Display init

}

Port init

A A A

Button click Mouse click Mouse move

) ) )

The Corresponding The shape on or The line on or
opperation of f of f

Figure 3 PC software flow chart
2.2 Slave controller
Slave controller uses ST Microelectronics stm
32f103 zet6 chip that has io resource-rich, on-chip
storage space big advantage[4], and the operation is
fast, cheap, the chip uses the UCOSII operating
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system, with UCGUI[5]graphical user interface, you
can get a good operating feeling.UCOSII operating
system in addition to the prerequisite tasks also
established LED matrix scanning tasks[6], touch
screen reading tasks, TFT screen refresh task, serial
communication task four tasks, one serial port
communication tasks with the highest priority, LED
matrix scan task with the lowest priority. In order to
avoid the high priority task has been to seize the
kernel, the high priority task will run once again hang
themselves, freeing the kernel, so that low-priority
task canuse the CPU[7][8].

ES E S N

Figure 4 Slave controller flow chart

3 SYSTEM TEST

By the PC software ,we set all the flag of the shape
true. All the LED should light up, click on the
"modulus" button, call a serial port control sends the
data to the slave controller, after all operation, the

display as follows.

FF, O<FF, OxTF, O2FF, DATF, OxFF, GxFF, OAFF, OxFF, OxFF, OxFF, OFF, OxPF, On
OxE, OPF, OxFY, OxFF, O<FF, DxFF, 02FF, OcF¥, OxFF, OxTY, OxFY, OuFF, OxEF B
4FF, 0F, OxFF, O<FF, O=FF, UxFF, 02FF, OxFF, OxF¥, OXEF, OXEF, 0xFF, OxFF, 0

2% | 2x |

FETHR |

Figure 5 PC software interface
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Figure 6 Physical presentation charts

4  CONCLUSION

PC control via light cube matrix display can make a
complex geometry, and has a good display, but the
resolution is too complex geometry constraints
received, the display is not very good, the PC used
LED is mapped to a physical host machine control
method, which requires the use of a person with a
good spatial imagination. How to allow users to
draw directly on the host computer 3D graphics, as
well as to improve the display resolution will need to

be further addressed.

References

[1] Kang Zhiqgiang, Wang Jia, Tang Yongming.
FPGA-based 3D Light Cube Design [J].
Electronic devices .2012.12,6.

[2] Kuo Yuan Fen. Semiconductor LED lighting
industry and technology status [A]. 2011 Green
Lighting Technology Conference and Scientific

Development and the Fourth Japan-Korea

Conference presentations lighting Proceedings [C].

2011

[3] hook Huilan, Liu Chao STM32-based minimum
system and serial port communication [J].
Industrial control computer,

[4] Mombo Yu. STM32 Study Notes [M]. Beijing:

Aeronautics  and

Beijing  University  of

Astronautics Press, 2012.

[5] Liu Bo Wen, SUN Yan. Embedded real-time
operating system pC/OS- II classic example -
Based on the STM32 processor [M]. Beijing:
Beijing  University of  Aeronautics and
Astronautics Press,2012:138-144

[6] Dai Jun Jian, ZHANG  Chuan-sheng.
STM32-based human-computer interface design
and implementation [J]. Changchun University of
Technology (Natural Science Edition), 2012,33
(6) :672-675

[7] Wang Zhongkai, Zhao Lei. UC / OS-II task
scheduling. Shandong University of Technology
(Natural Science Edition) .2009,23 (2) :30-35

[8] Wang Xinzheng, Cheng Xiaohui, Zhou Huamao.
RTOS task scheduling strategy research and
design. [J] embedded

applications .2007,23 (4-2) :57-5

operating  system

87



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the Second Half of 2013

Intelligent alarm system based on MMS

Zhang Yixuan ,Zhou Xianze, Liu Yan
(Jilin University electrical engineering and automation, Changchun, 130001)

Abstract—This article introduces an intelligent alarm system based on used cell phones, and mainly describes the

composition and structure of the system as well as the hardware and software design in detail. This system uses old cell

phones to send and receive messages, in order to supervise and control our home safety . We use infrared sensors to collect

information, and use network information technology to get the accurate warning . When the owner receives the alarm

information, he can know the situation at the scene ,s0 he can call the police in time to ensure domestic safety and security.

The structure of the system is simple, and it is not only easy to install ,but also convenient to operate.

Key words—MMS alarm; intelligence security; home safety; used cell phones; single-chip microcomputer

1.INTRODUCTION

WITH the increase of urban floating population, city
social security situation is getting worse. Daytime
shelter, night-time warehouses store may be in a State
of no one left behind, which provides opportunities for
criminals. At present, most residential burglar use
anti-theft iron fence, which is not beautiful and hard to
escape. Some high-end home alarm system cannot be
accepted by consumers because of its expensive
limited. [1]

Considering the family need, our team designed an

price therefore its promotion is

intelligent burglar alarm system based on MMS, it is
practical and stable,it can effectively prevent illegal
theft of vandalism.

In our country, home security alarm systems have
become the basis for achieving safety management in
intelligent community. Intelligent alarm is part of the
family. [13] the alarm equipment is mainly in two
areas develop faster, development of the detector and
the detector on the one hand, on the one hand is the
development of remote alarm systems. Detector has
emerged mainly in the development of three different
passive infrared, ultrasonic and microwave detection
technologies, different types of detectors are expected
to emerge. Has emerged mainly in the development of
remote alarm system wired alarm system, wireless
alarm system, alarm and protection networks. At the
same time, a lot of burglar alarm systems introduces
FPGA technologies. In addition, along with the

extensive video surveillance system, centralized
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network monitoring demands more and more,
especially the green city construction and
telecommunications operators such as Netcom's
involvement, making further accelerated the pace of
the network.

In recent years, the security industry develop in IT
very fast. While domestic security technology
development, smart security penetration but my
relative abroad, still has a long way to go. Abroad has
successfully developed several sets of sophisticated
weapons in security systems. For example, the United
States C&K 2,300 series and "MONITOR" monitor
software, United States ADEMCO 4,110 series
burglar alarm systems, domestic production of such
products as Kang Bite electronic technology Research
Institute CPT-302 paging alarm system. Such flexible
system using microcomputer software, CorelDraw,
management is simple, convenient, and graphics by
the rich features, such as monitoring software can
monitor dozens of even hundreds of controlled
extensions, performance/price ratio is higher. China's
smaller systems, do not form a series and the
commercialization of products, only some simple
monitoring system of microcomputer software, such
as Kang Bite electronic technology Research Institute
CPT-302 paging alarm system, etc.

With the rapid economic development of society
and the continuous improvement of people's living
standard, people need an intelligent home security
alarm system. Home monitoring system in the past,
due to poor reliability, single function or expensive

and hard to spread. [10] with the development of
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electronic communication technology, single-chip
microcomputer based on its small size, low price, high
integration, high performance advantages are widely
used in many ways. [4] at the same time, sending
phone supports MMS reception is not uncommon in
the family thing, so take advantage of phone SCM
components to develop a family of low-priced, reliable
operation of multi-function intelligent security alarm

system is imperative.

2 THE OVERALL DESIGN

The system can be divided into three parts, named
window and door modules, phone keypad locks
control module and sound detection module. Through
the master chip STC89S52 control sends warning
information.

2.1 Door and window sensor module

LM393 dual comparator and uniting IR tube sensor,
intrusion judgment and collected converts analog
signals to digital signals sent to the controller chip
STC89CS2, chip sensor module transmits a digital
signal analysis and calculation on the control module
sends a response signal. System for tubes using
infrared sensors are sensitive to detect the invasion

signal. [6] the flowchart in Figure 1.

Sensors and A/D
——>| STC89C52

LM393 dual

differentia

Figure 1 Door and window sensor module flowchart

2.2 Phone keys control module

Phone keys for selected relay module and the
control module consisting of vintage old phones. 5V
relay wired to connect with the phone keypad, forming
an external key. [2] when intrusions, and SCM
STC89CS2 sends a signal through the corresponding
phone keypad relay modules, called achieving photos,
send photos, and a series of actions, [7] at the start

light and buzzer alarm, deter intruders. The flow chart

in Figure 2.
= relay

Pic ﬂ
User <:| Phone

Send MMS

STC89C52

Fig. 2 mobile phone keyboard control module flow chart

2.3 Sound detection and cipher lock module

Users can send a message to the cell phone or QQ
information to Bell, and using digital recording sound
detection times, start code lock number of sound
detection can be set by users themselves, it increases
security. Then sends the signal to the MCU startup
password lock, password lock preset password is
stored in 24C04. When a user with no key, can start
code lock unlock, can use any cell phone and home
phone to communicate. At the same time, users can
also lock startup password in business trip or
long-term absence, to further strengthen the anti-theft

function.

3 HARDWARE DESIGN AND IMPLEMENTATION

Hardware design including master control system,
and the external control system. Master system
includes infrared sensing components and the smallest
single-chip microcomputer system parts. Perimeter
control systems include the relay code lock with
counter display and the driven parts and sections.
Which also include a design section.

3.1 Power supply design

Design output of 5V power supply, for doors and
Windows, phone keypad control module the sensor
module, sound detection and code lock module to
provide power. The design circuit in Figure 3.

Chpgedst i
5w 0w i o

t
Fig. 3 power supply circuit

3.2 The main control system circuit design

Infrared sensing portion, it tube using infrared
sensors, the transmitting and receiving of maximum
distance of up to 8 m and indoors under natural light,
an accurate count without light focusing measures.
Recombination LM393 dual comparator, to determine
infringements. Its circuit design are presented in

Figure 4.
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vee

LM393

Figure 4 Infrared tube detection circuit

SCM system parts. STC89C52 single-chip, small
size, low price, high integration, high performance
advantages. Information transmitted through the a/d
converter in the microcontroller system. [9] the control
chips in calculation analysis of transmitting digital
signals to the control module sends a response signal.
[51.
3.3 Control system design of peripheral circuit

Relay-driven. A number of relay modules, forming
cell phone external buttons. Six analog 5V relay key
operation, console access to the microcontroller pin
output high and low level when output is high level,
transistor not conduction, the relay does not work, the
circuit. When the output low level, transistor
saturation breakover, relay normally open contact
closure, circuit conduction. Relay drive circuit design

are presented in Figure 6.

Yee

I K
T\ RelayDPST

Fig. 6 relay drive load circuit
Counter display section. Received information via
mobile phone or software such as QQ mobile phone
Bell, which records the number of rings, and rings to
meet expected (number can be set artificially), signals
can be sent to the monolithic lock startup password,
increased security features. Its design circuit is shown

in Figure 7.
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EEESECES

Figure 7 Counter display circuit
Lock parts. Password lock preset password is stored
in 24C04. When a user with no key, can start code
lock unlock, can use any cell phone and home phone
to communicate. At the same time, users can also lock
startup password in business trip or long-term absence,
to further strengthen the anti-theft function. Design of

circuit in Figure 8.

Lot
st

02! ohu mavnzne:

S5 et Mg
| e I =2 ST

H—

REERACKE

Figure 8 The password lock circuit design

4 SOFTWARE DESIGN

Software design, Keil software written using c
language into. [11] including master programs and
code lock program.

Master programs are primarily responsible for the
change in signal acquisition, sampling to convert
analog signals into digital signals. [12] in the
monolithic, analysis and calculation for transmitting
digital signals and then sends a response signal control
modules. [3] the code lock program, major process is
the LCD prompts to begin selecting functions through
keyboard lock, 10th, 13th, password changes, and save.
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When a user is unlocked through keyboard input Lock
code. If the password is entered correctly, the LCD
prompt the password is correct, LED light indicates
the lock. If your password is incorrectly entered the
LCD prompt the password is wrong.

5 TEST RESULT

Our design completed the desired goal and realized
the alarm signal acquisition, STC89CS52 single-chip
control and lock control.And we also completed
remote display and control through discarded mobile
phone.Image can be sent in real time.Our systemis
efficient, easy to operate, convenient and practical.So
it is full of market prospects.
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The calculation of mutual inductance of two
polygons with multiturn coils at arbitrarily
position

LiuYang, HeShengmin
College of Instrumentation and Electrical Engineering,JiLin University

Abstract—According to Nie Yiman formula deduced general expression of mutual inductance of two polygon coils at

arbitrarily position,using coordinate rotation matrix to implement the change of coil position. Through the MATLAB to

program and draw the curves of mutual inductance and verify the results of calculation.

Keywords—Polygon coil;Mutual inductance;Nie Yiman formula;Rotation matrix; MATLAB

0. INTRODUCTION

AEM is one of the commonly used methods of
geophysical exploration.As a res-ult of the position of
the detection system in flight is variable,and the
mutual inducta-nce value with the change of space
position change,so we need to study arbitrary spa-tial
location method for calculating the mutual inductance
coil.In the domestic and ab-road for the calculation of
mutual inductance coil has related research.The
domestic g-eneral literature is more about coaxial
parallel round coil and square coil in the studyof the
mutual inductance coil[1-4].But for the tilt coil and
arbitrary position of the coil research less.Inforeign
related literature,calculating the mutual inductance of
inclined round coil and round coil with the thickness
and solenoid [10-15].The literaturel6 propo-sed a
method to calculate the mutual inductance of
polygon,but the method will get the complex
expression and have large amount of calculation.This
paper obtains from the Nie Yiman formula,combined
with the parameters of the linear equation and rotation
matrix,deducing the general expression of mutual
inductance of polygon coil atarbi-trary place,using
software MATLAB to program and calculate,and

verify the accuracy of the calculation results.

1. THE EXPRESSION OF MUTUAL INDUCTANCE OF

POLYGON COIL
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Two polygons coils, the primary coil is located in
the origin of coordinate,the se-condary coil in any
position of space, number of edges are K; and K,. As
shown in figure 1.

A Zo

Fig.1
Mutual inductance can be calculated by the Nie
Yiman formula[9]:

wie g § fuda
4w~ "l R
Because of the polygon coil consists of line
segments, it can calculate the mutual inductance
between each edge, and then sum can get the mutual
inductance of the two polygon coils. Suppose the
coordinate on the primary coil is (x1,y1,0), the
coordinate on the secondary coil is (X2, Y2, 22),
expanding dl;-dl,:
dly-dlb=(dx;,dy1,0)-(dx2,dy,dzz)=dxdx,+dydy> (2)
substitute into (1) we have

M=
i ( J‘“Lz Iy day dig
im

In the espression (3), regardless of is to the variable x

+ je'lzﬁ’zz dyidyy ‘i(?))

