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Abstract

The purpose of this system is to carry the car automatically. The AT8951 single-chip
computer is used as the control core. The infrared sensor is used to detect the road and send
the signalsto the single-chip computer. The car can drive along the fixed track automatically.
After reaching the required location, the inductive proximity switch is used to detect the iron
sheet. The electromagnet is used to realize the function of automatic fixed-point pick-up and
unload, and the counting and timing is carried out automatically.*
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1 Introduction

The system consists of hardware and software. AT89S51 is the core component of the whole
car. It controls all the running states of the car[1]. It is responsible for detecting the state of
sensors and controlling the motor. The schematic diagram of the system is shown in Figure 1.

‘ Infrared sensor ): Driving motor

‘ Inductive proximity switch ): AT89S51 Electromagnet

‘ Photoresistor measuring circuit ): LED display

Figure 1. Schematic Block Diagram

The trajectory of the car, as shown in Figure 2, is the principle diagram of the car handling.
The trajectory of the car made of black belt is placed at three points A, B and C with small
lights respectively. The three points A, B and C are determined by the light source of
photosensitive resistance detection[2]. According to the requirements, point A is the starting
point, and the goods to be transported by the car are also placed at point A. When the car reaches
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point B, it needs to unload the cargo and drive back to point A. When there is no goods available
at point A, the car stops after driving to point C.
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Figure 2. Car handling schematic diagram

2. Hardware Design

In order to realize the function of automatic tracing and fetching of the car, each part of this
paper is implemented independently. The circuit schematic design is described in detail
below[3].

2.1 Design of Sensor and Conditioning Circuit

According to the pin function of the sensor, the circuit for detecting black belt is designed,
as shown in Figure 3.
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Figure 3. Trace Circuit Diagram

When the sensor works normally, the output level is high. When the sensor can not receive
the reflected signal, it will output low level. At this time, the low level signal will be transmitted
to AT89S51 single chip computer through P3.5 or P3.7 for processing, so as to determine which
pre-programmed program to execute to control the driving state of the car[4]. The installation
position of the infrared sensor is shown in Figure 4.
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Figure 4. Sensor Installation Location

2.2 Design of a Circuit for Determining the Operating Position of a Car

The three points of A, B and C are determined by photoresistors, which are accomplished
by photoresistors and A/D in the microcontroller[5]. When the photoresistor receives light of
different intensity, its resistance value will change. Because of the change of the resistance
value of photoresistor, the voltage input to the singlechip P3.3 will change with the change, and
the value converted by A/D inside the singlechip will also change. The direction of searching
light will be determined by the processing of the value, so as to determine the operation
position[6]. The schematic diagram is shown in Figure 5.
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Figure 5. Light-seeking schematic diagram

2.3 Design of Motor Driving Circuit

The driving circuit can make the motor rotate. L298N's 5, 7, 10 and 12 pins are connected
to the single-chip computer[7]. Through the programming of the single-chip computer, the
functions of PWM speed regulation and positive and negative inversion of two DC motors can
be realized. That is, AT89S51 outputs two sets of PWM waves, each set of PWM waves is used
to control the speed of a motor. The other two I/O ports can control the forward and reverse of
the motor. The control method and the control circuit are relatively simple. That is, P1.5 and
P1.4 control the direction of the first motor, input: PWML control the speed of the first motor;
P1.3 and P1.2 control the direction of the second motor, input PWM2 control the speed of the
second motor. The motor chosen here is 3V DC motor. Figure 6 is the driving circuit diagram
of the motor.
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Figure 6. Driver Circuit

When two motors are running at the same speed during the operation of the car, the car will
perform direct work. When it is necessary to turn, it is possible to stop or decelerate one motor
while the other motor rotates normally. That is to say, when the car needs to turn left, the motor
on the left stops turning or decelerates, while the motor on the right runs normally. When
turning right, the right motor stops and the left motor runs normally.

2.4 Circuit Design of Iron Sheet Detection and Material Collection

The inductance proximity switch LJ12A34Z/BX is adopted. The inductance proximity
switch has three interfaces: grounding, power supply and output. Its effective distance
measurement is 4 mm, which can meet the design requirements of the car[8]. The inductive
proximity switch LJ12A34Z/BX is combined with an electromagnet to complete the detection
and handling of iron sheets. The electromagnet is connected by a triode (as a control switch),
and the on-off and off of the electromagnet are controlled by the output signal of an I/O chip
P3.1 of AT89S51. The schematic diagram is shown in Figure 7.
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Figure 7. Principle of iron sheet detection and extraction

2.5 Design of Display Circuit

Use LED digital tube to display time and number|[9]. During the working process of the car,
it is necessary to record the time spent and the number of objects taken by the car. The designed
display circuit is shown in Figure 8.

