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Abstract

The difficult task of searching for victims in
devastated areas due to earth quakes or simi-
lar catastrophes has not been solved. So many
strategies and techniques, using all kind of avail-
able resources, has been developed by different
rescue teams specially in those parts of the world
where natural disasters are often. A possible
approach in order to aid in such labor and to
avoid human beings from risk, is to use robots
capable to go inside of these areas and look for
any signal of life. A machine that fulfills this
requirements must have a robust hardware and
software, to face the most demanding environ-
mental conditions and to achieve search and ex-
ploration tasks systematically. This project pur-
sues in a first stage, the development of simple
strategies that robots can use to look for vic-
tims where the structure of these places is un-
known and contains obstacles in non-patterned
positions.

Introduction

The main objective is the development of a team
of robots capable to look for victims in haz-
ardous areas, utilizing intelligent algorithms use-
ful for searching and exploration tasks. The is-
sue of mechanical devices suitable for real dev-
astated zones is not part of this project. As a
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first approach, several types of sensor and algo-
rithms were tested directly in two robots with
the same physical features. Some others like the
search and exploration strategies were tested in
simulation.
The mechanical design of vehicles is focused in
a kind of scenario similar to an office with over-
turned chairs and tables, where the ground sur-
face is flat. The Urban Ruin Test Course for
Search and Rescue Robots [Newman, 2000] de-
signed by NIST (National Institute for Stan-
dards and Technology) not only has the desired
area for experimentation, but also has zones that
simulate the rubble from destroyed buildings af-
ter an earth quake.

The development of physical robots is composed
by three main areas: mechanics, electronics and
computing. All of them are interrelated and
cannot be separated; however, it is possible to
work in parallel before the final assembly. Intel-
ligent machines need robust hardware, not only
because they should be able to cope with a spe-
cific task, but also their control must be easy to
simplify. Reliable hardware is the basis of these
robots and essential part of AI implementations.
If we have such device then the software imple-
mentation should be less difficult, probably end-
ing up with something very encouraging. Then,
it could be possible to create sophisticated soft-
ware that let us solve the same task but more
efficiently.

Hazardous areas may have small spaces, some
of them almost impossible to access, so a quick
response robot that uses the minimum space to
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turn or to change direction is desirable. The
kind of steering has an important role on per-
formance. Nowadays, this issue looks trivial and
seems to be solved since most of the commer-
cial mobile wheeled robots achieve skid steering;
however is worth to say that exist more steer-
ing modes and its selection should depend on
the application. In this case skid steering is cho-
sen, it can be compact, requires few parts and
exhibits agility [Shamah, 1999] in places where
available space is tiny. It is not necessary to use
some other mechanical devices, just the motors
that move the vehicle are enough.

The Environment

The NIST course for the AAAI Competition has
different simulated scenarios provided with fake
victims. Each one has small movements and
emits heat and noise. Heat-paddings give to the
robots a hint about something warm and tape
recorders produce different messages asking for
help. The motion is achieved by mechanisms at-
tached to the fingers. So this brief description is
enough for the first step: to set up suitable sen-
sors for robots, designed for environments that
show the most essential features from a real haz-
ardous scenario.
Next step is to consider the number of robots.
There exist some approaches, being the most sig-
nificant:

• Big amount of simple robots with different
number and kind of sensors on board.

• One robot with all the sensors but very dif-
ficult to control.

• Few robots with the same number and type
of sensors and non-complex control.

Our approach matches with the last option: two
robots provided equally in number and kind of
sensors. Bear in mind that robots for this pur-
pose have conflicts with navigation and detec-
tion as shown in [Murphy, 2000]. It is necessary
to “know” how much is necessary to persist in a
detection or in an obstacle avoidance behaviour,
which is dependent on the size and shape of the
obstacles and the location of victims.

