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Abstr act

The objective of our design is to make robots that will sinulate
a friendly game of search and destroy. Three robots will enter the
playing field and search the opponent with the intent to shoot sonar at
it. Each contender can only be shot 8 tines. Wenever the robot
detects the opponent shooting at it, it will find and return fire to
the attacker. |If the robot has been “hit” too many tinmes, it mnust
return to its base for fixing and reloading. |If the robot cannot find
the base before it is hit its maximum the robot will stop
indefinitely.

| nt r oducti on

W will go through all of the steps required to design, assenble,
program and activate these robots. W decided to performa gane
platform since | have already done a task-perform ng robot for ny
seni or design. This format hel ps make the design nore fun, interesting
and at the same tinme nore demanding for the robots to interact. This
design is not as sinple as it seens. W chose to design and program
these robots the sane, so that a nultitude of robots could be built, if
desired, and added to the ganme w thout any further nodifications. The
advantage is a nore flexible assenbly of the robots. However,

di sadvantage that this format brings are that because they have the
same behaviors, very conpl ex conbi nati ons can be achieved. Below, we
wi |l describe all the systens and behavi ors encountered and expected
fromthese robots. Furthernore, we will explain the rel ations between
t hei r behavi ors and how the conbi nati on of sensors affects this conpl ex

set of actions.



Executi ve Sunmary

This project was very successful. We accomplished the goals of making robots that would have
multiple behaviors and a so to show them. The robots wandered until they saw signs of another running
near them. Then shoot sonar waves at each other. We had a bit of difficulty with the sonar, because the
same sonar detector cannot distinguish between its own and another robot. We dealt with this by making
the robot that just shot to wait a bit and then to detect sonar. This way the sonar wave that bounced off the
robot or wall would have passed them. The robots first start by rotating in a counter-clockwise manner.
Doing this helps the robots calibrate their infrared. Thisis accomplished by reading from the environment
any signal from the IR detector. If alower value than a preset value is found, that lower value becomes the
new lower bound for the range for that IR. This enables the raobot to better approximate the types of
changes when the robot encounters an object. The robot is also equipped with an LED bar graph and a
piezo buzzer. The bar graph lets the spectators see at a glance the status of the game, while the buzzer lets
them hear when a shot is being fired. At the beginning of the game, after the robots finished calibrating,
the bar graph sequentially turns on and off the LEDs to show that everything isworking. The buzzer will
then play afunny tone. Once the robots are ready, they will start looking for each other. Thisis performed
by detecting infrared from the environment. If they detect it, it must be that another robot is present. The
robots are al so equipped with a sonar detector tower consisting of three detectors. We used relays to switch
from one to the next in a clockwise manner. The advantage of using relays is that one can physically
connect and disconnect to each detector. The disadvantage is that because they are mechanical devices,
they are slower than the rest of the circuit. To overcome this problem, we only switched once at every
completion of a cycle of the main program. The main program has many simulations of behaviors. They
have atotal of 13 detectable behaviors. However, we found out that more complex behaviors surged from
this combination. We noticed that the robots were searching in a very random manner. We suspect that
thisisthe result of mixing the behaviors of collision avoidance, sonar detection, avoiding physical contact
and infrared detection. Each behavior act by itself, but because the processor examines all of them many

times a second, a new random behavior surfaced. Overall, the robot performed as expected.



| nt egrated 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 set of IRfor wall-follow ng, 1 set
for base-finding, 1 sonar for shooting opponent, 3 sonars on a tower
for receiving shots, 4 contact sensors, a status LED bar graph, and a
pi ezo buzzer. FEach behavior will be programmed separately until it
wor ks properly. Since many behaviors are incorporated, we will resolve
any problemthey nmay have with other sensors and their possible new
behavior. Refining the behavior interaction can be done as the robots
achieve a working format. The behavior interaction can be seen by the
following flowchart in Figure 6, in the appendi x section at the end of
the report. Here we see how all behaviors are related to each ot her
and when does a particular behavior is allowed and when it is not.

Thi s comnbi nati on of behaviors and reactions will permt each robot to
performthe objectives described in the introduction. One of the nost
difficult and challenging problems will be with the sonar. Because of
its long-range capabilities, incorporating the sonar to the design wll
i ncrease the chances of, not only error, but also of flexibility

requi renents. Because each robot will have 20 sensors and 2 notors,
coordinating all of themw |l 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 many of the needed
connections and pins as part of its layout. Being the purpose of the
gane for the robots to find each other, it is a requirement that the
robots be agile enough but also 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 Pl atform

