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Algorithm Development for Behavior Based
Research in Autonomous Robotics

Andrew Frick, Albion College, Albion, M1, USA 49224
Lynne E. Parker, Oak Ridge Nationd Laboratory, Oak Ridge, TN 37831

Abstract

The Nomad200 robot is a research platform created by Nomadic Technologies Inc. The robot is a robust
platform for many robotic tasks such as multi-robot cooperation and single robot research. The behavior
sets created in this project are the bads for research in the cooperative robotic task of surveillance. The
behaviors in the set are orthogond in order to dlow the robots to perform other sdf-contained tasks
when inhibited from doing certain behaviors These behaviors must dso have the ability to handle red-
world conditions and faults An unrdiable behavior is of little use for research outsde of a smulator.
The behaviors are a movement agorithm, a door finding agorithm, and an agorithm that detects objects
moving through a doorway. These dgorithms have mechanisms that dlow the robot to distinguish
between an actud doorway or object and a group of fase data points. The fault toleration mechanisms
are robust and smple dlowing reproduction and use in multiple behaviors in the sat.  For the movement
agorithm, direction vectors and vector dgebra are used in a repetitive control loop to make up for
inaccuracies in directiond movement. For the other behaviors, a queue is used to maintain an average of
the previous sensor readings. By adjudting the length of the queue the robot will become more or less
sengdtive to faulty sensors.  Allowing the robot to ded with faults in the data will lead to a more sable
control system that will be added in the future.
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|.Introduction

Computer Science Research in robotics is very different from research done with
traditiond computers.  Credting dgorithms on traditiona computers works well because the
hardware is usudly reliable. It is often assumed that requests for data will aways be processed
and that information on the date of the system is accurate. This dlows the agorithms to work
independently of the hardware and andyss of the vdidity of an agorithm is not based on the
reliability of the hardware. However, in robotics research, agorithms are judged as much on the
ability to handle red-world Stuations as on theoretical soundness.

Algorithms must be proven in red-world tests and achieve the initid goas of the project
to be consdered sound. There is dso much research that requires a black box theory, meaning
that the dgorithm will function appropriatdy in a given gtuatiion but will fal in many other
known dtudions. It is the chdlenge of robotics research to remove this black box from
adgorithm development.  Algorithms should be designed to handle any dStuation that is presented
to them in a dynamicdly changing world. This requires a robust gpproach that will dlow the
robot to choose the appropriate action in a given dtuation. This problem does not have a trivid
solution. Taking readings and matching readings to a set of predefined actions is not enough.
There needs to be a large amount of eror correction written into the software controls.
Furthermore, controls need to be more generd, dlowing them to work in a large number of
Stuions.

The high-levd god of this project is to achieve a fault-tolerant multi-robot system that
can perform the task of group survellance. This would be useful to develop for Stuaions where
a building or exit needs to be monitored but the conditions are too dangerous or too hazardous

for humans to peform. Systems of this nature rely an a group of predefined behaviors that are



chosen by the robot, depending on the dtuation. Behavior, in this sense, is being used to
describe actions taken by the robot in an autonomous nature.  Once the human operator gives a
high-leve command, any movement done by the robots software will be consdered a behavior.
By developing the behaviors separate from the group controls, the task can be changed just by
changing the natures of the behaviors. Since the control Structure is getting information from and
performing actions through the behaviors it is important to create behaviors that are robust and
fault tolerant dlowing the end result to be achieved autonomoudy.

This project developed two behavior sets and the adgorithm for a third. The man
dfficultly with each problem was deding with inaccurate sensors.  The three behaviors
addressed in this project are a doorway finding, a doorway monitoring, and point-to-point
movement dgorithms.  The point-to-point movement behavior deds with the inaccuracy of the
dead reckoning ability of the robot, snce the father it moves the father it will be from its
expected location. This forces the programmer to indtdl fal-safes in the software so that the
robot rechecks its podtion and direction before it moves very fa. The door finding behavior
uses a wal following agorithm and modifies it to recognize where the doors are.  This gpproach
is difficult dnce an inaccurate sonar reading reads identicdly to a no return sonar reading. The
sentry dgorithm is based on the eror correction for the door finding agorithm with a few
changes alowing it to work in that capecity.

