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Development of Automated Guided Vehicles for
Industrial Logistics Applications in Developing
Countries Using Appropriate Technology

M. Yakut Ali*, S. G. M. Hossain*, H. Jamil and M. Z. Haq

Abstract— With the advancements of robotic technologies, the
industrial environments are adopting more and more aspects of
automation to enhance product quality and accuracy and to
reduce product cost. One of these aspects is the use of
Automated Guided Vehicle (AGV) which is gaining importance
in industrial logistics and transportation systems. However, in
case of dewveloping countries like Bangladesh, the development
and utilization of such sophisticated systems are not always cost
effective. An initiative was taken to design and fabricate a group
of low cost automated guided vehicles to perform logistics in a
quasi - industrial environment. The group consisted of two
robotic vehicles that were capable of carrying certain workpieces
and supplying these to a predefined unloading location. These
robots were microcontroller operated and were re-
programmable to accommodate the possible changes those in
real industrial environment. Test runs were performed by
programming these for maneuvering through both linear and
curved trajectories. An imaginary industrial environment was
prepared in the laboratory and the robots went through several
successful test runs that validated the effectiveness of the
prototypes. The research highlights the possibility of AGVs for
the logistics purposes at reasonable cost using appropriate
technology.

Index Term— industrial logistics, automated guided wehicles,
appropriate technology.

I. INTRODUCTION
AGV (Automated Guided Vehicle) robots are widely used to
autonomously transport workpieces between various assembly
stations by following special guidewires or colored strips.
Some AGVs transport food and medication throughout
hospitals by tracking the position ceiling lights, which are
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manually specified beforehand to the robot. Some specialized
robots take advantage of the regular geometric pattern of the
office-spaces, supermarkets, warehouses, container terminals
or even air-conditioning ducts [1-3]. In potentially dangerous
and inhospitable environments, autonomous robots are
gaining widespread popularity. Schulze and Zhao (2007)
reported the widespread usage of AGVS in Europe and China
[4]. For the developing countries, industrial applications of
robots are not very popular and cheap labor cost plays an
important role for such situation. However, when the
production speed and accuracy are not to be sacrificed,
application of automation employing robots offers a practical
solution [5].

Although mobile robots have a broad set of applications,
there is one fact that is true of virtually every successful
mobile robot: its design involves the integration of many
different bodies of knowledge and the design and construction
of mobile robots is as much an art as a science [1]. Robots
locomotion actuators, manipulators, control systems, sensor
suits, efficient power supplies, well-engineered software — all
of these subsystems have to be designed to fit together into
an appropriate package suitable for carrying out robot’s task
effectively, efficiently and safely [6].

To assess the possibility of design and fabrication of AGVs
in Bangladesh - a developing country in South Asia, a group
of robotic vehicles were developed and tested for
effectiveness. In most stages of the prototype development,
the application of appropriate technology and locally available
raw materials and hardware components were considered to
reduce the cost within permissible range for the local
industries. The robots were made for picking up and delivering
loads in predefined locations. The initial prototypes were
designed to handle much lighter loads than most industrial
applications. The loads pick up and delivery was planned such
that there were interactions between the two AGVs. One of the
robots (C-Bot) was capable of gripping a cylindrical load and
delivering it to another robot (Tray-Bot). Tray-Bot's wheels
rear were fixed to a single shaft so that it could follow a straight
path whereas C-Bot had two rear wheels separately powered
and controlled and the controller generated control actions
based on the readings from optical encoders attached to the
wheels. Baglivo et al. (2005) used such encoders on the driver
wheels of their AGVs [7]. Both the robots included tactile
sensors — for Tray-Bot these were provided to sense the
unloading destination — for C-Bot these were used as a safety
in case of a collision with Tray-Bot. The linear trajectory of
Tray-Bot and the curved trajectory of C-Bot were achieved by
repeated test runs on the test field and updating the controller

IJENS


mailto:alim@engr.sc.edu
mailto:smgmamur@huskers.unl.edu
http://www.facebook.com/srch.php?n=16827817
mailto:hasnatjamil@yahoo.com
http://teacher.buet.ac.bd/zahurul/index.html
mailto:zahurul@me.buet.ac.bd

International Journal of Mechanical & Mechatronics Engineering IIMM E-IJENS Vol:10 No:02 14

actions based on experimental restults. The AGVs showed
promising results in fulfilling their requirements.

