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Disasters such as earthquakes are inevitable part of our
lives. There are more than 30,000 people being killed by
earthquakes alone each year [1]. The number of fatalities
since 1990 is shown in Figure 1. The death toll in many cases
is due to the vast nature of the damage and the limited rescue
personnel that are racing to reach and locate survivors. There
are various systems to help the rescue personnel for their
efforts [2]. Unfortunately, most of these systems are remotely
operated vehicles therefore requiring operators for their
operation. Any system that can operate autonomously without
operator intervention will be quite useful and will help save
many lives.
This paper introduces a mobile robot that has been
developed to aid the rescue effort by building a map
automatically in disasters. The designed robotic system can
also be used for exploring mines, or exploring any other
dangerous or hard to reach area. It has been developed by the
commercial of the shelf materials which makes it cheap and
easy to build. The purpose of the robot is to navigate in an
unknown environment in order to build the map of the area.
This map and the visual information will be transmitted to a
remote location for evaluation. The robot should be able to
sense its environment to map the area but also it should
compute its own location at the same time. Ultrasonic
sensors, infrared sensors, encoders and digital compass are
used on the vehicle to determine the distance of the
surrounding objects and to choose a suitable path. The radio
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frequency (RF) modules are used to communicate and
transfer information to a distant computer. The scope of this
ongoing research includes the construction of an autonomous
system containing a robotic tracked vehicle and a telemetry
system, as well as developing and testing novel planning
algorithms. The ultimate goal is to make the robot completely
autonomous in the future that can work effectively in
complex 3D environments.
In literature, the algorithms developed to give these
abilities to the robots are referred as SLAM (Simultaneous
Localization and Map Building) algorithms. SLAM and
navigation technique are crucial problems for autonomous
mobile robots [3]-[5]. Satisfactory real world operation of
robots, such as home cleaning robots and service robots,
require successful integration of SLAM solution and
navigation technique. Moreover the algorithms should
guarantee their performance even using cheap sensors.
Several attempts to integrate the SLAM and navigation
algorithms are suggested [6] and [7]. These algorithms focus
on the development of navigation solution which reduces the
uncertainty of SLAM estimate or investigates unexplored
regions.

Deaths

Abstract- Disasters are inevitable part of the modern World.
This paper introduces an easy to build, economical mobile robot
that has been developed to aid the rescue effort by building a
map automatically in such situations. The robot navigates in an
unknown environment in which the only information it can
obtain comes from onboard sensors and it needs to not only map
the environment but to estimate its own location as well.
Ultrasonic sensors, infrared sensors, encoders and a digital
compass are used on the vehicle to determine the distance of the
surrounding objects and to choose a suitable path. RF modules
are used to communicate and transfer information to a distant
computer. In order to present the effectiveness of the robot and
the navigation algorithms we presented various experiments on
planar environments. The scope of this ongoing research
includes the construction of an autonomous system containing a
robotic tracked vehicle and a telemetry system, as well as
developing and testing novel planning algorithms.
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Fig.1. Fatalities in the World since 1990 due to earthquakes. Data obtained
from [1].

The aim of this study is localization and mapping of the
unknown indoor environments without using any beacons and
landmarks. Consequently, designed robot can start to move
from an unknown position in an unknown environment and
performs localization and mapping simultaneously and
realizes when reaching the starting point. The mobile robot
provides interaction with the surroundings and determines its
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motion planning itself while exploring an area.
The remainder of this paper proceeds as follows: Section 2
describes the robot platform developed. The on-board and
off-board software and the telemetry system are presented in
Section 3. The Section 4 describes the localization and map
building approach. The experiments are presented in Section
5, followed by the conclusion and plans for future work in
Section 6.
II.

encoders and the data collected from ultrasonic, infrared
sensors and the electronic compass. The RF link is being used
to transmit the robot information, the map and also to receive
any commands from the operator. All the data acquired from
the sensors are taken and processed by the ATMEL’s
ATmega128 microcontroller on the lowest level and sent to
the remote computer through wireless RF link for running
complex calculation, storing data and interfacing with a user.

