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Abstract

The objective of our design is to make a col ony of robots that
will simulate many behaviors. W intend to show how multiple robots
can acconplish tasks that single robots cannot. Sone behaviors that we
wi Il show are swarm robot conmunication, industrial optimzation
sel f-adaptati on, basic |learning, etc.

Introduction

W will go through all of the steps required to design, assenble,
program and activate these robots. W decided to nake ten robots to
denonstrate the versatility and variety of behaviors that each can
acconplish. Each robot will be able to communicate with each other and
decide to follow the desired behavior or to ignore it, if something
el se has higher priority. W chose to design and programthese robots
the sane, so that a nmultitude of robots could be built, if desired, and
added to the field without any further nodifications. The advantage is
a nore flexible assenbly of the robots. However, the di sadvantage that
this format brings is that because they have the same behaviors, very
conpl ex conbi nations can be achieved. Below, we will describe all the
systens and behavi ors encountered and expected fromthese robots. W
will also wite a program which will be used for the 1 queen, 9
workers, 1 soldier, and 1 probe. W will nake the programvery
flexi ble and adaptable to each robot. This also facilitates the
writing of functions since nobst robots will share them Furthernore,
we will explain the relations between their behaviors and how the

conbi nati on of sensors affects this conplex set of actions.



Executive Summary

This project was very successful. W acconplished the goal s of
maki ng robots that would have multiple behaviors and al so to show t hem
At the beginning of the presentation, we also configured the robots to
perform foll owi ng and swarm behavior only if told to do so. During
start up, the robot calibrates and perfornms self-diagnostics; it is
during this stage that we push the bunpers to tell it to go to follow
node. The |eader is also chosen in this manner and so are the
followers. We lined themup and after the | eader was ready, the line
of ten robots noved on. Wile the | eader perforned collision
avoi dance, the group followed. After sone time, the group stopped and
a signal propagated across the group to let themknow to get ready for
swarm ng. The robots wandered until they saw signs of another. Each
is designed to communi cate or performcollision avoi dance at the sight
of another robot. |[If comunication were chosen, the robots would try
to align so that the IR data comunication would begin. W had a bit
of a problemgetting the robots to line up correctly. This resulted
fromthe robots using a conmbination of IR and bunpers to find the
other. Because the IR saturates at close range, the alignment was
al most left up to the bunpers being pushed. This made it very hard to
conmuni cat e. During the process, the robots would take readi ngs from
their environment and check their battery status. Based on these and
any comuni cated behaviors, the robot will choose its nbod. The
possi bl e noods are happy, angry, frightened, and sl eepy. Because so
many behavi ors and choices were left to the robot to nmake, the actions

of any robots could not be predicted. This type of random programm ng



is very useful in creating life-like conmunities of robots. One of our
best findings were the designed functions to deal with multi-robot
projects. O course, these techniques can be applied to any single-
robot program Qur first function lets the robot know which one of
four different types of robots it is. The second initial function
perfornms a self-diagnostic of any sensors it may have. The third
function perfornms a calibration of Iower and upper linmts of the
sensors found. The other aspect of this latter function tells the
robot to continually calibrate the robot’s sensors for as long as it is
running. This result in a robot that adapts and better |earns about
its sensors the nmore it runs. Here is where experience pays off. The
| ast aspect of our project deals with having an input to the swarm W
used a queen robot to input desired behaviors to the group
Unfortunately, the robot has the | ast word whether to change to the new
behavior or to ignore it and continue using its original one. W see
this handy specially when the batteries are |low and the robot is told
to become happy, where battery usage is greatly consuned. 1In this
case, the robot will actually decide that the suggested behavi or does
not provide the robot and advantage and therefore it is ignore. The

| ast aspect of this project involves the basic design of a basic
operating system which could be adapted to any robot to perform basic
sel f-diagnostic and self-calibration to | earn nore about the robot it

is in and to use such sensors for the proper nobility of the robot.

