Introduction

This document covers my robot constructed for IMDL Summer 2002. The robot | constructed is
called GreenJacket and is a golf-oriented robot, designed to help an individual practice his or her
putting. First, an overview of the complete robot is outlined. Then each robot subsystem is

discussed in more detail.

Integrated System

The overall goal of my robot isto manipulate golf balls. Specifically, it was designed so that it
could be used to practice putting. The user putts balls across the floor, trying to get them into an
opening on the side of the robot. The robot is able to collect the balls when they enter the
opening, by lifting them up into itself. Once four balls have been collected, the robot returns to

the user to unload the balls so that they can be putted again.

Also, when the ball is moving toward the robot, the robot is able to adjust for minor errorsin
putts by moving to its left or right. This allows the ball to enter the opening in the side of the
robot so that it may be collected. Thiswasfirst proposed as “lateral tracking” of the ball, but |
have since adopted the term “lateral correction” to describeit. Thisis due to the limitations of

particular solution which | implemented.

The processor | used isthe Atmel AVRMegal63. It has 8 analog-to-digital inputs (each 10 bits
wide) and 3 PWM channels which were used for collecting sensor data and controlling actuation.
All software development was done in C using a combination of Atmel’s AVR Studio 3.54

(Windows based assembler and programming interface) and AVR-GCC (available under the
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GNU license). Programming was conducted using Atmel’s AVR In-System-Programmer
(AVRISP). Thisalowed for quick and easy in-system programming, without the need to remove

the chip from the board.

The board that | used was the MegaAV R-Dev board from Progressive Resources. It provided an

in-system programming port, headers for 1/0 ports and on-board power regulation.

Moabile Platform
The mobile platform for GreenJacket was custom designed using AutoCAD. It has four wheels,

and an aperture in one side where the golf balls are collected. Thiscan be seenin Fig. 1.

Figure 1. Isometric wireframe of GreenJacket (does not include ball collection mechanism).
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Inside GreenJacket isthe ball collection mechanism. Additionally, the platform has an opening

where balls are released.

Actuation

Each of the four wheelsis be driven by a servo that has been modified for continuous rotation.
They are driven by two channels from the microcontroller. That is, the two left wheels receive
the same control signal, and the two right wheels receive a different control signal. This allows

GreenJacket to move similarly to atank.

Servos also control the mechanism for picking up the balls. The ball collection mechanism was
designed using two servos. One servo drives the rake, while the other servo drives the lifter.
When balls enter the robot, a contact switch is triggered which generates an interrupt in the
controller. The rake closes to trap the ball within the robot, and the lifter raises the ball up into

the robot. The rake can be seenin yellow in Figures 2 and 3 below.
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Figure 2. Isometric view of GreenJacket with ball collection mechanism.

Figure 3. Rendered view of GreenJacket.
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A third control servo operates the lever which controls the release of the balls. When the balls are
collected, they are placed in aramp whose end is blocked by thislever. The lever can be moved

to release the balls one at atime.

Since the three PWM channels built-in to the Megal63 were used by the three servos for
manipulating golf balls, | built additional hardware channels to use for the left and right motor

channels. Thiswas also done to satisfy my special sensor requirement.

Two channels alone are used for locomotion, which would leave only one channel to control a
servo to manipulate golf balls. The two additional channels that | implemented left me more

freedom in construction of the golf ball manipulation mechanism.

The PWM channels were implemented in an AlteraMAX7032 CPLD. Thisasmall CPLD, so
the design had to be minimal. Logic for the hardware was described in VHDL and complied
using Altera’ s MAX+Plus |1 software. The overall design of the new system can be seen below

in Figure 4.
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Figure 4. High-level architecture for new PWM system.

The processor communicates with the external hardware through on one of its output ports. In
total, 4 bits are needed — each channel uses a 2-bit input bus to select the desired pul se width.
This narrow input selection bus means that there are not that many options to select from. Due to
size constraints imposed by the CPLD, three pulse width options are available: those that move
the servo forward, in reverse, and stop the servo. Both servos can be set independently at any

time.

Additionally, as can be seen in more detail in Figure 5, an external oscillator was needed to
drive the PWM system. At the heart of the new hardware is a 15-bit up counter. This counter
increments on each edge of the IMHz signal. Internal logic resets the counter to zero when it

reaches 20,000 (decimal). This provides the 20ms period necessary for the PWM output (1e-6s
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(1 MHz) * 20,000 = 20ms).
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Figureb5. Internal architecture of hardware PWM system.