Mechanical and Electronic
Features

The physical basement of these robots is a three-
wheeled vehicle (two driven and one fixed pas-
sive). The passive wheel in the back is not caster
and is smaller than the driven. A caster wheel
is avoided because most of the times, it does not
manage to get the correct position (parallel to
the other wheels) and tend to increase friction
in one side of the vehicle when it is not aligned.
As a result is rather difficult for the vehicle to
move in a straight line.
Sensors
For the selection of the sensors that should be
employed, special characteristics of the operat-
ing environment are considered. In a devas-
tated building the lighting conditions are not
predictable. Thus, usage of cameras requires
on-board light sources that increase considerably
the power consumption. To provide the ability
to perceive the world around them, simple and
specially designed sensors for high performance
are selected for this application.
Victims Detection
The pyroelectric sensor is capable of detecting
infrared emission produced by body heat. The
one attached to robots senses only motion thus,
it is attached on a servo motor that provides ro-
tation left-right, covering an angle of 175◦. The
voice detector is constituted by a microphone, an
amplifier, a band-pass filter, a dynamic thresh-
old generator, and a comparator. The micro-
phone is fixed on the servo motor together with
the pyroelectric sensor in order to scan an angle
of 175◦. The signal is amplified and filtered, cut-
ting off frequencies out of the range that human
voice produces. This filtering aims to minimize
false detections. The dynamic threshold genera-
tor provides a specific value to the comparator,
avoiding the detector to be activated by the con-
stant environmental noise.
Location Estimation
For estimating location we use only path inte-
gration by measuring distances in straight lines
and relative steering angles.
For dead reckoning two encoders are used: one
for a driven and the other for an undriven wheel.
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Each encoder provides 72 pulses per revolution.
The one fixed to the undriven wheel gives infor-
mation whether the robots are actually moving
or not. The encoder on the driven wheel mea-
sures distance with better accuracy because the
undriven wheel tends to lose pulses due to un-
even mass distribution. Then the correlation of
both devices gives and improved result. steer-
ing angles measurement is made by a magnetic
compass. Because of the local disturbances of
the earth’s magnetic field inside buildings, the
compass is utilize only for local relative turn-
ing. To use the compass over distances, usage of
more sensors is required to make corrections on
compass indication.
Collision Avoidance
The ultrasonic range finders provides obstacle
detection from distance without touching them.
These robots have 4 ultrasonic range finders:
two on the front and two on the sides of the
robot. The maximum range is limited to 2m in
order to minimize the possibility of interference
of sonars from different robots of the same team.
The bumpers are used as backup sensors for ob-
stacle avoidance. There are 2 bumpers placed on
the front one on the left and one on the right.
Regardless the crude way to detect obstacles,
they are always useful when the smart sensors
are not activated. This is a necessary sensor fu-
sion [Haynie, 1998], very important in terms of
autonomy, if one of the sensors fails, the robot
still has some other resources in order to do the
task. Figure1 shows two different views of the
robots where it is possible to see all the sensors
and most of the mechanical components.

Figure 1: Views of the robots

Behaviours

There are 6 behaviours running on the robots
as described on what follows.
Go in Straight Line
This is implementation keeps the robot going
in a straight line while moving. The aim is to
minimize errors of localization because dead
reckoning assumes movement in straight line.
Go Forwards or Backwards (x cm)
This is used for the robot to move defined
distance forwards or backwards. It is used
in collision avoidance and for getting close to
detected victims.
Turn an Angle
For turning we use the wheel encoders for
performing 80% of the required angle and then
we use the compass for correcting the turn
angle. This provides quick turn of most of the
angle and then accurate adjustment.
Obstacle Avoidance
As we referred in the sensors section we use two
for obstacle avoidance. The first kind of sensors
are the ultrasonic range finders that provide
remote obstacle detection used for avoidance.
Whatever it is closer than 30cm is considered as
an obstacle. This threshold was selected after
various experiments. Larger threshold makes
the robot incapable of going through small
openings while smaller threshold does not allow
enough time for response.

Victims Detection
For victims detection we use a pyroelectric sen-
sor and a microphone as described in the sensors
section. When there is detection of heat source,
by the pyroelectric sensor, the robot turns to-
wards the angle that the servo motor was turned
when the detection occurred. A notification for
the detection and the heading angle is also sent
to the base station.
Robot Snagged
When there are no pulses from the undriven
wheel encoder and the robot supposedly is mov-
ing, then the escape behavior is activated. The
robot stops and suddenly speeds up to 80% of
the maximum speed usually overcoming small
height obstacles.
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Location Estimation
As it is mentioned in the sensors section, for lo-
cation estimation, it is used path integration.
The estimation of location is refreshed after the
robot performs a turn or moves a distance of
50cm in straight line. This location estimation
informs the base station approximately where
the victim was found.