B1x "y o lay—m Pty P ea® 1 7B of Wy oty -y P 4
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to the y integral, can involve to other variables, makes
the integral the computation to be complex. Therefore,
needing to eliminate other variables, transforms for
includes two variable integrals.

Regarding the spatial straight line, supposes
Mo(ag,bo,co) in the straight line, M(x, y, z) is in the

straight line random point, = (m, n, p) for the

straight line direction vector,then vector MM with

S parallel, therefore the straight line parametric

equation may write as

F-d@y ¥y F-g
W " !

-t @

In the espression (4), t is a parameter.Further writes as
X = Qg+ mt
¥ = by + nt Q)
=g+ pt
Use the straight line parametric equation random to
express two coil sides on.Supposes a coil side two
vertices is (ax,bk,cx) and (ax+1,bk+1,Ck+1). May result in

m=ay4-ax» N= a1 -8k P=Cy+1-Ck» Substitutes into (5)

% = gy + mt
y= by +mt ©)
r=c,t+pt

From this may determine parameter the range of t is
[0,1].Substitutes into (3)
Mij:

¥ flpl (mgmg e, gty %)
A 000 [ lgctn b= (oo, 4 (e it (B At 4 B b= (et

Using espression (7) can changes into the integral
only has two variables, the integrating range is
[0,1].Summing the mutual inductance of each side,we
can obtain the final mutual inductance. For the
multiturn coil, the turns of two coils respectively are
N; and N, they have certain thickness, using
espression (7) to calculate the mutual inductance
between the single coil then sum them.

2. THE MUTUAL INDUCTANCE OF POLYGON COIL AT

ARBITRARY POSITION

Regarding the arbitrary position polygon coil in the
space, we can use the three dimensional coordinates
revolving matrix to carry on the coordinate
transformation.Suppose the source coordinate system
is O-XsYsZs, the goal coordinate system is O-X1Y1Zr,
two coordinate system zero point translation vector is
(Ax, Ay, Az) T,

vector in the source coordinate system coordinates

any add on the zero point translation

namely to obtain this spot in goal coordinate system
coordinates ™. Spatial bitrary point A in the source
coordinate system coordinates is (Xs,ys,Zs), in the goal
coordinate system is (Xr,y1,Z1), then has
Xl [Xs] [dx
¥r PR ¥ [+ |dy¥ ®)
Erl  [Za] LAz
In the formula R is the revolving matrix:
R=
cospeosy —cosasiny + sinasinfeosy  sinasiny + coswsinfcosy
cosfistny  coswcosy + stnasiafisiny  —stowcosy + cosestufislyy )
—sinf stngcasf casacasf
o PB. y respectively is the x, y, z axis rotate Angle.
Counterclockwise rotation for direction. Application
coordinates revolving may realize in the random
position polygon coil the coordinates transformation,
substitutes into (7) then to calculate the random
position the mutual inductance. Above computation
process is complex, may use the MATLAB software to
program and calculate.

3. THE RESULTS OF CALCULATION

(1) In order to test the correctness of the computing
method,we calculate the mutual inductance of two
square coaxial parallel coils with the same size. The
side length of two square coils are 2ax2a, the center of
coil at the origin of coordinates,the mutual inductance
is expressed by
M=

Qg g

Bp
g.‘f ['f'ﬂ-'f'ﬁ-?‘l':}'._-}'-ﬁa E_"H'].'! I

G dyy

o -
*r-nfﬁ e T T !

I ‘[ die, dx, +l'["' _[ dhe, dhe .
s Ty — xg) T + B2 s _E{(xl—:cgﬁﬂbﬂmﬂ

- =g =g
L?Evlr;:{.vﬂ
+ ————— 1
< 'Hl‘
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The expression (10) can be expressed by

M=
g, NI | B L T T
Py e - lanEe et hVBa 4 - 2y4at 4 (1)

The espression (11) is analytic solution, comparing
the calculated value with the analytic solution,the

=10

distance between the two coils increases, the mutual
inductance decreases firstly and then increased
slightly.

(3)Use square and regular hexagon coils as an
example,the side length of square coil is 4m,the
coordinates of regular hexagon are (\/3,1,0) ,(\/3,1,0),
(0,2,0) (-V3,1,0) (-V3,-1,0),
(0,-2,0) ,(N3,-1,0).Changing the position of the regular
hexagon coil, the results are shown in table 2.

results are shown in the table 1. Table 2
Table 1 ( ) By Mutual
Lx,Ly,Lz)(m (0uB.Y)(°)
2a(m) height calculated value analytical solution Inductance(nH)
am
(m) (H) (H) (0,0,10) (0,0,0) 29.4135
0.2 0.001 7.246878x107 7.246886x107 (0,0,10) (30,30,0) 23.2155
0.2 0.01 3.634578x107 3.634578x107 (0.0,10) (30,60,60) 13.9271
" " (0,0,10) (45,60,30) 11.4541
0.2 0.1 6.44558x10 6.44558x10
(0,0,10) (60,30,60) 13.9286
_10 -10
0.2 1 3.077x10 3.077x10 (12,4) (60,45,60) 134.704
20 0.01 1.092446x10™ 1.092382x10™ (12,4 (30,45,60) 205.001
20 0.1 7.246886x10° 7.246886x10°° (1,2.4) (30.,60.60) 201.271
P P (4,8,15) (30,60,45) 3.87945
20 1 3.634578%10 3.634578%10
(4,8,15) (0,30,0) 4.16021
20 10 6.445577x10°° 6.445577x10°° . :
In order to verify the correctness of the calculation
100 10 1302506x10" 1302506107 results ,use area of equivalent method to hexagon
100 30 5.802262x10° 5.802262x10° equivalent into square,calculate the side length of

According to the comparison of table 3, the
calculated value and the analytical solution is very
approximate,it indicates the computing method
proposed in this paper is correct.

(2) The side length of two square coaxial parallel
coils are 2mx2m,the height is Im,the second coil
moves along the Y axis,the range is 0~10m and the
step is 0.1m,use the MATLAB to draw the changing

curve of mutual inductance,as shown in figure 2.
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Horizontal distance/ m
Fig.2

The figure 2 shows that when the horizontal
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square coil is 3.224m, calculate the mutual inductance
of two square coils and compared with the above
results,as shown in table 3.

Table 3
The
The
o calculated | Relative
original
(Lx,Ly,Lz)(m) | (o,B,y) (°) value after error
value vl %)
equivalent
oHy | ’
(nH)

(0,0,10) (0,0,0) 29.4135 29.4039 0.0326
(0,0,10) (30,30,0) | 23.2155 23.1662 -0.1757
(0,0,10) (30,60,60) | 13.9271 13.9658 -0.2771
(0,0,10) (45,60,30) | 11.4541 11.4955 -0.3601
(0,0,10) (60,30,60) | 13.9286 13.986 -0.4104
(1,2,4) (60,45,60) | 134.704 136.611 -1.3959
(1,2,4) (30,45,60) | 205.001 205.49 -0.238
(1,2,4) (30,60,60) | 201.271 202.624 -0.6677
(4,8,15) (30,60,45) | 3.87945 3.88566 -0.1598
(4,8,15) (0,30,0) | 4.16021 4.16522 -0.1203

According to the comparison result shows that the

calculated value of using area of equivalent and the
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calculated results of using the method in this paper is
approximate, the error is little, it indicates the
calculation method in this paper is correct.

4. CONCLUSION

This paper embarks from the Nie Yiman formula,
the union space straight line parametric equation and
the revolving matrix infer the computation polygon
coil mutual inductance the expression, this method
easy to understand, so long as gives the coil various
apexes the coordinates, the location parameter and the
degrees rotation then calculates, and has carried on the
analysis to the computed result. Using MATLAB
software to program to calculate, solving the complex
computation process, when the size of the coil and
position are changed, only need to change the related
parameters in the program, it provides a convenient

way for the calculation of mutual inductance.
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Design and Realization of a Secondary Reclosin
Microcomputer Device Remotely and Interactively
Controlled by PC

Han Si-yu, Wang Yu, Ma Jing
(College of instrumentation & Electrical Engineering, Jilin University, Changchun 130001, China)

Abstract—Traditional reclosing device have complex wiring and much auxiliary equipments. It cannot achieve contact-free

setting and control of staff, and it often malfunctions and refuses to work. If the fault does not eliminate in a short time,

reclosing device may trip again. It makes that the success rate is not high. This paper designed a secondary reclosing

microcomputer device remotely and interactively controlled by PC. The device is based on MSP430F149 single-chip, with low

power consumption, low cost, real-time display of data, single-chip reclosing control, remotely and interactively controlled by

PC and so on. The device mainly consists of the power supply module, the acquisition module of voltage signal, single-chip

module, relay module, display module, communication module, PC visual interface and other components. This paper

describes the hardware circuit design, and flow chart of the software procedure. We test the installation in a lab environment,

it implements the single-chip microcomputer reclosing operation for the second time and it can be displayed and controlled by

the host computer.

Keywords—single-chip; secondary reclosing device; remote interaction; the host computer

INTRODUCTION

AS demand of social development for power is
increasing, the number of transmission line failures is
growing. The basic reason of these failures is a long
running outdoors. Transmission line is in the natural
environment, and it is influenced by climate, flora and
fauna, human activities such as porcelain insulator
surface flashover caused by lightning, the touch line
caused by strong winds, the line short circuit through
the birds and the branches. Such failures are called
transient faults which take up 90% of the entire line
faults. When the fault disappeared later, if carried out
by the operator manually coincide, due to power
outages for a long time, most user motors have stalled
and the effect of closing is not significant. As a result
currently on the market people use the automatic
reclosing device. Automatic reclosing (ARC) is an
automatic device which automatically inputs circuit as
required when the circuit breaker jumps due to failure.
Traditional reclosing device uses analog circuitry for a
closing operation. On one hand, connection of device
is complex, there are many auxiliary equipments and
high rate of wrong operation, on the other hand the

device could not return to the slower switching in the

fault point and could not remotely monitor and control
for real time. Therefore, how to design a reclosing
equipment which is simple, effective and has high
successful rate.

Currently the secondary reclosing microcomputer
device remotely and interactively controlled by PC is
still in the early research. Microcomputer-based
reclosing device has high reliability, high precision,
high speed and intelligent communication, quick and
convenience, simple structure, and other advantages.
We just has a certain control settings, they can pose a
variety of ways. When the auto-reclosing coincides on
a permanent failure many times, the system is suffered
several attacks, and it results in serious consequences.
So safety and success rate shows that reclosing II is
the most appropriate. In recent years a reclosing
device had been widely applied in Guangzhou area. It
is a technology which makes use of composition of
feeder circuit breaker device in power distribution
system and on-post switch in action to make sure fault
location and isolation and rapidly restore power supply.
But it failed to realize the remote display and control.

In order to achieve a simple, effective and high
successful rate of reclosing device.This paper designs
a secondary reclosing microcomputer device remotely

and interactively controlled by PC. The device selects
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MSP430F149 MCU to collect voltage data and control
reclosing device, and use a relay to simulate reclosing
tripping. MCU
communicates to PC through serial line.

device feed operation with

1. THE OVERALL DESIGN

The serial communication devices can be divided
into two parts: single-chip computer system and a
remote computer terminal. Serial communication
module makes single-chip computer and PC data
transfer through the serial data cable.

1.1 Single-chip computer system

Front side of the serial communication is single chip
microcomputer system (e.g. Figure 1). This part
includes a power module, the voltage signal
acquisition module, single-chip processing module,
automatic reclosing (relay), the voltage information
display module, alarm module. Systems converts
mains from 220V AC to 0V~5V AC through the
transformer, then it can get digital signal which are
available for single-chip through precision rectifier,
and MSP430F149 ADC12. MCU
processing module processes the data through

filter units

effective algorithms and controls working state and
secondary of the automatic reclosing device (relay)
reactions. When overvoltage alarm circuits generate
alarm signals. Throughout the process SCM brings
real-time data to display on the LCD,and the data is
transmitted to a remote computer terminal through a
communications device. Power supply of each module

is provided by the power supply module.

‘ Power supply module ‘

< 4 <

[— Reclosing
! (relay)

o MSP430F 149

acquisition[ 1 Single chip
microcomputer

module Voltage
[ information
[ 1 display

module

el

Serial port
communication

The remote computer
terminals
(PC)

Figure 1 Single-chip system architecture diagrams
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1.2 The remote computer terminal (PC)

The back of serial communication is the remote
computer terminal, PC, and it Includes data processing
(background data processing and data acquisition),
data display and design of control interface. Specific
means: We use ¢ # to program in Microsoft Visual
Studio 2005 software to design main interface for
computer human observation and control. Host
computer accepts the real-time data which MCU sends
through serial line, and the data is showed on the main
interface. Graphical interface can also send commands
to the microcontroller.SCM responds to requests, and
make corresponding action according to the command.
The relational structure of the remote computer
terminal (PC) and single-chip microcomputer system
is shown in Figure 2.

Single chip

N Serial port (I ) The data - .
microcomputer S p— . The main page
communication processing
system

The remote computer
terminals
(PC)

Figure 2 The relational structure of the remote computer

terminal (PC) and single-chip microcomputer system

2.DESIGN AND IMPLEMENTATION

2.1 The hardware design

Hardware design mainly refers to the single chip
microcomputer system hardware and communication
serial parts, and it Includes power supply, voltage
signal acquisition circuit, single chip microcomputer
minimum system, automatic reclosing (relay) circuit,
voltage display and alarm circuit and RS232 serial
communication circuit. Power module supplies power

to the circuit (Figure 3).

1l
)

i

S .x"H.‘-‘ i

—ht

o
fr
=

Figure 3 The power design circuit
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2.1.1 Voltage signal acquisition circuit

Voltage signal acquisition circuit plays an important
role in the entire unit. Amplification of the circuit,
anti-interference ability and stability directly affect the
accuracy of the data collected.