Integrated System

Once all of the hardware is tested and put in the correct place,

we will use the programto control the behaviors of the robots. The



board is in charge of managing, 1 sonar for the queen, 1 sonar detector
for the workers and soldiers, 1 sonar beacon for the beacon, 4 contact
sensors, 4 IR sets for detection and conmuni cati on, a status LED
segnent display, a battery-checker circuit, and a buzzer. Each
behavior will be progranmed separately until it works properly. Since
many behaviors are incorporated, we will resolve any problemthey may
have with other sensors and their possible new behavior. Refining the
behavi or interaction can be done as the robots achi eve a working
format. The behavior interaction can be seen by the follow ng fl ow
chart in Figure 6, in the appendi x section at the end of the report.
Here we see how all behaviors are related to each other and when does a
particul ar behavior is allowed and when it is not. This conbination of
behavi ors and reactions will permt each robot to performthe

obj ectives described in the introduction. One of the nost difficult
and chal l enging problens will be with the sonar. Because of its |ong-
range capabilities, incorporating the sonar to the design will increase
t he chances of, not only error, but also of flexibility requirenents.
Because each robot will have 14 sensors and 2 notors, coordinating al

of themw Il be a real challenge. For this reason, we chose the TJ Pro
board as our desired processor board. This board offers plenty of
flexibility, and possesses nmany of the needed connections and pins as
part of its layout. Being the purpose of this project for the robots
to interact with each other, it is a requirenent that the robots be
agi |l e enough but al so well equipped with many sensors. The TJ body
offers a sinple structure with many levels for different sensors.

Proper integration of all conponents, including correct behaviors, is

vital to our success in this project.



Mobile Platform

The body of our robot is the famliar Talrik Junior or TJ for
short. A picture of the TJ can be seen in Figure 7 in the appendi x
section. The TJ body offers the strength of a hard and sinple frane,
and a horizontal circular cap, which will later help to support the
carrying base of the soldier robot. But npst inportant of all, it
of fers savings on weight. W intend the robots to be agile and fast.

The structure has enough space for two servos, which will drive the

robot using 3-inch wheels. It also has a surrounding flexible bunper
used to detect physical contact with the field s wall, obstacles or the
other robots. Inside the TJ structure, we can al so see the processor

board, which operates all of the sensors and gives the robot its
commands and behavi ors. Because all of the robot’s wiring and devices
are hidden on the inside, we were able to spray paint the franes and
make the robots presentable. Also, because the purpose of the gane is
for spectators to constantly watch them the nore uniform and snooth

| ooki ng appearance makes them the friendlier and pleasing to the eye.
We cut out the layout of the TJ the first day in lab. Each sheet of
wood has enough pieces for two TJs, so we got 5. W used an upside
down sander to snmooth out the corners and sides of the newly cut parts.
W al so used super glue to hold the pieces together. After a mnute of
drying, we applied nore glue to the joints to strengthen them Once the
body was gl ued, we took the robots outside and sprayed them W applied
5 coats of priner, 2 coats of chronme and 2 coats of a sealant. W also
| earned that the nmetallic spray can easily be damaged with
fingerprints, so the coat of sealant is very inportant to preserve this

| ook. One tip to renenber when spray painting is flip the can upside



down and spray until no paint comes out. This prevents the cl oggi ng of

the can. Figure 7 in the Appendix shows the final robot fleet.

Actuation

The robots use two servos for mobility. They also used a round
pi ece of plastic to mnimze the weight and to serve as the third point
of support. A picture of the servos can be found in Figure 8a, under
t he appendi x section. The board, using a fairly sinple program wll
control these devices. The programw |l tell the servos what speed to
rotate by sending it a nunber. We will use the command “motorp(a, b);”
where ‘a’ is the nunber for the left or right servo (0 or 1). 1In turn
‘b” will be the relative speed of the nmotor. W hacked these servos to
make them work as notors by physically breaking off the connection
between the final gear and the position potentionmeter. Each servo
i ncludes a controller that tells the current position and the desired
one. The farther the degree difference the faster it will rotate
Therefore, the variable ‘b’ used previously is used to tell the servo
how fast to go. Just like the TJ body, these servos are also
i ghtweight and very efficient. The servo notion will help the robot
in the nulti-behavior pattern by turning the entire robot in the needed
direction. Munted onto the servos are two big 3-inch wheels. These
will help the robot have a snmooth ride and provi de enough underside
space for unexpected obstacles. Because of its |ightweight
characteristic, each robot will be able to smoothly drive over objects
wi t hout too nmuch trouble. Another resulting aspect of the servos is
that they are not exactly calibrated to zero as their stopping notion

Therefore, we had to nmake a calibration systemso different clones of



the robot can use the sane programw thout the need of further changes.
W approached this problemby first finding out the exact value for

whi ch each robot would be at zero. To our surprise, all six servos had
about the sane value. W then proceeded to make gl obal variables at

t he begi nning of the program where these values could be entered. By
addi ng these values to the desired val ues, we acconplished to send the
servo controller boards the correct values. Mst inportant of all,

t hese vari abl es can be changed in case the robot re-calibrates or if

anot her robot having different values is used.