The body of our robot is the famliar Talrik Junior or TJ for
short. A picture of the TJ can be seen in Figure 7a 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 separate
sensors for specific purposes. But nost inportant of all, it offers
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
det ect physical contact with the field s wall, obstacles or the other
robots. Inside the structure, we can al so see the board, which

operates all of the sensors and gives the robot its conmands and
behaviors. Because all of the robots wiring and devices are hidden on
the inside, we were able to spray paint the frames and make the robots
presentable. Al so, because the purpose of the gane is for spectators
to constantly watch them the nore uniform and snooth | ooki ng

appear ance makes themnore friendly and pleasing to the eye. W cut
out the layout of the TJ the first day in |lab. Each sheet of wood has
enough pieces for two TJs, therefore, we got two. 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 An
enbarrassi ng m stake made was to m scount the nunber of pieces fromone

robot by gluing extra pieces on the other. To nmake up for the m ssing



pi eces, we | ooked around in the |lab and found extra pieces of an old

| ayout that apparently broke in half. Once the body was gl ued, we took
the robots honme and sprayed them each a different color. One inportant
tip to renmenber when spray painting is to wear eye goggles or gl asses
when cl eaning the spray while looking really closely at the tip. The
robot named “Search” was painted white, "And” was sprayed netallic
silver, while the robot named “Destroy” was painted red. This will
hel p us to distinguish between them To nake them even nore creative
and col orful, we exchanged the circular section to a different color

so that each one woul d have two colors. Figure 7b in the Appendi x shows

the diversity of colors for each one.

Act uati on

The robots use two servos for nobility. A picture of the servos
can be found in Figure 8a, under the appendi x section. The board, using
a fairly sinple program wll control these devices. The programwil|
tell the servos what speed to rotate by sending it a nunber. We will
use the conmand “nmotorp(a, b);” where a is the nunber for the left or
right servo (0 or 1). In turn, b will be the relative speed of the
motor. W hacked these servos to make them work as notors by
physi cally breaking off the connection between the final gear and the
position potentionmeter. Each servo includes 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 |lightweight and very efficient. The servo

motion will help the robot in the search-and-destroy behavi or by



turning the entire robot in the direction of the opponent. Once
aligned with the eneny, the shooting sonar will be ready for use.
Mount ed onto the servos are two big 3-inch wheels. These will help the
robot have a snooth ride and provi de enough undersi de space for the
base-detecti ng sensors. Because of its |ightweight characteristic,
each robot will be able to snmoothly drive over objects w thout too nuch
trouble. Another inportant aspect of the servos is that they are not
entirely calibrated to zero as their stopping notion. Therefore, we
had to nake 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 val ue for which
each robot would be at zero. To our surprise, all six servos had about
the sane value. The value for the left one was 6, while the right one
stopped noving at —-13. W then proceeded to nake gl obal variabl es 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 variabl 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 |oaded with a nunber of sensors to help it nove
snoothly around the field and towards its target. It will use IR
sensors to help it followa wall while it is |looking for the base. A
sample IR is shown in Figure 8b in the appendi x section. To detect the
base, it will have an IR set underneath to sense the dark floor of the

base. We will use a piece of flat black plastic. To locate its



opponent, it will use sonar to sense the direction of shots, while al so
using infrared to detect close presence of the opponent. Many evasive
maneuvers can be devel oped fromthis conbinati on of sensors. Al ong

wi th these sensors, each unit will have touch sensors (bunper), in case
t he robots nake contact or an unexpected obstacle is present. This is
necessary because the robots turn and nove at great speed. To aid
spectators view the status of the gane, each robot contains a 10-LED
status segnment connected to an 8-bit flip-flop chip. Fromthese 10
LEDs, we will use 8 of them Each segnment will light up every tine the
opponent robot acconplishes a hit onto the target. After 4 hits, if

t he robot successfully reaches the base, the segnents will then clear
To show the creativity of the gane, we al so added a function that nakes
t he bar graph sequentially turn on and off each LED in order back and
forth. The robots will also be equipped with a piezo buzzer, which
wi Il announce to the audience that a shot has been fired. The sane
piece will also indicate when one of the robots has perished by giving

a “flat-line” sound.

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
infront of it. Wth this data, the robot can satisfy its only
purpose...to find the other robots and to shoot sonar in their
direction. Because integrating so nany 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



Bunper Sensors
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Figure 1: Bumper zensar location

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 vidually connected. When PEO is checked, each switch is
differentiated in steps. In our robots, we only used two swi tches, one
inthe rear and three parallel connected in the front. Because these
swi tches are positioned on the top section of the TJ, objects smaller
than that height will not make contact and therefore will not be
di scovered. Knowing this, the bunper sensors are a last resort in
avoiding running into things. Overall, the bunper will not be used for

t he main purpose of the ganme, but becones inportant, since one of the
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behaviors will be to further injure an already badly injured robot.
Therefore, a robot that has been hit nore than 4 tinmes will further
have an extra shot if bunped. These features are nostly to avoid

col l'i sions between fast noving robots.

| nfrared Sensors
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Figure 2: IR zenzor location