. Material and M ethods
@) Equipment and procedures

The equipment used in this experiment condsted of severd componentss. A Sun Sparc

20 workgation running the Sun Solaris operating sysem was the main computer used to write

and test the software before being tested on the robots. The manufacturer of the robots, Nomadic



Technologies Inc. provided the smulator software that was used on the Sun workgtations. The
robots used are Nomad200 scientific research robots. The robots are cylindrica in shape and
about three feet tdl (figure 1). The drive system on the robot conssts of three wheds (one for
direction and the others for propusion). Each robot is equipped with two sonar arrays esch
conssting of 16 sonar. The upper sonar (figure 2) is the main sensor used in this project. These
sonar are audio sonar and can accurately detect objects that are within about five feet (about 2
meters) of the robot. The other array condsts of infrared sensors that are lower down on the
robot and are used mainly when working in a very confined space.  The robots have onboard
computers that can be accessed through the Sun workstation through a Cisco Systems radio
Ethernet. Two of the robots have Pentium class processors and two have 486 class processors.

The development of behavior dedt with developing the agorithm or a darting point for
the dgorithm.  Algorithms ae then implemented usng the C programming language and a
library of functions that were provided by the robot manufacturer. Programs are complied on
one of the Sun workdations usng the smulator. This dlows the programmer to find and debug
problems with his code without the risk or time involved with usng a red robot. Once a
behavior is working flawlesdy in the smulator, the code is recompiled for the robots. Teds are
then performed with the actual robots where any red-world specific problems can be addressed.
The real robots dso face the chdlenges of inaccurate sensors and dynamic changes to their
environment.
(i) Algorithms

All movement dgorithms in this section had an obdacle avoidance dgorithm embedded
within them. If the robot was moving and an object blocked its path the robot would attempt

going around and would then resume its previous task.



The point-to-point agorithm accounts for the errors that occur during long movements by
the robot. The dgorithm that was developed uses some vector adgebra and a smdl control loop
to congantly check the orientation of the robot and its podtion to the target. This is done
through the use of a history variable. The robot has data on its current postion, it previous
pogtion and its destination. By cresting vectors from the previous postion to both the current
position and the end location, the robot can determine if it is pointed at the target. By using the
cross product of these two vectors, the robot determines how far off course it is and what
direction to turn. This procedure is looped until the robot gets a certain distance from the
degtination and then it will stop.

The doorway finding dgorithm is a little more complex. This agorithm uses a group of
4 sonar that are placed aong the side of the robot. The wal following part reads the sonar and
compares them to one ancther. If the first sonar has much higher reading than the back sonar the
robot redizes thet it is drifting away from the wal and will adjust accordingly. If it gpproaches a
corner the sonar on the front will dert the robot of a wal and it will dow or stop and turn until
thereisno longer awadl in front of it.

The chdlenge is determining the difference between a doorway and a corner. The
agorithm monitors most forward Sde sonar to see when it Stops registering a wal.  When this
occurs the robot will then move forward at a dowed pace and look for the next sonar back to
recognize the opening. When this occurs, the robot then decides there is a door and waits until
the third and fourth sonar have picked up the wall again to mark the end location of the door. To
help ded with errors in the sonar, the program keeps a higtory of the lagt 30 readings. The
program aso waits for the average on given sonar to change rather than a few readings. This

prevents one or two fdse data points from putting the robot into the subroutine that actualy finds



the door. The average is crested using a queue S0 that when a new data point is taken al of the
data does not need to be recalculated. By subtracting the amount of the data point that is being
replaced from the previous total and then adding the current data point, the total can be kept
accurately without having to retake the sum of the data points every time new data is collected.

Since the program is monitoring an average, the number of data points taken into account in this
average can be eadsily changed to adjust the sengtivity of the robot to inaccurate sensor readings.

A balance needs to be reached because if the program is too sendtive the robot produces
inaccurate results. However, if it is too insengtive, the robot will not recognize smdler doorways
and beineffective.