The high-time for the pulse output, and thus the direction of the servo, is determined by the 2-bit
input selects. Each option (forward, reverse, or stop) corresponds to a particular counter value.
When that input is selected, the PWM output for that channel is set high when the counter resets
to zero, and then set low when the counter reaches the particular value—thus the pulseis
generated for afixed time. Finally, each output is run through aflip-flop (still in the CPLD) to
synchronize it with the input clock and remove glitches (which are generated by the

combinatorial logic network.

| observed the PWM system outputs using an oscilloscope. A sample reading can be seen below

in Figure 6. Here, one can see the period of the signal (20 ms) and the length of the high time

(.75 ms). Thisisthe largest value for the high-time that is used.
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Figur e 6. Oscilloscope observations made of new PWM outputs.

Most importantly, the new PWM channels work effectively with my servos. Thisalows meto
use more servos in my robot, while abstracting into hardware the tedium of generating the

correct pulse widths.

Sensors

GreenJacket uses both infrared (IR) and contact sensors. Two types of IR sensors were used:
short range (Sharp GP2D120) and long range (Sharp GP2Y OA02Y K). The short range sensors
were used exclusively for wall detection. The long range sensors were used for both wall

detection and latera correction.
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All four IR sensors are calibrated on power-up. Thisis done by first placing the robot in front of
awall to determine a threshold for wall avoidance. Then the long distance sensors are calibrated

for lateral correction by placing ballsin front of them.

Contact sensors were also used to build front and rear bump sensors. These switches are wired
together in aresistor network and connected to a single analog port. A contact switch is also used

inside the robot to detect when aball is present so that it can be picked up.

Behaviors
GreenJacket’ s primary behavior is the collection of golf balls. Once a ball enters the robot and

contacts the switch, it islifted into the robot.

Additional behaviors complete the functions necessary to conduct a putting practice session.
Thisincludes traveling out from and back to the user, depositing golf balls, and lateral

correction.

The robot starts with a4 ballsinside of it. When the user activates the putting practice program
by tapping a bump sensor, the robot dispenses the balls at the feet of the user. It then drives out
until it reaches awall and then turns so that its opening is facing the user. Then it waits for the

user to begin putting balls.

If aputt is coming towards the robot but is not lined up with the collection opening, the robot

will move laterally to line up the opening with the path of the ball. In this way even errant shots
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are collected. If an errant shot has caused the robot to move to one side, once the ball has been
caught the robot will return to the position from which is started (i.e. it “re-centers’ itself).
Finally, once al the balls have been collected the robot returns to the user and deposits the balls

so that he or she can continue practicing.

Conclusion

In conclusion, | am very pleased with the success of some parts of my robot and not as pleased
with others. In general, most of the functionality was realized. While the lateral ball tracking was
not particularly successful, the ball collection mechanism was a great success—it works
routinely—and is due mostly to careful planning. Also, the external PWM hardware that | built

worked out well. It provided for much easier software devel opment.

If | were to continue working on GreenJacket, there are several things that | would change or do
differently. In particular, | would use additional and/or different IR sensors for wall avoidance
(the short range ones that | used are very short range) and | would attempt some other method for

lateral ball tracking.
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Appendix A: VHDL Codefor PWM Hardware

-- Matt hew Cher nosky

-- 7/7/2002

-- notor_pwmn 1M vhd

-- Up-counter for PWM based on 1MHz clock rate.

-- Counts up to 20,000 (4E20h) and then resets. This results
-- in a period of 20ns.

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_| ogic_unsigned. all;
use ieee.std logic_ arith.all;

ENTITY notor_pwm 1M | S

PORT(
clk : in STD LOGE G,
PW INA in STD LOE C VECTOR(1 downto 0);
PW INB: in STD LOd C VECTOR(1 downto 0);

PW/ OUT_A: out STD LOG G
PWM OUT B: out STD LOG C
)
END not or _pwm 1M

ARCHI TECTURE behavi or OF notor _pwm 1M 1S

constant COUNT_MAX: std_l ogic_vector(14 downto 0)
:= "100111000100000"; --20, 000

constant COUNT_RST: std_|logic vector(14 downto 0)
;= conv_std |l ogic vector(0, 10);

