Development of Unmanned Transport System for Automated Systems
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Abstract

Unmanned transport systems are used in many industries owing to their high efficiency, such as transport of high
loads, 24 hour a day use and low cost. Many components of industry are being changed to unmanned transport sys-
tem. Therefore, this paper introduces application and composition of the unmanned transport systems in industry to
the transport, and describes the selected method by the environment conditions. Unmanned transport system is
comprised of an Automatic Guidance Vehicle and a Monitoring system. The applied AGV is guided by localization
information, which is measured by a laser navigation guidance system with encoders and gyroscope. AGV require a
virtual driving path method with map information from conveyor positions and rotation points in an environment,
as well as automatic load/unload system for cargo transport, an emergency system for safety, and a communication
system with an automatic charger and monitoring system.
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1. Introduction

Many industries; manufacturing plants, warehouses,
port facilities and so on are changing to automatic sys-
tems through the development of unmanned robot tech-
nology. Automatic production systems in various indus-
trial systems have many components, and the material
handling system of components is very important be-
cause of its potential to reduce cost. Material handling
system means a load /unload/ transport/storage system.

Recently, there has been increasing interest in un-
manned transport system to satisfy the flexibility and
efficiency of material handling system. The unmanned
transport system is an aggregate of various technologies,

such as localization, driving control, load/unload system,
path planning, monitoring system, and so on. The tech-
nologies of the unmanned transport system are general,
and detailed technologies for the LGV are selected ac-
cording to the conditions of the environment. The
AGVs are a changed guidance system; floor state, plant
size, maintenance, and so on, wheel type; floor state, oil,
and so on, load/unload; conveyor, palette type, and so
on system according to the conditions of the environ-
ment [1]-[6].

This article introduces the application of the un-
manned transport system; AGV and Monitoring system
with the combined technology of the mentioned content
to the industry field. Among the range of wireless guid-
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ance systems available, this study used encoders, a gy-
roscope and laser navigation. In addition, virtual path
planning was used for the wireless guidance system, the
driving wheel structure was the differential driving
structure, and the controller was an industrial PC.
Load/unload system for the cargo used the telescopic
type due to the type of palette and conveyor.

Chapter 2 discusses the hardware configuration of
the unmanned transport system; load/unload system,
body frame of AGV Chapter 3 presents the software
configuration of the unmanned transport system; locali-
zation, driving controller, virtual path planning. Chapter
4 presents the conclusion.

2. Hardware Configuration

In this article, unmanned transport system; AGV,
Monitoring system was designed by the present and
ATIS (Company in Korea). Fig 1 shows the appearance
of the manufactured LGV. Laser navigation, encoders
and a gyroscope were used for the localization of LGV.
The global position (x, y, #) of localization information
was measured using laser navigation. The local position
(x, y, ) of localization information was calculated by the
kinematics with encoders and a gyroscope.

The load/unload system is affected by cargo, con-
veyor and pallets. Therefore, the telescopic type
load/unload system was selected. The system was com-
posed a fixed frame, body frame for moving; left, right
and two arms on the body frame for settling the pallet;
cargo. The detailed components are the left-right motor
for the body frame, up-down motor 2 for the arms.

3. Software Configuration

Fig. 1. Autonomous Guidance Vehicle

280 mm

Fig. 2. Telescopic Load/Unload System

The LGV is guided by the laser navigation, encoders
and gyroscope of the localization sensors. The laser
navigation sensor measured the difference distance and
angle between the header of the laser navigation and
attached reflectors in the field through a time delay;
transmit-receive. The laser navigation calculated the
current position of the LGV through a triangulation
method using the measured information and saved posi-
tion information of the reflectors.

AGV with a wireless guidance system is controlled
by the error angle. The control system using this method
was unstable because of the large increase in the error
angle when the distance between the AGV position and
destination point was close. Therefore, in this study, the
error angle and derailment distance between the current
position and driving path was used in equation 1.

E=E,xa+E,x(1-a) 1)

The «a in the equation is the ratio, and £, and E, are
the derailment distance and error angle. The composi-
tion of the equation is the same as shown in Fig 3.

_lad +b4, +c| ©
‘ a? +b?

E,=D,+T,

D,=N,-S, (3)
Ty=N,-4,

Dy in the equation is the difference between the an-
gles (angle of LGV position Destination position, angle
of Virtual Path Destination position). 7, is the angle of
the LGV. The voltage difference of the wheels was cal-
culated by E in Equation 6 with a PD controller, and the
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Fig. 3. Error Calculation
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Fig. 4. Result Graph of Localization and Control

LGV was controlled by the difference in voltage.

Fig 4 presents a graph of the experiment results. The
driving and stop accuracy of the experiment results are
sufficient due to the greater than required accuracy (£30
and £15 mm). When the LGV stops, 0.7v (less 200 mm
distance between AGV position and destination point),
and 0.4v (less 100 mm), and 0.2v (less than 30 mm)
were applied to prevent a collision between the LGV
and fixed conveyors.

Virtual Path Planning is a very important configura-
tion in the LGV, and it was used to guide from the start
point to the destination point. The configuration form of
the conveyor appears like a straight line. In practice,
however, the configuration form of the conveyor in the
field is a zigzag conformation. In practice, the configu-
ration from of the conveyor in the field is a zigzag con-
formation. The nodes of virtual path a zigzag path plan-
ning to prevent a collision with conveyor, planning are
composed of the conveyor position, rotation position,
and special position.

Fig 5 shows the configuration of the modified tree
structure. The search direction of the virtual path plan-
ning method is bidirectional, because the driving direc-
tion of the LGV through the Main monitoring system is
forward and backward. The modified tree structure is
expressed by the adjacent nodes, the node mean con-
veyor, rotation node, and charger. The link line is the
virtual driving path. Whenever searching the virtual
path from a new position in map, it should create a tree
structure continually. Therefore, a recursive structure
was used to solve the previous problem.

Development of Unmanned Transport

O Driving Node
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Fig. 5. Result Graph of Localization and Control; (a) Node
structure, (b) Tree structure

4. Conclusion

The proposed unmanned transport system is com-
posed of a LGV, conveyor and monitoring system, and
the LGV contains a different driving system, a telescop-
ic type (for transporting cargo with a high load) and a
communication system. The conveyor type is classified
as the A, B and C type through the pallet type or at-
tached equipment. The LGV is guided by the controller
using laser navigation but the stability of the system is
low. To solve this problem, encoders and a gyroscope
are used. The LGV is controlled by the error angle and
derailment distance, and LGV is driving through the
virtual path from the start node to the destination node.

In the present study, the unmanned transport system,
which is an aggregate system of various technologies,
such as navigation systems, a driving system, load
/unload system, path planning, monitoring system, and
emergency system, was examined closely.
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