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Abstract: In recent years, with the improvement of computer vision technology, intelligent
following robots have also been rapidly developed, greatly improving people's lives. This
paper mainly studies the design and implementation of intelligent robot following system
considering finite difference method. In this paper, the liDAR sensor, servo motor and
control board of the tracking robot system are debugged under the ROS system, and the
software and hardware platform of the tracking robot system are built and tested with the
modular engineering thinking. The object detection of the following robot system is
studied with finite difference method. Through field experiments in complex indoor
environment and outdoor corridor, the real-time performance and effectiveness of the robot
target following system are verified.

1. Introduction

With the development and promotion of artificial intelligence, the rapid development of robot
technology has greatly influenced the field of production and manufacturing and warehousing
logistics in our country. With the advancement of science and technology, the introduction of
financial capital and the support of state policy, logistics robots have achieved rapid development in
China. For mobile robots, motion control is the most basic problem. To complete any task, it is
necessary to control the motion of the mobile robot, otherwise the task will fail, and the serious will
lead to financial damage and personnel injury [1-2]. The existing mobile robots generally set their
running path and trajectory according to the starting point planning in the actual application scene,
and then their navigation device guides the mobile robot to travel along the trajectory curve [3].
However, for some non-repetitive tasks of man-machine integration and man-machine cooperation,
such as the need for mobile robots to assist people in carrying and sorting goods, the operator's
position can be tracked and followed in real time, reducing human labor intensity and improving
labor efficiency [4]. Smooth realization of mobile robot on the safety of the people follow, in
addition to want to consider the power output and torque of the motor itself, the processor's
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operation ability, the operating system's inherent factors such as message transmission mechanism,
still need to add the constraints, to solve the delay may lead to deviation and collision issued
instructions, pedestrian accident broke into danger, Improper parameter Settings of the robot lead to
problems such as vibration and jitter [5-6]. Therefore, the design of a mobile robot following
control system, so that it can be safe and friendly interaction with people, achieve stable following
effect, can improve work efficiency, reduce production costs.

At present, the global development of artificial intelligence related technologies is very rapid,
which has had a profound impact on transportation, aerospace, medical treatment and other aspects
[7]. The daily lives of ordinary people have been transformed. Intelligent service robots, riding on
the boom of artificial intelligence technology, have also been greatly developed. Various service
robots, such as cleaning robots and intelligent wheelchairs, are constantly improving the quality and
level of people’s life [8]. Intelligent following robot is the main component and function module of
service robot [9]. The technologies for following robots are also complex and varied. It mainly
includes infrared tracking, ultrasonic tracking and visual tracking [10]. In the infrared tracking
system, it has strong adaptability to the complex and changeable environment, but the measurement
accuracy is low. The ultrasonic tracking system can process data quickly and simply, and has strong
dirt resistance. However, its research cost is high and its accuracy is low [11]. The realization of
intelligent following robot in this paper depends on good visual object detection technology.

This paper designs a mobile robot following control system, so that it can interact with people
safely and friendly, achieve stable following effect, can improve the work efficiency, reduce
production costs.

2. Robot Following System Considering Finite Difference Method
2.1.Robot Platform Construction

(1) Overall design

The following robot system is mainly composed of liDAR sensor, motor control system and
robot control system [12]. As shown in Figure 1, under the ROS operating system, when the liDAR
sensor detects the following target, the distance information of the liDAR is transmitted to the host
computer, and the host computer calculates the position and posture of the next robot through the
algorithm of target recognition and motion control. At the same time, the upper computer sends
instructions to the lower computer, and the lower computer controls the linear and angular velocity
of the robot by controlling the rotational speed of the left and right motors [13-14].

Sensor: A detection device that follows a robotic system. It can detect the information data of the
measured objects around the robot and convert these data into electrical signals or other signals. The
sensor device in this paper mainly refers to the liDAR sensor [15].