THE ROBOT PLATFORM

It is expected that the robot’s working environment will
contain various objects and obstacles. For such environments
it is more advantageous to use a tracked vehicle. A tracked
mobile robot can be seen as a special case of a wheeled robot
with differential drive. In fact, the only difference is the
robot’s better maneuverability in rough terrain and its higher
friction in turns, due to its tracks and multiple points of
contact with the surface. Figure 2 shows BSRTrack, a model
tank that was modified into a mobile robot. A tracked vehicle
has two driving motors, one for each track. BSRTrack is
equipped with a number of sensors required for navigating
rough terrain. Most of the sensors are mounted on the top of
the robot. In Figure 2, the following are visible, top:
ultrasonic sensors and digital compass, front: infrared
sensors. Electronic controller is placed inside the BSRTrack.

Fig. 3. The overall electrical architecture of the robot.

III.

THE TELEMETRY SYSTEM

A telemetry system has been developed in order to transmit
the sensor data and on-board information to a remote
computer. With the help of the telemetry system, the operator
can see the real-time map as the robot travels automatically in
the environment. If the operator prefers to move the robot
manually, he/she can switch to manual operation mode. In
order to control the robot from the remote computer as well
as to generate map with the sensory information, MS Visual
Basic 8.0 is used as the development software. Figure 4
shows the main screen of this application program.

Fig. 2. The tracked mobile robot with sensors attached.

The robot is equipped with a number of sensors and
actuators:
•
Sharp GP2D12 Infrared proximity sensors (3 units)
•
Devantech SRF08 ultrasonic range sensors (6 units)
•
Devantech CMPS03 compass module (1 unit)
•
Hennkwell HG37D67WE12-052 DC gear motor and
shaft encoders (2 units)
•
ATMEL Atmega128 microcontroller (1 unit)
•
Dual H-Bridge controller with current sensors (1
unit)
•
UDEA UTR-C12U RF Transceiver (1 unit)
The Figure 3 describes the overall architecture of the
developed robot system. The main processor of the robot
controls the motors through motor driver by the help of the

© IEEE 2009

Fig. 4. The main control page of the application software provides all the
necessary information about the robot.

The operator can easily check the robot orientation as well
as the obstacle information on the remote computer as shown
in Figure 5.

2220

Preprint of IECON 2009 Proceedings

Fig. 5. The robot and the obstacle information can be seen at the remote
computer.

To establish a communication between the desktop
computer and the robot, a RF communication module was
used as shown in Figure 6. For this purpose, telemetry
module which is the custom designed for this project is used.
The module is powered from an AC/DC adaptor. The main
part of this module is the UDEA RF transceivers that
operate at the 433 MHz frequency. The computer has to
have a serial port or a USB to serial cable to use the serial
telemetry module. Application software accesses the
Windows Com Port using the Microsoft Visual Studio.NET
Library. The COM port of the computer should be set up for
2400 baud, 8 data bits, no parity and one stop bit.

Fig. 6. Developed serial telemetry module.

The application program checks the specified serial port
continuously and as soon as new data arrives it calls a
dedicated procedure for acquiring the new data having sent
from the robot. A special error protocol is required because of
the high error rate of mobile wireless data exchange.
Messages are transmitted and received between the PC and
the robot by using STX/ETX packet protocol. STX/ETX is a
simple packet protocol for serial data streams and offers
packetization, type tagging, and checksum protection for user
data. Both of the units that communicate each other have
STX/ETX communication protocol library for processing the
incoming and outgoing packets. This library provides
functions needed to transmit and receive STX/ETX packets
over any interface which can send and receive bytes.
IV.