Radio Communication with
Base Station

The full system has two robots and a base sta-
tion. The base station software runs on a lap-
top and via RF communication tracks the robots
positions and the locations where victims were
detected. The data is presented visually in the
laptop’s monitor. A priori described and not
complete top view model of the building is pro-
vided and new information is added during the
operation. The software is written in Java so the
base station is platform independent.
Radio communication in 418MHz is used be-
tween the robot and the base station. A spe-
cial designed board adapts the robot controller
to a RPC-418 that provides the radio commu-
nication. The data are transmitted in packages
of variable size. Each package starts with the
package size, source and destination addresses,
package identification number, and the data. In
the data part of the package there are flags and
values making the values recoverable on the re-
ceiver.

Search and Exploration
Strategies

From the collection of tested strategies for mo-
bile robots, at the moment a reliable and con-
fident algorithm capable to overcome with any
kind of scenario has not been developed. There
are some approaches [Wolfram, 2000] that use
special devices like laser range finders for map
building, positioning the robot manually on dif-
ferent locations. Although the robot is continu-
ously located using partial maps, which could be
useful, it is still necessary to provide the robot
with a map.

One more strategy is to define the trajectory
according to the probability to find an obsta-
cle in a specific direction [Yamauchi, 1998].
So on each step we get the longest single
path free to the obstacles. Some imple-
mentations like [Zelinsky, 1992] use quad
trees, going deeper through the tree in or-
der to select the best trajectory based on
decision trees matching. Another path plan-
ning approaches are developed using genetic
algorithms [Trojanowski and Xiao, 1997],
[Hocaoglu and Sanderson, 1996],
[Lin and Michalewics, 1994], [Xiao, 1994].
Some of them like [Bessiere, 1993] describe
planners for robots moving in dynamic en-
vironments. [Lin and Michalewics, 1994]
showed and Evolutionary Planner/Navigator
for path planning and navigation, using
two genetic algorithms, one for off-line and
the other for on-line planning. Finally in
[Trojanowski and Xiao, 1997] memory is added
to the evolutionary planner/navigator in order
to implement an adaptive memory process.
The Purpose of the Strategies
The aim is a robot or group of robots provided
with a search-exploration strategy that could
be modified on-line and does not require a
previous knowledge of the environment that is
going to be explored. The difference between
this problem and other approaches is that the
starting point and the goal are known before
the robot begins a trail, in this case, the goal is
unknown from the beginning.
Elements of the Evaluation Function
Their goal is to cover all the relevant aspects in
order to generate the best trajectories to find
as many victims as possible in this simulated
hazardous area from the competition. The
definition of Clearness, Smoothness and, in
fact, the evaluation functions is based on
previous work of [Xiao, 1994], adding some
parametes according to the objectives of this
project, such as the inclusion of the number of
detected victims. All functions are rewritten
and adapted to this application on the basis of
robot’s performance .
The trajectories are defined by two-dimension
vectors in its polar representation.
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Detection
It is the number of victims found after each
trail, being this parameter the most important,
it is not expected that the best individual
necessarily has the biggest number of victims
detected (could be the case that all of them
were located through a very complicated path).
This parameter tries to increase the fitness of
each individual, but considering at the same
time within the evaluation function, some other
aspects related to the trajectory made by the
robot.
Way Points
The number of way points or vectors that
composed the full path depends on the number
of obstacles. The trade off is to cover as much
distance as possible with the minimum of
rotations. Then it is necessary to pull out of
the population those chromosomes that contain
big distances and a big number of way points.
A squashing function like tanh is very useful to
separate values that means different features,
allowing to get the maximum of the function
quickly. So using its inverse, big number of way
points are minimized and the small ones maxi-
mized, increasing the fitness of the individual.
Clearness
This parameter is the measurement about how
far was the robot from the obstacles detected
during the trail. Then the bigger the number,
the safer is the path. This quantity is related
to the rotation angle achieved by the robot
after detection of an obstacle using either the
sonars or the bumpers. In this function, special
punishment is applied to those sections of the
trajectory where the robot detected so close
the obstacles or even worse when it bumped
them. This parameter is defined according to
the following equations:

cpi =

{
τ if gi >= 1
ea(τ−(giτ)) − 1 otherwise

(1)

C(P ) =
n∑
k=1

c(pi) (2)

pi represents the ith point of the full path.
P is the full path.