Operating system: The algorithms and programs by which machines control hardware platforms
and mobilize software resources. The operating system needs to deal with tasks such as monitoring
and configuring memory, determining the priority of multilevel algorithms, and controlling sensor
and motor input and output [16].

Motor control system: The left and right motor control devices that follow the robot system.
According to the type of motor and different use scenarios of the robot, the motor's start,
acceleration, operation, deceleration and stop are controlled. The encoder records the rotation
distance of the motor, so as to calculate the moving distance and rotation Angle of the robot in the
response time, and feedback the relevant information to the lower computer [17].
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Figure 1. Follow the robot system block diagram

Robot control system: A motion control device that follows a robot system. It is mainly divided
into upper computer and lower computer. Among them, the upper computer is a computing unit that
can directly issue control instructions and execute algorithms for robot target recognition and
motion control. The lower computer is a computing unit that directly controls the device to obtain
the condition of the device, and can directly read the motor rotation distance, motor rotation number
and other information of the encoder [18].

(2) Robot hardware

In this scheme, the liDAR scanning in the range of 360 degrees is placed in the center of the
robot, and the robot can scan and detect the surrounding environment. At the same time, a planetary
motor reducer is added in front of the servo motor, which can control the rotation speed of the
motor with large torque and low noise, and prevent the motor gear from being damaged when the
robot stops braking suddenly.

The lidar used in this project is OMD10M R2000-B23-V1V1D Lldar produced by
PEPPERL+FUCHS. As shown in Table 1, it is a two-dimensional lidar which can scan 3602 Pulse
Detection Technology shoots out LIiDAR spots with high frequency and low density. The safety
level is level I, which ensures that the laser beam will not cause damage to human eyes and can be
safely used for man-machine collaboration. The measurement distance is 0.2-10 meters and the
measurement speed is up to 250,000 times per second.

Table 1. Hardware parameters of LIDAR

Laser radar index Technical specifications
Measuring range 0.2m-1m
Repetition frequency 250kHz
Measurement noise -9mm - +9mm
Resolution of angle 0.014<
Scanning repetition accuracy 12mm

The control board selected in this paper is the United States NVIDIA (NVIDIA) company
production of Jetson TX2 development board, referred to as TX2.
(3) Software system
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The software system used by the follower robot is the ROS operating system. ROS (Robot
Operating System) grew out of a collaboration between Stanford University's Artificial Intelligence
Lab and robotics company Willow Garage. This article's follower bot system used the ROS system
on Ubuntu20.04.

ROS systems have the following characteristics:

Nodal design. When a ROS system executes a large number of processes, which can be run on
different hosts in different regions or in separate segments, you only need to call each node on the
process for task scheduling.

Toolkit is abundant. The ROS system integrates a number of open source tools to help
researchers develop robots. For example, Gazebo, an open source software that can simulate 3D
mechanical structure and motion state of robots, PCL library that can process 3D point cloud and
depth image data, OpenCV library that can process camera image and computer vision, and Movelt
library that can plan robot motion.

Multi-language support. Different developers rely on different language habits. In order to meet
the needs of multiple languages, ROS systems support the compatibility of C++ and the popular
Python language.

Integrated and streamlined. Robot software engineering contains the code base that follows the
robot system. Unfortunately, the middle part of these algorithms is often disorganized due to the
maintenance of many people, and it is difficult to extract part of the code for porting to the robot.

2.2.Finite Difference Method

When using finite difference method to solve differential equation, the first thing to do is to
discretize the continuous equation. Therefore, the region to be solved needs to be meshed. This
paper takes parabolic partial differential equations as an example to explain mesh generation and
introduces some common terms.