-- PWMinput value constants for the three notion options

constant STOP: std_|ogic_vector(1l downto 0) = "00";
constant FORWARD: std | ogic_vector(l downto 0) := "01";
constant REVERSE: std |ogic vector(1l downto 0) := "10";

-- PWM counter value constants for the three notion options
constant STOP_C. std_logic_vector(14 downto 0)

.= conv_std_logic vector(0, 10);
constant FORWARD C. std |l ogic vector(14 downto 0)

:= "000010011101100"; -- 1260
constant REVERSE C. std_l ogic_vector(14 downto 0)
;= "000011010111000"; -- 1720
signal count: STD LOG C VECTOR (14 downto 0); -- counter
-- 00 = STOP
-- 01 = FORWARD
-- 10 = REVERSE
-- 11 = not used

-- PWM channel outputs before de-glitching
signal SPWM QUT_A: STD LCOd G
signal SPWM QUT_B: STD LOG C,

BEG N
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cnt: PROCESS (cl k)
BEG N
IF (clk ="1" and cl k' EVENT) THEN
if (count < COUNT_MAX) then
-- increment counter
count <= count + 1,
el se
-- reset counter when COUNT_MAX reached
count <= COUNT_RST;
end if;
END | F;
END PROCESS;

update_a: PROCESS (count)
BEG N
if (PAWM_INA = FORWARD) then
if (count < FORWARD C) then
SPWM QUT A <= '1';
el se
SPWM QUT_A <= '0";
end if;
elsif (PWM.IN A = REVERSE) then
if (count < REVERSE C) then
SPVW OQUT_A <= '1';

el se
SPWM QUT_A <= '0'";

end if;

el se
-- STOP
SPWM QUT_A <= '0';

end if;

END PROCESS;

updat e_b: PROCESS (count)
BEG N
if (PWVMINB = FORWARD) then
if (count < FORWARD C) then
SPWM QUT B <= '1';
el se
SPW OQUT B <= '0'";
end if;
elsif (PWIN B = REVERSE) then
if (count < REVERSE C) then
SPWM QUT B <= '1';

el se
SPWM QUT_B <= '0';

end if;

el se
-- STOP
SPWM QUT B <= '0';

end if;

END PROCESS;

cl ean_a: PROCESS (cl k)
BEG N
if (clk ='1" and cl k' EVENT) then
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PWV OUT_A <= SPWM OUT_A;
end if;
END PROCESS;

cl ean_b: PROCESS (cl k)
BEG N
if (clk ="'1" and cl k' EVENT) then
PWV OUT_B <= SPWM OUT_B;
end if;
END PROCESS;

END;
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Appendix B: Firmware Source

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

File: anal og. h

Aut hor : Mat t hew Cher nosky

Dat e: 7/ 4/ 2002

Descri ption: I ncl udes functions read anal og ports.

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

#i ncl ude <i o. h>

// channel definitions
#def i ne CHANNELO 0x00
#def i ne CHANNEL1 0x01
#def i ne CHANNEL2 0x02
#def i ne CHANNEL3 0x03
#defi ne CHANNEL4 0x04
#def i ne CHANNEL5 0x05
#def i ne CHANNEL6 0x06
#def i ne CHANNEL7 0x07

#def i ne MUX_CMASK 0xeO

voi d initAnal og(void);
uint8 t readAnal og(uint8_t channel);

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

Functi on: i ni t Anal og()
EE R I I R S S R R S I R I R S R S I I R S R R R S I I R S R I O S I
Parameters: none
Ret ur ns: voi d
Description: Sets up ADC for single conversion, |eft
adj ust ed node.

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

voi d initAnal og(void)

{
out p(0x00, DDRA) ; /1 Set data direction for PORTAO bits 5:0 to input
out p( BV( ADLAR) , ADMUX) ; [lleft align result
out b(BV(ADEN) | BV(ADSC), ADCSR);
while (inp(ADCSR) & BV(ADSQ));

}

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

Functi on: readAnal og(ui nt 8 t channel)

khkhkkhkhkhhkhhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhhdhdhhhdddhdddhddxdkd*xddxx%

Parameters: The hex code for the ADC channel to read.

Ret ur ns: The single byte representing the anal og val ue
read fromthe port.