Voltage acquisition circuit part mainly includes the
voltage regulation, rectifier circuit, filter circuit parts.
Voltage transformer's primary function makes the
mains (220V) voltages through transformers transform
around 5V AC. The voltage regulation part adjusts the
size of the ac voltage. Then the voltage signals go into
voltage regulator parts and rectifiers through a rectifier
and export stable DC signal. The voltage signal is
filtered through the filter circuit. It filters the signal
waveform of high frequency components and gets
smaller dc ripple waveform. By changing the voltage
regulation part slide rheostat, we make the output dc
voltage value between 0 V to 3.3 V to meet the
requirement of ADCI12 built-in the microprocessor
MSP430 to input voltage amplitude of analog signal.

a) Voltage regulating part

AC voltage of input first step-down the voltage
regulator control, and we can manually adjust the
sliding rheostat to change the input voltage. Figure 4 is
the voltage circuit of voltage transformer.

R3(1)
ciears A

Figure 4 voltage circuit of voltage transformer

b) Rectifier circuit part

Figure 5 rectifier circuit

Figure 5 is the rectifier circuit. Input voltage is ¥ .

Output voltage is V. R3is Ey and R4 is Eg. Vy, is

output voltage of first UA741. Related formula such
as (1) to (4):

When ¥ = T

Bz Bz
Vom(14 0 0= % UmW ()

When ¥ = U»
R
Vo= A1% RF::]""l 2
B B
o-{1+ EEE':[ Vi - BV 3)

Yo =3V -4V = W 4)

c) Filter circuit part

AR '-il-__

Figure 6 Filter circuit diagram
Figure 6 is filter circuit diagram. Second-order
active filter circuit is composed of two sections
composed with RC filter circuit and amplifier. Its
characteristic is high input impedance, low output
impedance. Proportion amplifier voltage gain is pass
band voltage gain of low pass filter

A D:."'jh‘rF =1 +(.'"j.| VE™ 1 )RL/PIL

The basic formula of the filter circuit, such as (5) to

(7 :

We=nc 5)
Qi ©)
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‘:!""JF:1+? (7)
i

Q is quality factor, Q=0.707, amplitude-frequency
When Q=0.707 the
amplitude-frequency response curve is relatively flat.

response curve is flat.

- =100Hz is cut-off corner frequency 100Hz. This

can guarantee signal whose frequency below 100 hz to
pass, filter the high frequency and achieve the goal of

filtering. So let Q=0.707, w = 100Hz in the above

formula .We can get o —0 586 RC=0.01. R,=560
R1=1K R=100K C=0.1vuF.
2.1.2 Single chip microcomputer minimum system
This design uses a FLASH MCU MSP430F149 of
IT with 16 bits bus, Its performance-to-price ratio is
very high. It is widely used and features outstand. It
uses a 16-bit bus, unified peripherals and memory
addressing and addressing range is 64K.It can also
It has

management and the rich on-chip peripheral modules.

scale out storage. a unified interrupt
Chip consists of a precision hardware multiplier, two
16 bit timer, an 8 of 12 AD converter, a guard dog, 6 P,
two road USART communication port, a comparator, a
DCO internal oscillator and two external clock. It
supports 8M clock.

Single chip microcomputer minimum system
(Figure 7) will make collected signals convert digital
signals through P6.6 via internal ADCI12. SCM
processes signal through effective program algorithm

and output the appropriate control signals.

Sép |
?F E
BSEEESEERER
22 E & EE
PS4 :2
P53 RE
PsSa ri3
Pal Fr
PSSO rEl
Pa? T3
P45 il
P4S a0
Fi4 =
P4 '33
MEP40F1E5 :? ]
P40 'g
M'T Eal
b e e

L =ReRrRRRisRR R

Figure 7 Single chip microcomputer minimum system
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2.1.3 Automatic reclosing (relay) circuit

Transmission line voltage is very high. If we want
to directly control the high voltage and large current, it
is not easy to implement and more dangerous. So this
design uses the single chip microcomputer to output
low voltage signal to control high voltage line. But the
connection part between the low voltage circuit and
high voltage circuit must provide a good electrical
isolation. The relay is connected to the high voltage
circuit and low voltage circuit element, and the
isolation effect is good.

This design uses two HK4100F-DC3V-SHG relay
to simulate reclosing operation. One is used as main
circuit recloser for the second time, the other is used
as standby power switch. When the circuit is failure
and the closing operation is still not complete, another
relay enables access of emergency power to supply
circuit to make electrical equipment continued to work.
Relay power is 3.3 v. Output of high level of the
MSP430F149 MCU is about 3.2 v and the low level is
below 0.7 v. Console access is the microcontroller pin
output high and low level. When the output is high
level, transistor is not on, the relay does not operate,
main circuit disconnects and light does not shine.
When the output is low level, Q1 base voltage of
transistor (3.3-0.7=2.6V).R1 will be able to change the
base current. When the base current is large enough,
transistor conducts, open contact of relay closes, main
circuit closes and led shines. Diagram of relays

hardware connection is as shown in Figure 8.

Figure 8 Diagram of relays hardware connection

2.1.4 \loltage display and alarm circuit

SCM system uses LCD1602 to display in real time
and the buzzer for alarm. When the voltage of entering
single-chip is below voltage threshold, LCD normally
displays real-time voltage. When overvoltage ,alarm
are displayed and buzzer alarms.
2.1.5 RS232 serial communication circuit
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Because maximum working voltage of the MSP430
is 3.3 V, when we communicate with PC by serial port ,
we need EIA RS - 232 (the American association of
electronic industry of EIA serial port communication
protocol) logic level transformation.

This design uses a MAX232 chip. The chip makes
signal from the USART of MSP430 to converse to
output to the PC and sends signals which is sent from
the PC to the USART. We chose DB9 as RS-232
connector--9-pin serial port. We take into account
effect which the power input ripple affects on the
microcontroller. We increase an electrolytic capacitor
1 pF at the pins of the power supply to implement
filtering and  reduce input  disturbances.
Microcontroller has input of analog power, so we need
to consider the interference problem. Interference in
the system is relatively small, so analog and digital
earth is together. Input of analog power supply
increases a filter capacitor to reduce interference.
RS232 serial communication circuit is shown in

Figure 9.
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Figure 9 RS232 serial communication circuit
2.2 The software design
Software design is SCM and PC

programming. Single chip uses c¢ language to write in

interface

the IAR compiler. Host computer interface uses the ¢ #
language to write in the Microsoft Visual Studio 2005
software.
2.2.1Microcontroller programming

Single tablets machine program overall process as
Figure 10 by shows, first through programming on
LCD initial of, collection to of voltage signal through
MSP430F149 internal of ADC12 for conversion, each
accept once data are to sent to LCD Shang displayed,
due to displayed of voltage value not steady, has
flashing changes, so take repeatedly of voltage value
weighted summed get a eventually to displayed of

EV o+ Vo W) 100500
25543

voltage value: , Through this

programming method and technique can be stable
measurement of voltage values are displayed.

Start

The system clock, LCD1602
AD module, 1/0, serial port

Communication
initialization
v y v
The AD reads the
serial voltage Liquid
port crystal
communica v display
tion Relay control (LCD)
program
A
Upper Relay LCD
machine

Figure 10 single-chip program overall process

Voltage signal
acquisition

greater than the
threshold voltage

Relay tripping
and time delay

Y A

Closing The normal work

Closing is
greater than 1
time

Relay tripping
and closing
stand-by power
switch

Figure 11 Relay control flow chart
Displays voltage value at the same time, and to
compare the measurement of voltage and the voltage
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threshold, high level of single chip computer control
relay disconnect, low level controls closed, once the
voltage buzzer alarm, 1602 warning message is
displayed.

Secondary reclosing operation: If the measured
voltage is lower than the voltage threshold, as the
recloser relay remains closed as standby power switch
relay disconnected. Once the measuring voltage over
voltage threshold, MCU control as the recloser relay
disconnected, after setting the delay time, built on the
relay and voltage to determine: If the voltage back to
normal, relays keep closed circuit work; if voltage, the
relay disconnects again and repeat the action. After
delay time that is built on the second, and voltage to
determine: If the voltage back to normal, relays keep
closed circuit works; unjustifiable pressure, disconnect
the relay and control as a standby power supply relay
closed forego the standby power supply. Relay control
flow chart as shown in Figure 11.

2.2.2 Computer programming

Visual Studio is a software development
environment which Microsoft has launched, it can not
only create a Windows Forms application under the
platform the WinForm and network applications, also
be used to create Web services and Office plug-in.
Visual ¢ # is an important component part of the
Microsoft.net Framework. WinForm is an appellation
to Windows Form in .Net development platform.

In this design, PC interface use Visual Studio 2005
to design and code. According to the requirement of
design, add six button controls: Start, Change voltage
thresholds, Modify the delay time, Quit, Switch off
and Switch on. Design three main textbox: Measure
the voltage value, Change voltage thresholds and
Modify the delay time. Valid values for the measured
voltage display current voltage in power grid. The
single-chip send the voltage value to the computer
byRS232 chip; voltage thresholds and the delay time
is set by PC operator and sent byRS232 chip to control
the single-chip. Under the same conditions, Switch off
button and Switch on button transmit directives to the
single-chip computer by serial port ,they can directly
control the electric relay to switch off(on) when the
system run normally. The most important point is
using the Serial Portto control serial port in design:
firstly, set the communications port name , the baud
rate and other parameters .then open the serial port,
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receive the data, judge the data and display in the
textbox. Figure 12 is computer software design flow

chart.
Start

4

Load the form

'

Initialize the
serial
communication

v v v
Receive real- Get voltage Response
—» time measure the threshold and tripping and
voltage —» update in the g closing
L textBox instruction
Delay time
The main page
shows

A 4 y

\_gfeater than the
threshold
voltage

. Transmittin
Will be updated . . 8
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The font is
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Figure 12 Computer software design flow chart Computer

VS boundary is shown as Figure 13.
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Figure 13 Computer VS boundary

3. THE TEST RESULTS ANALYSIS

3.1 The analysis of voltage measurement

The industrial frequency AC voltage is provided by
the Laboratory of Jilin University relay protection
Tester. Measure the voltage with a multi meter, and
read the voltage value displayed on the LCD, record
two sets of data. Test data is shown in Chart 1.
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Chart 1 Actual voltage and displayed voltage comparison chart

Num Actual voltage (V) Displayed voltage (V)
1 80.1 80.6
2 90.2 90.7
3 98.6 98.9
4 109.4 110.0
5 119.7 120.1
6 130.6 130.2
7 140.4 140.3
8 150.4 150.4
9 160.5 160.5
10 170.5 170.6
11 180.3 180.7
12 190.4 190.7
13 200.2 200.8
14 210.3 210.0
15 220.6 220.1
16 230.4 230.2
17 240.6 240.3
18 250.5 250.4

The curve between actual voltage and displayed

voltage is shown in Figure 14.
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Figure 14 The curve between actual voltage and displayed
voltage

It can be found through the chart and diagram that
the curve between actual voltage and displayed
voltage is closed to linear change. It proves that the
device for measuring the voltage is really reliable and
useful.
3.2 The single-chip control results analysis

a)Single-chip can receive and display the actual
voltage values in real-time, Error less than 1V.

b)When the voltage value exceeds the voltage
thresholds for the first time, LCD alarms and buzzer

rings. The normally open recloser relay switch off and

Light is put out. After the delay time which is set by
pc, the relay switch on for the first time. If the voltage
is lower than the threshold voltage, then the system
is back to normal. If the voltage is more than the
threshold voltage, then repeat the above actions.
Because of the single-chip’s high speed , the
phenomenon people observed with the naked eye is
that the light is lit once time.

c)After the second delay, the relay switch on for the
second time. If the voltage is lower than the threshold
voltage, then the system is back to normal. If the
voltage is more than the threshold voltage, then the
recloser relay switch off. As the same time, switch on
the standby relay in order to let the standby power run.
3.3Analysis of PC control

One side, Pc can display the voltage value sent by
single-chip. On the other side, PC can Change voltage
thresholds and Modify the delay time. When the
voltage is lower than the threshold voltage, Pc can
control the relay by the button switch off and button
switch on. These above all use the SerialPort.If the
voltage is more than the threshold voltage, font color

turns from black to red for alarm.

4. CONCLUSIONS

The design completes the desired goals. Measure
the voltage value, control there closer relay and other
external device and realize the PC remotely display
and control by the SerialPort. It is efficient, convenient
and practical. It has a certain market prospects. In the
future work, we will use wireless or network data
transmission instead of cable transmission, complete
voltage signal acquisition module optimization and

integration to improved PC control function.
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The Design and Implementation of
Electromagnetic Radiation Detector

Wang Di, Ren Tian-ming, Jiang Ming-jie
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Abstract—This paper describes an approach of electromagnetic radiation detector based on MSP430F149, the

instrument uses a conventional antenna for the sensor by the filter, amplifier, AD modules and nRF905 wireless

module and the 12864 LCD module. Various points transmit the measured data through the wireless module, the

final summary via LCD display interface implementation. Available on the market capable of electromagnetic

radiation detector operating under artificial point is detected to detect electromagnetic radiation, but the detection

must be manually turned on, because of the human factors, it can’t achieve the real-time detection point is

detected. Meanwhile, in the detection point is large, the current detector can be sequentially detected, the

summary of a plurality of data can’t be displayed. This mode of operation will waste manpower to a certain extent,

reduce the efficiency of detection of electromagnetic radiation. This paper presents a multi-point simultaneous

measurement and display of the measured data aggregation electromagnetic radiation detector design ideas and

methods. This paper details the hardware circuit design of the instrument composition, and related software

module debugging results, and the final experimental results show.

Keywords—microcontroller; electromagnetic radiation; wireless transmission; real-time display

0 INTRODUCTIONS

WITH the of modern electronic

technology, people's work and life requires frequent

development

use of a variety of electronic devices. The operation of
electronic equipment will inevitably produce different
levels of electromagnetic radiation (electric and
magnetic fields generated by the interaction of
electromagnetic waves change, electromagnetic waves
emitted into the air or disclosure of the phenomenon,
called electromagnetic radiation), thus most of the
time people are exposed to electromagnetic radiation.
Electromagnetic radiation can be described as
"invisible killer", studies show that electromagnetic
radiation on human health has a great impact, although
it is keen to reduce the harm of electromagnetic
radiation, but the face of the damage can’t be captured
with the naked eye what should do?

Presently  existing electromagnetic  radiation
detection apparatus has been able to be detected value
of the point measurement of electromagnetic radiation,
but sometimes it is necessary to point electromagnetic
radiation for.

