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Abstract. Since contemporary information-retrieval systems rely heavily on the content of titles
and abstracts to identify relevant articles in literature searches, great care should be taken in
constructing both. Though the vehicle based on bang-bang control could achieve line-following,
it could not turn smoothly and there will be severe shaking when driving. Based on this, this
article presents a vehicle that relies on PID control. And this article provides detailed information
on making a line-following vehicle with RT control, which is based on Arduino. This vehicle
could track the black line from the white environment. The process of line following was
achieved mainly by the PID control. Therefore, the parameters of materials for building the
vehicle, as well as the logic of PID control would be introduced in the following parts of the
article. After adjusting Kp, Ki, and Kd several times, the vehicle could achieve the basic function
of line-following. This paper will introduce the process of the whole experiment and analyze the
results.
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1. Introduction

The intelligent line-following vehicle is a traditional path-tracking robot, which could drive along the
settled path without hand control and this type of robot has been widely used in the industry field [1-2].
For example, a line-following robot was created to provide comfortable and time-saving public
transportation for passengers to reduce the use of private cars [3], in which fuzzy logic is used for
controlling the motion of the robot. However, the first version of the line-following vehicle is based on
bang-bang control, which could only control two states of the vehicle and could not control the speed.
There are only two directions that the vehicle could drive- turn left or turn right. Though the vehicle
could drive along the designed path, the process is not stable. Therefore, according to the knowledge
recently learned, the line-following vehicle based on the PID control algorithm is proposed, which has
the advantages of simple structure, easy adjustment, high stability, and fast feedback [4-5]. As a control
algorithm, it has been widely and successfully used in industrial applications in the past few decades
[6]. This type of algorithm could control the speed. The PID algorithm will obtain and tackle the relative
position, continuously accumulated relative position and the difference between the relative position of
two consecutive moments. Information about the process of building the car and the algorithm will be
described in the following sections.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2. Method
The line following vehicles was designed and built to run the path. Which is demonstrated in the method

part.

Figure 1. The track of the black line.

The intelligent vehicle needs to drive along the black line from left to right in the environment
represented in Figure 1. Therefore, it includes a lot of knowledge that needs to be understood. The
following is the whole process.

2.1. Vehicle building
There are many materials used to make these two carts. The following are the materials and their

parameters.

Table 1. Components and parameters.

NO components and parameters
1 Bracket-1 L (Aluminum extrusion 6061) 200*35*20mm™*3.0mm
2 Bracket-2 L (Aluminum extrusion 6061) 135*35*20mm™*3.0mm
3 25 motor frame*4 Silver
4 The board of H-bridge 6.223 cm * 2.515 cm
5 The aluminum s111\5/§1;l< gr(:):l(r)ne of the vehicle (Silver)155*200
6 FT232RL USB to Serial board
7 The baseboard of the vehicle is 12.7cm *
12.7cm
8 Vehicle wheel medium 65mm 65mm*27mm
9 Battery 18650 2600mAh 2600mAh, 3.7V
10 Arduino Nano with USB cable
11 Power switch MTS102 250V 3A
12 25GA-370 motor with encoder 6V, 280rpm

When the materials were prepared, the construction of the car began. The process of building was
completed within a few days, and the inspection of each component was the first step. The next step is
the most critical, which is to connect the Arduino Nano board to the controller. The controller model is
ATMega328PB IC, whose host firmware receives commands through the serial interface to determine
the direction and velocity of the motor. The serial communication between the Arduino Nano board and
controller could be SPI, 12C, and UART. Then was the frame building of the vehicle, the four motors
and four wheels were connected, all of which were framed in the Vehicle. H-bridge Boards and
Baseboard installation were achieved in the last second step. Then fix the battery and its holder on the
top of the car, and the vehicle building was achieved. Here was the appearance of the vehicle.
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Figure 2. The appearance of the vehicle.

2.2. Compilers of Arduino

Arduino compiler is selected as Arduino IDE, IDE (Integrated Development Environment), is an
Integrated Development Environment, the compiler to add connector + other equivalent of editor.
Arduino IDE is Arduino team provided by a specially designed for the Arduino programming software,
use it, the code could be uploaded to Arduino board, which can transfer commands from computer to
hardware.It also supports a variety of development board, such as the Arduino Uno, Mega, Nano, etc.