Description: Requests one conversion, waits for it to

conplete, and then returns the result.
************************************)\-***********************/

uint8 t readAnal og(uint8_ t channel)

Page 14 of 14



uint8_ t ol d _ADMUX

ol d_ADMUX = i np( ADMJX) ; /* save old ADMJX val ue */

ol d_ADMUX = ol d_ADMUX & MUX_CMASK; /* clear MIX bits */

out p(channel | ol d_ADMJX, ADMUIX);

out p(i np(ADCSR) | BV(ADSC), ADCSR);

while (inp(ADCSR) & BV(ADSQ)); /[* wait until conversion done */
return (i np(ADCH));

}
/************************************************************
File: bunp. h

Aut hor : Mat t hew Cher nosky

Dat e: 7/ 4/ 2002

Descri pti on: I ncl udes functions to test bunpers.

Requires that initAnalog function in analog.h
has been cal | ed.

Front and rear bunpers attached on anal og
channel 4.

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

#i ncl ude <io. h>

[/ burper definitions

#def i ne NO_BUMPER 0
#def i ne FRONT_BUMPER 1
#def i ne REAR_BUMPER 2

[/ defi ne bunper anal og channe
#defi ne BUMP_CHANNEL CHANNEL5

i nt readBunper (void);

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

Functi on: r eadBunper ()

R I R R R R I I R I R R I R I O I R R R R S I R I R

Par aneters: none
Ret ur ns: the bunper that is being pressed (integer)
Descri ption:

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

i nt readBunper (voi d)
{

uint8_t bunp_val ue;

bunp_val ue = readAnal og( BUVP_CHANNEL) ;

i f (bunp_val ue > 0x80) [/ rear bunper pressed
{

return REAR_BUMPER,
}
el se if (bump_val ue > 0x10) [/ front bunper pressed
{

return FRONT_BUMPER

Page 15 of 15



}

el se /I no bunper pressed
return NO BUMPER;

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

Fil e: not ors. h

Aut hor : Mat t hew Cher nosky
Dat e: 7/ 14/ 2002
Descri pti on: I ncl udes functions to nove notors. Drives CPLD

PWM board connected to PORTB3: 0.
Left side = channel A = PORTB3: 2
Ri ght side = channel B = PORTB1:0

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

#i ncl ude <io. h>

#defi ne ZERO 8 0x00
#def i ne BI T45 0x30
#def i ne ROTL Ox7a
#def i ne ROTR 0x10
#define BI TO 0x01

/* Direction types */
#define FORWARD O
#define REVERSE 1

/* Codes for CPLD board */

#defi ne STOPPED  0xO0 /I servo stopped

#def i ne CCLOCKW  0x1 // count ercl ockwi se servo rotation
#def i ne CLOCKW 0x2 //cl ockwi se servo rotation

void initMtors(void);

void nove(int direction);

voi d novelLeft(int direction);
voi d noveRi ght (int direction);
void turnLeft(void);

voi d turnRi ght (void);

voi d noveSt op(void);

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

Functi on: i ni tMotors()
khkkhkkhhkkkhhhkkhhhhkhhhkhdhhddhkhdhhxddhkddhdxddhkrdhxddhxrddx*d*xrx**x**,%x%
Parameters: none

Ret ur ns: voi d

Description: Sets up | ow nibble of PORTB for output.

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

void initMtors(void)

{
/* set |low nibble of PORTB as out put */

out p( 0xOf , DDRB) ;
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voi d nove(int direction)

{
if (direction == FORWARD)
out p( (( CCLOCKW << 2) | (CLOCKW ), PORTB) ;
else //reverse
out p(((CLOCKW << 2)| (CCLOCKW ), PORTB) ;
}

voi d novelLeft(int direction)
if (direction == FORWARD)

out p( (( CCLOCKW << 2)| ( STOPPED) ), PORTB) ;

el se [//reverse

out p( ((CLOCKW << 2)| (STOPPED) ), PORTB) ;

}
voi d noveRi ght (int direction)
{ if (direction == FORWARD)
out p( ((STOPPED << 2)| (CLOCKW ), PORTB);
else //reverse
out p((( STOPPED << 2)| (CCLOCKW ), PORTB) ;
}

void turnLeft(void)

out p( (( CCLOCKW << 2) | (CCLOCKW ), PORTB) ;

voi d turnRi ght(void)

out p(((CLOCKW << 2)| (CLOCKW ), PORTB) ;

voi d noveSt op(voi d)

{

/* wite 00 for both channels */
out p( (( STOPPED << 2)| ( STOPPED)), PORTB);

/************************************************************
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File: servos. h

Aut hor : Mat t hew Cher nosky

Dat e: 6/ 30/ 2002

Descri pti on: I ncl udes functions to nmove servos connected to
PORTDM, 5, 6.