Long-term detection, or both a plurality of detection

points are detected, for example, by detecting
electrical equipment electromagnetic radiation value
to determine whether the device is running, check the
line if there is leakage risks. This requires testing
equipment can work stable without human control for
a long time and a plurality of detectors can be
integrated with data locations to be monitored.
However, the existing equipment can’t be achieved
with timeliness and the ability to integrate testing.

In order to make electromagnetic detection
technology more suit life and industrial production, to
achieve real-time detection of electromagnetic
radiation and data integration. The design of this
electromagnetic radiation detector based on traditional
detection devices, increased wireless data transmission
part, through the nRF905 wireless transmission
module data of the various monitoring points are sent
to the host computer, and then through the LCD

display module.
1 THE OVERALL DESIGN
The instrument can be divided into the signal

acquisition and processing and sending part (the
machine) and the signal receiving and integrated
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display part (PC). The machine receives
electromagnetic signal through the antenna as the
sensor in the space, the signal will travel through the
filter circuit interference signal filtering, and the
processed signal is amplified by amplifying circuit.
Through the AD conversion module we convert
electrical signals into digital signals, finally through
the wireless transmitting to PC. PC will receive the
signal with a wireless first, and then through the LCD
it will be displayed. In general the PC part is the key

of the whole instrument design.
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(a) upper conputer (b) Lower machine

Figure 1 The overall design diagram
2 THE DESIGN OF HARDWARE CIRCUIT

2.1 The Upper Machine Design
2.1.1 Sensor

The sensor part adopts antenna for receiving
electromagnetic ~ signal as  the  equipment.
Electromagnetic radiation in the space can be divided
into electric field radiation components and magnetic
radiation. Induced electric field, electric field radiation
is made and voltage unit is the V/m. Magnetic field
radiation is due to A current, the magnetic induction

unit is the A/m. So the unit of electromagnetic

radiation is including W/m2, namely the power density.

Antenna as a sensor device has wide frequency band,
it can accurate induced electric field, magnetic field,
detection of space power distribution and so on, it just
meet the design requirements of the instrument.
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2.1.2 The filter and amplifying circuit

The signal collected by the antenna sensor need to
filter out the high frequency component, keeping low
frequency components, so the filter circuit is designed
for active low-pass filter circuit. Because signals the
antenna acquisition are faint, so after filtering to
enlarge it, to meet the requirements of the follow-up
circuit of wvoltage. This design adopts the basic
(including A741 as the main chip amplifier circuit.
Including A741 is simple to operate, simple circuit
structure and other advantages. The design for the +
12 v working voltage and power supply voltage of
power supply. We need to extern resistance through 2

pin and 3 pin to adjust its magnification.

D, F, N Packages

Mg
OFFSET HULL | 1 a| MC
INVERTING INPUT | 2 7| v
MOM INVERTING INPUT | 3 : & | ouTPUT

v 4 5| OFFSETNULL

TOF VIEW a1 0005
Figure 2 pA741 Pin diagram
4 R1 R4
0
; uAT41 =
i TSI W
2 =
e R2 R3
Figure 3 pA741 The circuit connection diagram
4 4 4 1 4 1 @
R 1 R 4
4 5 4 2 _ 4 2 4 3 ®
R, R,

R
U, = =2, -U,)
A)Z

We can change the magnification and the

resistance and the change of output voltage with

changing &, and ;.
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2.1.3 Analog-to-digital conversion module

This design uses the analog-to-digital
conversion built-in  the
MSP430F149 realize AD

conversion. Its basic principle is to use a single

module which is

comparator to

I/O port, perform one of the analog-to-digital
(DAC), with the output of the
comparator as feedback, to maintain equal Vin

conversions

and Vout. To maintain Vout = Vin, must through
the I/O port to charging and discharging of
capacitance, and determined to charge or
discharge (the output high and low level I/O)
determined by the output of the comparator. When
the comparator output high electricity at ordinary
times, taken into account then Vout > Vin, deal
with capacitor discharge right now, I/O output low
level;, When the comparator output is low
electricity at ordinary times, the conclusion Vout
< Vin, deal with capacitor charging, the I/O port
output high level.
2.1.4 Wireless transmission module

This design adopts the wireless module which is
used nRF905
transceiver. Its working voltage is 3.0 ~ 3.6 V.

Stable transmission distance is 300 m. NRF905 by

single-chip radio frequency

frequency synthesizer, receiving demodulator,

power amplifier, crystal oscillator and the

modulator. Its configuration is simple, easy to use,
stable operation and energy saving, etc.

2-NRF905
n
11 9 M
33V 1 v TN 2
e | TRX. CE PWRELP —— =
. 2| UPCLE D L
P25 7 E] P26
2 AM DR =
P52 9 10 Ps5l
S VI MOSI ™15
) SER CSN
e skl E—
= COMPONENT_1 =

Figure 4 nRF905 Pin diagram

2.2 A lower machine design
2.2.1 Wireless receiving module

The wireless receiving part adopts and send
uses the same nRF905 monolithic radio frequency
transceiver module.
2.2.2 Liquid crystal display module

12864 LCD liquid crystal display module

used as the output of the whole system, is

responsible  for each testing point of

electromagnetic radiation, according to data
gathered by algorithm under a machine wireless
module receives the 12 hexadecimal code
conversion for 4 for 2 decimal number shown on
the screen. 12864 LCD working voltage is 4.75 ~
5.25V, this design USES 5.0 V power supply. The
liquid crystal displays own word library, has
stable

convenient operation, low cost,

performance, etc.

LCD123-64

Figure 5 12864 Liquid crystal pinout

3. SOFTWARE DESIGN

The design of electric circuit software is
composed of the upper and lower marchine that
both are matched with the system of hardware.
The structure of upper machine includes the
initialization of the system of wireless received
module and the received program. The system of
wireless received module can judge the received
data by the design of the received program. When
the wireless received module finally judged the
data, it will put the data from the binary system
into the decimal system and send the final data to
the LCD through the program. The structure of
upper machine includes the initialization of the
system of mps430F149 and the AD model that
surfaced on the chip. The AD model can switch
the analog signals into the digital signals and
judge whether the process of switch finished or
not through the program .If the analog signals
become the digital signals, the AD model can send
the digital signals to the wireless transmitted
module. Then the wireless transmitted module
sends the digital signals to the upper machine
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through a program.

()
|

System clock
initialization

System clock
Initialization

AD

COnVersion

The wireless
receiving module

Determine if the
pnversion is complete

0x

Detarmine whathe
ceptlon |s comples

The wireless
transmitter
module

Liguid
crystal display
module

dge whether tran
ission is complate:

(a) The computer workflow (b) Lower machine workflow

Figure 6 software's flowchart

4 .DATA OF INSTRUMENT TEST

Chart 1 Data of electromagnetic radiation test

0 1 5 10 20
Working
540 48 4 0 0
phone
host 210 200 120 15 0
display 762 3 0 0 0
keyboard 105 60 7 0 0
PC power
1489 1321 1287 1125 341
supply
Electrical
) 1543 1100 314 6 0
test device

5.CONCLUSION

The electromagnetic radiation measuring
instrument can test the amount of electromagnetic
radiation that radiated from the tested place at any
time and several places. The LCD included in the
upper machine, integrats and displays those. The
detected changes of the electromagnetic radiation

can be tested at any time, security and stability.
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The manufacture and simulation for
electromagnetical damping of fiber detector

Jiang Ransong  Zhou Rui  Xue Bixi

Abstract—With the development of the fiber shaking detector, the demand for the sensitivity and accuracy of data
collection is higher and higher, so it is a improvable direction to add a damping device to the fiber detector. When a fiber
detector receives a maximum amplitude signal, it helps reduce the amplitude in order to get prepared for the next signal. It is
necessary to design a device that can hinder the shake. It is because the structure of the cantilever is simple that it’s widely
used in fiber detector, this paper will state a damping device based on the structure of a cantilever.

The paper is divided into three parts: the background of the electromagnetic damping, the design of hardware circuit and
test, the simulation for damping device by ANSOFT and summary for the whole achievement of the project.

In the design of hardware circuit, the most important thing is to produce damping effects in closing coil after the demand
of low consumption. The paper provides three schemes: Scheme | and Scheme Il are based on the electromagnetic induction
and induced electromotive force, the damping force comes from the power of the amplified electromotive force. The difference
between Scheme | and Scheme 11 is that Scheme | uses a trigger switch to produce the effect. Scheme Il is after the
adjustment of the cantilever, using two coils. One is an induction coil, the other is a damping coil. Scheme 111 uses the mature
vibroswitch to control the damping coil. It makes the coil cut off when it does not shake in order to save power. In order to get
the best damping ratio, 0.707, ANSOFT becomes the simulating software. The number of a coil turns can be known from the

result of the simulation, so does the current.

Key words—electromagnetism damping; low consumption; control circuit; ANSOFT simulation

1.FOREWORD

IT is because the fiber detector has high sensitivity and
wild dynamic range and it can get rid of the influence
of electromagnetism, it is widely used in designs of
shaking detectors. With the demand of accuracy and
sensitivity are higher and higher, the usage and
improvement of fiber detector is valued. So it is
necessary to design a damping device that can make
the sensitive device renew to the initial condition.
Now the most widely used damping devices are
spring or liquid damping devices. But the spring will
produce a phenomenon called metal fatigue, and
damping liquid requires high and well leakproofness,
so we reckon that we can use the force between
intermittent duty coil and magnet to produce the
damping force. This method can change the magnitude
of force by changing the current, so it has advantages
in adjustment than the two methods before, and it can
deprive multifunction circuit to serve users. But this
method needs a power supply. Consider that the
device needs to be used long time in the outer

environment. We need to design a switch circuit that
can switch on when the cantilever shakes and this
process is automatic. So it can get the goal of low
consumption in order to make the coils work longer.

2. THE STRUCTURE OF DAMPING DEVICE AND THE

DESIGN OF CONTROL CIRCUIT

2.1 The basic structure of damping device

The basic structure of damping device is showed in
Figurel. When the power supply provides the power
for the closing coil, it can be regarded as a
electromagnet. It makes the polar N face the polar N
of the magnet. And when the cantilever shakes, the
probe will send a signal to the detector and with the
position of the magnet and the coil is changing, the
cantilever will receive a resistance and get back to the
initial condition, waiting for the next shaking signal.
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Figurel: The basic structure of damping device

2.2The design of control circuit

We can see from the basic structure of damping
device that the coil needs a current to produce a
resistant force. But in fact it is unknown when a
shaking signal comes. If the coil switches on all the
time, it will not work long and it is a waste of power.
The control circuit is designed to make the circuit
works when the shaking signal comes. In order to
achieve the goal, three schemes are brought about.
Scheme I and Scheme II produce a trigger signal by
the induced electromotive force. Scheme III use a
trigger switch to produce a signal. More details will be
stated later.
2.2.1 Scheme |

The circuit of Scheme I can be summarized as a
electromagnetic induction and electromagnet switch

control circuit. Figure?2 is the circuit of Scheme I

%JEf%A?é‘a"ﬂ

-

Figure2:electromagnetic induction and electromagnet switch
control circuit
The form of Scheme I and statement for the theory:
From left to right, the whole circuit is divided into
three parts. They are

shaking sensitive part,

electromagnet switch part and outer power supply part.

Fix the cantilever on a base, the base is fixed on the

circuit board. On one side of the cantilever is a magnet.

Under the magnet is a coil that has enough large
diameter. It can let the magnet go through naturally.
The left coil links a 741 in-phase voltage amplifier. A
diode links the output of the amplifier, making the
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current can only go single direction. A coil and a soft
spring are regarded as a switch. The right soft spring
connect the LED, working as a indicating light. The
right of the circuit is the power supply, consisting of a
battery and a amplifier. Now let’s say something about
the working process of the circuit.

When the shaking signal comes, the magnet on the
cantilever will shake up and down, the position of the
coil and the magnet will change. So the induced
electromotive force rises. Then the amplified
electricity runs across the LED and the right part of
the circuit. So the left coil and the coil can be regarded
as a power supply and it works for the right coil. Then
the current goes across the right coil, the right coil can
be a electromagnet.Image when it becomes a
electromagnet and then it will absorb the metal
plate ,and it can be regarded as a switch, the battery
will work. When the battery works, the amplified
signal will go across the LED and the left coil then go
back to the cathode. The current will go across the left
coil and it can be regarded as a electromagnet. It can
work as a damping device to the magnet.

The scheme seems to be fine. But what is the fact?

After finishing making the model, the first problem
arises. The magnitude of the induced electromotive
force is too small. Even it is amplified 1000 times, it is
still not enough. The result lead to the problem that the
voltage is not enough to absorb the metal plate. It is
about two reasons that it cannot work. One is the
stiffness factor of the spring is too big , the other is
that the magnetism of the coil is too weak. If the
spring is softer or the current is bigger enough , the
coil would absorb the metal plate. But it is hard to
make the current bigger. The uA741 cannot produce a
voltage that is larger than its power supply, the power
supply we used cannot meet the requirement, so it is
really hard to achieve. If the coil could absorb the
metal plate, it cannot ensure the circuit will work all
the time because the metal exposed to the air for a
time will produce a oxide layer, the oxide layer will
forbid the current when the two things get together. So
from the statements above, Scheme II is rising.

2.2.2 Scheme 11
The circuit is showed in Figure3.
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R1

Figure3: Coil induced voltage electromagnetic damping circuit

Now state the form of the circuit and its working
theory.

The circuit consists of two branches of magnets
vibrators and two connecting coils and amplifiers.
When the system feels the signal from outside, the
cantilever will shake with the magnets together, then
the left magnet will change the position with the coil
behind it, then the induced voltage arises. We can
regard the left coil as a power supply when the
shaking signal comes. The induced voltage will be
amplified and then it can provide power for the right
coil. The diode is a rectification device. The current
goes across the diode then the right coil, the right coil
can be regarded as a electric magnet, it can work as a
damping device to the magnet above. There is a
alterable resistor in the circuit. It can change the
voltage that adds to the coil so that the coil can have
different magnitude of magnetism..