Il. DUMMY INDUSTRIAL SETUP

In the industries, numerous components of various sizes and
shapes need to be transferred from place to place during the
manufacturing process. Flexibility is always incorporated in the
design of AGVs to meet such requirements of the industry. In
this research, the robots were capable of handling cylindrical
polystyrene blocks of 300 mm diameter. The operation of the
interactions of the robots were based on an imaginary
industrial environment where one of the robots picks up a
block from a predefined loading place and supplies it to the
another robot after maneuvering in a certain trajectory. The
second robot senses the delivery and travels in a linear path to
performfinal delivery of the block to unload it.

A typical AVGs and the dummy industrial setup schematic
are illustrated in Fig.1. The robots could be pre-programmed
according to the map of the working field. In the present
study, the robot C-Bot would receive workpiece from the
loading station, which can be a conveyor belt or forklift/truck
unloading zone. C-Bot would move along a straight and curved
path and reach the boundary where the load transfer could
take place. C-Bot transferred the load to Tray-Bot and retreat to
its initial position. Tray-Bot would sense the workpiece being
delivered and move along the straight arrows and perform final

delivery to the unloading station and retreat.
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Fig. 1. The laboratory dummy industrial environment setup schematic.

1. DESIGN METHODOLOGY
The mechanical structures of the robots were prepared
mostly using aluminum to reduce overall weight and
subsequently reduced power requirement to drive it. Locally
available hardware components and materials were employed
in the design and fabrication of the robots.

A. Design considerations of C-Bot
C-Bot, as shown in Fig. 2, was designed to maneuverin a
linear/curved trajectory and was equipped with a gripper to
grab the workpiece from the loading station and release it to
Tray-Bot. Its gripper mechanism could change height by
means of string-pulley operated system. High torque servo
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motors were used for both gripping and for the vertical
movement of the gripper along four circular guide-ways. The
vehicle had a dual motor drive system where both the motors
were coupled directly to the wheels. A safety bumper was
provided at the front portion of the vehicle to detect any
obstacle that might come in front of its way.

Fig. 2. C-Bot (top) and the gripper (bottom).

B. Design considerations of Tray-Bot

Tray-Bot was operated in a straight path and so it had
only one motor that was connected to the rear wheels by
means of chain-sprockets. Its four wheels were adjusted
carefully so that it could maintain the straight trajectory
without noticeable deviation. The upper deck of the robot had
a swinging tray made of aluminum. This portion contained two
string-pulley mechanisms — one on the chassis to facilitate the
rotation of the tray while the other one incorporated in the tray
mechanism to perform a pulling operation which could finally
push the cylindrical block (the workpiece) out of the tray and
drop in the unloading station (Fig. 3).
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Fig. 3. Tray-Bot and its tray.

IV. DRIVE AND CONTROL SYSTEM
The C-Bot was designed as a three wheeler robot with two
independently controllable wheels at the front and a free un-
powered caster at the back (Fig. 4). Such a configuration
provided very convenient forward and backward locomotion,
as well as steering in any direction just by controlling the
speeds and directions of the motors. The caster at the rear
provided stabile pivoting for turning. The Tray-Bot drive
motors were connected by chains to the drive shaft that
accommodated two rear wheels, which ensured straight motion

(Fig. 5).

Both of the robots were controlled by PIC® 18F452 micro-
controller based system, as shown in Fig. 6, using feedback
signal from numerous sensors. Microcontroller generated

Pulse Width Modulation (PWM) signals were utilized to
control the drive motor’s speeds. Two PWM signals were Fig. 5. Drive system of Tray-Bot.
used to control the speeds of two drive motors of C-Bot.

