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Abstract: It is materialized an unmanned vehicle system as a part of Intelligent Transportation System (ITS) which is a
fundamental constituent for unmanned vehicle. Remote control system, monitoring system and remote operating system which are
consisted of unmanned vehicle system. Network program by TCP/IP socket, and real-time control & operating controlled by
servo-motors from a remote place, those are used to verify safety and stability of the unmanned vehicle system in this research.
This unmanned vehicle is divided into two major sections which are an unmanned vehicle part and control station part. The server
PC is installed on the unmanned vehicle and a client PC is installed at a remote place, which can control the unmanned vehicle. In
this research work, main theme is that we experimented and tested to check the speed and utilization of the wireless LAN

communication.
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1. INTRODUCTION

Intelligent Transportation System (ITS) stands in the
spotlight of world wide. It can be grafted into the others,
because it has the various themes of studying and self
supported sources of power and system algorithm without the
external system like autonomous driving vehicle. So it looks
getting further and further.

Its purpose is a developing of an unmanned vehicle to be sure
to avoid a collision with a sensing any objects and an obstacle
avoidance algorithm. Fig. 1 shows the outline diagram for this
study.

e
Wireless
TCP/IP
4—

Unmanned Vehicle
Fig.1 The outline diagram

Control Station

This unmanned vehicle’s general system has made up with
ATV(AIl Terrain Vehicle) with a gasoline 4 stroke engine and
the obstacle avoidance algorithm using ultrasonic sensors.

The telecommunication method has been confirmed
experimentally between the unmanned vehicle and the control
station using a wireless LAN(Local Area Network) is getting
used more and more these days in moving environment.

It shows a structure and tele-operated control system for
remote controlling in the second chapter, further presents a
result of experiments in the third chapter.

2. SYSTEM CONFIGURATION

The most important part of the tele-operated control vehicle

system has three steps; First construction of the vehicle system
and tele-operated control system, Second is a stability of the
system structure and the driving; Third is the unification
control algorithm between the above two systems

2.1 Structure of the unmanned vehicle system

The unmanned vehicle is divided into longitudinal, lateral
control systems, and sensor system. The fig. 2 shows the
configuration of the unmanned vehicle system.
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Fig. 2 Configuration of the unmanned vehicle system

2.1.1 Longitudinal control
It has been controlled by servo motors which are connected
with linking mechanism for a throttle, transmission and brake.
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Fig. 3 Flow chart for longitudinal control
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Photo. 1 Servo motors and motor driver

2.1.2 Lateral Control

The lateral control is used by a step motor with a timing
belt at a steering axle. It can be controlled with closed-loop
mechanism by a position sensor at the bottom of the axle.
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Fig. 4 Flow chart for lateral control system

‘Photo. ZSteermg motor and position sensor

2.1.3 Unmanned Vehicle Sensor System

The sensor system is classified into engine operated sensor,
transmission operated sensor, and motor position measurement
sensor parts. The measured data is used for driving and
control factor for the unmanned vehicle.
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Fig. 5 Unmanned vehicle sensor system

2.2 Tele-operated control system

The data of speed and direction of unmanned vehicle is sent
to the control station through the wireless LAN, so the
operator can monitor vehicle system in a real time.
Additionally, he can control the vehicle with the forward area
using the camera which is mounted on the vehicle. The control
inputs are sent to the unmanned vehicle with the driving
simulator in the control station. Fig.6 is the concept of
tele-operated system.
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Fig. 6 Tele-operated control system for unmanned vehicle

Photo. 3 Tele-operated control program and control station

2.3 Telecommunication System

Ad-hoc mode would be made by settings of the access
points at the unmanned vehicle and the control station. The
non-directional antenna (8dB) would be set at the vehicle; the
directional antenna (12dB) would be set at the control station
for an increase of the driving distance.

Photo. 4 Directional antenna & Non-directional antenna

2.3.1 Stability of radio-frequency interference

This wireless LAN has been used for this study in
frequency band of 2.4GHz for industry, science and medical
science. So the normal condition could be interrupted and
could be failed and could decline transmission speeds by
radio-frequency interference. That is the reason why it needs
to have a solution without radio-frequency interference.

In this research, the automatic client reconnection method
could be used to have the stability that is checking the error
codes in the packet while the TCP/IP communications are
happened between the server and the client.

The client that can be finished the TCP/IP communications
and convert the other TCP/IP communications, as soon as it is
found the error codes. But client needs about 50 ~ 2000ms
time to spare depending on the experiments in conformity with
the telecommunication environment and the distances. The
time delay would be a trouble for a driving vehicle to have
stability.

