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Abstract FIXME restructure
stract

This master thesis describes the construction of a platform for evolution of behavior

in a group of small mobile robots, as well as analysis of experiments performed.

In nature many tasks are performed by cooperation and communication between
individuals. In an effort to mimic nature, experiments to analyse how behaviour
evolve in a group of small social mobile robots have been made.

In the experiments concluded, the difference between a single robot’s ability to learn
and a group of communicating robots ability to learn has been compared. The
emphasis has not been on trying to control the robot as well as possible, but rather
to examine how behaviour evolve.

Real physical robots built with Lego Mindstorms have been used for the
experiments. Robots migrate genetic individuals between each other using infrared
communication. Robots can learn from each others’ success or failure by migration of
fit individuals. The individuals control the robot with linear genetic programs.

??

Sammanfattning FIXME strukturera
sammanfattning

Svensk titel: “Distribuerad beteende-evolution i en grupp med mobila robotar”

Det hir dokumentet dr den skriftliga delen av ett examensarbete vid instutitionen for
Fysisk resursteori p4 Chalmers. Examinator och handledare har varit Peter Nordin.

Rapporten beskriver konstruktionen av en plattform for genetisk programmering pa
mobila robotar, samt analys av evolutionsexperiment utférda pa densamma.

Experimenten har syftat till att jamfora evolution pa en ensam robot och pa en
grupp av robotar.

I experimenten har fysiska robotar anvints. Lego Mindstorms har anvints som
hardvaruplatform.

??
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Chapter 1

Introduction and
background

1.1 Overview

In this project, a platform for evolution on mobile robots has been constructed.
Experiments to determine how behaviour evolves has been conducted and analyzed.

The mobile robots are driven by evolved linear genetic programs. The robots
communicate with each other using infra red communication. and can learn from
each others’ mistakes by migration of fit individuals.

The Lego Mindstorms Robotics Invention System (RIS) [4] consists of a number of
ordinary Lego Technic construction bricks, touch and light sensors and a special
computer-brick “Robotic Command Explorer” (RCX). The RCX communicates with
a standard PC through an IR transmitter attached to a serial port on the PC.

The official Lego software that is bundled with the RIS provides an easy to use
graphical programming language, that probably is good if you are a beginner at
programming. However, if you try to implement evolution on your RCX; LegOS, one
of the alternative operating systems available for the RCX [5] is a much better
choice. The version used here was LegOS 0.2.4.

LegOS provides a standard C programming interface, with some constraints that
reflects the hardware (e.g. 5 character output).

Each robot is equipped with a single distance sensor in front, using modulated
infrared light to measure the distance to objects up to 20 cm in front of the robot.

The hardware used here is very limited in processor-speed compared to other robot
platforms such as the Khepera, used in other GP experiments [6]. Even relatively
simple problems tend to take long time for a single robot to learn. The idea is to
compensate for this by parallel execution on several communicating robots. To see if
relatively dumb robots can perform better when they work together.

In these experiments the robots only communicate with each other using migration
of individuals.

FIXME change



2 CHAPTER 1. INTRODUCTION AND BACKGROUND

1.2 Reading guidance

Brief explanation of chapters in this document:

2 Problem: Explanation of the outline of this project.
3 Method: The hardware and software used.

4 Genetic Programming: The evolutionary part of the software is explained in
detail.

5 Results: Explanation of the experiments performed.



Chapter 2

Problem

FIXME more

o Analyze how behaviour can evolve in a group of mobile robots.

o Each robot should be able to run in a general environment, only a smooth
surface with walls surrounding it should be needed.

o Each robot should be able to detect static obstacles such as walls as well as
moving objects such as other robots.

o The system should be scalable, several robots added without modifications.

o Each robot should act autonomously and exchange individuals with the other
robots.

o Statistics sent to computer for further analysis.

o Try to compensate slow hardware with parallelism.

The task to solve for these robots is of a relatively simple nature, they only need to
move fast and straight and avoid getting to close to other objects such as walls or
other robots. Since the only input to a robot is the distance to objects in front of it,
the robots can not learn complex tasks at this point. However if fitted with more
sensors they could probably evolve cooperative behaviour such as moving objects too
heavy for a single robot, foraging [1] etc.
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Chapter 3

Method

3.1 Hardware platform survey

Mindstorms
Microprocessor: Hitachi 7?7 (RCX). Mechanics: Lego-brics, motors and wheels. -:

expensive, large (10x6cm). +: flexible, usable in other projects, good and available
programming environment, several boxes available at physical resource theory.

Cybermaster

Microprocessor: ? Mechanics: Lego-brics, motors and wheels. - uncertain
programming environment. + inexpensive compared to Mindstorms.

BOE-bot kit

Microprocessor: PIC-processor with BASIC stamp. Mechanics: servo and wheels. -
expensive, large 13x9cm , BASIC programming. + flexible.

PIC-based (Allt om elektronik)

Microprocessor: PIC-processor. Mechanics: Servo, wheel, chassis. - more expensive
than building own. + inexpensive compared to BOE-kit, small?