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

#i ncl ude <i o. h>
#defi ne ZERO 8 0x00

void initMtors(void);
voi d noveServo(int servo_index, uint8_ t position);

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

Functi on: i nitServos

EE R R I R S S R I S I R R I R R S I R R S R R I R R S R I O
Paranmeters: none

Ret ur ns: voi d

Description: Sets up PWM for Tinmer/Counterl on PD4 and PD5

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

void initServos(void)

{
//initialize PWM on Tinmer/Counterl
out p(BV(CS11), TCCR1B);
out p( BV( PWVL1) | BV( PWMLO) | BV( COMLAL) | BV( COMLB1) , TCCR1A) ;
/linitialize PWMon Tinmer/ Counter?2
out p( BV( PWvR) | BV( COMR1) | BV( CS21) | BV(CS20), TCCR2) ; [/ PCLK2/ 32
/lset PDr7/ OC2, PD5/QOClA, PD4/CClB as out put
out p( 0xB0O, DDRD) ;
}
/************************************************************
Functi on: noveSer vos

R I R I I R I R R R R I O I R R I R S I R I O

Paranmeters: servo_index: 0, 1, 2

position: hex val ue between 0x10 and Ox7a
Ret ur ns: voi d
Description: Myves servo to position specified

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

voi d noveServo(int servo_index, uint8_t position)

{

if (servo_index == 0)

//set servo O

out p( ZERO_8, CCR1AH) ;

out p(posi ti on, OCR1AL);
}

el se if(servo_index == 1)

{

//set servo 1
out p( ZERO 8, CCR1BH) ;
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out p(position, OCR1BL) ;

}
el se //servo_index ==
{
//set servo 2
out p(posi tion, OCR2);
}

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

File: 4t hewi n. ¢

Aut hor : Mat t hew Cher nosky
Dat e: 6/ 30/ 2002
Descri pti on: Mai n robot program

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

/I #i ncl ude <io. h>

#i ncl ude "notors. h"

#i ncl ude "anal og. h"

#i ncl ude "bunp. h"

#i ncl ude "servos. h"

#i nclude <interrupt.h>
#i ncl ude <si g-avr. h>

#define B THRES 0x0025 /Ithreshold for detecting bal

#define B_THRES2 0x004f

#define O THRES  0x37 //threshold for obstacle avoi dance
/[/lower thres = nore sensitive

#define OR_TCOL 0x01 / / ort hagonal tolerance

#define LEFT_IR CHANNELO

#define RIGHT_IR CHANNEL 1

#define RIGHT_BALL_IR  CHANNEL2
#define LEFT_BALL_IR CHANNEL 3

#def i ne TRUE 1
#def i ne FALSE 0

/1 function prototypes
voi d reset Catch(void);
voi d catchBall (voi d);
voi d obst acl eAvoi d(voi d);
int isBallPresent(void);
void turnLeft90(void);
void turnLeft90 2(void);
void turnRi ght90_2(void);

void wait(void);
voi d wait2(void);
void wait3(void);
void wait4(void);

voi d reset Drop(void);
voi d dropBal |l (void);
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uint8 t averagelLeft(void);
uint8_t averageRi ght(void);

void calibrateLeft(void);
voi d calibrateRi ght(void);
voi d get BConp(void);

void calibrateLeftQ(void);
voi d calibrateRi ght(void);

voi d krLED(void);

voi d sl owFl ashLED( voi d) ;
voi d qui ckFl ashLED( voi d) ;
voi d i nLED(voi d);

uint8 t left value, right _val ue;
uint8 t left_ball_value, right_ball _val ue;

/* ball tracking thresholds */
uint8 t left thres, right thres, left _thres2, right _thres2;

/* object thresholds */
uint8 t left othres, right_othres;
uint8 t left_oval ue, right_oval ue;

/* differences between matched sensors */
uint8 t o _comp, b_conp;

doubl e di st ance;
int direction;

i nt bunper = NO BUMPER,

int counter, c2;

i nt ball sCaught = O;

i nt bal |l Just Caught = FALSE;

int ind;

int p;

//keep the last 32 sanples for the ball IRs
uint8_t left[32];

uint8 t right[32];

int i,j,k;

i nt mai n(voi d)

