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Abstract

Various forms of soccer-gyle games have been around since Roman times,
The United States as a matter of fact was the first British colony to Start
playing soccer-gyle games. Some form of footbal was played in the
Colonies asfar back as the establishment of the origina Jamestown
settlement in 1609. Imaging equipping arobot with the right components to
play American footbal, it would be a brilliant idea. Even more brilliant
would be equipping arobot to play a game known through out the world.
A gamethat has an old history and that is till popular today in other forms
such asfootbdl, balown, etc. Thus, creating a soccer playing robot is not
only achdlenge but part of history.

Executive Summary

Pdell, was ableto find the goa and score. It randomly went around its
enclosed environment searching for the soccer ball. 1t dso avoided
obstacles while it searched for the soccer ball. It uses a breakbeam to detect
the ball and two IRs for collison avoidance. When the ball bresks the beam
the microprocessor detects a different sgnd indicating the ball isthere.

Once Pdell successfully detects the ball it starts looking for the god. It
dowly turns until it detects a signd from the god (beacon). There are two
collimeate 40 kHz IR cansthat are used to detect the sgnd from the god.
Once both IRs find thissgnd, the god has been found. Once it finds the god

it starts accelerating towards the goa and findly shoots the bl out into the



god. Themechaniam it usesto shoot the bdl out is a solenoid.  When the
bal goesingdethe god it touches aflex sensor. Thisflex sensor is
connected to an RF tranamitter which sends asignd to the RF recaiver on the
robot. When the robot receives the sgnd it turns LEDs on and off indicating it has
scored.

Introduction

Pelell isan autonomous soccer playing robot. The main objective of the
robot isto scoreagod. Peell amply looksfor abdl and dignsitsdf with
the god and shoots for the god.

Integrated System

Pdell isoperated by using the MRC11 and MRSX01 from Mekatronix.
Components on these boards were soldered using the Tdrik's manud. Pele
Il contains two partidly hacked servos, three 40 kHz IR cans -- onefor the
breakbeam and two for beacon detection, and two IR sensors for collison
avoidance. The beacon isa42 kHz sgnd that is generated by a 555 timer
chip. Thereisone solenoid. This solenoid is not directly connected to the
board for the microprocessor’s safety. It's connected to a photo oscillator,
to oscillate noise.  Inthe god there is a flex sensor connected to an op-amp which
connects to an RF transmitter.

Mobile Platform

| used aplain platform. A flat board with an angle dot (see Figure 1a). The
design made for the Tarik’s switches were used for Pdell. The height of the

platform was adjusted so that the solenoid could be placed underneath



the platform. The solenoid' s thickness and the height of the whedls were taken

into consderation when the AutoCAD design was made.

Figure 1a
Actuation

Pele Il rides on two 3-inch Du-Bro wheels and arear carriage bolt

(instead of acaster). The Du-Bro wheels were purchased from

Mekatronix. Each of the two wheds has a partia servo hack, snce
each servo needs to behave amilarly to adrive motor. By having a partid servo
hack, it is able to control the output shaft' s velocity. In addition, the speed

is controlled via Pulse Width Modulated Signd (PWM). Asfar as sability

is concerned, placing arear caster made Pele |1 gear of alittlewhenit wasin
dow-motiontrying to go straight. The rear carriage bolt on the other hand ,
created more stability, Snce it does not move in any direction The only
shortcoming with the carriage bolt is it renders moverment on rug surfaces difficult.
Sensors

Mekatronix IR SENSORS

The Infrared Sensors (IR) that were bought from Mekatronix did not need
hacking. These IRs were used for collison avoidance because they have
great range. They are able to detect better than the regular Sharp Cans. They can dso be

combined with the Sharp Cans and not have to worry about signa interference with one another



since they operate at different frequencies.

SHARP CAN SENSORS

The 40 kHz IRs did however need to be hacked. Thisisbecause they are digita devices that will
only produce digita outputs. These IRs have to be modified to make them andog devices. This
modification will dlow the robot to know how far the objects are, or, if they arebeing used asa
breakbeam, they’ Il detect an interruption. Pele Il uses three IRs -- one as a breakbeam combined
with an emitter and two to detect the beacon. This beacon emits a 42 kHz modulated Sgna
which does not interfere with the Mekatronix |Rs used for collison avoidance.

BUMP SENSOR

The bumper sensor is essentidly aswitch. This switch closeswhen it is pressed

and the Sgnd is received by the microprocessor PEO.  In my design when the

bump switch is pressed, Pele 1 stops moving.