After several times of tests, the number of turns is
70. The resistance of the two coils is 1.8 ohm each. It
is because the strength of the magnetism is related to
the magnitude of the current, so the resistance needs to
shut down to let the damping phenomenon more
obvious. When the right coil shakes, the initial number
of the voltmeter is about 1.0, maybe the 741 amplifier
needs a drifting voltage. When the cantilever shakes,
the number on the voltmeter begins to change
regularly, the maximum can reach to 4.5 or so. This
will meet the requirement to produce enough
magnetism.

This image uses a thought of equivalent of power
supply. The circuit makes the left coil and the
amplifier a power supply to provide power to the right
coil. Use the conclusion that the conductive coil is an
electromagnet. It can meet the demand of low

consumption.

Now let’s have a look at the volt-changeable power
supply that provides power for the 741 amplifier. The
left of the circuit connect to a 220V/18V transformer.
It can export positive voltage and negative voltage to
the amplifier. Show as Figure4

BT

Figure4: volt-changeable power supply
Device:
(1)Three terminal regulator, LM317, LM337

(2)Cl ,C2 T=10ms=T1+T2 , Ti<<T2 ,

T~T>, T2=10ms

Vi 1(f°| dt)=16/100-C
| =— cdt)=1lo .
Ci 1

’

loma =0.5A, To=0.6A, z\Vi=1/V mn=3V |

Ci=2000uF  C1=C2=2200uF

(3)V2

V2= 1= Vi =V imin =15V , V2=13.4V pefine

it 18v,
(4) Design of rectifying elements
(a)ywithstand voltage of the diode:

Vem = 2’\/5V2max><l.1 =56V (11 is the wave of
power grid)

Vem > 90V breakdown voltage is 180V

(b)maximum current of the diode:

IDAV = 1/2(|Omax) = OZSA,

IF =1.8lpav = 0.45A

use the 1A/200V rectifier bridge.
(5)SN of the transformer:
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lac =1.8lomax =1.08A , make it 2A.

(6)Cooling fin:

P = [(\/)AV —VO]* IO , Pmax:12.4W

(7)According to the advice of LM317, make Coa

10uF/25v, C2 is the compensation capacitor of C1. C2
is 0.1uF ceramic capacitor ,R1=240Q , R2:
720€2~2 .2k potentiometer.
2.2.3 Scheme 111

1) Overall design

The diagram is showed in Figure5. Use the shaking
signal from the vibroswitch to link to delay-circuit can
provide power to the coil. Then begin to time. It can
show the magnitude of voltage when the coil on or off.
When the time is up, the coil will cut off. It needs a
single chip to control. Like ADC0804, NE555 and so
on. These chips are wildly used in toys and alarm
systems and control circuit. And the device designed is
the combine of these things and serve the cantilever
damping device.

The The delay
switch L circuit Drive circuit and
produces V| starts to :'\V the load
a signal work i L
Display

Figure5 The diagram of the system

2)The choice of the elements and applications in
circuit

(1) Information of SW-420

Now a lot of vibroswitches can be bought. This kind
of switch can close when it feels the shaking signal
and it is really cheap. It also has simple structure and it
is widely used in many fields. It can be seen as spring
switch and ball switch. The two kinds have important
features. They are sensitivity and directivity. The so
called sensitivity is that the different switches have a
difference. Users can choose different kinds of
switches when they want to use them in different
situations. Directivity is the forced direction. Most
products have the requirement in sensitivity but not in
directivity. So there is a need to know something about
how the users use them then decide which to choose.
The difference between the two kinds of switch is the
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way they feel the signal. The sensitivity of the ball
switch is the detection angle. It can start the circuit.

Choose sw-18020 and sw-420. But in fact,
sw-18020 is likely to be broken sometimes, so finally
choose sw-420. It is more safe and stable.

iBE

Exi%

W R Eh T it W R IEE2

Spring switch

ERITRIENME

Ball switch
Figure6 Switches

Finally choose a sw-420 .It has a potentiometer to
change the sensitivity and a LM393 to ensure is can
produce stable wave. The product produces a high
level when the shaking signal comes while it produces
a low level when it does not feel the signal.

(2) The relay drived by the audion

sw-420 has a large resistance, the driving current is
more than 10mA.If put coil directly into the coil will
cause the problem that it cannot have enough current
so that the magnetism will too weak. So it is necessary
to add a audion to drive the relay in order to produce
enough magnitude of current.

According to the theory, the current in the coil
should be two times than the base of the audion.
Choose the IN4001(25V).
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et

Figure7: The relay drived by the audion

The circuit needs a 5V power supply. Add a 100ohm
resistor to the base, choose the s8050npm to be the
audion, relay has six feet, 5V.

(3) The circuit shows the voltage of the coil

In order to adjust the current better and know the
state of the coil, we can use a display screen to show.
It is measured the resistance of the coil is 64.2ohm.
Use ADC0804 to transform.

(3-1) STC89CS52

STC89C52 is a product of STC. It has 8K
STC89CS52  use
MCS-51 as its core and has many improvements that
51 singlechip does not have. It has 8bit CPU and
programmable flash storage. It has these functions:
8k bit flash storage, 512bit RAM, 32 bit I/O,
timer , inside 4KB EEPROM, MAX&10circuit, three
16 bit timer/counter, 4 outside interrupt, a 7 sides 4

programmable flash storage.

class interrupt structure.

A
(T2yP10C] 1 40 1 voc
(MEX)P1.102 38 [ Po.o (ADO)
P12 3 38 1 PO.1 (AD1
P1.3 4 37 b Po.2 (AD2
P1405 38 Po.2 (AD3)
(MOSI) P15 8 351 PD.4 (AD4)
(MmSo) P18 ] 7 34 1 PO.5 (ADS)
(scK)P1.7d8 33 P Po.B (ADS)
rRsST e 32 [0 PO.7 (AD7)
(RxD) P3.0 ] 10 31 [ ERvPP
(TD) P3.1 g 11 30 b ALEFROG
(TNTD) P3.2 0 12 200 FSEN
(T P32 13
(To) P3.4 ] 14
Ty P3sC s
wW=)P3sl] s
(RD) P37 17
XTALZ ] 18
XTAL1 O 19
GND ] 20
Figure8: STC89C52

(s a0 T veed BVam)
T - 19 [ CLKR

¥R 3 1§ [ DBy (LSB)
ClXKICd4 s 173D
INTR s 0804 16 DB

ViV 6 15 [1DBs

Vi 7 14 [ DB4
AGND ] 8 13 [1DBs
Vaews ] 9 12 [1DBs
nGND 10 [1 I DB7 (MSE)

Figure9: ADC0804

Chip parameter: working voltage: +5V, VCC=+5V

Analog input voltage range: 0~+5V, 0<Vin<+5V

Resolution ratio: 8 bit, 1/2=1/256

Transform error: +1LSB

reference voltage: 2.5V, Vref=2.5V

(3-2) ADC0804 transformation

ADCO0804 is a successive approximation method
A/D transformer, this kind of A/D transformer has not
only its speed is fast, but also revolution ratio is high
and its price is cheap. It is widely used in design of
microcomputer ports.

Take a 8 bit ADC0804 as an example:

The 1st result: 10000000 (if assumption<input,
searching bit=assumption bit=1)

The 2nd result: 11000000
searching bit=assumption bit=1)

The 3rd result: 11000000
searching bit=assumption bit=0)

The 4th result: 11010000 (if assumption<input,
searching bit=assumption bit=1)

The Sth result: 11010000 (if assumption>input,
searching bit=assumption bit=0)

The 6th result: 11010100  (if assumption<input,
searching bit=assumption bit=1)

The 7th result: 11010110 (if assumption <input,
searching bit=assumption bit=1)

The 8th result: 11010110  (if assumption>input,
searching bit=assumption bit=0)

(if assumption<input,

(if assumption>input,

Use the way as dichotomy, 8 bit A/D transformer
needs 8 times of searching, 12 bit needs 12 times of
searching, then will finish the task of transformation.
The inputs stands for the analog voltage in Figure5.

The functions of some feet:

DO0-D7: numbers output, the result is expressed in
binary numbers

CLK: offer the pulse signal, f{CK=1/(1.1xRxC)

CS: Chip selection
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WR: Write

RD: Read

INTR: Interrupt;

Other feet are showed in Figure8 and Figure9.
(3-3)Programming and proteus simulation

Figure10: AD display and proteus simulation

Program:

#include <reg52.h>
#include <delay.h>
/f#include <intrings.h>
//#include <stdio.h>
#include <adc0804.h>
#define uchar unsigned char
#define uint unsigned int
sbit adwr=P3"6;

sbit adrd=P3"7;

uchar code table[]={0x03,0x9f,0x25,0x0d,
0x99,0x49,0x41,0x1f,
0x01,0x09};

void display(uchar bai,uchar shi,uchar ge)
{P2 =0X20;
PO=table[bai];DelayM(5);
P2 =0;

P2 =0X40;
PO=table[shi];DelayM(5);
P2=0;

P2 =0X80;

PO=table[ge]; DelayM(5);
P2 =0;

H

main()

{ unsigned int aa,bb;
while(1)

{ aa=adc0804();

bb=aa;
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display(bb/100,bb%100/10,bb%100%10);

}
}

After several times of adjustments and
improvements, finally get the target. 0-5V voltage on
the coil is showed in numbers range 0 from 255.

(4) Design of 555 delay circuit

555 circuit is a widely used integrated circuit.
Because it has high sensitivity, we need to take some
action to protect it from being disturbed, take the
circuit showed in Figure7 as the final circuit. The
circuit is based on 555 and add switch made by
transistor and a self-lock circuit.

Figurell: 555 delay circuit

Analysis about the working process of the circuit:

The circuit consists of a 555 pulse-launched model,
its output connects a control relay. The process is
when it outputs a high level, the relay is absorbed.
When it outputs a low level, the relay is released.

Pin2 is the trigger pin. It is triggered by low level.
Usually the 555 circuit is triggered by pin2 and it is
launched by a resistor R4. Pin3 outputs a low level,
the delay is released. When the switch is touched, the
power supply provides the power by R1 to the base of
SCR, making it switch on. It produces a negative pulse
when the base turns from high level to low level. The
negative pulse trigger the circuit by a 0.1uF conductor,
making the circuit turn. The relay is absorbed because
pin3 outputs a high level.

(5) Modules debugging

Exact information is not found about the process.
Mainly depends on every withstand voltage and
current data of each device, attempt using different
resistor to the circuit. The first step is the combination
of the vibroswitch and the delay circuit. We can
directly connect the output pin of the vibroswitch to
the delay circuit because the driving current of the

vibroswitch is larger than the minimum of audion base
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current. The second step is the combination of delay
circuit and the load. Information shows that when
delay circuit is in transient state, pin3 outputs high
level and more than the driving current is more than
200mA. Then decide to add delay coil , but it could
not work normally. The voltmeter shows that it is
about 5V in pin3, so maybe the current is not enough.
Finally it succeeds. And the whole combination work
is done. After adjusting the sensitivity of the
vibroswitch then connect the power supply, it meet the
requirement that is said before. Please look at

Figurel2 and Figurel3.

Figure12: Test result(before shaking)

Figure13: Test result(after shaking)
2.2.4 Comparison among the schemes

From the three schemes showed above, Scheme I
and Scheme II have a lot in common. The two scheme
both use the theory that the process of induced
electromotive force to produce the damping
phenomenon. But there is still a difference. That is
Scheme II directly uses the amplified induced voltage
to be the supply of damping circuit. From the
comparison above we can conclude Scheme II has
some advantages. The first advantage is it has a better
feasibility. In Scheme I we only think about the coil
will be a magnet when it meets current, but ignore the
important fact that it depends on the magnitude of the

current. So it cannot absorb the metal plate. The

second advantage is in Scheme II it directly uses the
amplified voltage without any middle links. The third
advantage is Scheme II is more energy-efficient. It
does not use a battery.
Data is showed in list 1
List 1: Data of Scheme I and Scheme II

NO.1 NO.2 Maximum of
Resistance of
circuit circuit induced
NO.2 circuit
turns turns voltage
Scheme
I 70 60 4.5V or so 1.20hm
Scheme
I 70 70 4.5V or so 1.8ohm

Scheme III use the vibroswitch, so it is more stable.
It has more simple structure than Scheme I and
Scheme II. And it use delay circuit, display circuit and
reasonable ways to control the coil and the switch. So
it has the good result. The voltage of the coil is
showed on the screen so it is easy to see the state of
the coil.

3.SIMULATION

3.1 Sketch of system simulation

The fundamental of fiber detector is to fix the
detector on the cantilever, get the shaking signal by
vibrating reed. Inlet the fiber signal on the other side
at the same time, meanwhile producing different light
wave by the influence the signal acts on the reflector
plate. Measure it and then get the data, calculate the
data we need. The damping part is really important.
Only when the damping ratio reaches to 0.707 do we
receive the well shaking signal. In order to analyse the
damping ratio, first we need to simulate the stress of
the magnet in closing coil. Frequently-used magnetic
field simulation software are ansys, matlab, ansoft and
so on. After comparison we choose the ansoft.

Ansoft Maxwell 2D/3D is a powerful, precise and
easy soft from Ansoft company. It includes electric
field, magnetostatic field, vortex field, transient field
and temperature analysis module. It can analyse the
static state, steady state, transient state, normal
condition and trouble condition of electrical machine,
sensor, transformer, permanent device and exciter. It
has Ul from top to bottom, banner adaptive mesh
generation technic and uses definition database,
making it has better usability. It also has the capacity
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to use high-performance matrix to provide the fastest
speed.

Ansoft has some advantages: 1. It has perceptual
intuition friendly GUI, quick and exact self-adaption
solver and powerful post-processing function. 2. It has
a whole simulation design environment, it can
simulate force, torque, capacitance, inductance and
energy. It can also draw scalar potential, electric field
intensity, magnetic line of force, field density and
energy in cloud picture, vector diagram or
isoline.3.Powerful and flexible macros can alter the
modules conveniently and has the function of
parameter analysis.

3.2 To simulate the force of the magnet by ansoft

The initial model choose the coil’s diameter is
about 10mm, 33mm height. When it comes to the
simulation, choose the polyhedron that has 36 surfaces.
The diameter is 10mm and the height is 33mm. This
kind of simulation ensures that they have similarity
and it is simple for the software to simulate the model.
Then choose copper to be the material. Choose the
profile then apply an electric current to finish the
simulation. It is also OK to use a cylinder to simulate,
but there is a problem for the computer to work
because it needs a long time to calculate, maybe it
could not calculate correctly.