LOCALIZATION AND MAP BUILDING

One of the central problems for driving robots is
localization. For many application scenarios, we need to
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know a robot’s position and orientation at all times. For
example, a cleaning robot needs to make sure it covers the
whole floor area without repeating lanes or getting lost, or an
office delivery robot needs to be able to navigate a building
floor and needs to know its position and orientation relative to
its starting point. This is a non-trivial problem in the absence
of global sensors.
The localization problem can be solved by using a global
positioning system. In an outdoor setting this could be the
satellite-based GPS. In an indoor setting, a global sensor
network with infrared, sonar, laser, or radio beacons could be
employed. These will give us directly the desired robot
coordinates. Unfortunately, this is not a realistic method for
exploring an unknown environment such as any rescue
environment, that’s why a global sensor network is not used
for localization and mapping in this study.
Odometry is the study of position estimation during
wheeled vehicle navigation. The term is also sometimes used
to describe the distance traveled by a wheeled vehicle.
Odometry is used in this study to estimate their position
relative to a starting location. Odometry is the use of data
from the rotation of wheels or tracks to estimate change in
position over time. This method is often very sensitive to
error. Rapid and accurate data collection, equipment
calibration, and processing are required in most cases for
odometry to be used effectively.
Navigation, however, is much more than just driving to a
certain specified location. It all depends on the particular task
to be solved. There are a number of well-known navigation
algorithms, however, some of them are more theoretical
nature and do not closely match the real problems
encountered in practical navigation scenarios. For example,
some of the shortest path algorithms require a set of node
positions and full information about their distances.
Unfortunately in many practical applications there are no
natural nodes or their location or existence is unknown, as for
partially or completely unexplored environments.
The most widely used approach for the exploration part of
the problem is to always follow the right wall. For example, if
the robot comes to an intersection with several open sides, it
follows the rightmost path. The procedure is very simple and
comprises only a few lines of code. It contains a single whileloop that terminates when the current x and y coordinates
match with the goal coordinates. Inside the iteration loop, the
robot’s sensors are being used to determine whether a wall
exists on the front, left, or right side. The robot then selects
the “rightmost” direction for its further movement. That is, if
possible it will always drive right, if not it will try driving
straight, and only if the other two directions are blocked, will
it try to drive left. If none of the three directions are free, the
robot will turn on the spot and go back, since it has obviously
arrived at a dead-end.
A.
Map Generation
A problem related to map-building is autonomous
exploration. In order to build a map, the robot must explore
its environment to map uncharted areas. Typically it is
assumed that the robot begins its exploration without having

2221

Preprint of IECON 2009 Proceedings

any knowledge of the environment. Then, a certain motion
strategy is followed which aims at maximizing the amount of
charted area in the least amount of time. Such a motion
strategy is called exploration strategy, and it depends strongly
on the kind of sensors used.
The problem of robotic mapping is that of acquiring a
spatial model of a robot's environment. Maps are commonly
used for robot navigation. To acquire a map, robots must
possess sensors that enable it to perceive the outside world.
Sensors are developed for this task include cameras, range
finders using sonar, laser, and infrared technology, radar,
tactile sensors, compasses, and GPS. Most robot sensors are
subject to strict range limitations. For example, light and
sound can not penetrate walls. These range limitations
makes it necessary for a robot to navigate through its
environment when building a map. The motion commands
issued during environment exploration carry important
information for building maps, since they hold information
about the locations at which different sensor measurements
were taken.
B.
Mapping Algorithm
Accuracy and speed are the two major criteria for map
generation. The approach of visibility graphs [8] with
configuration space representation is used for mapping. Since
the typical environments with only few obstacles and lots of
free space, the configuration space representation is more
efficient than the free space representation.
The basic tasks for map generation are to explore the
environment and list all obstacles encountered. In this
implementation, the robot starts exploring its environment by
using a simple wall-following navigation algorithm. If it
locates any walls, it drives toward the nearest one, performs a
wall-following algorithm, and defines map entries along the
wall. This process continues until the robot reaches the
starting point. Determination of reaching the starting point is
calculated by the robot using the vector sum of the robot
movements. Keeping track of the robot’s exact position and
orientation is crucial, because this may not only result in an
imprecise map, but also lead to mapping the same obstacle
twice or failing to return to an initial position. This task is
non-trivial, since the robot works without a global positioning
system and uses imperfect sensors.
For the collision avoidance, a minimum distance between
robot and obstacle or wall is leaved. This should ensure the
highest possible sensor accuracy, while avoiding a collision
with the obstacle. If the robot were to collide, it would lose its
position and orientation accuracy and it may also end up in a
location where its maneuverability is restricted.
V.

EXPERIMENTS AND RESULTS

To test the performance of our tracked robot and the map
generation algorithms, we set up several environments
using removable walls. Although any rescue scenario
should involve debris and 3D structures, our initial
approach in this paper is to limit the effort to planar
environments and prove the effectiveness of the robotic
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system and the implemented algorithms. The following
figures show photographs of different environments
together with the generated maps after exploration by the
robot.
In experiment 1, robot travels in a circular environment as
shown in Figure 7. The map generated by the robot is
presented in Figure 8. There are two different color lines on
the generated maps. The red line shows localization of the
robot on the map and the purple line represents the
boundary of the map. The map generated by the robot and
the real map of the environment are similar.