We are using five infrared sensors 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 connections of 40KHz signals.
These can individually be controlled by using the comand
poke(0x7000, Oxff), where ff can be replaced by the actual conbination
of sensors desired to be on. W have three IR placed in front of the
robot bel ow each of the front bunper switches. Each connected to PE2,
PE3, PE4, PE5 and PE7. Every detected value has a range from

approximately 80 to 130. The A-to-D converters give a digital value to
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t he processor about how far an object would be fromthe robot. At the
begi nning of the main program we call a subroutine called calib IR().
his routine makes the robot spin slowy and take neasurenents of the

| owest value of the IR This helps set the |ower bound for each IR
set. This self-calibration step is needed since each sensor does not
necessarily possess the sane characteristics as others mght. W also
positioned another IR on the right side of its body. This sensor ains
perpendi cular to its forward path and it is intended to neasure its

di stance fromthe playing field wall. This IR is used when the robot
has been hit nore than half of the allowable nunber of tinmes. When
this occurs, the robot follows the wall until it finds the base. Wen
this behavior is active, the robot will run away frombattle and
attenpt to find the base, which we assunme will be near the wall of the
playing field. This way, the robot can give full “attention” to the
wal I followi ng mechanism At the base, the robot can then clear the
nunber of hits and go back to the gane. The last IRis used to aid in
the search of the base. This “base-finder” IR works sinply by
detecting a lack of IR This only occurs when either the robot is
lifted or when a black, non-reflective surface is directly underneath
the robot. W nust assune that the base is found sonmewhere next to the
wal | . The other feature of the base-finder is that the robots stop
when they are picked up. Thi s becones handy when dealing with

mul tiple robots. This last IR sensor is always pointing down and
therefore, cannot be calibrated. This is why it is used in a digita

format (if there is IR keep going; else, stop).
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Sonar Sensors
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Figure 3 Sonar location

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. We will make the robot stop before we use
the sonar. Emitting these waves w thout nmoving the robot is essential
to the accuracy of the sonar. To help avoid false detection, we wll
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 low pass filter to the output signal, we got a value from1l to

60. The advantage of this extra step is to convert the value so that
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the higher the value the closer the sonar shot. The sonar emtters
will be connected to the 40KHz pre-wired outputs in the TJPRO board.
The emitter will only be turned on when the TJ is stopped and ready to
shoot. However, the detector will always be detecting. The detector
wi |l be connected to PE6. The code will constantly check this for
possible hits. If a hit is detected, then the robot will know anot her
robot is in pursuit. W wll have three sonar detectors per robot.
These will be pointed to face in different directions on each. W wll
space each one about 120 degrees apart. This setup will maxim ze the
sensitivity of the sonar. This pinpoint aid tells the robot from what
direction is the opponent shooting from At this point, the target
robot would then turn towards the direction of the opponent and reply
with a sonar shot. Then the target robot would nove away and rel ocate

t he opponent for extra defense.

Sensor Experinents

Bunper Experi nent

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 switches 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
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| ocated at a height of 3.25 inches fromthe ground. |If we assume the
ground to be level, any contact between robots or any objects within

the playing field should, at worst case, contact at that height.

SENSCR LOCATI ON ANALOG READI NG
Bunmper Fr ont 45
Bunper Front - Left 45
Bunper Front R ght 45
Bunmper Rear 250

Tabl e 1: Bunper results

I nfrared Experinents

The infrared sensors were tested sinmlarly. To protect the
sensitive IR we encl osed them underneath the upper body. The base
finder was hidden within the center of the main 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 are arranged so that the robot swerves
around it. The base finder sensor was tested when we picked up the
robot and the robot stopped noving. Below, 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
hei ght of 3 inches. Anything much higher than 3 inches would not,
ot herwi se, be detected by the sensors. The base finder is located at a

di stance of 0.5 inches fromthe ground. Qur tests showed that if the

15



robots were rai sed over a height of 18 inches, the robot would stop
This is equivalent to the robot passing a dark surface. This is very

i nportant, since they cannot get confused when searching for the base.
The forward and side looking IR reacted at a distance of 4 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

SENSCR ACTI ON A/ D FUNCTI ON

Front - Left Avoid |eft PE3 Det ect obstacles on |eft
Fr ont Avoi d front PE7 Det ect obstacl es head on
Front - R ght Avoi d right PE2 Det ect obstacles on right
val | Fol | ower Fol | ow wal | PE5 Det ect wal |

Base finder Det ect bl ack PE4 Det ect base when needed

Table 2: IR sensor table

Sonar experi nent

The sonar was used to detect shots. W perforned a series
of sinmple tests. The results are shown in Table 3. W put the robot
in front of another robot shooting at intervals and programmed it to
sense sonar neasurenments. At the end of the neasurenents, the robot
either would light up the bars from1 to 8 if there was sonar detected.
The first would be lit if the robot detected a signal with a value from
10 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
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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. To distinct between it’s own shot and

t he opponents’ shooting, we made the programwait a bit [ong before it
measured any readi ngs fromthe detector. Oherwise, if the robot
detects a sonar signal not fromitself, it would be considered a hit.
W positioned the detectors on top of the robot and nade them ai m
outward 120 degrees apart. This will give the robot the maxi num range
of detection. The circuit design for the sonar emtter is shown in

Figure 4 in the Appendix and the circuit for the detector in Figure 5.