g is the percentage that relates how efficiently
the sensors detect the obstacles. So when the
obstacles are detected over or at the threshold,
means an efficiency of 100%. The minimum
value assigned to g in this process is 3% (the
case of bumpers).
a is a coefficient that increases the punishment
for those points where clearness is very small.
It is preferably defined as a negative number.
When this is done, the resulting value given by
the function is minimized, in order to decrease
the fitness of the individual just in terms of its
clearness.
Smoothness
This function is basically an estimation about
how much distance is covered by the robot when-
ever it has to rotate. The aim is to find a trade
off between the angle and the distance i.e. how
much is necessary to turn covering the biggest
distance without an obstacle in the way.
Clearness and Smoothness are related inher-
ently, on one hand we got how close is the robot
to the obstacles on the other, according to Clear-
ness, how much is the vehicle forced to turn. If
the angle is small, then the obstacles were de-
tected at good distance (over the threshold of
the sonars) and the actual trajectory is not mod-
ified dramatically. On the contrary big angles
means that the robot found a cluttered area,
plenty of obstacles, or a corner formed by two
or three walls.
Since the beginning we know that the most effi-
cient way to get from one point to another is a
straight line, if the robot has to rotate or turns
a small angle then the environment is not very
crowded. So the smaller the ratio, the better is
the trajectory, then smoothness is inversely pro-
portional to the distance.
The function is the following:

S(pi) =
n∑
i=1

θi
max[d(pi−1, pi), d(pi, pi+1)]

(3)

where max[d(pi−1, pi), d(pi, pi+1)] is the maxi-
mum value of the Euclidean distance between
two adjacent points and θi is the angle between
these points.
Finally the evaluation function is:
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fitness(P ) = detection(P )+((
wwp · tanh

1
waypoints(P )

+

wd ·
dist(P )

1000
+ wcl · clearness(P )+

wsm · smoothness(P )
)
· 1
waypoints(P )

)
(4)

being wxx the respective weights from each pa-
rameter and dist(p) the total trajectory’s dis-
tance.

Results

Robots
The tests made during the RoboCup Res-
cue competition were useful, basic behaviours,
like obstacle avoidance featuring sonars and
bumpers, heat detection, rotation angle and
dead-reckoning showed to work acceptably. Re-
gardless of this, there is so much work to do in
order to improve positioning and obstacle avoid-
ance. The first one was realy affected due to
environmental conditions. Magnetic compasses
had very erratic response, struggling in bad
readings and different locations of the Earth’s
magnetic field;however, as pure rotational sen-
sor, they were very consistent.
Strategies
The most sensitive parameter in evaluation func-
tion is the total distance. When its weight is set
to big values e.g. more than 1.0, then the ex-
plored distance is bigger but far from the points
where victims are located and exploring empty
places (where nothing is supposed to be there);
however, the robot manage to get to the right lo-
cations sometimes. If its value is close to 0.0001,
the exploration and searching process is done in
the main area, so the robot spend all its effort in
the zone of interest. It managed as well to pass
near to victim’s location and to detect most of
them (and some times all).
The difference between this values yields in
robot’s behaviour, for small values, the robot
do not spend time in areas without information

about victims. On the other hand, it is supposed
that robot may wonder in other places using sim-
ilar patterned trajectories like those for known
areas.
The next are graphics of the trajectories result-
ing from the evolutionary process:

Figure 2: Graphics from the trajectories: dots
represent the victim’s position

Conclusions

Essential hardware for robots designed for a spe-
cific rescue task (the “yellow zone”) was created.
Because of local disturbances of the Earth’s
magnetic field, the magnetic compasses used for
this project are reliable only as relative rotation
sensors but not as part of a positioning system.
Two robots with sensory inputs for the rescue
task were developed and tested during the com-
petition of RoboCup Rescue 2001, showing that
pure reactive behaviours may guide the robots
to the targets (victims).
There is not enough evidence to say that the
evaluation function implemented in the genetic
algorithm does not provide a minimum learn-
ing to the robot. On the other hand it showed
that obstacle avoidance behaviour, by means of
bumpers and sonars, could be useful for robots
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in order to explore the area constrained by the
arena and beyond, but neglecting the obstacles.
The evaluation function took the robots to the
location of the victims due to the detection pa-
rameter.
The inverse of the chromosome length as the mu-
tation rate, does not work for the solution of this
projects, as it does for some others.

Discussion

The objective of the competition is well defined,
to develop robots capable to aid efficiently in real
rescue missions, but which is the right approach,
tele-operated or autonomous robots?. Time and
research on this field will yield on any of these
approaches or probably, the conclusion will be
not to use robots.
At the end, no matter which approach is used as
long as the problem is solved and a reliable sys-
tem can be utilized under the most demanding
situations.
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