Optical encoders, as shown in Fig. 7, were attached to the drive

motors of the robots to provide the rotational speeds of the

motors to the controller.
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Fi. 7. Optical encoder connected to the motor shaft.

In the present study, although identical motors were driven
from the same power source, it was found that the robot’s left
wheel motor was slightly faster than the right wheel motor.
Hence, experiments were carried out to find optimum duty
cycle for the left motor to provide similar speed characteristics
of the right motor. Tactile sensors were used in several places
of both the robots and for their safety against possible
collisions, the motion planning was performed in such a way
that the robots would retard while being near to the
destinations. Usage of visual sensor or camera was avoided as
it may make the entire feedback system too complicated and
raise the cost. This approach is similar to Lecking et al. (2005)
who used laser scanner approaches instead of camera based
systems to remain independent of luminance conditions that
can be highly variable in industrial environments [8].

V. USE OF APPROPRIATE TECHNOLOGY IN FABRICATION
As the perspective of the whole research process was
based on a developing country, it was not always possible to
find correct materials to develop such an advanced robotic
system. Instead of ordering the correct part for the design, the
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part searches in local markets were performed and the initial
design was changed accordingly to accommodate available
resources. This happened for several components which
exposed the reality of working situations.

Some examples of using appropriate technology has been
illustrated in Figs. 2-7. In Tray-Bot, the pulling mechanismwas
made of belts collected from surplus store and pulleys from
local hardware store (Fig. 5). Wooden structures were used to
work as housing of tactile sensors. All the machining
operations of the aluminum structures were performed in the
local facility. In C-Bot, high torque motor was required to pull
the whole gripper structure. Power window motors were used
in this case which was collected from the automobile surplus
store. Strings and wires were also local products which helped
to keep the cost low. For the pulling mechanismto rotate Tray -
Bot's tray, the housing of bearing and the pulley was made
from wood whereas, the motor and chain-sprocket couples
were collected fromshipyard surplus stores.

All the circuit boards were made in the laboratory for price
consideration (Fig. 6). Most of the electronic components
(other than the micro-controllers) were local products. Even the
optical encoders' circuits (Fig. 7) were prepared in the
laboratory and all these components were working fairly well.

VI. TEST RUN RESULTS

The robots were tested in the dummy industrial facility
prepared in the laboratory after the fabrication process and
assembly. The first approach was to run the vehicles
individually and observe their responses to the environment.
Wheels were adjusted and the couplings and bearings were set
to correct alignment as they were showing deviations after the
very first few test runs. The individual sensors were tested for
their accuracy and corrected wherever required.

The drive electronics went through some load tests where
the vehicles were loaded and the corresponding current flow
through the motors were measured. This was done to
incorporate the electronic safety actions in the circuits.

Finally, the robots went through several full test runs
where the C-Bot could successfully pick the workpiece and
following the defined path, delivered it to Tray-Bot. Tray-Bot
could successfully sense the workpiece placement on its tray
by means of its tactile sensors and followed the assigned path
to perform final delivery of the workpiece to the unloading
station. The process was repeated several times to refine it to
an acceptable level. At the end, it was proved to be a
dependable and repeatable AGV system.

VIl. CONCLUSION

In the perspective of a developing country working with
sophisticated technologies is a challenge. A frustrating
situation occurs when one or more key components for a
design are not locally available. Searching for components
from foreign companies may incur a huge amount of
investment of money and time which may act as a repelling
force for the interested local industries. The AGVs prototype
development was performed with the limited resources but in
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case of mass production of such systems, some of the
necessary key components could be imported. In this case, the
cost of the components could be minimized by the large
number of supply.

The robots developed in this research were lightweight
and in some cases, slow speed. These could be modified and
improved easily to meet the industry demands. From the test
runs, it can be recommended that the usage of tactile sensors
should be replaced by proximity sensors whenever possible as
these sensors have lower expected life. Finally, it is worthwhile
to mention that the possibility of AGVs development has a
bright future in Bangladesh and the industries should come
forward instead of becoming too much dependent on expected
technology.
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