Special Sensor

Besides having IRs as sensors, Pdell is aso equipped with a bend sensor to detect

agod score. The Bend sensor is a unique component that changes resistance when

bent. An unflexed sensor has anominad resistance of 10,000 ohms (10 K).

Astheflex sensor is bent, the resistance gradually increases. When the sensor

is bent at 90 degreesits resstance will range between 30-40 K ohms.  For

my design, | didn’t have to worry about trying to bend the flex sensor 90

degrees since the flex sensor has athickness of .019 inchesis highly senstiveto a
sampletgpwhichisal Peell needs. As mentioned before, the flex sensor doesn’t need to bend
90 degrees, aslong asthe bdl taps the flex sensor it will create a noticesble resstance. Here

noticeable is defined as any vaue greater than the nomind vaue. If R, = 33 k ohms, and the



input voltage is 5 valts, then the output voltage will be in the range from 2.8 to 4 volts. The
positive power to the op-amp can be 5 volts and the negative power to the op-amp can be 0 valts.

A better valueisobtained if R, = 33 k ohmsis changed to R, = 22 k ohms (see Figure 2).

Figure 1

&+5

Signal

Figure 2
The reason for daiming this as a specia sensor is because it will not stand

on itsown; it will be used in conjunction with another device to explait its unique festure. For
this design, the optima place where the flex sensor can be placed isat the god. It keepstrack of
the god. Once the bl taps the flex sensor, the flex sensor dong with the 22k (voltage divider)
will send asgnd to an op-amp. The op-amp will send out asgnd to atransmitter which will

later be received by areceiver that will be mounted on the robot. Let me regress and e aborate



more on how the op-amp works in my design. It has two inputs, the vaue obtained from the
voltage divider goesinto +V op-amp input. | have placed a potentiometer going into -V op-amp
input. This potentiometer dlows me to match the voltage to that of the voltage divider during its
initid sage— the initid stage meaning vaues of the 22k ohms and nomind vaue of the flex

sensor, 10.3k. By performing a voltage divider, | obtained 3.4 volts coming out of the voltage
divider during itsrelaxed stage. Therefore, 3.4 volts will go into +V input and the potentiometer
must be matched to 3.4 voltsin the other input in order to not produce an output during its
relaxed stage and to produced an output during atap stage, when the bal hitsthe flex sensor (See

Figure 3).

Basic flex sensor circuit

. vcut

— R
voltage impedance Vout = v""(nfnz
divider buffer

Figure3

During its tap sage, the op-amp with go high sending a high signd to the

trangmitter. The wirdess tranamitter transmits the sgnd to the receiver

viaan | /4 antenna. Thesignd is picked up by another | /4 antenna that

will be connected to the recaiver which will be mounted on the robot. Please



refer to Figure 4 for better understanding. 1n sum, | have combined aflex sensor with areceiver

and atransmitter, making al three components account for a specia sensor.

Pat.

voltage

divider S

Figure4

The valuesthat | obtained when | tested the specia sensor did not fit agtraight line
approximation because there were too many factors to consider: low batteries, al not centered,

which area of the flex sensor was tapped by the ball, etcetera (See chart 1). (Chart 1)
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Behaviors
The robot has four behaviors: 1) Collison avoidance 2) Identifying
the ball 3) digning the bal with the god 4) Making the god.

L essons L earned
When | made the photo oscillator circuit | burnt the chip because | left out a pull-up resistor (470
ohmsor 1k ohms). | also burned afew LEDswhen | was testing the circuit | had built for the 40
kHz modulated signal located at the god. | forgot to place apull up resstor in serieswith the
LEDs. So now when ever | built acircuit that either | obtained from aTA or aschemétic from
the Web | make sure I’'m not missing apull up resstor, if needed. Alsoit'sagood habit to test
circuits you built with amultimeter or logic probe and if available an oscilloscope. | had
difficulties with the servos obtained from Mekatronix. With respect to hacking, they were more
difficult to hack than servos from previous semesters. Inthe end, once | calibrated the servos |
found mysdf having to superglue the potentiometer at the 50 % duty cycle in order to prevent it
from losing the 50% duty cycle cdibration. Also keep in mind thet it isalmost impossible for

servostogoin adraight line. Try not to supply more than 6 Voltsto the servo power unless
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you want to test how fast they burn (this only applies to Mekatronix servos since they’ re what |
used) -- see Figure 1. Also sometimes schemeatics on the Web are not correct, so make sure to
either get a second opinion or an extra part in case the first one burns.