To solve this problem, when the error codes appear to send
the error signal on the motor controller, so the motor controller
can controlled acceleration and the brake motor position (Fail
mode). After it could be converted to the driving mode while
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reconnecting, to have the stability and follow the orders.
Furthermore, to consider the misoperation in the
radio-frequency interference, the limit switch at the
acceleration motor could turn off, makes the acceleration
motor to the early stage and controls the brake.
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Fig. 7 Automatic client reconnection method

2.4 Sensing and the avoidance of the obstacle

It could be possible to collide with the obstacles because of
any mistake or the other conditions. Therefore, the
avoidance should be considered seriously. To avoid, the
vehicle could be avoided itself by the ultra sonic sensor, not to
follow the tele-operated order anymore, when the obstacles
appears. The fig.8 shows the configuration of the obstacle
avoidance
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Fig. 8 Block diagram of range measurement system

Photo. 5 Ultrasonic sensor on mounting of ATV

This studying uses concept of gravitational field to the
obstacle avoids.  The minimum distance between the

obstacles and the vehicle is D, ;.. The enough distance to
stop the vehicle to reach the minimum distance is DS . The

maximum speed of the vehicle is V, the maximum

max '

acceleration is & the weight of the vehicle is M . When

max '’

the control input of the vehicleV,, @, a are given, using the

ultrasonic senor input data ds of the vehicle, it could be had

final input value v, @,, below.
1 *2
_MRV +MRamaxX: MRamaxDs
2 (2.4.1)
v =4/2¢,,,(D,—X)
1 V2
D, == et max = —"— 2.42)
2 2a max
Vi Vi if x<0

= sgn(v,) min(v,|,v") if x>0

v =20, (D,-X) x<D,
= 0, if x> Dy
X :(D5+Dmin)_(ds+Rs)

d, =min(d,,d,,...,d,)

The Eq. 2.4.1 shows the speeds depending on X that
means to keep the minimum distance between the vehicle and
the obstacles in the safety distance, the Eq. 2.4.2 shows the
relations between the vehicles and the final control input to

avoid the obstacles. ds is the distance from the vehicle to

the obstacles, Rs is the distance from the vehicle’s center to

the ultrasonic sensor.

2.5 Unification System
Tele-operated control structure is made to the obstacle
avoidance in Fig.9
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Fig. 9 Unification System
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The avoidance controller is not related with the
Tele-operated control input.

A control order is sent of the unmanned vehicle to control it
using a simulator from the remote control station.

It is made a closed loop in the now state, that is gotten
feedback by the control station.

Range measurement computer in the vehicle finds out the
information of the environment using the ultrasonic sensor,
follows the orders without any collisions position. The fig. 9
indicates the configuration of obstacle avoidance system.
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3. EXPERIMENTS AND RESULTS

This research made the unmanned vehicle was remote
controlled between the unmanned vehicle and the remote
control system using the wireless LAN. It is the experiment
to confirm the smooth corporation between the systems below.

It checked out the vehicle’s feedback of the steering system
with the driving simulator in the station for the longitudinal
control experiment.
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Fig.10 Result of steering control test

Fig. 10 is the result of the comparing with the steering
angle measured by the position sensor and steering axis and
the data of the driving controller at the remote control system.
Following the results, driving simulator follows the steering
input. The delay of 500~1000ms seems caused by the ratio of
geared motor, the communication traffic, and friction force of
ground.

Photo.6 Test course with Ultrasonic sensor

Fig. 11 is the results of the obstacle distance measured by
ultrasonic sensors while the tele-operated driving mode.
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Fig. 12 Driving mode of obstacle avoidance algorithm

Fig. 12 is showing that the range measurement system
equipped on unmanned vehicle how to decide to select driving
modes; tele-operated, autonomous, emergency driving.

Driving pattern of advanced tele-operated control system
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Fig. 13 Driving pattern of advanced tele-operated control
system

When the unmanned vehicle is tele-operated mode, it is
happen to meet some obstacle which couldn’t be seen by the
operator. At that time, the mode should be switched to the
autonomous mode for avoidance independently.

The purposes of this experiment were to make up the
unmanned vehicle system with ATV and to check out the
stability and the safety using the ultrasonic sensor of the
controlled vehicle. To add, it can be sure to possibility of the
wireless LAN, being transmitted the information and being
controlled the between the server and the client. But it needs
to challenge to cover the time delay between the systems in
the vehicle, and the inaccuracy of the ultrasonic sensor.

4. CONCLUSION
We would like to conclude our research work as following.

1) This is the case study of improving the stability and
safety factors using ultrasonic sensors between the unmanned
vehicle and the remote control systems.

2) It is reified that the method of wireless LAN
communication system is more effective for the exchange and
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transmission of data, and also it can be powerful for the future
complicated unmanned vehicle system.
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