Choose a cuboid that has the same size as used in
the model. Choose the Z coordinate to be the variable.
Make its moving distance is close to the real moving
distance. Choose the material as NdFe30. Set the
parameter as its stress. The fundamental model is

showed in Figurel4.

Figure14: Model of damping device
When finish all the sets above , we can get the

relationship between the stress and the Z coordinate of
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the magnet. Look at Figure15 and Figure16. The stress
is showed in y axis, the unit is N. The Z coordinate is
showed in x axis, the unit is mm.

Set the unit of account to be 0.5, showed in
Figurel5. When make it to be 0.Imm, showed in
Figurel6. There is some disturbance because there is a
induced voltage. It is necessary to get rid of them.
Some data is showed in List2.

et 11 WY Pret 2

Figurel5: The relationship between the stress and the Z

coordinate of the magnet

¥ Pt 3

Figure16:The relationship between the damping force and the Z
coordinate

List2 Information of Z coordinate and the damping force

LUl uel, UL e jndg LILEW LULL]

heiehit solutionl ;| LastAdaptiwve
1 30. 000000 1.191449
"z | 30. 500000 0. 414776
3 31. 000000 0. 179909
4 31. 500000 0. 440855
5 | 32, 000000 0. 495516
& | 32. 500000 0.533751
7| 33. 000000 1. 529073
m 0. 133614
2 34. 000000 0. 294756
Kl 34, 500000 0. 152370
11 35. 000000 0. 399476
1z 35. 500000 0. 220396
13 36. 000000 0. 216344

It can be easily seen from the data that the
maximum of the damping force is when the bottom of
the magnet meets the top of the coil. That is to say,
when z=33mm, F comes to the maximum 1.52907N.
When Z is not more than 33mm, the magnet goes into
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the coil and the stress gets smaller. When Z is more
than 33mm, the magnet leaves the coil farther and
farther, the damping force gets weaker and weaker. It
agrees with what we learned. The error of the
simulation is in the allowed band.
3.3 Analysis to the result of the simulation

In the physics and engineering science, the
mechanical model of a damping force is in direct
proportion to the velocity of shaking and it is a force
that has inverse force with the direction of the shaking.
The model is called stickiness damping model. It is the
most widely used model. It can simulate the damping
function of air, water or other liquid well. Now mainly
discuss the model of stickiness damping device. It is
necessary to point out that there are many damping
machine-made that still not exit in nature, such as a
shaking spring on a desk that has a constant friction
factor. The stress is related to its weight and the
friction factor but not the speed. Besides the simply
shaking damping force, electromagnetic damping,
media damping, structure damping are also concrete
forms scientific

of damping. Although now

community has put forward many kinds of
mathematical models for damping, it is hard to choose
the model when we come back to reality. So let’s
explain it in details.

Viscous damping can be expressed as the following
formula:

F=—cv (3.1
F stands for the damping force. V is the velocity of the
vibrator. C is a constant represents the magnitude of
damping. The unit is N/m. These relationships is
similar to the Ohm’s law. It is easy to see some
examples of damping in our daily life. For example,
use your hand to touch the chord, then the sound will
fade out. The tree will stop shaking after the wind. A
damping phenomenon is one of the most common
things. An ideal spring damping device is showed in
Figurel7. Forces we want are elastic force(k is
stiffness factor. X is the displacement )
Fs=-kx (3.2)

Damping force (C is damping factor, v is the

velocity of the vibrator ):
dr

Fy=—v =—ct = —c—
d dt (3.3)

Imagine the vibrator does not suffer from any force

outside, then write the oscillation equation with the
help of Newton’s Second Law:

d’x

F pr— J— " pr— —_—
z ma=me mdf.? (3.4)

A is accelerated speed.

In this project, we use the induced voltage to
produce the force to achieve the damping phenomenon.
But the information searched before is mainly about
viscous damping. They are not useful. So it is
necessary to calculate again to build a new way to
solve our problem.

In viscous damping model, the relation is
F = —{% . But in our own model, the result is
showed in Figurel6.

There are two ways to build the model:

Scheme I: Use the curving fitting to draw a
Gaussian distribution curve. Suppose the relationship
between F and x is

— Ap (B
F=Ae (3.5)

A and B are constants. The advantage of this scheme is
it is close to the real curve of F and x. Disadvantage is
it’s not good for the following calculation.

Scheme II: Match on the both side of the peak:

F=k1X+Bl (3.6)

F:k2X+Bz (3.7)

The advantage of this scheme is it is good for the
following calculation. Disadvantage is there is a error
with the primitive curve.

Now calculate Scheme II. The force is showed in
Figurel7.

FHir

FfR

A rEek

Figurel7: Force of the magnet

F.=F:.*FaG
|

(3.8)

(3.9
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This equation is hard to solve, we can only use

a:& matlab to calculate. So only solve Scheme II. Use the
m (3.10) image of the stress of the magnet to fit a straight line,
v 2‘V 2 as here is the data:
t 0 (3.1 List3: The relationship between x and y from Figure16
We get: unit: mm X Y
: PEx Z2EAGCHK 2 Xk BGx Team 1 3322 1.689487
‘' om m m Team 2 334 1.465038
(3.12) Team 3 33.9 0.791161
So: Team 4 34.6 0.510709
X:G_Bli\/(G_ B) -2*(k,+ kl)*m*Vtz Team 5 35.0 0.399476
2’(kﬁ + k I) Team 6 355 0.220396
Team 7 35.6 0.110591
(3.13)
From formula (3.6, so Team 8 35.87 0.071676

G-B,\(G-B) —2*(k, +k)*m*y,

Fu=k* +B
lUiN 1 Z(kﬁ + k 1) 1
(3.14)
Analogy from viscous damping system,
(: C
2vEkm (3.15)
And formula (3.1) ,we get
m
1
2., +
ktky) (3.16)
This is the damping factor relation of
electromagnetic damping
So
% m
= kl 2(k§i + k 1)
o <8~ BiE(G-B) -2*(k, +k)*m
2 kl 2 + B]
kstk) (3.17)
After simplification,
K * [
1 k?r/ + kl
g - v =
Jk;, *m
i (3.18)

The formula is the formula of damping factor.
The difference of two schemes is the formula of

F“H . As to Scheme I, from formula(3.5) and
formula(3.11), we know:

2 2E L 2(FtFarG*x 2% (ktxrAe -G *x

m m m

t

(3.19
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After calculation,

X =34.6125 Y =0.6573

2y o2
From X7 =(x=X) ,we get the following list

List4: The variance that used in matching

X 2
Team 1 1.9951
Team 2 1.4702
Team 3 0.0126
Team 4 0.0002
Team 5 0.1502
Team 6 0.7877
Team 7 0.9752
Team 8 1.1827

Then can calculate xy, look at List5.
2
So. D X?=65739 ) xy=-4.1253

After  calculation the  straight line s

y =22.3766—-0.6275X
From the formula(3.18), we get

ko [
bk, K
= =0.1324

> Jkﬁ*m

It is not hard to know that the damping ratio cannot

2
reach the requirement of 7 It indicates why the

damping phenomenon is not obvious.
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List5: Some results

Xy
Team 1 -1.4580
Team 2 -0.9293
Team 3 -0.0954
Team 4 0.0018
Team 5 -0.0799
Team 6 -0.3877
Team 7 -0.5399
Team 8 -0.6369

4. CONCLUSION

The paper put forward a thinking of designing the
damping device for the fiber detector and designs
three schemes. After testing every scheme, we get
every result of the tests , feasible conclusion and ways
to improve. As to Scheme I, because the material and
the way we did is not totally correct, and the limit of
induced voltage, it is hard to finish the task. Scheme I1
still uses the induced voltage to be the trigger signal
and change the structure. It is more feasible than
Scheme 1. The result is that the amplified induced
voltage is about 5V. But the damping phenomenon is
not obvious. It can be improve by changing the turns
of the coils. Scheme III use the vibroswitch and
relay-drived circuit, 555 delay circuit and AD display
circuit. It finally finishes the task by feasible
combination. The damping force can be changed by
adjusting the potentiometer. Time-lapse can be
changed by adjusting the potentiometer of RC circuit.
It ranges from 0—25s. The whole circuit meets the
requirement of low consumption, making it closer to
put into use in daily life. The circuit is simple and
stable. But in the limit of material, it does not have an
ideal size.

And in addition, solution to the disturbance of weak
induced voltage when the coil and the magnet have
inter motion has not been thought of yet. In simulation,
we know the relationship between the stress of the
magnet and the Z axis coordinate, then use the least
square method to simulate. We get the relationship of
the force and Z coordinate. Next according to the
information of viscous damping, we deduce some
mathematical formulas towards the damping force. In
order to ensure the formulas are right, we calculate the

data of our own model. The result shows the formulas
are believable. We can get some parameter from the
optimized damping structure and can adjust the
parameter of our model to make it work better. Finally
we set a good base of designing other parts of the fiber
detector.
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Intelligent House Leakage Detection and Alarm
System

Li Suyi, Wang Duogiang, Bai Yang, Zhang Weijie
(College of Instrumentation & Electrical Engineering, Jilin University. Changchun, Jilin, China)

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 technique[l], liquid
short-circuit method, flow detection method, Magnetic
Float Gauge[2]
Transducer technique[3]. But all of these instruments

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[5]
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 [6] or the linear arrangement of fiber optic
sensors [7]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
information to the MCU when it detect the water.
Then the MCU module classifies and treat the

sensor will send the water-level
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information to judge the water-level and control the
GSM to send alarm message. The LCD screen display

the water-level instant.

Discontig > LCD
uous

Reflected l::) MCU

Liquideme
ter Sensor

GSM Sending

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.

Reflectad Light 1

Faflectad
Lizht 2

water level 1

water lave] 2

R ——

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
and high
anti-interference capability, the receiving pipe is used.

the high-resolution, high sensitivity
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
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.
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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 o 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.

BT i T T e i

Figure 4. Signal Processing Module Calculation Principle
Diagram

The formula derivation process is as follows:

tan a= (L /2)/H (1)
tan o= (X / 2)/h 2)
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 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
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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.

Start

Set data acquisition

port and signal
output port
Initialize system

and timer

Display current
level

s eurrem

wvel changed?

Start
¥ : :

Enable I
interrupts

N N
| Display current

|| SMS countertl |

level

Send SMS signal

i

SMS counter+l

flas maste:
switch been
opened?

Figure 5. Signal Processing of The Software Design

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.

3.2 SMS software 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 command manual [13] query.

Start

{0

Initialize
UART and LCD
A 4
Initialize | - I
SIM300 Wait for 5s
Iy
Has SIM300 v
responded?

Figure 6. SMS Sending Part of The Software Design

First, the LCD display module, single-chip control
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
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correct, the I/O signal sequence is valid, otherwise
invalid. Finally, the MCU identify the /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.

4. PROTOTYPE TEST AND ERROR ANALYSIS

The fluctuation of the liquid surface will produce
errors. The liquid level is likely to produce a level
change of Imm 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.
4.2 The measurement of the accuracy and resolution .
4.2.1 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
6. Through this method,

measurement data as shown in Table 1, error analysis

level 10 groups of
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 value measured value Ah actual value

measured value Ah

actual value measured value Ah

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
Table 2. Error analysis table
actual value average standard actual value average standard actual value average standard
error error error error error error
1.00 0.12 0.14 4.00 0.13 1.30 7.00 0.10 0.32
10.00 -0.19 0.35 13.00 -0.18 0.15 16.00 -0.04 0.26

4.2.2 The measurement results
According to Table 2, the average of average error
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-0.01mm; the average of standard error - 0.42mm.
The measurement can be approximated with an
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average error of 0.01mm; 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 system false 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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Office computer displayer of electromagnetic
radiation measure and alarm system

Yuan Guiyang;Shen Chunyang;Liu Gucheng
(College of Instrumentation and Electrical Engineering,Jilin University,Changchun 130012,China)

Abstract—In this paper,a STC89C52 MCU based portable office computer display of electromagnetic radiation measuring

instrument is introduced. The instrument by antenna probes, sensors, amplifying circuit, filter circuit and single chip

microcomputer to deal with signal, and the results will be displayed on the LCD panel. There will be alarm when beyond the

limit. It has small volume, easy to carry, convenient measurement, etc. In 20 hz ~ 3 MHz wide frequency range, the

instrument is easy to measure the strength of the electromagnetic radiation. Using three axis loop antenna can do

comprehensive measurement of the electromagnetic radiation rapidly and display of the electromagnetic environment of the

evaluation results.

Key words—Electromagnetic Radiation;Measuring;Filtering; Magnify;Antenna

0 FOREWORD

WITH the progress of the society and the development
of science, the computer, as a kind of modern
high-tech products and electrical equipment ,have
become an indispensable part of People's Daily life.
When people enjoy fast, efficient and convenience
brought from the computer ,at the same time, there are
different degrees of concern. Because all kinds of
household appliances, mobile equipment and other
electrical devices,when they are workingthey will
produce different degrees of electromagnetic radiation.
Electromagnetic radiation pollution become the forth
pollution after water pollution, air pollution and noise
pollution. Due to the feature of electromagnetic
radiation which is colorless, odorless, invisible and
scratching, people can not through the senses perceive
this invisible pollution. Research shows that if the
body expose in the intensity of electromagnetic
radiation out of security for a long time will produce
certain negative impact on health. While for most of
the white-collar workers, teachers and civil servants
and other who long-term close contact with the
computer for a long time, how strong is the
electromagnetic radiation from the electromagnetic
radiation and electromagnetic wave, etc.),and sound
(noise), light (uv and visible light, infrared radiation,
etc.) and so on? how they influence on the human
body have? So the computer radiation measuring has

very important significance for our life.

1 SYSTEM SIMULATION

Maxwell 2 d / 3 d of Ansoft company is a
electromagnetic field analysis software which is
It includs field
analysis module of electric field, magnetic field, eddy

powerful, accurate, and easy to use .

current field, the transient field and temperature field,
which can be used to analyze motors, sensors,
transformers, permanent magnet devices, such as
actuator  static, steady state and transient
electromagnetic device, the characteristics of normal
condition and fault conditions. It contains a top-down
implementation of user interface, leading the adaptive
grid subdivision technology and user defined material
etc., making it far ahead on the ease of use. It has a
high performance matrix solver and high performance
processing capabilities,which provides the solution of
the fastest speed.