Softwar e hints

| learned that usudly timing is everything as far as trying to make the robot turn or

even go in afarly sraight line. So you should give yoursdf plenty of timeto

test the hardware with the software.

Conclusion

The project was successful. The behaviors | proposed were redistic which

contribute to the success of the project. Don't give up if things Start burning, just

learn from your or other people’ s mistakes. Also constant hard work and no

procrastination pays off.
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Appendix A.

/*********** KHInaJ onaa*************/

/*************** Pdel I********************/

/**********Avoids Obga:IS***************/

#include <gtdio.h>

#include <tkbase.h>

#define THRESHOLD 128

#define RIGHT _IR analog (2)
#define LEFT _IR anaog(3)

#define L O // left servo

#define R 1 //right servo

#define SPEED 1 1000

#define SPEED_2 5000

#define BUMP_STOP 79

#define BEAM_THRESHOLD 129
#define BREAKBEAM anaog(4)
#define BEACONR  anaog(5)//robotsright
#define BEACONL  analog(7)
#define BEACON_THRESHOLD 97
#define ANTENNA analog(6)

/*IR emitter output port driver, the output latch at address Oxffb9 */
#define IRE_OUT *(unsigned char *)(0xffb9)

[*Congtant for driving al the 40KHz modulated IR emitters on when loaded into IRE_OUT */
#define DIGIT_ON 0x3d
#define SOL_ON Ox3f

[*Constant for turning pin 2 40KHz modulated IR emitters off when loaded into IRE_OUT */
#define DIGIT_OFF 0x3d

#define GOAL_OFF 0x3d
#define GOAL_ON Oxfd

int state=0;

int va,l_ir, r_irspeedl, speedr ;
int intPrevVaue = 999;

int intCurrentVaue = 999;

int intDifference = 0;

void read_sensors();

void init();

void print_sensor_values();
void main()

init();
servo(L, 0);



sarvo(R, 0);
while(1)
{

}
}

[*** END MAIN ***/

print_sensor_values();

void init()

{
init_anaog();
init_servos();
init_clocktk();
IRE_OUT=DIGIT_OFF;
IRE_OUT=DIGIT_ON;

[Iwait(50);
}

void print_sensor_vaues()
{
unsigned int rb;
rb =rear_bumper();  /*Returns rear bumper value*/
printf("\n \n analog 2: {%d}\n", RIGHT_IR);
printf("andog 3: {%d}\n", LEFT_IR);
r_ir = RIGHT_IR;//new from here
|_ir=LEFT_IR;

if (state==0){
if(I_ir >STHRESHOLD || r_ir STHRESHOLD ){
if (I_ir> THRESHOLD){
servo(R, 2950);//dow moving
servo(L, 3041);
wait(100);//wait a bit
sarvo(R, 3141);//move back
servo(L, 2950);
wait(300);
servo(R, 4000);//turn right
servo(L, 2950);
wait(400);
servo(R, 2000);
servo(L, 4000);

}

eseif (r_ir >THRESHOLD) {
sarvo(R, 2950);//dow moving
servo(L, 3041);
wait(100);//wait a bit

13



sarvo(R, 3141);//move back
servo(L, 2950);
wait(300);
servo(R, 2950);//turn left
servo(L, 4000);
wait(400);
servo(R, 2000);
servo(L, 4000);
}

Hiendif | _ir or r_ir greater than threshold
else{
sarvo(R, 2930);//dow moving
servo(L, 3041);

}

if (rb==BUMP_STOP ){
State=5;

}

if (BREAKBEAM < BEAM_THRESHOLD){
State=2;
}

}/end state O

/******************** BALL DEI'ECTION****************************/

dseif (state==2){

if (BREAKBEAM < BEAM_THRESHOLD ){
printf("Ball Breakbeam 4: {%d}\n", BREAKBEAM);
servo(R, 2930);//dow moving
servo(L, 3041);
wait(50);
servo(R, 0);//stop moving
servo(L, 0);

state = 3;
}
else state = 0;
if(rb ==BUMP _STOP) state=5; // end rb

}/ end state 2

/************* GOAL DEI'ECTION *********************/

elseif( state == 3
/I printf("god detection™);

printf("right beacon5: { %d}\n", BEACONR);
printf("left beac analog 7: {%d}\n", BEACONL);

if (BEACONR > BEACON_THRESHOLD && BEACONL >
BEACON_THRESHOLD ){



printf("Found God");
state=4;