Fig. 7. Photograph of the environment in Experiment 1.

Fig. 8. The generated map in Experiment 1.

This environment contains non-rectangular walls. This
tests the algorithm’s ability to generate a map in an
environment without the assumption of right angles. The
turnings with less than right angle at the corners causes
almost zero odometry error because of the less slippage of
the robot, so the starting and ending points on the map
could intersect. So, the generated map shows the same
shape with the measured map. But, there is a little error on
the map due to the ultrasonic sensor measurement error. It
can be seen on the generated map, the purple starting and
ending points of the boundary lines could not intersect.
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Fig. 9. Photograph of the environment in experiment 2.

In experiment 2, as shown in Figure 9, the robot was placed
in an L shaped area. The area has all the required
characteristic features to test our algorithm. The map
boundary contains two corridors and corners require sharp
90° turns during the boundary following routine. The robot
travels along the boundaries of the L-shaped test area to
generate the map. The generated map of the environment is
presented in Figure 10.

Fig. 11. Motion of the robot in the experiment 2, as generated by the vision
system from the ceiling.

The second source of error in our map generation algorithm
is related to the ultrasonic sensors. These sensors give
reliable measurements within the range of 3 to 100
centimeters. However, individual readings can deviate by as
much as 3 centimeters.

Fig. 10. The photograph of the generated map in experiment 2.

In order to determine the robot motion more precisely we
developed a vision system. The vision system is used for
comparison only and has not been used for robot control. This
system consists of a ceiling camera and a pattern fixed to the
robot. A pattern formed by two different diameter circles on a
white background was placed on the top of the robot as
shown in Figure 9. A ceiling mounted camera grabs and
transmits the images to the distant computer where it is
processed. The map generated with the vision system is
presented in Figure 11. The x, y, z and the heading angle of
the robot during the experiment are given in Figure 12.
The generated map of the experiment 2 contains some
errors. The main source of error is the robot positioning
using odometry. With every move of the robot, small
inaccuracies due to friction and wheel slippage leads to
errors in the perceived robot position and orientation.
Although these errors are initially small, the accumulation
of these inaccuracies can lead to a major problem in robot
localization, which will directly affect the accuracy of the
generated map.
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Fig. 12. The estimated robot motion in the experiment 2, as generated by the
vision system from the ceiling.

Furthermore, another source of the ultrasonic sensor error
is the reflection problem of the ultrasonic sensors. Due to
this problem, the corners of the map that have less than
right angle between the walls can not be shown accurately.
As a result of the collision avoidance algorithm of the
robot, it can not move to the inside of the corner and it can
not sense the acute angled corners accurately because of
the reflection problem of the ultrasonic sensors. Especially
corners in the environment become less accurately defined
when they are acute angled. Nevertheless, the mapping
system maintained the correct shape and structure even
though errors were introduced.
To comparing the measured (actual) map with the
generated map, a relation between the two maps must be
found. One of the maps must be translated and rotated so
that both maps share the same reference point and
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orientation. Next, an objective measure for map similarity
has to be found. Although it might be possible to compare
every single point of every single line of the maps to
determine a similarity measure, we believe that such a
method would be rather inefficient and not give satisfying
results. Instead, we identify key points in the measured
map and compare them with points in the generated map.
These key points are naturally corners and vertices in each
map and can be identified as the end points of line
segments. Care has to be taken to eliminate points from the
correct map which lie in regions which the robot can not
sense or reach, since processing them would result in an
incorrectly low matching level of the generated map. By
limiting the points entered into the map representation to
critical points such as corners, we do not record large
deviations along a straight edge of an obstacle. This makes
the mapping algorithm insensitive to sensor measurement
errors along straight lines. Furthermore, by maintaining a
close distance to the obstacles while performing wall
following, any sudden changes in sensor readings from the
electronic compass or ultrasonic sensors can be detected as
errors and eliminated.
Collision detection and avoidance routines are of greater
importance in the physical environment, since the robot
relies on odometry using wheel encoders for determining
its exact position. A collision may cause wheel slippage,
and therefore invalidate the robot’s position data. In the
experiments, the robot successfully developed the map
without any collision.
VI.
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