SENSOR EM TTER DI STANCE(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.
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In Figure 5 we also showthe circuit |ayout of the sonar
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Behavi or s

The robots will have quite a few behaviors, which we hope to

conbi ne to make nore conpl ex behaviors. The first behavior is to avoid

physi cal contact. It acconplishes this by using the four bunper
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switches. A basic behavior for the robots will be collision avoi dance.
The three IR sets located in front of the robot will aid in this task.
Anot her behavior is to find the base by using the IR pointing down.
This behavior will be used primarily in conjunction with wall
following. The wall follow ng behavior will use side-positioned IR
sets to conpare the distance to the field wall and to follow that wall
until the base is found. Positive reinforcenent is given when the
robot reaches the base while injured. At the base the robots can get
“repaired” and “rel oaded”, they need to find the base and stay there
for at 10 seconds. A behavior characteristic of this gane will be to
find the other robot. Shooting and detecting shots is a vital behavior
for this gane, using sonar as the sensor of choice. It also sinmulates
injury by slowing down its speed. At the sane tine, it shows a
preference of flight (not fight) behavior when seriously injured. When
inthis situation, the robot will eagerly | ook for the base and not
shoot the opponent in hopes of not attracting attention to itself. It
can al so detect the direction of the shot using the detector tower.
Once the direction is specified, the robot can proceed to reply to that
section of the area with a shot. A very inportant behavior occurs at

t he begi nning of the ganme. The robots rotate at a sl ow speed and
calibrate their IR This 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
that value. |In essence, this calibration helps determ ne the changes
in infrared ranges. Here, the robot under attacked, will start to nove
and shoot back in the direction of the shot. It will then search and
try to locate the eneny for a nore precise hit. The |ast behavior
these robots will performis to sinmulate the end of existence by

stopping indefinitely. The sequential |ight shows this on the bar
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graph and the “flat-line” sound fromthe buzzer

summary of the behaviors in Table 4.

Behavi ors

1. Avoi d Physi cal Contact

2. Col I'i si on Avoi dance

3. Val | Fol | owi ng

4. Base Fi ndi ng

5. Sel f-Calibration

6. If “stuck” in corner, gets out
7. Shoots and detects shots

8. Senses direction of Shot

9. Simul ates injury

10. Negati ve rei nforcenent

11. Recuperates after injury
12. Flight (not fight) behavior
13. Si nul ates end of existence

Experi nent al

Tabl e 4:

Bel ow we show a

Preferred Sensor
(Bunper s)

(IR

(IR

(IR

(of IR

(Random st op and go)

( Sonar)

(Sonar Tower)

(Change in speed)

(Shot if too close to wall)
(I'f it nmakes it to base)
(I'f shot nmore than half)

(Gves a flat line and |ight)

Behavi ors at a gl ance

Layout and Results

test the servos.

W will be testing the MIJPROL1 boards using sinple prograns to

correct working condition of all of

A sinple board test will

its el enents.

al so be used to check the

W& need to perform

these tests to assure the working order of the robots, since these

20



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.

Pr obl ens

Below is a table describing the problens we had while conpleting

this project. These are found in Table 5.

- Sonar contradiction: Hard to distinct between own shot and
opponent’ s shot .
(SOLUTION: wait |ong enough, then detect opponent’s.)

- Relay delay: Mechanical Iimtations on relay speed.
(SOLUTI ON: change rel ays about once every conplete cycle of the
mai n program)

- 3 sonars and 1 circuit: Needs constant attention of detector.
(SOLUTI O\ use relays to physically connect to each one.)

- Modularity of conmponents: Every nodul e nust be exchangeabl e between
robots.
(SOLUTI ON: be patient and hope for the best.)

- 74HC574’s only have 8 Flip-flops, not 10: The bar graghs have 10
LEDs, what to do with extra two.
(SOLUTI O\ change to 8 maxi num shots, not 10.)

- Beware of Murphy’s Law. The day before the final deno all robots

had sudden probl ens.
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(SOLUTION: do not panic, pray..)