We use the software to simulate the electromagnetic
radiation environment around the screen. The
computer screen is seen as size is 40cm % 30cm X 2cm
Tablet radiation source,and we set an insulating
material behind it to analog computer monitor. Figure

1 shows the simulation results of the radiation.
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Figure 1 computer monitor electromagnetic radiation

simulation diagram

2 INTEGRATED DESIGN AND OPERATING PRINCIPLE

Electromagnetic radiation measuring instrument
consists of sensors, filter networks, amplifying section
the rectifier circuit, analog to digital conversion, data
processing unit chip, display and alarm parts and other
components, the basic components of its hardware
block diagram in Figure 2 shows

Three component coil

Digital to analog conversion

v

Amplifying circuit

!

MCU control and handling

l

display

alarm

Figure 2 Block diagram of the hardware
The system uses 10V battery. Electromagnetic
signal is fed into filter network and amplification
circuitry. Then enter the analog-digital converter
module, the converted digital signal to the
microcontroller for processing. In programming. the
of the

density. it is

resulting data is calculated the size
electromagnetic
displayed on the LCD module, and has a peak hold

and peak display. At the same time when the data

radiation power

exceeds the limit value will alarm, which means that
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the power density measured value is out of limit value.

3 HARDWARE DESIGN

3.1 Three component coil

Tester commonly used is directional or antenna to
measure radiation , but the majority is directional
is directional , and the electric field probes are
expensive. In the simulations, we can see that
Magnetic field is not a single direction of the magnetic
field. the measured values using the conventional
probe vary greatly. Therefore, the three component
coil measuring instrument measurement avoids the
problem of directionality, and no matter how the
winding direction, it can measure the exact value.

As previously measured electromagnetic signal is
weak, you need to use the amplifier to amplify the
signal before processing. Before amplification the
signal go through a capacitor that serves to filter out
the DC and preliminary filtering. The waveform
Collected from the oscilloscope can be seen that the
collected is high frequency and a small amplitude
signals. Via a plurality of elements to be adopted after
relatively wide bandwidth, the smaller offset current
as a main amplifier OP37 parts, the signal
amplification. Meanwhile, since the bandwidth of the
reasons OP37 itself, two amplified also plays a filtered
high frequency harmonics .Enlarged part of the circuit

as shown in 3.

P
TR

R oS
e . S
Figure 3 amplifier module circuit

3.3 Analog-digital conversion

ADCO0808 is sampled 8-bit resolution which the
principle of successive approximation to analog /
digital conversion device. It is equipped with an
8-channel multiplexer, which can be latched by the
address code to decode the signal, whic is selected in 8
analog input signal . As the measuring instrument have
three component signal input, so except three-way
signal processing ,we also need three-way A / D
conversion. ADCO0808 has sufficient accuracy, fast
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slew rate, and can be selected by the address bits to
complete multi-channel input. it is the best choise of
measuring instrument . ADCO0808 connection circuit

shown in Figure 4.

U2
36 10 clk
P— e cLOCK 42—
— N START |2—Slo
——c 8 lyp
—{me oo |—E5°
e L o s
= ms outt e
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« 2 QT4 =
——2L 1 rona ouTE [t
——1 A0 ouTs =1
P e Ll ouT? <o
— 2 laE TS *
12
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['s]
¥ 16 1 yREF() oE |25
| ADC0808

<TEXT>

Figure4 ADCO0808

3.4 MCU control part

STC89C52 is produced by STC. It is a low-power,
high-performance CMOSS8 bit microcontroller with
8K bytes in-system programmable Flash memory.
STC89C52 use the classic MCS-51 core, but do a lot
of improvements which the traditional 51 single chip
don't has . On a single chip, with a deft 8 bit CPU and
in-system programmable Flash, making STC89C52
for many embedded control applications provide
highly flexible, ultra-effective solution. Due to the low
cost and flexible practicality, the measuring instrument
using this chip for data processing and alarm.
STC89CS2 connection shown in Figure 5.

Ut

2 bxraLt FO.0IADD
PO.1ADT
PO2IAD2
XTAL2 FO3IADS
FOAADS
POS1ADS
POBIADS
RST POFIADT
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P2.1180

_ P2.2/A10
FSEN P23AN
ALE PRAAIZ
EA P2EfA13
F20/A14

F2IA15

F10M2 P3.0RAD
P11T2ZEX P3.ATXD
P12 Fa.2iiNTO

P15 3T
P18 P3EANR.
P17 P3TIRD

STCAACEZ
<TEXT»

Figure 5. STC89C52 connection
The microcontroller program has the data
processing unit and 0.01ms is the sampling frequency.
the data Be integrated of analog-digital conversion
will be converted to magnetic field strength and
compare to the limit value.
If the measured value exceeds the national standard
electromagnetic radiation limits, the microcontroller

via the warning light. indicating that the current

measured value exceeds the radiation of
electromagnetic radiation standards specified value, to
show to make some precautions to avoid
contamination of electromagnetic radiation on the

human body effects.
4.SOFTWARE DESIGN

In the process of writing the system software, using
modular design thought, making the process a quick
and efficacious. System program mainly for data
acquisition, data processing, data display, and extra
functions,

including the main program, data

acquisition  subprogram,analog-digital conversion
subprogram, data disposing subprogram, LCD display
subprogram, alarm subprogram, etc.System main
program is an important process of the measuring
instrument, which is responsible for scheduling system
of various application modules, and exchange the
information with the system equipment in time,
achieving the overall management of the software and

hardware resources. System of the main program flow
is shown in figure 6.

Initialization

A 4

Wait measurement is completed

completed?

analog-digital

v

Integration

A 4

Display and

\ 4
end
Figure 6 main program flow chart

5.CONCLUSION

129



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the Second Half of 2013

After testing,this measuring instrument can almost
complish tasks, reach measurement standard,and using
the three-component coil can accurately measure the
space magnetic field intensity,estimating the polarity
of the magnetic field, ensuring the high fidelity of the
experiment data, especially suitable for weak magnetic
field measurement, and has intuitionistic display
interface. In addition the system also has the

advantages of compact structure, small size,

low-power dissipation, easy to extend. In the test of
property, coinciding with the theoretical value,and

performance well.
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The Multi-frequency Signal Generating
Technology for the Shallow Surface Detection

Liu Chang-sheng, Kang Pan, Xia Zheng-yang , Zheng Wei,
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract—In this paper, in order to meet the requirements of the transmitting signal in shallow surface FEM domain, based

on the DDS theory, using single-chip microcomputer and programmable logic device as the hardware control platform,

realized the universal multi-frequency signal generating system. This system can produce a single frequency, multi-frequency

(dual-band, tri-band) sine signal. The experiment results show that, waveforms produced in this way has good quality, pure

frequency spectrum and high resolution. It can overcome some other methods’ defects, such as the high requirement of

stream method to the stability of coil load .The pseudo-random method can not arbitrarily set the frequency and the THD

(total harmonic distortion)is very high.

Theoretical simulation and experimental results verify the effectiveness of the method.

Key words—FEM; DDS; near surface; multi-frequency signal

0 INTRODUCTION

Shallow surface detection by electromagnetic wave
penetrating uses different frequency of electromagne
tic waves for different depth of strata information, and
single frequency electromagnetic waves can only ach
-ieve a single probing depth,so it reflects a single
stratigraphic information on the practical application
of low efficiency.A multi-frequency electromagnetic
detection system is capable of firing multiple frequen
-cy electromagnetic waves everytime and this can be
achieved at different depths of the underground expl-
oration target body a the same time.The core technol
-ogy of multi-frequency electromagnetic induction de
-tection system is a multi-frequency signal generation
technology. This paper aims at near surface detection
system,and it designs multi-frequency signal system
which is based on MSP430F149 microcontroller and
programmable digital logic devices FPGA[1,2,4]
(EP1C3T144). Moreover, it produces good signal
waveform,high resolution and low harmonic distortion
single and multi-frequency signals.This paper also
overcomes the bit stream method coil load stability

requirements [12] Pseudo-random method can not
arbitrarily set the frequency and the THD’s (total
harmonic distortion) high shortcomings [11]-

1 GENERAL DESIGN OF SYSTEM

According to the system detection and the need of
field work , multi-frequency signal generating system
includes two modules that is the human-computer
interaction and signal generating, which is shown in
Figure 1. HCI module wuses TI's
microcontroller MSP430F149 as the master chip,
moreover, it has plug-in keyboard and LCD. Master

low-power

chip controls keypad and LCD, and uses the received
information to make the appropriate mathematical
processing to communicate with the FPGA. At the
same time, LCD displays the user’s  required
information in real time. FPGA receives information
from single chip and makes logical processing,and it
sets signal discrete value information through I / O
port output ,from the external high-speed DA discrete
values of the received information into an analog
signal,and then it outputs through the filter, amplifier,

signal conditioning modules.

131



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the Second Half of 2013

LCD
Human- Hich .
© The The Signal
FPGA
computer )
MSP430F1 L ——> Speed ) roportio ——>
Interaction. EP1C3T144 p —] filter —) prop
DA n zoom
Keyboard

Figure 1 Overall system diagram

2 THE PRINCIPLES AND PARAMETERS OF

MULTI-FREQUENCY SINE WAVE SYNTHESIZER DESIGN

2.1 Sine wave generation

Generating sine wave shown in Figure 2:

! !

Frequency The phase Sine lookup table
control accumulator M bits
n bits

phase ﬁ ﬂ amplitude

u U The system clock

Low

D/A .
The output signal

nbits pass /=

filter

Figure2 Block diagram of sine wave generation (single frequency)

After FPGA receiving input information to the mic
ro-controller, it adjusts the size of the accumulator
output that is the number of addresses in an unit
cycle.Due to the system clock of the input of the
accumulator fixed, the more the number of the address
unit period, the longer the period;when ROM receives
the address of the accumulator type, ROM transmits
the address into the address stored in the correspondi
-ng amplitude information on the frequency output.
The output signal is the same as the accumulator input
address [6-9]; DA external high frequency output from
the ROM is converted to analog information
amplitude informatio-n output, the output frequency is
determined by formula (1) in:

f =f xK/2" (D

Where f, is the system clock, K is-the frequency

control word, N is the number of bits of the
accumulator.

Signal synthesis technology follows Nyquist law,
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that is not greater than the maximum output frequency

of the reference clock half, f, < f./2.The actual

0o =

output frequency is determined by the decision to
allow the output spurious levels, in general,

f, < f, x40% . Constituted under the same cycle of

one complete cycle of discrete points, the more the
actual output signal of the smoother, the more spectral
components clean. Because near-surface exploration
launch system is not greater than the maximum output
frequency 50KHz, designed with 20M to 100Mexter-
nal clock input frequency as the system reference
clock cycles to get more points, so that the output
signal is smoothed, the spectrum is relatively pure.
2.2-Multi-frequency-sine-wave-frequency-synthesiz-er
Inside FPGA, ROM Use the mode of register to
output. At the same rising edge of the reference clock,
different frequency signals corresponding to the
different ROM, insert different frequency amplitude
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information to the output of the ROM, and remains
unchanged before the arrival of the next data.

The synthesis sine wave frequency requires the
reference clock frequency in adder module less than
the reference clock frequency of the ROM. If referen
-ce clock of the adder module is greater than or equal
to ROM reference clock, it will output the value
of different frequencies superimposed upon the ampli
-tude information at each rising edge of the reference
clock adder module, is not lost to the, Figure 3 show
s the dual-stack diagram:

ot 1t A
+
Ly - ! ae
[
fo:fi1+fi2

A T ¢ % l v
Figure 3 Schematic sum frequency

If the input reference clock frequency of the adder

module is less than the reference clock of ROM, the

adder module reference clock rising edge in the ROM

data within one clock maintained cycle was not able to

come, eventually leading to data loss. Such as

emission frequency resolution is 1Hz, according to
Af = £, /2", taking 28 accumulator bits, then the

frequency resolution is 100M/2** = 0.372Hz. If using
28 of the ROM, the ROM capacity of a single 2”°bit,
general FPGA chip is difficult to meet the
requirements. Adopt a "truncated" thought, with 10 of
the ROM to achieve the above requirements, the
address of the ROM 10 and the phase accumulator 10
is connected to the address, which can greatly save
ROM space. Experiments show that there will be error
present in the actual output waveform truncation, but
has little effect on spectral purity, coupled with the
subsequent low-pass filter, to further reduce the
impact. According to a periodic sinusoidal signal using
the direction control signal accumulation method can
further compress the ROM.

3 SYSTEM MODULE IMPLEMENTATIONS

Multi frequency signal generation system consists
of communication, frequency settings, accumulator,
waveform memory ROM, combined frequency output,
filter and other components.

3.1 Communication design

Due to the limited microcontroller pin resources,
taking into account that the amount of data the system
needs little effect on the speed of data transmission
requirements are not high, so communication design
uses-a-custom-serial-communication-format. Commun

-ication-schematic-diagram-is-shown-in-Figure4

_Lriri [T 1L Clock
X X X Data
) t
" High
28bit F 4bit F
Control word Control word

Figure 4 Schematic communication

MCU and FPGA system are interconnect through a
clock line and a data line, each communication
transmitting 32bit data, in which the low frequency
control word 28bit as high as the frequency setting
4bit control word, and according to need, the flexibil
-ity to modify communication digits and format. FP-
GA during receiving process has always maintained a
high impedance state, and will transfer the 32bit serial
data into parallel data after receiving
3.2 Frequency setting

According to the system detection requirements,
it needs to emit single frequency, dual band and tri-b
and sine wave, sine wave for dual-band and tri-band to
keep the last frequency point on a latch unchanged
when setting next frequency point. appear in the
system before or after the rising edge of the clock at
any time. If you want to trigger the correct data,
sampling must meet setup (Tsu) and hold (Th)
time. Otherwise,it will result in metastability design.
The design should be synchronous, and the input
signal is asynchronous with the system clock to make
the signal to synchronize the clock relative to
a position that will synchronize asynchronous combi-
national logic. By means of this way, it is good to
avoid the asynchronous logic which may result in
sub-steady-state problem.
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3.3 Accumulator

At each rising edge of the system clock, the
accumulator accumulating step of the value of the
frequency control word, the accumulator is set to 28.