2.3. Sensor

The infrared sensor model used in this experiment is SF-8CHIDTS. The sensor is internally equipped
with 8 TCRT5000 infrared sensors aand corresponding output indicator lights. In working mode, the
infrared transmitter will continuously send infrared. When infrared is received, the output signal is low
and the output indicator light is on. If there is no or insufficient infrared reflection (i.e. encountering a
black line), the output signal of the sensor will become high and the output indicator light will turn off.
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Figure 3. The internal circuit of the sensor.

Therefore, when the intensity of the reflected light is not high enough or there is no reflected light,
the photosensitive transistor will remain closed. At this point, the A0 pin would be provided with a high
level. Therefore, the module will remain at a high level. When the intensity of the reflected light is large
enough, the photosensitive transistor will be turned on, and the current will split, with a portion of the
current flowing to the ground. Therefore, at this point, the module will output a low-level signal. In order
to obtain sensor data, we use an analog-to-digital converter (AD converter) on STM8S105C4 to collect
sensor data and transmit the data to the main control board through the 12C communication protocol.
Then, by using the weight averaging method and the Arduino IDE's PID control algorithm, the vehicle
can achieve precise routing tasks [7-9].

2.4. Weight average

The concept of this method is to multiply the measured values of each sensor by the corresponding
weights, and then sum them to obtain an overall value. Finally, divide the overall value by the total
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number of sensors to obtain a weighted average. In this experiment, we used 8 sensors. We set the center
between the fourth and fifth sensors as the center of the entire X-axis and set corresponding X-coordinate
values for each sensor. The following is X-coordinate values of each sensor.

Table 2. Corresponding locations for the eight sensors.

The order of the sensor Location(mm)

1 43.75
2 31.25
3 18.75
4 6.25

5 -6.25
6 18.75
7 -31.25
8 -43.75

Then, in the next section, the analog signal output of the SF-8CHIDTS sensor will be measured and
recorded when the black line is not encountered and when it is encountered. Next, the position of the
black line relative to the car could be obtained by combining the output of analog signals for each sensor.
Then, multiply the analog signal output of each sensor by its position value, and all values were added
up; Finally, divide the above sum value by the cumulative analog signal output of each sensor to obtain
the relative position of the black line with the center of SF-8CHidTS. When the relative position of the
vehicle is calculated, the formula of this method will be used.

Zj8=1 value; * weight,

Distance = (D)

8 .
Zj _, value;

2.5. PID control

The position data obtained can be transmitted to the Arduino nano board, and then the tracking of the
black line can be realized after processing by the PID algorithm. The introduction of PID and its
implementation process are as follows.

KP, KI, and KD represent proportional feedback coefficient, integral feedback coefficient, and
differential feedback coefficient, respectively.

KP is used for rapid response and error reduction, which can effectively reduce system errors. KI is
mainly used to ameliorate the steady-state response of the system and diminish steady-state errors. KD,
on the other hand, is used to improve the dynamic response speed of the system and plays an adaptive
adjustment role when the error changes significantly. These parameters can be used to perform relevant
calculations on input bias for parameter adjustment in feedback control systems.

PID Controller
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Differentiation
Feedback

Figure 4. Working on PID.

The following is the calculation formula for PID.
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de(t)
dt

t
u(®) = Kye(®) + K, f e(D)dt + Ky 2
0
Based on the above formula, U(t) is responsible for the control quantity (controller output); e(t) is
the deviation between the controlled quantity and the designed values. Kp, Ki, and Kd have been
introduced before.
Then, combine this algorithm with the relative position of the obtained black line. The vehicle could
achieve line following. Here was the code combined with PID mode.
error =0 ;
errorSum =0 ;
errorOld =0 ;
float PID (float lineDist)
{
errorOld = error ;
error =lineDist ; 3)
errorSum += error ;
float proportional = error * Kp ;
float integral = errorSum * Ki ;
float differential = ( error — errorOld ) * Kd ;
float output = proportional + integral + differential ;
return output ;
H
Directly multiply the relative position by the Kp value, use the continuously accumulated relative
position for integral control calculation, and use the difference between the relative positions of adjacent
two moments for differential control algorithm. Then there is the debugging of Kp, Ki, and Kd values,
allowing the car to complete the entire track more smoothly.