The door-monitoring algorithm can be used by the robot to stand sentry next to an open
door. It uses the average sysem that was implemented in the door finding sysem. The
difference is that for this dgorithm al of the sonar will be monitored. For this dgorithm the
current senor data is compared to the average rather than just using the average. Most inaccurate
sonar readings register as a long reading, so inaccurate readings would not give a fase podtive
the way they do with the door following program. The average dlows the robot to record the
condition of its surroundings so if one of the sonar has a shorter reading than the average for that
sonar then the program will dert the human controller.

[11. Results

The results of the project are mixed. The point-to-point behavior worked in the smulator
and then trandated to the red world very well. The robot was able to move to any point that it
was given and the obstacle avoidance part of the agorithm aso worked well. Figure 3 shows the

robot executing the point-to-point behavior in ared world environment.



The behavior was implemented in the smulator and was tested on rooms with varying
gzes and numbers of doors. The program worked flawlesdy in the smulator. Figure 4 shows
the trace of the robot on one trip around an example room. Figure 5 shows the output of the
program, which marks the beginning and end of each of the 3 doors in the room. However,
when the program was compiled and run on the red robots, the behavior never worked properly.
The tests were done to set the robot up and alow it to try and find a door in a wal. The robot
found the door a few times but was unable to repeat any successes. Since there were many
problems with the implementation, most of them could be traced to how the sonar was dedlt
with. After each run a number of adjustments were be made and the test was run again. In most
ingances, the falures were the robot missng the door entirely or turning into the open doorway
and then exiting the room.

The sentry behavior was not implemented and will remain as a future research task.

IV.  Discussion / Conclusions

This project is not complete. The work done on the behavior sets is far from complete.
The point-to-point behavior was very successful and the agorithm was robust since it worked on
the red robot on the first try. The door-finding dgorithm was proved successful in the smulator.
The wadl-following part of the behavior works very wel. Problems arose in the adjusments of
the queue that helped with error correction. When the queue was too long, the robot would drive
by the door and when it was too short, the robot would smply turn into the doorway thinking it
was a corner.  Another dtuation that caused trouble was when a sonar gave fase readings right
before reaching the doorway. In this Stuation, the queue worked againgt the robot since there
was not a noticeable difference in the vaues contained in the queue. The few successes were

dueto alack of faulty sonar readings on those runs.



The problems with the sonar can be fixed with more time and more adjusments to the
sengtivity of the robots sensor. A baance was never found between a queue length that was too
long and one that was too short. Speed could aso have been a factor. By changing the speed of
the robot, the level of error could go down. The materid that the sonar was reflecting off of
could have contributed to the falure of this dgorithm. The fabric cubicle walls that were used to
make the rooms for the robots do not reflect sonar as accurately as other materias.

These behaviors are the bass for more advanced research in distributed robotics but
without fault tolerant behaviors the higher-levd work becomes more difficult. Even though the
multi-robot system was never operationd, this project provides a strong start to research to that
end. Once the bugs in the door finding behavior are ironed out, the behavior will be stable and
robust enough to be used in a multi-robot system.
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Figures

Figure 1. The Nomad200
research robot.

Figure 2: The sonar that was
used for in dl of the dgorithms
in this project.
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Hindow bounds: LL{-00000469, 000027700, UR{+00003200 , +00000S1 03
fctual position: M=+0O0000172 Y=—0O000083 S=0062 T=0262
Encoder position: Hasked out,

Compass value: Hasked out.

Pravicus comeand: gzi}

Unite: coordinates = 0,1 inches: angles = 0.1 degress
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Figure 3. Therobot
performing the point-to-
point behavior

Fgure4: Thetrace from
the amulator. This
shows the robot
completing atrip around
the room and finding the
doors.



pne server 1s running Figure 5. Thisisthe command line output
w01 of the robot behavior when it was runin the

Begining of door found 1128 -85 dmulator. Noticethat it found dl three

End of Door found count 1 . :
e 1654 T2 63 doors and marked their locations.

Beqin door zearch

2201

Beqining of door found 2564 -893
End of Door found count 2

¥y ZEO0 Yy -1341

Beqin door search

2F 01

Begining of door found 1708 -1819
End of Door found count 3

¥i 1obd ¥r -1742
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