For the initial boundary value problem of parabolic equation:

ou o

—=a—+f(x), 0<x<1, 0<t<T
ot OX

u(x,0)=g(x), u(,t)=u(l,t)=0 (1)

Take space step h=I/J and time step t=T/N, where J and N are natural numbers. Then, two
families of parallel straight lines x=xj=jh (j=0, 1,..., J) and t=tn=n7t (n=0, 1,..., N) are used to divide
the solution region G={0<x < 1; 0<t < T) into rectangles. The divided grid nodes are represented as
(Xj, tn). Ujn is used to represent the function defined on the dot (xj, tn). 0 <j<J,, 0 <n <N, and
then a reasonable difference quotient is used to replace the partial derivative in the equation to
obtain the finite difference scheme of the equation.

When using finite difference lattice method to solve differential equations numerically, the
calculation process is calculated layer by layer according to the time layer. Consider 2 finite
difference scheme: to calculate, calculate the numerical solution on the n + 1 layer need to use the
first n level has been calculated value, and when calculating the value of rounding error (including n
= 0, at this time is due to initial value condition calculation error or caused by the error of the initial
data) will inevitably affect the value of the numerical solution. Therefore, it is necessary to analyze
the situation of the error propagation, analyze the influence of the error propagation, and get the
control difference scheme to solve the error, which is the significance of studying the so-called
stability problem.
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Taking the difference scheme for solving parabolic equation (1) as an example, the forward
difference scheme is as follows:

{u;‘” = ru}1+1 +(1-2ruf +ruf,
0_

The numerical solution u and the initial value g(xj) are defined only at each grid point. If Fourier
method is to transform the above scheme, the domain of both u and g(xj) must be extended to make
them meaningful for any z€R.

3. Intelligent Robot Follows the Experiment

In this paper, the robot target following platform will be tested in two environments, namely the
laboratory and the outdoor corridor. The indoor test is mainly because the indoor environment is
chaotic and complex, which is a huge challenge to the semantic segmentation of the robot tracking
target and scene. The outdoor corridor is long and narrow, and the robot has a far field of view,
which can test its ability to follow the target and plan the path at a long distance. In this section, we
will first show the accuracy of the distance between the robot and the target measured by a single
camera, and then show the actual following effect in indoor environment and corridor environment
respectively. When the robot is tracking the target, in order to prevent the robot from being
damaged because the target is too close to the robot, a safe distance range (90cm-100cm) is set in
this paper. If the range is larger than this, the robot will approach the target. Less than this, the robot
moves away from the target.

In this paper, the real-time performance and detection accuracy of intelligent following system
implemented by YOLO and finite difference models on Raspberry P1 are compared and tested.

4. Analysis of Experimental Results
4.1.Research on Algorithm Performance

Table 2. Real-time robot performance results

50 100 150 200
YOLO 274 263 259 286
Finite difference 32 47 41 49

As shown in Table 2 and Figure 2, the real-time performance and detection accuracy of the
intelligent following robot based on Raspberry PI platform are compared between the two
algorithms. It can be seen from the figure that although finite difference is slightly inferior to
YOLO in detection accuracy, it is superior to YOLO in real-time performance on the premise of
ensuring the required detection accuracy of the system.
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Figure 2. Robot detection accuracy comparison diagram

4.2.Follow the Path
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Figure 3. Follow the motion

As shown in figure 3 for the robot and the target trajectory figure, following experiment indoors,
horizontal, vertical, experimental site of length and width, respectively, through the motion
trajectory of robot and the target, can be more intuitive to see robot target tracking process, further
reflects the robot to track movement of good accuracy and real-time performance.
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5. Conclusion

In this paper, the following method of mobile robot equipped with liDAR is studied. By studying
the target detection link (pedestrian recognition) and target following link (motion control) of the
following robot, the shortcomings of the following robot in the field of pedestrian recognition and
motion control are improved. The system can not only be used as an independent intelligent robot in
the actual scene, but also become a functional module of a complex multifunctional integrated
commercial robot, and its application prospect is very broad. The next research direction of this
paper is to further improve the functions of intelligent following robot system by adding modules
such as path planning and obstacle avoidance by using semantic map and other methods.
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