4 ZHU Chun-yan, DONG Xiao—wei, JIN zhong—-bo



International Journal of Smart Home
Vol. 13, No. 2 (2019), pp.1-10

Ul
R9
P00 a
RS —p 1 1 °
"—‘RJ——lib a a a a
.;_@Mc
PO~3 d f b f b f b f b
¢+ [R5 | PO d g g g g 1 P20
¢« R4 | € e com
B e oy e A e o R
14@ f d | d |. d |, d |.
« g 1 D0 g, ip i i i ~ com3 P22
VvCC SR420561K

Figure 8. Display Circui

2.6Reset circuit and crystal oscillator circuit

When SCM is initially powered on, it needs reset operation. In the process of operation, the
MCU may be disturbed by the outside world, which makes the program fall into dead cycle or
"run away". When this happens, it is necessary to reset the MCU in order to restart the
operation[10]. The reset circuit and crystal oscillator of MCU are shown in Figure 10.
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Figure 9. Crystal oscillator and reset circuit

3. Software Design

The flow chart of the main program is shown in Figure 10. From the beginning of the
execution of the program, the traceback program is being executed in a continuous cycle.
Through the principle of phototaxis, the car is designed to reach the fixed point A, and then the
proximity switch is applied to detect whether there is iron sheet. When there is iron sheet, the
electromagnet executes the fetching and starts to execute the timing program. When there is no
iron sheet, the car stops at point C. When the pick-up is finished, the car continues to drive.
When it reaches point B, the iron sheet is lowered. Then the counter adds 1. Then display timing
and counting by LED.

Using modular design, subroutines have track subroutines, fixed-point pick-up subroutines,
display subroutines, timing subroutines.
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Figure 10. Main program flow chart
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3.1 Traceback subroutine

Racing is a task that needs to be done in the whole process of car work. Therefore, in the
design, car tracing is the main part of the whole program. The premise of tracing is that the
motor rotates to make the car run, and then the photoelectric sensor is used to detect the road
and make it run along the fixed track. The flow chart of tracing is shown in Figure 11.
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Figure 11. Trace Flow Chart

In the process of tracing, the car first looks at whether the middle sensor detects the black
belt or not. If the black belt is not detected, the car carries out direct operation. If the black belt
is detected, it is re-detected by program control. When the car deviates from the trajectory, see
if the infrared sensor detects the middle and left sensors, and if it detects, turn right. If the sensor
detects the right and middle sensors, the car turns left.

3.2 Location Determination and Object Handling of Cars

The location of the car is determined in order to enable the car to pick up and unload things
at a fixed point. That is to make the car drive to point A and detect objects at point A, and pick
up objects. Then drive the car to point B and place the object at point B. When the car can't
detect objects at point A, it should drive to point C automatically.

The following is a brief introduction to the design of the program through the process, as
shown in Figure 12.
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Figure 12. Fixed Point Logistics Flow Chart

After the car starts driving, when it reaches point A, it detects whether it is point A by
photosensitive resistance. If point A, it detects whether there is iron sheet. When the iron sheet
is turned on, the car continues to run to point B. Similarly, it detects whether it is point B, and
if it is point B, it turns off the electromagnet. Then it goes back to point A and repeats the above
operation. When there is no iron sheet at point A, the car tracks to point C, checks whether it is
point C, and ends work at point C.

3.3 Display subroutine

Through the design of the display circuit, the following display flow chart can be obtained.
As shown in Figure 13.

The display of the digital tube starts from the low position. After the position is determined,
the segment code is selected by looking up the table and adding delay control. When this light
is P2.0=0, the next bit is selected.

3.4 Counting and Timing Subprogram

After the car picks up the object accurately, the timer starts and starts to count. The position
of time display is determined by position selection. When the electromagnet is closed, the timer
is closed. At this time, the display time is the delivery time of the car. At the same time, the
counter is added 1. When the car returns to point A to pick up, the timer is cleared and the
timing is restarted.

8 ZHU Chun-yan, DONG Xiao—wei, JIN zhong—-bo



International Journal of Smart Home
Vol. 13, No. 2 (2019), pp.1-10

( Start )

\
Contents in 20H are sent to R1
OFEH and P2 ports.

h J

Look up table to get P2 Right Move
segment code One Bit
J
h J
RI1+1
1
Delay of 10 s to Rl
i J
N
Y
Return

Figure 13. Shows the Flow Chart
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Figure 14. Counting and timing flow chart

4. Conclusion

The automobile can realize the function of auto-tracing and traveling according to a certain
trajectory, so that the car can start from any point to point A and reach the requirement of the
car to reach a fixed position. Then the goods are detected at point A, picked up automatically,
and driven to the target location B according to the prescribed route before dropping the goods.
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Then the above operations are looped. When the goods can not be detected at point A, the car
will automatically drive to point C, where the goods are simulated with iron sheets. No man-
made operation is required during the working process of the car. The car needs to travel along
a fixed trajectory at all times. When the car deviates from the trajectory, the car can be corrected
automatically. When a fault occurs, the operator needs to manually reset the system. At the
same time, in the process of work, it is necessary to automatically record the number of handling
and the time used.
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