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1. Introduction

1.1 Problem

With the development of technology in the 21st century, systems like rockets,
chemistry transportation systems, and systems underground are getting more likely to
involve small and unreachable spaces for humans. By the end of 2019, China's
drainage network had a total length of more than 744,000 km, with the diameter of
these pipes ranging from 32 mm to 2,000 mm. The aging of facilities and backward
management technique are common problems in Chinese urban pipeline network.
Defects such as pipeline rupture and corrosion lead to frequent accidents in urban
pipeline operation and maintenance. At present, the operation and maintenance of
urban drainage pipes mainly rely on manual work, which is difficult to operate, large
amount of work and high risk. Traditional man-machine cooperation, such as pipeline
desilting, requires workers to go down the well for operation, but the small and dark
space in the downpipe makes it difficult for workers to work, and harmful gases such
as hydrogen sulfide in the construction environment will seriously harm workers'
health. Maintaining the operation of the drainage network has become an important
and arduous task of urban governance.

1.2 Solution

We will design a human-driven robot but in an immersive context. We will use a
self-design electric car as a model. People change the direction by manipulating the
position of their hands as if there is a real steering wheel. This will be accomplished
by a hand recognition neural network based on YOLO-like neural network. The
camera captures the user's gestures and then uses them to turn the car around. The
position of the car will be recorded and displayed on the screen in front of the driver
or on the glass of the driver even though the actual car may be far away from the user.
This will be implemented by a chip with a camera, esp32 and WiFi module. Robot
control system and hand recognition neural network are connected by the WiFi
module. The scene inside the sewer pipe is also transmitted by the camera on the car
by WiFi module. In this way, the driver can immersively drive the car and make
precise and subtle operations when the "road" condition is very complex. The robot is
able to detect the foreign matter as a recognition or segmentation problem and send
back the information, such as the temperature and humidity in the sewer. We set the
corresponding sensors and camera to collect the environmental parameters, helping
the user to make a better decision.

1.3 Visual Aid
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Figure 1: Visual Aid of the Project

1.4 High-level Requirements

Our neural network algorithm can successfully recognize the position of the driver’s
hands in camera and determine which direction the car should tum. The success rate
of gesture recognition was more than 95 percent, and when the gesture command was
to turn, the error of the turn angle command was within 10 percent.

Our self-design remote control car should be able to move in different speed from 0 to
1m/s, make basic actions like turn right and left, move back and forth. When the car is
driving in a straight line, the deflection angle should not be higher than 10 degrees.
To achieve the goal of immersive human-robot interaction, the car should be able to
collect environment information to the driver by the camera it carried, and it can
receive the action command from driver and make responses in delay less than
100ms.

2. Design
2.1 Block Diagram
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Figure 2: Block Diagram of the Project

Overview: The Human Hand Position Recognition Subsystem is used to achieve the
first high-level requirement of our project. It should be able to correctly detect hand
position of the user. For the second part of our requirement, the control subsystem
includes the robot body of the car and electrical part to make the car make actions and
receive signals normally. And the environment detection subsystem should be able to
accomplish the information collection task i the last requirement and all these
subsystems are connected by internet protocol of based on our WiFi subsystem.

2.2 Subsystem Requirement
2.2.1 Human hand position recognition Subsystem
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Figure 5: Human hand position recognition Subsystem Flow Chart

A human hand position recognition system based on YOLO-like [2] neural network
for object detection task. This subsystem is the core component of our human-robot
immersive interaction system. The user can use the normal driving position to remote
control the car. The input is your hands' position pictures captured by the camera.
After data processing, the output is the degree (from -90 to 90) you want to turn the
wheel. The signal will be sent to the electronic component, which controls the
direction of the wheel through wireless communication.

The input will be the real-time signal captured by the camera. We will build a
YOLO-like [2] neural network for the object detection task. Since our task needs only
one class, we do not need class dimensions. Consequently, we only need to output a
five-dimensional vector: x, y, dx, dy, and confidence. Alternatively, we can try to
re-formulate this task as a regression problem. In this case, we build an end-to-end
network to output a single-degree value, and we can use the mean square error as our
loss function. However, in order for the implementation of the algorithm to be fast
enough to deal with real-time signals, we need to shrink the number of layers in the
YOLO design to about 5-10 in this subsystem. The output will be passed to the WiFi
to control the direction of the car.