Concl usi on

The robot construction was a definite success. W built these
robots using a nodul ar approach. Each part of its total 12 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 nake a friendly gane of search and destroy. O also designing
a platformthat can be copied exactly and replicated infinite tines and
expected to performthe same way. W al so acconplished other goals of
bui | di ng nmodul ar hardware identically enough that it can be exchanged
bet ween robots. Also to use software to help solve conflicts in
differentiating sonar pulses fromdifferent sources. And last, to
devel op a nmodul ar software flexible enough that it can adapt to any of
the robots. Oher future inprovenments that can be added are: a self-

di agnosti c program (which could detect if any of the conmponents are not
wor ki ng), add multiple robots (to see the behavi or change in having
nore robots), adding behaviors to renenber the | ocation of the base,

(maybe even noving the base to the mddle of the playing field).
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Docunent ati on

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

Fred Martin, The 6.270 Robot Builder’'s CGuide, 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: // www. mekat r oni x. cont

Appendi ces
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Figure 7a: picture of the robots in playing field
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Figure 7b: picture of one “Search” fromtop

Figure 7c: picture of the robots fromevery angle
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Fi gure 8a: picture of servo

Figure 8b: picture of infrared

ROBOT PROGRAM
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/****************************************************************\

hkhkhkkhkhkhhhkhhhhhhhhhhhhhhhhhdhhhdhdhdhdhhhdhhhdhhhhdhhhdhhhdhhhdhdhdddhdddrxdxkx*x

* % * %
* Title: TIPRO. C *
* % * %
*x Programer: Jose Garcia-Feliu *x
* % * %
*x Descri pti on: Programto control TJ's for gane. *x
* % * %

hkhkhkkhkhkhhhkhhhkhhhhhhhhhhhhhhdhhhdhhhhhhdhhdhhhdhhhdhhhdhhhdhhhdhdhdddhdddrxdx*x*x

\****************************************************************/

int i =0; /* Variable for calibration */
int R2=99,1R3=99, | R4=99; /* Variables for calibration */
i nt 1R5=99, | R7=99; /* Variables for calibration */
int y=0 h=20,j =0, m=0; /* Variable for sonar |oop */
int counter, counter_b, notion; /* Variable for Sonar */
int shots = 0O; /* Nunber of shots */
int sonar_counter = O; /* Variable for sonar detection */
int M0 =-13, ml = 6; /* Calibration for motors at stop */
/************************ Program *******************************/
void main() { /[* Start of Main */
/************************ Set up *********************************/
poke( 0x7000, 0x00) ; /[* Turn IR of f */
poke( 0x6000, 0x00) ; /* Turn Bars off */
poke( 0x1008, 0x00) ; /* Turns beeps off */
sleep(.1); /* Relax for a bit */
servo_on(); /* Turn servos on */
/************************ Cal | bratlon ***************************/
calib_IR(); /* Calls calibration routine */
sounds() ; /* Makes funny sounds */
di spl ay_seq(); /* Uses display before program*/
di splay_0(); /* Clears display */
/************************ Infl n|te Loop *************************/
while (1) { /* Infinite Loop */
if (shots < 4) {bunpers(); /* Avoi ds physical contact */
IR(); /* Controls IR */
det ect _sonar(); /* Detects sonar */
if (y > 100){y = 0; /* Reset variable, every so often */
sonar(); } [/* Uses sonar to find opponent */
}
if (shots >= 8) {ganme_over(); } /* Robot is disabled */
if (shots >= 4) {bunpers(); /* Avoi d physical contact */
wal | (); /* 1If close to dying */
detect_sonar(); } /* Detects sonar */
y =y + 1; /* 1Increase variable */
} /* End while - infinite */

/* End Main */

/************************ End Of Program ***********************/

/********************************************************************/

| * Calib_IR *)

/********************************************************************/
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void calib_IR() { /* Calibrates the m ni mum val ues for
IR */

nmot or p(1, 12+ml); /* Goes around slowy */

nmot or p( 0, - 12+n0) ;
while (i < 20) { /* Loop to calibrate all IR */

poke( 0x7000, 0x04) ;

if (analog(2) < IR2) {IR2 = analog(2);}
poke( 0x7000, 0x01);

if (analog(3) < IR3) {IR3 = anal og(3);}
poke( 0x7000, 0x80) ;

if (analog(4) < IR4) {IR4 = anal og(4);}
poke( 0x7000, 0x10);

if (analog(5) < IR5) {IR5 = anal og(5);}
poke( 0x7000, 0x02) ;

if (analog(7) < IR7) {IR7 = analog(7);}

i =i + 1;

sleep(.1); }

} /* End of subroutine */

/********************************************************************/

/* Sounds */
/********************************************************************/
voi d sounds() { /* Beeps speaker */
poke( 0x1008, 0x10);
sl eep(. 45);
poke( 0x1008, 0x00) ;
sl eep(.2);
poke( 0x1008, 0x10);
sl eep(.2);
poke( 0x1008, 0x00) ;
sleep(.1);
poke( 0x1008, 0x10);
sl eep(.2);
poke( 0x1008, 0x00) ;
sleep(.1);
poke( 0x1008, 0x10);
sleep(.1);
poke( 0x1008, 0x00) ;
sleep(.1);
poke( 0x1008, 0x10);
sleep(.1);
poke( 0x1008, 0x00) ;
sl eep(.2);
poke( 0x1008, 0x10);
sl eep(.3);
poke( 0x1008, 0x00) ;
sl eep(.4);
poke( 0x1008, 0x10);
sleep(.1);
poke( 0x1008, 0x00) ;
sleep(.1);
poke( 0x1008, 0x10);
sleep(.1);
poke( 0x1008, 0x00) ;
} /* End of subroutine */