Sensors

The robot will be |loaded with a nunber of sensors to help it nove
snoothly around the field. A sanple IR detector is shown in Figure 8b
in the appendi x section. Along with these sensors, each unit will have
touch sensors (bunper), in case the robot makes contact or an
unexpected obstacle is present. This is necessary because the robots
turn and nove at great speed. A sonar enmtter and detector is also
used to approxi mate di stance fromthe queen and to approxi mate the
location within a specified area. Another sensor we have added is the
battery-checker circuit. It consists of a voltage divider connected
fromthe battery to one of the analogs. All of the robots have this
circuit connected across PE1. To aid the spectators’ view the status of
t he gane, each robot contains a 7-LED status segnent connected to an 8-
bit flip-flop chip. The robots will al so be equipped with a buzzer
which will aid announce stages to the audience. The sane piece wll

al so i ndi cate when one of the robots is | ow on power.



The sensors used by our robots will enable themto viewthe
world around it in a general but limted way. The sensors will give
information with respect to objects in the proximty and noving objects
in front of it. Because integrating so many sensors in one robot m ght
overwhel mthe processor, we had to rely on better programr ng and | ogic
to device a programthat will read sensors and using data only when it
needs it. In this paper, we will see how we adapted each sensor to the

robot and how we incorporated themtogether

Bumper Sensors

The bunper sensor is a series of switches positioned around
a novabl e bunper franme around the head of the robot. W can see their
location in Figure 1. \Wen the robot bunps into an object, the swtch
cl oses and the processor can then inspect the analog-to-digita
converter PEO. The TJPRO board is setup so that four swtches can be
i ndi vidual ly connected. When PEO is checked, each switch is
differentiated in steps. |In our robots, we only used all four
switches, one in the rear and three connected in the front. Because
these switches are positioned on the top section of the TJ, objects
smaller or taller than that height will not make contact and therefore
wi Il not be discovered. This is one of the assunptions that obstacles

and other robots in the field will be about the same height. Know ng



this, the bunper sensors are used as a last resort in avoiding
obstacles in the near proximty. Overall, the bunper will not be used
for the main purpose of the game, but becones inportant, since during
conmuni cati on, the bunper m ght give feedback about the other robot and

its possible Iocation.

Infrared Sensors

Figure 10: IR sensor hardware

We are using five infrared sensor and emtter pairs on each
robot. The location of the IR sensors is drawn in Figure 2. The IR
emtters are connected to pre-wi red connecti ons of 40KHz signals.

These can individually be controlled by witing to the menory-mpped
out put (0x7000), and sending a value Oxff, where ff can be replaced by
the actual conbination of sensors desired to be turned on. W have
three IR placed in front of the robot bel ow each of the front bunper
switches. W also have another positioned in the rear. Each connected
to PE2, PE5, PE7 and PE3, respectively. Every detected value has a
range from approximately 80 to 130. The A-to-D converters give a
digital value to the processor about how far an object would be from
the robot. At the beginning of the main program we call a subroutine
called calib_IR(). This routine nmakes the robot spin slowy and take
measurenents of the |owest value of the IR This hel ps set the | ower
bound for each IR set. This self-calibration step is needed since each
sensor does not necessarily possess the sanme characteristics as others
m ght. Another inportant function in our programis the self-

di agnostic routine. This particular part of the programaids in



detecting sensors, which are not working, or not working correctly
before the robot even begins nmoving. Again, very inportant to aid the

debuggi ng process and to handle nmultiple robots.

Sonar Sensors

The final sensor used by the robots is the sonar. Their
| ocation can be seen in Figure 3. The sonar is a sinple device that
transmits ultrasonic waves. Wen the waves encounter an object, they
bounce back and are detected. The sensor can then determ ne how | ong
it took the wave to travel. Emtting these waves w t hout noving the
robot is essential to the accuracy of the sonar. To help avoid false
detection, we will give the robot a certain degree of error. The
signal processed by the robot will be a nunber fromO to 255, just like
the IR But because we added a | ow pass filter to the output signal
we got a value from1 to 60. The advantage of this extra step is to
convert the value, so that the higher the value of the reading, the
cl oser the sonar waves. The sonar emtter will be connected to the
40KHz pre-wired outputs in the TJPRO board in the queen robot. The
emtter will always be turned on and used by the other robots as a way
to locate their distance fromthe queen and to reach certain sectors of
the field. The detector will detect depending on the particul ar
behavior. If the behavior denmands a hi gh degree of accuracy for
position, the robot will use the detector nore frequently. The
detector will be connected to PE4. The code will constantly check this

| ocation for possible readings.