PIC-based own design

Microprocessor: PIC-processor. Mechanics: Servo wheel, chassis. - too much
developing time. + inexpensive.

FIXME explain platforms
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68HC11-based own design

Microprocessor: 68HC11 with AD. Mechanics: Servo wheel, chassis. - too much
developing time. + inexpensive.

PIC-based stiquito

Microprocessor: PIC-processor. Mechanics: Stiquito. - undocumented mechanic
control. + inexpensive, small.

3.1.1 Robot

Lego Mindstorms [4] was used as a platform for this project. Other platforms were
considered, see above. Several Lego Mindstorms sets were available at Physical
Resource Theory

Advantages and disadvantages of Lego Mindstorms:
+ Low cost
+ Modulated (Lego parts)
+ Low hardware maintenance (no soldering etc.)
+ Good communication equipment (IR)
— Slow processor

— Limited I/O, only three sensor inputs and three motor outputs. Can be solved
with multiplexing.

— Low memory, only 34k

— Battery driven. Common drawback for mobile robots.

In an attempt to solve the battery problem, other solutions for providing the robot
with energy were considered, such as electrified floor [8] and electrified ceiling (as
used by bumper cars). Due to the cost and time needed to build such an
environment, the battery solution was used throughout the experiments. The
batteries had to be changed aproximately every third hour under normal conditions.

The robot has a very simple mechanical design see figure 3.1. Two wheels are used to
move the robot. The wheels are attached directly to the motors and the motors are
attached directly under the RCX. Two supports (front and rear) limits the robots
ability to tilt.

The mechanical design of the robot allows for high speed, sharp turns and low power
consumption. The robot is able to rotate in most situations and do not need to back
up to get free from a stuck position. On the other hand it does not operate well on
uneven surfaces.

3.2 Building sensors for Lego Mindstorms

The RCX has three sensor inputs (marked 1,2,3) that can be used in “active” or
“passive” mode [3]. In passive mode, the RCX measures the resistance of the sensor.
In active mode, a power supply provides the sensor with 8 volts. The power is
switched off for 0.1 ms while the measurement is performed. In order to maintain
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Figure 3.1: Photo of robot with one IR sensor. FIXME change photo

Figure 3.2: Photo of R X
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O sensor +

o
RCX S}o Sensor output
%

O Sensor -

Figure 3.3: ignal splitting for active sensor

overview of di erent sensors

able 3.1: ensor overview

power for the active sensor while measuring, a capacitor in the sensor is needed to
smooth the switched power see fig 3.3. Fewer diodes would be needed if the poles on
the RCX side were fixed, but the LEGO cables can be turned easily and thus the
polarity can change.

3. .1 istan e sensor

In order for a robot to know if it is close to an object i.e. a wall or another robot it
needs some kind of distance senor. The light sensor that is included in the
Mindstorms set was not efficient enough for the experiments planned due to its
sensitivity to ambient light and low measurement range, see figure 3.7. This could be
solved by pointing the sensor downwards and using a floor with a grey-scale
indicating closeness to walls, but then there would be no way of letting the robot
know if it was close to another robot. The idea was also to build a robot that did not
need a special environment, but could run on all smooth surfaces.

An IR-receiver, commonly used for receiving remote control signals (e.g. on a
television set), was used to build a distance sensor. An IR-LED is used to transmit a
signal generated by a timing circuit (555) see figure 3.4. The signal bounces on a
nearby object and is received by the IR-receiver . The output of the receiver is
converted from pulses to a level between 0 and 5 volts.

The signal is not 38kHz (where the receiver is most sensitive), but rather 1.2 kHz.
This limits the sensor to measure a distance up to 20 cm, but it does not disturb the
IR communication between robots. On the other hand, the communication between
robots will disturb the sensor causing it to believe that transmitting robots are closer
than they are in reality. In this application the distance sensor will be used
continuously, while the IR communication between robots will occur at relatively
long intervals. Therefore it is more important that the sensors do not disturb the
communication. Bouncing signals from other robots may cause objects to appear
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D2 LED1
D1 AN s = IC2
RCX © \\
© = —+
D D4 D6 R1 LED2 b7 T L
La L l ™
C2
| T°
D1-D7 1N4148 C1 100 uF
R1 2kOhm C2 100 uF
R2 1kOhm IC1 555 timer
LED1 Green 1C2 ELIRM8601S IR-receiver
LED2 IR

Figure 3.4: Modulated IR receiver circuit. 1- 6 signal splitter 7 and 3

pulse-to-level converter

closer than they are, tests show that this probably will not be a problem. This sensor
was used during the evolutionary experiments.

The sensor was built on a small breadboard see figure 3.5, and cast in polyester to
become a Lego brick see figure 3.6. The sensor is attached to the RCX by the

standard LEGO cables.

An IR-switch with integrated LED-driver was used to build a sensor that gives a low
output value when the reflected LED signal is detected, and high otherwise. See
figure 3.8 Not used in the evolutionary experiments due to only two-level output and

high cost.