Each 1/ f, time is to complete a full incremental,

and then repeat accumulate, eventually produce 28 to
accumulate address and 10-bit output to high sine
lookup table ROM as the ROM address, which
determines the number of bits in the accumulator
output signal resolution, and the accumulator the
accumulation cycle determines the output signal
period [10].

3.4 Waveform Memory ROM design

ROM uses Quartus II
software MegaWizard Plug-In Manager Custom 10 of
the ROM. The design uses a 10-bit parallel high-speed
DA, which requires single-frequency output data

Waveform memory

format. But it can not be more than 10. Actually it is
designed with tri-band. The final single maximum
frequency output amplitude quantized value is set to
340, using the 10-bit data output format fully meet the
requirements. ROM table loaded. Mif file in this
design obtained by the MATLAB programming, the
main program as shown below:

x=0:1:1023;

y=round(170*sin(2*pi*x/1023))+170;

a=[x;yl;

fid=fopen('rom1023.mif','w")

fprintf(fid,'%d:%d;\n',a);

fclose(fid)
3.5 Combination frequency output design

Combination frequency sine wave frequency outpu

t module of the completion point synthesis. High

pI_To0m

input-information-through-the-microcontroller
determines the final four points to the output
frequency. I-=f the output will be single-frequency
single-frequency amplitude scaled appropriately after
FPGA I / O pin output. If the multi-frequency
signals will be scaled appropriately combining process
and the output, the same synchronous design, the
system clock frequency of the input reference clock in
the above ROM information is not lost when the
outputs of all the processed information. ROM
reference clock frequency is calculated as (2), (3) as
shown.

When the operating frequency is set to the lowest
frequency (10Hz), the frequency points up, then ROM
reference clock frequency up to 3.7MHz, the design

100M xK /2% =10 )

100M /K = f (3

minimum operating frequency of the highest
frequency of the reference clock ROM.
3.6 Filter Circuit Design

DA with the holding - output - hold function, the
final output is stepped waveform to output a smooth
analog waveform to the waveform of the output of the
DA necessary filtering. Design choices Linear Techn
ology produces integrated 10-order low-pass filter
LTC-1569-6, using an external resistor or external
clock control cutoff frequency. When using an
external clock control, the cutoff frequency is set to

f. =clock / 64,(clock <5M) .

Multi-frequency signal acquisition system block

diagram shown in Figure 5.
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ares(28.0
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x | st 9 .0
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Figure 5 FPGA multi-frequency signal producing system
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4 THE EXPERIMENTAL RESULTS

In a laboratory environment, the experimenters use
an oscilloscope at the transmitter power resistor in
series with the transmitter current waveform capture,
Figures 6 to 11, respectively, they are output wave-fo
rm of single frequency,-dual band and trib and its
FFT waveform transformation. Bec-ause of the
near-surface multi frequencyelectro-magnetic emissio
n detection system using a multi-turn coil as the
inductive load, the load impedance at high frequencies
will be significantly increased, therefore, the result re
flects thatmultifre-quency synthetic signal spectrum i
n the high frequ-ency component amplitude is lower

than the low freque-ncy component amplitude.

uv
+
4
0
-4 s
0 1000 2000 3000 4000 t;us

Figure 6 Single-frequency signal time-domain waveform
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Figure 7 Single-frequency signal frequency-domain waveform
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Figure 8 Dual signal time-domain waveform
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Figure 10 Tri-band signal time-domain waveform
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Figure 11 Tri-band signal frequency domain waveform
5 SUMMARY

The paper came up with a kind of method based on
the multi-frequency sinusoidal signal of FPGA. The
paper designed and completed the system of
multi-frequency signal’s production according to the
requirement of near-surface electromagnetic detection.

Through experiments, its waveform is good and
both the spectral purity and the resolution is high.
Based on the method, it can produces, low-cost and
high-performances multi-frequency sin wave and it
can be applied universally. When the frequency and
accuracy of the output signal is required lowly, we can
use MCU as the master control chip.
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Fuzzy control based on ultrasonic ranging parking
system model design

QIAN Cheng-hui; FU yu-jing; MIAO Hong-song;KANG-ning
(College of insrumentation andElectrical Engineering, Jilin University,Changchun130022,China)

Abstract — In order to provide a better theoretical foundation for developing the automatic parking system.it designed an

automatic parking system model based on the ultrasonic that

is used in distance measurement.First, modeling analysis is

carried out on how the car moves, combined with actual situation, the three vertical < parallel. oblique fuzzy controllers for

the parking system are put forward,and Simulation respectively in Matlab Simulink. Then using ultrasonic ranging

technology, video capture technology to get around environmental data. In accordance with the ratio of the actual vehicle,

model car is designed instead of the real vehicle,at the same time, the C code which is converted by the fuzzy controller that is

verified is embedded into the main control board of Freescale K60 for automatic parking feasible tests. Test results show that

the set of system can efficiently achieve three parking spaces autonomous parking with short parking time, high control

accuracy, good system stability .

Key words—Automatic parking system; Fuzzy control; ultrasonic

0 FOREWORD

IN recent years, with the development of economy,
more and more families own cars, for less experienced
drivers, in the crowded parking lot, parking garage
and parking roadside safety problems become more
prominent. Automatic parking system that by the
broad masses of the people concerned has greatly
enhanced the parking process accuracy. However,
compared with the automatic parking system research,
the current domestic research on the automatic parking
system is still in the primary stage, only a small
number of high-end car is equipped with automatic
parking assist system. Design of parking system model
to verify the parking control algorithm, can provide a
theoretical basis for the real vehicle research and
development of automatic parking system, further the
theory is transplanted to the car, the automatic parking
system to replace the driver to observe and judge, to
realize the automatic parking place, greatly reduce
parking accidents, thus has certain significance for the
design of parking system model .

1 THE PRINCIPLE AND ALGORITHM

1.1 The principle of ultrasonic distance measurement

The ultrasonic transmission device to the ultrasonic

transmitter in one direction,at the same time,

ultrasonic  launch open the timer, the spread of
ultrasound in the air, on the way to return immediately
encountered obstacles, the ultrasonicreflected wave
received by the receiver to immediately stop the clock.
The ultrasonic propagation in the air speed V and

timer recording time t, using the formula:
F=v-tfa

You can calculate the emission point to the obstacle
distance s. This system requires high precision,
because of the influence of velocity of ultrasonic wave
propagation in the temperature changes greatly, so the
method of temperature compensation to correct the
temperature.Formula is obtained by the following

calculation:

T
* = 33145 x (14 ——=1"m/s
(1+ 5?3.15:\1 /
Type: 1 is the celsius temperature.

The systemuses eight ultrasonic were placed
around the model cars in the composition of
environmental measurement device that can pinpoint
the parking spaces in the environment as well as by
the surrounding environment for body posture angle to
ensure the reliability of the system.

1.2 Motion modeling

In order to be more intuitive and simple to solve this
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particular vehicle of automatic parking procedure, the
model car vehicle kinematics model is established,
which simplify the car into a rectangular rigid body,
based on ackerman steering geometry kinematics
model of the car. For the car model in this paper that
we study, it can be simplified as two rounds of car
model, vehicle front axle midpoint as reference to
describe the movement of vehicles, ackerman steering

model is set up as shown in figure 1:

(Xr, Yr)

v

Fig.1 Ackerman steering model

[xf. }F_f)\ [:x,,.. }F;..) in Fig.1 denote the front,

rear axle midpoint coordinates of the vehicle; ¢
represents the front wheel angle; 8 represents the body

heading Angle; lrepresents a vehicle wheelbase; 77,

represents speed of rear axle center, Simplification of
the vehicle kinematic equations are:

=vjc&slﬂmsqx= . cog &

e
¥.=v.snfeosg =v,. sinf
4 sin @ tang

From the above analysis of kinematic equations
obtained: at low speed, the motion trajectories of the

rear axle center model car as a circle, and the circle

radius only related to the vehicle front wheel Angle «p.

According to the practical design of vehicle size in
proportion to design the car model and the parking
in  Matlab/Simulink
Ackerman steering model, provides a good theoretical

environment, and set up
foundation for the design of fuzzy controller for the

following.
1.3 Design of fuzzy controller with automatic parking
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Fuzzy control is a kind of computer control method
based on the fuzzy linguistic variables. the fuzzy set
theory and fuzzy reasoning, and the system is suitable
for the complex mathematical model. Fuzzy control
inherits the natural language habits natural human
language the concept of mode of thinking and image
habits,

methods, application of fuzzy control in automatic

compared with other traditional control
parking system more widely. The fuzzy controller of
automatic parking design includes vertical parking
fuzzy controller design, parallel parking fuzzy
controller design and oblique parking fuzzy controller
design, similar to the way the three kinds of controller
design, this paper discusses the vertical parking as the
case of fuzzy controller design. The design of
the fuzzy automatic parking system control block

diagram is shown in figure 2.

Fuzzy rules

Data

prepr Fuzz Fuzzy

ocessi v Reasoning
ng

Steering N
servo

Environment
collection

A

Fig. 2 Fuzzy automatic parking system control diagram
The fuzzy controller inclued four parts which are
the fuzzification, fuzzy reasoning, fuzzy judgment and
fuzzy rules. CPU mainly through the following three
steps to realize fuzzy control:

First, get the vehicle rear axle via ultrasonic array
center coordinates{x,-., _}',-.) and body heading angle 6,

the ultrasonic sensor data sampled fuzzy.

Second, according to the fuzzy control rules,
combined with the experience of the driver's actual
parking, the fuzzy control quantity is calculated.

Last, judgment on the amount of fuzzy control, to
draw firm steering servo output to the control model
car front wheel steering.

Through the simulation analysis ofthe fuzzy
controller, the appropriateadjustment in the actual
operation, debugging and ultimately the precise
parking control.

2 HARDWARE DESIGN AND SIMULATION
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The design of the hardware circuit includes
Freescale k60 minimum system module design,
ultrasonic circuit design, steering motor drive circuit
design, DC motor drive circuit design, circuit design,
video capture, voice module circuit design. Hardware

system circuit diagram shown in Figure 3:

Ultrasonic Servo drive Steering
Module < g circuit > servo
Encoder €—
Freescale ) DCrT10tor —» DC motor
drives
K60
Axis gyro [ €—
Voice Image
module « g acquisition B
Power
management

Fig.3 system block diagram

2.1 Ultrasonic Ranging circuit

When the vehicle passes through the parking
position, the ultrasonic sensor signal received by the
controller, to identify and store information about the
scale of parking, the parking area to establish a map.
Ultrasonic ranging subsystem hardware module
structure shown in Figure 4.

Sensor 1 Signa Power
Transmitting [ Modules
Sensor 1 Signa N ¢
ivi > | >
Receiving sens | €

on Signa
Sensor 2 interface circuit ‘4—} selec |

tion

A

Freescale
Sensor 3 interface circuit ‘4—} K60

‘ Sensor 8 interface circuit ‘4—)

Fig.4 the hardware module of ultrasonic ranging system

2.2 speed and steering angle measurement circuit

Speed and steering angle measurement interface
board to complete two tasks: incremental encoder
signal waveform adjustment and steering measuring
circuit voltage conversion.

2.3 DC motor drive control circuit

DC motor drive circuit is mainly used to control the
DC motor rotation direction and speed of rotation. You
can turn through changing the voltage across
the DC motor to control the motor; And control the
speed of DC motor has a different scheme, the
conventional method is the use of PWM control. Drive
circuit directly select infineon full of high power drive
chip BTS7960 H bridge driver module. Motor drive

principle diagram as shown in figure 5.

. Il
— 1

Fig. 5 Schematic diagram of motor drive

3 SYSTEM SOFTWARE DESIGN

Car slowly forward,
Start the autamtic
parking system

Parking
artificial

Vehicle straight,
Search for
parallel parking

(blique parking

Parallel parking Vertical Parking

Fig.6 System software flow chart
The design of automatic parking system model,
starting the automatic parking system, choose the
vertical, parallel and oblique three kinds of parking
mode, Ultrasonic Ranging get the vehicle rear axle

center coordinates 'I:.x,. M J',) and body heading angle

0, the input fuzzy controller to control the vehicle
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reversing, automatic parking. System software

flowchart and automatic parking system flow chart are
shown inFigure 6 and 7:

Start parking

Open reverse
image

Ultrasound data
acquisition

Fuzzy Control
Parking

Body attitude
adjustment

Parking finish

Fig. 7 Flow chart of automatic parking system

4 TESTING AND ANALYSIS

This design created based on fuzzy control parking
ultrasonic ranging system model, vehicle model,
measured by ultrasonic rear axle center coordinates as
parking start position, in Matlab / Simulink establish
vehicle kinematics model and fuzzy controller, and
automatic parking process simulation, verification of
the fuzzy controller design is reasonable and the
accuracy of the design. Vertical parking for example,
the Matlab / Simulink simulation results shown in
Figure 8.

Fig.8 the simulation results of automatic parking matlab /

Simulink

While the same proportion to the size of two model
car as a reference vehicle, according to the proportion
of the actual design of the garage parking spaces, two
empty spaces reserved between the reference vehicle,
the test results shown in Table 1:
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Table 1 Automatic parking measured results

number

1 2 3 4 5 6

tests

Timespan t/s 69 6.6 6.7 6.9 6.8 6.6
Front heading

0 15 30 45 75 80
angle ¥
Whether

NO YES YES YES YES NO
Parking

As can be seen from the test results, heading angle
control at 15 © ~ 75 ° range, the car model can achieve
rapid automatic parking, parking warehousing, high
precision, good stability of the system.

5 CONCLUSION

Design of automatic parking system, not only to
complete the model car automatically find the smallest
empty spaces and the use of fuzzy control method to
achieve three parking spaces for parking, but also uses
voice module for voice reminders, as well as reversing
the car back on the display of the road information, the
laboratory parking system model design more humane,
intelligent.

Automatic parking system for the parking lot are
not familiar with the novice into place to provide a
convenient, but the current automatic parking system
still does not do automatic but there are some
shortcomings. Therefore, automatic parking system for
today's automotive research, design appropriate to the
current domestic environment, parking system model
can be developed for the market of small and medium
car parking systems automatically provide a
theoretical basis for further migration to the theoretical
part of small and medium sized cars , suitable for
automotive automatic parking control. Instead of the
automatic parking system operator to observe and
Judge,

combined with vehicle driving system,

automatic parking place.
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