}// end beacon > BEACON_THRESHOLD

elseif (BEACONR < BEACON_THRESHOLD && BEACONL >
BEACON_THRESHOLD ){
printf("LEFT FOUND - TURNING RIGHT------- ");
servo(R, 2930);
servo(L, 3041);
wait(200);

servo(R, 0);//turn robot's right
servo(L, 3041);
wait(300);

servo(R, 0);
servo(L, 0);
if (BEACONR > BEACON_THRESHOLD & & BEACONL >
BEACON_THRESHOLD){
printf("Found God");
state=4;
}// end beacon > BEACON_THRESHOLD

HIl end dseif
elseif (BEACONR > BEACON_THRESHOLD && BEACONL <
BEACON_THRESHOLD ) {
printf("RIGHT FOUND - TURNING LEFT******x™).
servo(R, 2930);// dow moving
servo(L, 3041);
wait(200);
servo(R, 2930);//turn left
servo(L, 0);
wait(100);
servo(R, 0);
servo(L, 0);
/lcheck if goa found
if (BEACONR > BEACON_THRESHOLD & & BEACONL >
BEACON_THRESHOLD){
printf("Found God");
State=4;
}// end beacon > BEACON_THRESHOLD

}/ end eseif beacon
elseif (BEACONR < BEACON_THRESHOLD && BEACONL <
BEACON_THRESHOLD){
servo(R, 2930);//turn right
servo(L, 0);
wait(200);
servo(R, 0);
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servo(L, 0);
if (BEACONR > BEACON_THRESHOLD & & BEACONL >
BEACON_THRESHOLD){
printf("Found God");
State=4;
}

}/ end else if they are both less than 97

if (rb==BUMP_STOP ){
state=5;

}
}H/ end state 3

/*****************KICK BALL******************/

eseif( state==4){

if (BREAKBEAM < BEAM_THRESHOLD ){
sarvo(R, 2930);//dow moving
servo(L, 3041);
wait (200);
servo(R, 1000);
servo(L, 5000);
wait (400);
IRE_OUT = SOL_ON;
wait (400);
IRE_OUT = DIGIT_OFF,;
state = 6;

}

else if( BREAKBEAM >= BEAM_THRESHOLD ) {
IRE_OUT=DIGIT_OFF;

wait(400);

servo(R, 2930);//dow moving

servo(L, 3041);

wait (200);
state=4;

}

if (rb==BUMP_STOP ){
State=5;

}

}/ end state 4

eseif ( state == 5§
if (rb==BUMP_STOP ){
servo(R, 0);// stop the servos
servo(L, 0);
printf("\n \n analog O: { %d}\n", rb);
wait(100);
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}

}/ end state 5 which is bumper to stop servos

/********** S‘I‘OP EXECUTION ***************/
eseif (state==5){
if (rb==BUMP_STOP ){

sarvo(R, 0);// stop the servos
servo(L, 0);

printf("\n \n analog 0: {%d}\n", rb);

wait(100);
}

}// end state 5
/********* ENE GOAL ********************/

eseif (state==6){
intPrevValue = ANTENNA,;
servo(L, 0);
servo(R, 0);
printf("\n \n previous vaue: {%d}\n", intPrevVaue);
if(intPrevValue != 999 & & intCurrentVaue != 999 }{
intDifference = abs(intPrevVaue - intCurrentValue);
if (intDifference >= 165 ){
printf("\nx***xxx GOLIN ****xxx\nr).
State=7;
}

}
intCurrentValue = ANTENNA;
printf("\n \n current value: {%d}\n", intCurrentVaue);
if(intPrevValue '= 999 & & intCurrentValue '= 999 ){
intDifference = abs(intPrevValue - intCurrentVaue);
printf( "%d", intDifference );
if (intDifference >= 165 ){
printf("\nx***xxx GOLIN ****xxk\n).

State = 7,
}
}
if (rb==BUMP_STOP ){
state=5 ;
}/ endrb
} I end state 6

/****-k*** FLAS'_' "GOAL" SGN ***********/

eseif (state==7 )
inti=0;
for(i=0; i<5; i++)Y
IRE_OUT=GOAL_ON;
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wait(500);
IRE_OUT=GOAL_OFF;

wait(500);
}
State = 5;
} /lend state 7
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