Battery-Status Sensor

Qur robots are al so equipped with a battery-checker circuit.
This will greatly help us in determning robots with [ ow power. When
handl i ng 10 nobil e robots, 1 stationary robot and 1 probe, each
demandi ng 6 AA batteries, for a grand total of 72 batteries, this
circuit can only be but an angel in the nightmare of debugging. W
have added behaviors to drive robots away fromthe queen and to cal
out the supervisors (us) for help regarding their |ow battery
condition, before they start to malfunction. Another future addition
to this project could include self-recharging robots. One even further
addition is while a robot recharges, another robot takes over the task,

where the previous left off.

Sensor Experiments

Bumper Experiment

To test the correct working order of the bunper sensors, we wote
a sinple programwhich would call the subroutine bunper(). Table 1
shows the results obtained fromthis experinent. This routine would
check the bunpers for any sign of contact. |If any of the swi tches were
detected to be close, then the robot would nove in reverse and rotate
in the opposite direction. This code checks for any of the bunpers to
be closed. |If any of them has contact, the routine would play out its
i nstructions. O herwise, it would do nothing. The bunpers are

| ocated at a height of 3.25 inches fromthe ground. |If we assume the



ground to be flat, then any contact between robots or with objects

within the playing field should, at worst case, touch at that height.

Analog Front Front Front Rear
Value Center Left Right Center
0 X
43 X
79 X
21 X
126 X X
59 X X
101 X X
110 X X X
139 X X
150 X X
132 X X
162 X X X X

Tabl e 1: Bunper results

Infrared Experiments

The infrared sensors were tested sinmlarly. To protect the
sensitive IR we encl osed them underneath the upper body. This would
ensure that any bunps would not directly affect the sensors, or the
calibration. W wote a sinple programroutine for obstacle avoi dance.
This code is shown in Appendix B. This code shows how as each sensor
senses an obstacle, the notors nove the robot around it. Bel ow, we show
Table 2 of the IR sensors and what the robot does when an obstacle is
directly in front. The IR sensors were | ocated slightly bel ow the

bunper switches at a height of 3 inches. Anything nuch higher than 3




i nches woul d not, otherwi se, be detected by the sensors. The forward
and rear looking IR reacted at a distance of 10 inches. This
relatively small distance was intentionally chosen to maxim ze the
space within the playing field, as well as, to give the robots a really

cl osed feel when detecting each ot her

Figure 9: Collimted IR sensor

Distance Front Center Front Left Front Right Rear Center

(inches)
0 127 127 127 127
2 117 126 126 126
4 95 109 119 102
6 91 101 108 100
8 89 93 101 98
10 87 89 93 91
12 87 88 91 90
14 87 87 88 87
16 87 87 87 87
18 87 86 86 86
20 86 86 86 86

Table 2: IR sensor table

Sonar experiment

The sonar was used to neasure distance. W perforned a
series of sinple tests. The results are shown in Table 3. W put the
robot in front of the queen robot shooting at intervals and programed
it to sense sonar neasurenments. At the end of the neasurenents, the

robot either would light up the segnents from1l to 6 if there was sonar




detected. The first would be lit if the robot detected a signal with a
value from10 to 19, the second if the value was from20 to 29, etc

The results fromthe sonar test showed that the sonar would work at a
di stance of over 3 feet, which was nore than enough to give each robot
enough capability. Because the sonar is a wave, the calibration
routine did not need to adjust the sonar. W positioned the detectors
on top of the robot on a tower aimng forward. This will give the
robot the maxi mumrange of detection, while easily acconplishing the
behavi or of approaching the queen. The circuit design for the sonar
emtter is shown in Figure 4 in the Appendi x and the circuit for the

detector in Figure 5.