2.2.2 WiFi Subsystem
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Figure 6: WiFi Subsystem flow chart

A WiFi transmission module. This subsystem serves as a bridge to connect the driver
side and . We use WiFi instead of Bluetooth is because that it has faster transmission
speed and wider range, which is suitable for video transmission. The subsystem will
wrap environment information into message and use internet transmission protocol to
send it to router, finally to the driver side. The driver side will send command signals
in the same way back to the robot car. The signals will be sent to the electronic
component, which controls the direction and the speed of the wheel through wireless
communication.

2.2.3 Environment Detection Subsystem
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Figure 7: Environment Detection Subsystem flow chart
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Figure 8: OV2640 camera function diagram

This subsystem is designed to collect the real environment information and give out
the corresponding data set to other subsystems. We mainly use a camera to detect
environments and maybe we will assemble several sensors to collect the
environmental information of the workspace. For the control subsystem, we have a
speed sensor and angular sensor to measure the velocity and orientation of the robot,
then send them to the control system as the feedback; and quantify the information to
display them on the human-robot immersive interface to help the user operate the
system graphically and more intuitive. We also have the temperature and humidity
sensor to check whether the workspace is suitable for our robot, so we can keep the
robot from damage from the environment. We assume the ideal workspace is under 50
degrees Celsius and 40% humidity. Finally, we have the camera to take photos under a
fixed time interval (like 10 photo per second), to make sure the recognition subsystem
can make the decision as soon as possible. This system aims to collect real
environment information, for example, recognize and find the foreign object inside
the tube, by sensors and cameras. Then it will process the information data sent back
to the computer.

2.3.4 Control Subsystem
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Figure 9: Control system schematic
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Figure 10: ESP-32 CAM schematic

This control subsystem includes the robot body of our remote-control car, which
performs the main work of detecting. A car and electronic device (like Arduino) that
can control the degree of the wheel and other operations. The system is also equipped
with a WiFi receiver that receives the signal from the main computer. Speed -changing
hardware (some voltage-changing circuit) on the car.

The main content of the physical performance is velocity and direction the car, which
are both controlled by the motors and Mecanum wheels. The rated voltage of the
motor is 12V and the rated current is 0.3 A, the rated power should be less than 4W to
avoid damage. The weight of each motor is around 150g and the rotate speed is 333
RPM. In order to improve the efficiency of car steering and reduce the complexity of
control system, we decide to adopt Mecanum wheel with 65mm diameter. The
Mecanum wheel is composed of the hub and the roller around the hub, The angle
between the axis of the roller and the axis of the hub is 45 degrees, and there are two
kinds of wheel A and B which are mirror images of each other. As we can see in
figure X, 7 is the torque applied to the wheel. when the wheel turns, it receives two
perpendicular forces with same magnitude. The direction of force on a wheel also
reverses as it moves forward and backward. We can change the direction of the
resultant force on the car by controlling the direction of the four wheels, and finally
control the direction of the car.
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Figure 11: Force Analysis of Mecanum Wheel

2.4 Tolerance Analysis

2.4.1 Mecanum Wheel

As we mentioned before, the Mecanum wheel is an omnidirectional wheel design for
a land-based vehicle to move in any direction. We can arrange different kinds of
wheel motions to move vehicle in almost any direction with any rotation. Due to the
fact that axis of the roller and the axis of the hub formed a 45-degree angle, resulting
in the Mecanum wheel in the process of rotation will produce a small roll axial force
in the axis direction. However, when the car is moving in a real environment because
the ground is not flat, and the speed between the motors will be slightly different, we
cannot guarantee that the four wheels can be perfectly matched. Therefore, we will
mainly derive the kinematic equation of the car in straight motion. In the future, we
will use the experimental data to improve the equation we derived.