3. Result
The window monitor monitors and records the analog signal outputs of eight sensors in the SF-
8CHIDTS system to observe whether there are black lines, and can record them in both the presence
and absence of black lines. The following figure shows the analog signal output values of these sensors.
11:29:26.967 -> 968
11:29:26.967 -> 982
11:29:26.967 -> 985
11:29:26.967 -> 985
11:29:26.967 > 985
11:29:26.967 -> 985
11:29:26.967 -> 986
11:29:26.967 -> 986 4)
11:30:51.752 > 365
11:30:51.752 -> 365
11:30:51.752 > 365
11:30:51.752 > 365
11:30:51.752 -> 365
11:30:51.752 -> 365
11:30:51.752 -=> 365
11:30:51.752 > 365
By integrating the coordinate values of every sensor on the x-axis of the vehicle and the computing
method of the mean weight, the position of the black line relative to eight sensors can be determined.
Next, by combining relative position information with the PID algorithm, it is possible to achieve a
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linear following of the aircraft in a relatively stable attitude. The following is the process of debugging
the three parameters in the PID controller.

Table3. The process of debugging Kp, Ki, and Kd.

Ngmber of Kp Ki | Kd Outcome
adjustments
When the vehicle enters a bend, the speed becomes very
1.1 3.2 0 0 slow and there is a noticeable stall phenomenon, which
prevents it from smoothly passing the first sharp turn.
2.1 3.2 0 0 The result is similar to the first situation
Although the speed of the vehicle entering the curve is
still very slow, the stall phenomenon is significantly
3.1 32 ] 0.15| O | reduced when passing through other large turns. However,
the vehicle was still unable to successfully pass the first
sharp turn.
4.1 3.2 0.3 0 The result is similar to the third situation
The first sharp turn was successfully passed and the stall
5.1 32 03 |05 situation was obviously reduced. But the second sharp
turn failed to pass.
6.1 32 0.3 1 In the end, all the bends were successfully passed

After multiple adjustments, the car finally successfully passed all the curves and successfully
completed the task of following the line. Now, the vehicle could travel smoothly along the black line.

4. Discussion

By using the analog signal outputs of eight SF-SCHIDTS sensors and combining them with the average
weight, we can calculate the relative distance of the black line. At the same time, with the help of PID
controllers, we can also accurately control the driving of the car and achieve success in completing the
task of following the line. Therefore, the tracking vehicle was completed successfully. However, this is
the most basic version of the car, there is still a lot of upgrading to do. There are still some potential
challenges to overcome. For example, since the road surface used for testing is flat, it is also necessary
to test the performance of the car when it meets an uneven road surface. At the same time, according to
Yukun's article [3], when the road surface is uneven, the stability of the car will be affected. At the same
time, when there are obstacles on the road, the car will not be able to change its track and hit it, so the
algorithm needs to be further modified to enable the car to realize the obstacle detection function.

5. Conclusion

Bang-bang control is a basic version of the control that could achieve the function of line-following.
However, there are many limits to bang-bang control. For instance, the process of line-following is
unstable, and the vehicle would vacillate to the left and right. Therefore, the vehicle based on PID control
is presented in this article. This paper affords the process of preparation and testing. The appearance of
the finished trolley is also provided in this article. In this experiment, the vehicle is controlled by the
program complied with by Arduino and the aim of the vehicle is to find and track the black line
surrounded by the white ground. The PID control and the codes are also demonstrated in the article. The
result of the experiment is that after adjusting the values of parameters for PID, the vehicle could achieve
the basic line-following function. However, the line-following vehicle is the basic version, and there are
still some situations to consider. For example, when the ground is not flat or there are some obstacles in
front of the vehicle. Therefore, it is necessary to improve the program and add different kinds of
situations to test the vehicle. In the future, this control can be improved from these aspects. From the
algorithm, GA (genetic Algorithm) [10], ACO (Ant Colony Optimization) [5], and PSO (Particle Swarm
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Optimization) algorithms [11] could be used to adjust PID parameters more effectively. From the
hardware facilities, can add other sensors such as light sensors, ultrasonic sensors [3], etc., for more
accurate transmission of road conditions; From the software facilities, Simulink and other software can
be used to simulate road conditions, saving time [12].
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