/********************************************************************/
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/* Di spl ay_seq */

/********************************************************************/

voi d display_seq() { /* Displays the bar graph */

while ( h <2) { /* Loop for bars */
poke( 0x6000, 0x01) ;

sleep(.1);

poke( 0x6000, 0x02) ;

sleep(.1);

poke( 0x6000, 0x04) ;

sleep(.1);

poke( 0x6000, 0x08) ;

sleep(.1);

poke( 0x6000, 0x10) ;

sleep(.1);

poke( 0x6000, 0x20) ;

sleep(.1);

poke( 0x6000, 0x40) ;

sleep(.1);

poke( 0x6000, 0x80) ;

sleep(.1);

poke( 0x6000, 0x40) ;

sleep(.1);

poke( 0x6000, 0x20) ;

sleep(.1);

poke( 0x6000, 0x10) ;

sleep(.1);

poke( 0x6000, 0x08) ;

sleep(.1);

poke( 0x6000, 0x04) ;

sleep(.1);

poke( 0x6000, 0x02) ;

sleep(.1);

poke( 0x6000, 0x01) ;

sleep(.1);

h=h+1; } /* End of While */

h = 0; /* Reset value of H */

} /* End of subroutine */

/********************************************************************/

/* Di splay_0O */

/********************************************************************/

void display_0() { /* Displays the bar graph */
poke( 0x6000, 0x00) ; /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Display_1 */

/********************************************************************/

void display_1() { /* Displays the bar graph */
poke( 0x6000, 0x01) ; /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Di splay_2 */

/********************************************************************/

void display_2() { /* Displays the bar graph */
poke( 0x6000, 0x03) ; /* Display '0" bars */
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} /* End of subroutine */

/********************************************************************/

/* Di splay_3 */

/********************************************************************/

void display_3() { /* Displays the bar graph */
poke( 0x6000, 0x07) ; /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Di splay_4 */

/********************************************************************/

void display_4() { /* Displays the bar graph */
poke( 0x6000, 0xO0f ) ; /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Di splay_5 */

/********************************************************************/

void display_5() { /* Displays the bar graph */
poke( 0x6000, Ox1f); /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Di spl ay_6 */

/********************************************************************/

void display_6() { /* Displays the bar graph */
poke( 0x6000, 0x3f) ; /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Di splay_7 */

/********************************************************************/

void display_7() { /* Displays the bar graph */
poke( 0x6000, Ox7f) ; /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Di splay_8 */

/********************************************************************/

void display_8() { /* Displays the bar graph */
poke( 0x6000, Oxff); /* Display '0" bars */

} /* End of subroutine */

/********************************************************************/

/* Bunper */
/********************************************************************/
voi d bunpers() { /* Avoi d physical contact */
i f((anal og(0)>10) &&(anal og(0)<70)) { [* 1If bunped fromfront */
nmot or p( 1, - 20+n1) ; /* Backs up */
not or p( 0, - 20+n0) ;
sl eep(1.0); /* Then turn around */
sonar_emtter(); /* Sounds shot */
shot _sound(); /* Gets angry if bunped */
nmot or p( 1, - 50+n) ; /* Go el sewhere */

not or p( 0, 50+n0) ;
if (shots >= 5) {shots = shots + 1;}/* If bunped when weak */
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sleep(1.0); }
else if (analog(0) > 100) {
nmot or p( 1, 20+ml) ;
not or p( 0, 20+n0) ;
sl eep(1.0);
not or p(1, - 50+n) ;
not or p( 0, 50+n0) ;

/*

sl eep(. 85);
not or p( 1, 0); /*
not or p( 0, 0) ;

shots = shots + 1;
sonar_emtter(); /*

shot _sound(); } /*

}

/* 1f bunped from behind */
/* Move forward for a bit */

Then turn around */

Stops */
/* When hit from behind */
Sends sonar */

And make sounds */
/* End of subroutine */

/********************************************************************/

/* IR

*/

/********************************************************************/

void IR() {

/* Controls IR sensors */

if ((setlR 2())&&(anal og(2) > (IRR+(130-1R2)/2))) {

detect _ir();
nmot or p( 1, - 50+n) ;
nmot or p( 0, 50+m0) ; }

else if ((setlR 3())&&(anal og(3) > (I R3+(130-1R3)/2))) {

detect _ir();
not or p( 1, 50+ml) ;
not or p( 0, - 50+n0) ; }

else if ((setlR 7())&&(analog(7) > (IR7+(130-1R7)/2))) {

detect _ir();
nmot or p( 1, - 50+n) ;
not or p( 0, 50+m0) ; }
el se {
not or p( 1, 50+ml) ;
not or p( 0, 50+m0) ; }
}