SENSOR EMITTER DISTANCE(ft) RESULT(# LEDs)
Sonar of f any 0
Sonar on 0.5 6
Sonar on 1.0 5
Sonar on 1.5 4
Sonar on 2.0 3
Sonar on 2.5 2
Sonar on 3.0 1
Sonar on 3.5 0
Sonar on 4.0 0
Sonar on 4.5 0

Tabl e 3: Sonar sensor table

We can also see in Figure 4, the layout of the schematics used

for the sonar emtter.



+

I
B 18 )
Andi= 1.1'F|ﬂ:=:'1'“’|‘f__: i y
3 iT' 40 k57 trams de oy
LUk | ‘
/ ;.
J - i
40 Kz signa \ I L_itm_*.a

Figure 4: Saonar Tranzmitter

In Figure 5 we also showthe circuit
det ector.

| ayout of the sonar

L5y A L0k,
l_n"'}lll'“
D‘L ..Ul.:::'__'_ +"-_ S, —| -I DK
= ,-,f]?rm 33y | |
i 100uF | b A0 Kbz transducer
15% 3
AT

Al M2 —I—n—f

Behaviors




The robots will have quite a few behaviors, which we hope to
conbi ne to make nore conpl ex behaviors. W have divided these

behaviors into two major groups: individual and group behaviors.

Individual Behaviors

Singl e robots can do individual behaviors, while group behaviors
can only be acconplished by two or nore robots. The first individua
behavi or perforned by all robots is self-identification. Because al
of the robots use the sanme program they will need to know which
functions and variables to use for their specific purposes. An
i ndi vi dual behavior is to avoid physical contact. It acconplishes this
by using the four bunper swi tches. Another basic behavior for the
robots will be collision avoidance. The three IR sets |ocated in front
of the robot will aid in this task. A very inportant behavior occurs at
t he begi nning of the gane. The self-diagnostics routine nmakes sure
that all conponents of the robot work properly, before the robot starts
its task. In conjunction, the robots rotate at a sl ow speed and
calibrate their IR This is acconplished by taking readi ngs of the
envi ronnent and conparing the | owest possible value to a predeterm ned
variable. If the value is lower, then that variable is updated wth
the new value. In essence, this calibration hel ps determ ne the
changes in infrared ranges. Another is to navigate fromor to a
specified sector. This is acconplished by nmeasuring the strength of
t he wave sent by the sonar fromthe queen. Another resulting behavior
is that when the queen calls out for any of the robots to attend to
her, the robots can directly go to her by follow ng the strength and

direction of the sonar. At the sanme tinme, if an object is found in the



way, |ike another robot, the programcan make the robot go around it
and afterwards relocate the queen signal. Another inportant behavior is
the constant | ook out for low power. |If |low batteries are detected,
the robot will then | ocate the queen, and go as far as possible from
her and i nformthe supervisors (us) of the battery condition. Another

i mportant aspect of the individual behaviors is to comunicate data
between them \hile conmunication is part of the group behaviors,
assimlating the data and performng the desired task is part of the

i ndi vi dual behaviors. While perform ng these behaviors is dependent on
t he robot, another aspect of our programto give behaviors certain
priority, so that the robot can “choose” to ignore the behavior based
on, not only priority, but also power level. This neans that if the
robot’s batteries are low, the robot will ignore the tasks that use
nost power. Along with self-identification, mentioned above, the
robots will also be able to identify their own kind. This will show
that they are aware of certain sensors and understand their

surroundi ngs. Bel ow we show a summary of the behaviors in Table 4.

Group Behaviors

G oup behaviors are those that are acconplished by nultiple
robots. A basic behavior is to followthe |eader. This is
acconpl i shed by following the rear emtter fromthe robot ahead. The
| eader will, instead, follow a renote control device. Another
i mportant behavior is the ability to conmuni cate data between robots.
Through this behavior, other behaviors can be acconplished. One being,
the recruiting of other robots to performthe sane behavi or

Conmuni cati on between the robots and the queen is simlar. Swarm and



di ssipate can al so be done through this nethod. By informng all of
the robots to do the sanme behavior, swarm ng and dissipating is

possi ble. Using the probe, the soldier robot can mark positions and
objects. A future addition to our project would be for the worker
robots to find their exact |ocation by using the sonar signals fromthe
probe and the queen. Then passing this information to other robots or
even the queen. The queen could even map the boundaries of her

ki ngdom Anot her behavi or we plan on denonstrating is the sleep

routi ne, where the robots will sleep until the queen advises them on
waki ng up. This could be used as a battery saving option that each
robot can inplenent on its own if no activity is detected for sone
time. One added bonus we plan on achieving is to place three robots
inside the field in different |ocations. Each one of these robots will
represent a machine. Then we will add the rest of the robots al ong.
VWen one of the three machine robots call a robot for assistance, the
wandering robots w |l approach that machi ne robot and pick up an

i magi nary cargo. They will then |look for the next machine and drop off
the imaginary cargo with it. This cycle will repeat itself. As robots
detect their battery to be low, they will abandon their task, hopefully
for another robot to take over. Below we show a sunmary of the

behaviors in Table 4.