A photo-resistor (LDR) was mounted close to a LED, see figure 3.9. The LED is
driven by the motor outputs from the RCX, and the photo-resistor is measured in
passive mode. To get this device to be a distance sensor, the LED is turned on and
off while measurement is performed, and the difference in resistance is used to
determine if a (bright) object is in front of the sensor. The disadvantage of this
sensor is it’s sensitivity to color of the object measured. Thanks to a much brighter
LED than the original light sensor that comes in the LEGO Robotic Invention
System (RIS) as well as the ability to turn of the light source, this sensor can
measure objects up to 20 centimeters if pointed to a bright surface. This sensor was
not used in the evolutionary experiments because it was to sensitive to ambient light.

FIXME more
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RCX

Figure 3.5: Modulated IR receiver la out

Figure 3.6: Photograph of the modulated IR receiver cast in pol ester si e
2x2x4 ego units or 2 x15x35 mm. FIXME: hange photo
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AA
D1 ..
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Figure 3. : isible light circuit
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Figure 3.1 : isible light la out
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The use of ultra sonic sound to build a sonar device was considered, but the
hardware needed would cost a lot more than the IR-sensors above. It would also be a
lot bigger due to larger components. The use of laser would be another possibility if
larger funds were available.

3. . ound

A small microphone and an operational amplifier is used to measure the sound level.
From the microphone, the sound goes through a pre-amplifier (IC1d), a frequency to
level converter (C7,C2,R4), an amplifier (IC1c), and a buffer amplifier (IC1a)) see
figure 3.11.

The physical layout of the sensor is showed in figure 3.12.

Unfortunately the sound sensor is sensitive to the sound from the robot’s motors, as
well as the difference in voltage when the robot moves or is stuck. The sound sensors
needs to be trimmed individually, which results in relatively large sensors due to
potentiometers instead of resistors. They were not reliable enough to be used in the
evolutionary experiments.

A band pass filter and voltage stabiliser would probably solve these problems.

3. .3 Robot s eed

Ideally the robot should get information from sensors to decide if it really is moving
or if it is stuck against an object. Two solutions to this problem were considered:

A rotation sensor attached to a wheel centered behind the robot. The main
disadvantage with this solution is that it makes the mechanical design of the robot a
lot more complex. If the sensor is attached close to the robots length symmetry axis
it will measure the forward and backward movement efficiently. But it will also
decrease the robots ability to turn. A swivelling wheel would also make the robot
longer and decrease its opportunities to get out of a corner by rotating.

A simple way to determine if a wheel is stuck is to measure the voltage over the
motor driving the wheel. The voltage drops if the wheel get stuck. The voltage could
be measured by attaching the poles of the motor via a couple of diodes to a sensor
input on the RCX.

However, in the evolutionary experiments performed, the only input from the
environment is made by the distance sensors. By biasing the fitness values for
forward motion and closeness to objects, the robot can learn to move away from
objects without getting stuck in reasonable time.
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3.3 Software

3.3.1 Plat orms

LegOS 0.2.4 was used on the RCX. LegOS provides a standard C environment with
some restrictions due to the hardwares limitations. FIXME more

Linux (Debian 2.1), Emacs and gcc were used for development of programs.

3.3. otwareont e om uter side - tatisti s and
ras re o ery

The crash recovery system makes it possible to continue on experiments even if a
robot runs out of batteries or crashes for other reason, providing ability to conduct
experiments over long time.

The statistics produced by the monitor software includes: mean fitness development,
populations use of sensors, intron development, analysis of individuals, battery
consumption etc.

3.3.3 otwareont e RC

The genetic part of the software runs on the RCX and can be configured for a variety
of experiments. The main limitations are in memory consumption and processor
speed. E.g only integer calculations should be used in parts that run frequently and
population size must be adopted to fit in memory.

3.3. Robot-robot ommuni ation

The LegOS Network Protocol (LNP) was used to establish communication between
robots. The packet format is shown with a few examples in table 3.2, for a more
complete description, see appendix A. All robots broadcasts their messages to reach
all robots nearby (0.2 m with short-range, 2m with long-range). See also section
4.1.4 Migration.
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able 3.2: Packet format for communication between robots and computer

| o | From | pe [ ata | | |
-255 -255 text

param  fitness 44

param  time 2735

param  batlevel 261

param ...

ind. 7 6 F1 5
pop. 7 1
pop. 1 7 6

able 3.3: utput from monitor program

3.3. Robot- om uter ommuni ation

The robots communicate with a computer to receive new software and update
parameters. The computer can also be used to view communication between robots.
I.e to see what individuals are being passed from one robot to another. The
information gathered can be used to produce statistics or for crash recovery if a
robot runs out of batteries etc.

A program to monitor the robot’s IR traffic as well as producing statistics was
implemented see Appendix B. The monitor program receive parameter settings and
individuals from a robot and prints them to a terminal output see table 3.3.

output from monitor program:
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