/* Detects other robots */
/* 1If obstacle on right */
/* Detects other robots */
/* |f obstacle on left */
/* Detects other robots */
/* |f obstacle in front */
/* |f no obstacles on IR */

/* End of Subroutine */

/********************************************************************/

/* wal I foll ow ng

*/

/********************************************************************/

void wall () {
*)

/* Foll ows the contour of wall

if (setlR 4()&&(anal og(4) < (|R4+2*(13O IR4)/3))) {

nmot or p( 1, 0);

not or p( 0, 0) ; /*
sounds() ; /*
sl eep(10.0); /*
shots = 0; /*

di splay_0(); } /*

When base is found */

Cets fixed and rel oaded */
Let know t he base is found */
Wait alittle bit */

Resets shots */

Cl ears display */

else if (setlR 2()&&(anal og(2)>(1R2+2*(130-1R2)/3))) {

mot or p( 1, - 20+n) ;
not or p( 0, 20+m0) ; }

else if (setlR 7()&&(anal og(7)>(1R7+2*(130-1R7)/3))) {

nmot or p( 1, - 20+n) ;
not or p( 0, 20+m0) ; }

else if (setlR 5()&&(anal og(5)>(1R5+5*(130-1R5)/7))) {

nmot or p( 1, 15+ml) ;
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nmot or p( 0, 25+m0) ; }
else if (setlR 5()&&(anal og(5)>(1R5+(130-1R5)/4))) {
nmot or p( 1, 25+ml) ;
nmot or p( 0, 15+m0) ; }
el se { /* 1If no wall, go straight */
nmot or p( 1, 20+ml) ;
not or p( 0, 20+m0) ; }

} /* End of Subroutine */
/********************************************************************/
/* setlIR O */
/********************************************************************/
void setl R O() { /* Turns all IRs off */

poke( 0x7000, 0x00) ;

sl eep(.05); } /* End of Subroutine */
/********************************************************************/
/* setlIR 2 */
/********************************************************************/
int setlR 2() { /* Turns corresponding IR */

poke( 0x7000, 0x04) ;

sl eep(.05);

return 1; } /* End of Subroutine */

/********************************************************************/

/* setlR 3 */
/********************************************************************/
int setlR 3() { /* Turns corresponding IR */

poke( 0x7000, 0x01);

sl eep(.05);

return 1; } /* End of Subroutine */

/********************************************************************/

/* setlIR 4 */
/********************************************************************/
int setlR 4() { /* Turns corresponding IR */

poke( 0x7000, 0x80) ;

sl eep(.05);

return 1; } /* End of Subroutine */

/********************************************************************/

/* setlIR 5 */
/********************************************************************/
int setlIR5() { /* Turns corresponding IR */

poke( 0x7000, 0x10);

sl eep(.05);

return 1; } /* End of Subroutine */

/********************************************************************/

/* setlIR 7 */
/********************************************************************/
int setlIR 7() { /* Turns corresponding IR */

poke( 0x7000, 0x02) ;

sl eep(.05);

return 1; } /* End of Subroutine */

/********************************************************************/
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| * setIR 73 J

/********************************************************************/

int setlR 73() { /* Turns corresponding IR */
poke( 0x7000, 0x03) ;
sl eep(.05);
return 1; } /* End of Subroutine */

/********************************************************************/

/* setI R 75 */
/********************************************************************/
int setlR 75() { /* Turns corresponding IR */

poke( 0x7000, 0x12);

sl eep(.05);

return 1; } /* End of Subroutine */

/********************************************************************/

/* sonar */
/********************************************************************/
voi d sonar () { /* Sends sonar signal */
nmot or p( 1, 0); /* Robot stops */
not or p( 0, 0) ;

while(m < 10) {

detect _ir();

det ect _sonar();

m=m+ 1; } /* lIncreases variable */

m = 0; /* Resets variable */
} /* End of Subroutine */
/********************************************************************/
/* sonar_emtter */
/********************************************************************/
void sonar_emtter() { /* Sends sonar signal */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nmsl eep(1L); /[* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar emitter off */

nmsl eep(1L); /[* Waits a little bit */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nmsl eep(2L); /[* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar enmitter off */

nmsl eep(1L); /[* Waits a little bit */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nmsl eep(3L); /[* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar enmitter off */

nmsl eep(1L); /[* Waits a little bit */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nsl eep(4L); /[* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar enmitter off */