Individual Behaviors Preferred Sensor
1. Avoi d Physi cal Contact (Bunper s)

2. Col l'i si on Avoi dance (IR

3. Navi gate to sector ( Sonar)

4. Find and go to Queen ( Sonar)



10.
11.

12.

Group

Self-Calibration (of IR

Sel f - di agnosti c (Sonar, IR, Bunpers)

Moni tor and alert of Battery (Battery-Checker Gircuit)
Fol | ow behavi or (Fl exi bl e program
Chooses to ignore behaviors (Fl exi bl e program
Self-identification (Fl exi bl e program
Identify own kind (Fl exi bl e program

Deci sion of priority of behaviors (Fl exi bl e program

Behaviors Preferred Sensor
Conmmuni cat e bet ween robot s (through IR
Recruit others for sane behavior (through IR

Swar m (Fl exi bl e program
Di ssi pate (Fl exi bl e program
Fol | ow t he | eader (through IR

Conmuni cates to queen with protocol (through IR)

Mark object or position with probe (through probe)

Sl eep until queen advises to wake up(Sonar)

Simul ate Fl exi bl e conveyor belt between different “nmachines”

(Fl exi bl e program

Tabl e 4: Behaviors at a gl ance

Experimental Layout and Results




W will be testing the MIJPROL1 boards using sinple prograns to
test the servos. A sinple board test will also be used to check the
correct working condition of all of its elenents. W need to perform
these tests to assure the working order of the robots, since these
boards were assenbled in the lab. The next test will check for correct
direction of the servo rotation to assure correct response from each
servo. The menory test will check for correct space handling fromthe
32K bytes of RAMin the boards. Along with the servo test, we need to
check if the new 3-inch wheels will fit and not interfere with any

ot her conponent frominside the TJ.

Problems

Below is a table describing the problens we had while conpleting

this project. These are found in Table 5.

- 12 Robots, 66 AA batteries: Recharge as many as you can, use the

fast chargers and unfortunately, buy nore batteries.

- Robots lining up for communication: Because the robots use both
bunpers and IR to detect and line up, the robots had a hard tine
correctly aligning because at cl ose range, the IR saturates quickly.
So when having ten of themthe odds get better and nmany by chance

conmuni cated correctly.



Conclusion

The robot construction was a definite success. W built these
robots using a nodul ar approach. Each part of its total 7 sections was
built identically. This helped us to later test themby sinply
i nterchanging themwi th robots |oaded with a testing program W
design the programusing the same approach. The software has nmany
nmodul es or subroutines. Each one can easily be tested individually.
This format hel ped us later in the programm ng by providing an easy to
under stand and conpose a sequence of behaviors. We net our origina
goal : to study group behavior of nulti-robot comunities. W also
designed a platformthat can be copied exactly and replicated infinite
times and expected to performthe sane way. W al so acconplished other
goal s of building nodul ar hardware identically enough that it can be
exchanged between robots. Al so to use software to help solve conflicts
in differentiating IR fromrobots or fromdifferent sources. And |ast,
to devel op a nodul ar software flexi ble enough that it can adapt to any
of the robots. Also, a self-diagnostic program (which detects if any
of the conponents are not working), add different types of robots (to

see the behavi or change in having different robots).

Documentation

The following is a list of our sources for information
speci fications, and design

Fred Martin, The 6.270 Robot Builder’s Guide, MT Media Lab
Canbri dge, MA, 1992.



Intelligent Machines Design Laboratory Wb page:
http://ww. ml.ufl.edu/
http://ww. m|.ufl.edu/indl

Mekat r oni x honme page:
htt p: // ww. mekat r oni x. cont

Appendices

Figure 6: Picture of Robots during presentation.



Figure 7: Picture of TJs

Figure 8a: picture of servo

Figure 8b: picture of infrared



Figure 11: Top robot view