Before start, several reasonable assumptions should be made to simplify our
calculation.: (1) The four wheels of the car is on the ground at the same time and there
is no relative sliding between the ground and the car. (2) The center of gravity of the
car body coincides with the geometric center. (3) The Mecanum wheel and the frame
of the car are rigid.
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Figure 12: Diagram of Car Motion
According to figure X, we take the wheel center ol as the origin, establish the
coordinate system 01-Xy1, assuming the axis motion speed of wheel group 1 is Vi,
then we get:
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R: Diameter of the wheel
W: Half the distance between front and rear wheel centers
L: Half the distance between right and left wheel centers
Vx: Velocity of the center of the car in the X direction in the coordinate system
O0-XY
Vy: Velocity of the center of the car in the Y direction in the coordinate system
0-XY
wo: Angular velocity of rotation of the car in the coordinate system O-XY
For our robot car, ¢ is 45 degree so fan ¢ is 1. Similarly, we generalize the equation
(1-1) to the other three wheels to obtain the kinematics equation of the car:
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(1-2)

As can be seen from equation (1-2), when the translation velocity and rotational
angular velocity of our robot car are known, we can calculate the angular velocity of
each Mecanum wheel; Similarly, if we know the angular velocity of each Mecanum
wheel, we can also find the the translational velocity and the rotational angular
velocity of the car. For our design, R is 32.5mm, W is 80mm and L is 8 1mm.

In our future test, we define 2 kinds of error: axial skid and radial skid. We can run the
car a certain distance in a straight line, for example, ten meters, and then measure the
error of horizontal and vertical displacement. Based on the measurement, we can
calculate axial error and radial error:

S, — S'X
Oui = S—
Axial error: y
5 - s, -S|
Radial error: Sy

Sx and Sy are the theoretical distance in x and y direction, Sx’ and Sy’ are the real
distance in x and y direction. We can apply them in equation (1-2) to get our real
kinematic equation:
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With the help of equation, we can increase the accuracy of our control system and

decrease the error during motion. We should test the error with different speed and

obtain a linear relationship between error and velocity. Typically, according to our

estimation, error can be ignored if the axial skid error is smaller than 0.17, which is
roughly corresponding to 10 degree rotation. Radial skid error actually almost does
not have effect on the straight line motion of the car.

2.4.2 Qualitative Analysis of software implementation

The real-time analysis of the hand recognition requires a fast processing of the video.
The neural network requires a huge computing power. We believe that we can deal
with this. The YOLO design has a real-time version, and we decide even to shrink the
size of the network. The GPU implementation will make sure that the computation
will be parallelized. FPGA board or Arduino board cannot be put on the car. As our
car should be implemented in small space, we need to make our control system small
enough. Instead of FPGA board or Arduino board, we will use MCU. The size of
MCU is relatively small so that we can fit it on our car.

3. Discussion of Ethics and Safety

3.1 Ethics

Under the guidance of the first part IEEE Code of Ethics, we are clear that in
professional activities, we need to improve the understanding by individuals and
society of the capabilities of conventional and emerging technologies [3], including
intelligent systems. Thus, we are responsible for teaching our product users how to
use our products and technology correctly. We would explain by demo video or a
simple and easy-to-understand user manual.

Also, according to the first part of the IEEE code of Ethics, we need to protect the
privacy of people [3]. Since our project includes video transmission, we will make
sure the video information we use will not be spread or stored for illegal use.

What’s more, according to the fifth part of IEEE code of Ethics, we should “seek,
accept, and offer honest criticism of technical work, to acknowledge and correct
errors”. Thus, if we find the drawbacks of our project, we will keep modifying and
improving it and receiving criticism with an open mind.

3.2 Safety
For the safety of users, according to the first part of the IEEE code of Ethics, we need



to protect the safety, welfare, and health of the public [3]. To maintain safety, we
promise our assembled vehicles are in small size, and their fastest speed is limited so
that it does not have the danger of driving out of control. Also, it will not be equipped
with dangerous tools which can hurt people. Privacy safety was talked about before in
the 3.1 session.

For code safety, we will not apply others' codes without permission and reference. At
the same time, we will keep our original code private and make sure others can only
use our code by formal request.

At last, for experiment safety, according to the first part of the IEEE code of Ethics,
"to maintain and improve our technical competence by training or experience [3]." We
will also follow the safety guidelines during our project. We will obey lab rules, such
as at least two people are needed to do experiments in the lab and follow the rule of
safe battery usage [4]. Under the guidance of assisting teachers, we will build the
hardware of our remote control vehicles correctly and safely.
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