nmsl eep(1L); /[* Waits a little bit */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nmsl eep(5L); /* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar enmitter off */

nmsl eep(1L); /* Waits a little bit */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nsl eep(6L) ; /* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar enmitter off */
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nmsl eep(1L); /[* Waits a little bit */

poke( 0x7000, 0x40) ; /* Send sonar pul se */

nmsl eep(7L); /[* Waits a little bit */

poke( 0x7000, 0x00) ; /* Turns sonar enmitter off */

sonar _counter = 0; /* Resets variable */

} /* End of Subroutine */
/********************************************************************/
/* Det ect _sonar */
/********************************************************************/
voi d detect_sonar () { /* Detects shots */

if (sonar_counter > 0) {

if (1) { poke(0x1008, 0x00);} /* Looks at front sonar */
else if (j == 2){poke(0x1008,0x04);} /* Looks at rear left sonar */
else if (j == 4){poke(0x1008, 0x0c); /* Looks at rear right sonar
*/
j =0}
if (analog(1l) > 10) { /* 1f shot */
shots = shots + 1; /* Then increase variable */
if (shots==1){display_1();} /* Update bar graph */
el se if (shots==2){display_2();} /* Update bar graph */
else if (shots==3){display_3();} /* Update bar graph */
el se if (shots==4){display_4();} /* Update bar graph */
el se if (shots==5){display_5();} /* Update bar graph */
else if (shots==6){display_6();} /* Update bar graph */
else if (shots==7){display_7();} /* Update bar graph */
el se if (shots==8){display_8();} /* Update bar graph */
i f (0) {shot_sound();
sonar_emtter(); } /* Shoots if fired fromfront
*/
else if (0O){nmotorp(l,-10+nl); /* Rotate to direction of shot */
not or p( 0, 10+n0) ;
sl eep(.5);
shot _sound(); /* And shoot */
sonar_emtter(); }
else if (0O){notorp(1,10+ml); /* Rotate to direction of shot */
not or p( 0, - 10+n0) ;
sl eep(.5);
shot _sound(); /* And shoot */
sonar_emtter();
j =0; }} /* Resets variable */
i =] + 1 /* lIncreases variable */
sonar _counter = 0; } /* Reset variable */
sonar _counter = sonar_counter + 1; /* I ncreases val ue */
} /* End of Subroutine */
/********************************************************************/
/* Detect ir */
/********************************************************************/
void detect _ir() { /* Detects robots */
setl R 0(); /* Turns all IRs off */

if (analog(2) > IR2) {sonar_enmtter();



shot _sound();}

I R3) {sonar_emtter();
shot _sound();}

else if (analog(4) > IR4) {sonar_emtter();
shot _sound();}

else if (analog(5) > IR5) {sonar_emtter();
shot _sound();}

else if (analog(7) > IR7) {sonar_emtter();
shot _sound();}

\%

el se if (anal og(3)

while (0) { [ * TESTI NG */
if (j == 0) {poke(0x1008, 0x00);} /* Looks at front sonar */
else if (j == 1) {poke(0x1008, 0x0c);} /* Looks at rear left sonar */
else if (j == 2) {poke(0x1008, 0x08);} /* Looks at rear right sonar */
poke( 0x7000, 0x00) ;
sl eep(.5);

shot _sound();

sonar_emtter();

if (analog(1l) > 10) { /* 1f shot */

shots = shots + 1; /* Then increase variable */

i f (shots==1) {display_1();} /* Update bar graph */
el se if (shots==2){display_2();} /* Update bar graph */
el se if (shots==3){display_3();} /* Update bar graph */
el se if (shots==4){display_4();} /* Update bar graph */
el se if (shots==5){display_5();} /* Update bar graph */
else if (shots==6){display_6();} /* Update bar graph */
el se if (shots==7){display_7();} /* Update bar graph */
else if (shots==8){display_8();} /* Update bar graph */

el se {display_0();} } /* In case of error, reset */
i =] +1 } /* 1Increases variable */
} /* End of Subroutine */

/********************************************************************/

/* Shot _sound */

/********************************************************************/

voi d shot _sound() { /* Beeps speaker */
poke( 0x1008, 0x10); /* Makes shooting sound */
sl eep(. 15);
poke( 0x1008, 0x00) ; /* Turns beep off */
} /* End of Subroutine */
/********************************************************************/
/* Game_over */
/********************************************************************/
voi d ganme_over () { /* Robot is disabled */
while(1) {
poke( 0x7000, 0x00) ; /* Stops emitting IR and sonar
*/
nmot or p( 1, 0); /* Stops nmotors indefinetely */
not or p( 0, 0) ;
di spl ay_seq(); /* Displays lights */
poke( 0x1008, 0x10); /* Beeps forever */
} /* End of infinite [ oop */
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} /* End of Subroutine */

/********************************************************************/

/* t */

/********************************************************************/
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