{
initMtors();

i ni tAnal og();
i nitServos();

out p(Oxff,DDRC); [//Set data direction for PORTC to out put
/1 out p(0x00, PORTC) ;

out p(0x00, PORTC); //clear LEDs
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/* PORTA setup */
out p(0x80, PORTA); //Enable internal pullup resistor for bit 7

/* PORTD setup */
out p(0x04, PORTD); //Enable internal pullup resistor for bit 2

/* Enable external interrupt O for ball catching */
out p(0x40, A MsK) ;

/* Reset mechani snms */
reset Catch();
reset Drop();

/[* Wait for bump to start */
whi | e(readBunper () == NO_BUWPER);

wai t();
wai t () ;

[* Calibrate object sensors */
calibrateLeftQ);

calibrateRi ghtQ();

get BConp() ;

/* Get difference conp for ball sensors */
calibratelLeft();
calibrateRight();
if (left _thres > right _thres)

o conp = left _thres - right _thres;
el se

o conp =right thres - left_thres;

kr LED() ;

/* Wait for bunp to calibrate */
whi | e(readBunper () == NO_BUMPER) ;

wai t () ;

wai t () ;

/* Calibrate ball tracking sensors */
calibratelLeft();

calibrateRight();

left thres2 = left _thres + 0x15;
right _thres2 = right_thres + 0x15;

/* enable interrupts */
sei ();

kr LED() ;

/[* Wait for bump to start */
whi | e(readBunper () == NO BUMPER) ;

wai t();

ind = 0;
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wai t () ;

wai t () ;
whi | e( 1)
{

/* unload all of the balls */
for (counter = 0; counter < 4; counter++)
{

dropBal | ();

wai t();

nove( FORWARD) ;

wai t 2();

wai t 2();

wai t2();

wait2();

moveSt op() ;

}
nove( FORWARD) ;

do{

| eft _oval ue = readAnal og(LEFT_IR);
ri ght _oval ue = readAnal og(RIGHT_I R);
wait4();

Iwhile((left ovalue < left_othres) && (right _oval ue <
right_othres));

noveSt op() ;

/* found wall */
sl owFl ashLED() ;

/* back up a bit */
nove( REVERSE) ;

wai t();

wai t () ;

wai t () ;

wai t () ;

wai t();

noveSt op() ;

turnLeft90();

/* LEDs on, ready for putting */
out p(0x7f, PORTC) ;

/* initialize distance */
di stance = 0;

/* wait for balls to be caught */
whi | e( bal | sCaught < 4)

| eft _ball _val ue = readAnal og(LEFT_BALL_I R);
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right _ball _value = readAnal og(RI GHT_BALL IR);

if (left_ball_value >= left_thres)

{
out p(0x03, PORTC); //LEDs
nove( REVERSE) ;
di stance--;
}
else if (right_ball_value >= right_thres)
{
out p(0x60, PORTC); //LEDs
nove( FORWARD) ;
di st ance++;
}
el se
{
/* LEDs on, ready for putting */
out p(0Ox7f, PORTC) ;
nmoveSt op() ;
}
wai t2();
i f (ball Just Caught)
{
if (distance < 0)
{
di stance = 0 - di stance;
nove( FORWARD) ;
}
else if (distance > 0)
nmove( REVERSE) ;
if (distance != 0)
{
p =0
while (p < distance)
{
wait2();
p++,
}
}
di stance = 0;
bal | Just Caught = FALSE;
}

Lal | sCaught = 0;

turnRi ght90_2();

nove( REVERSE) ;

whi | e(readBunper () == NO BUVPER)

{
wai t 4() ;
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nove( FORWARD) ;

wait();
nmoveSt op() ;
wai t();
whi | e(readBunper () == NO BUWMPER) ;
}
}
voi d reset Cat ch(voi d)
{
/* open rake */
nmoveSer vo( 0, 0x32);
[* lower lifter */
noveServo( 1, 0x2b);
wait();
/[* turn off servos */
noveSer vo( 0, 0x00) ;
noveServo( 1, 0x00);
}
voi d catchBal |l (voi d)
{
/* close rake */
noveSer vo( 0, 0x5a) ;
wai t () ;
/* raise lifter */
noveServo(1, 0x69);
wai t () ;
wai t () ;
}
voi d reset Drop(voi d)
{
noveServo(2, 0x09);
wait();
noveSer vo( 2, 0x00) ;
}
voi d dropBal | (voi d)
{
noveSer vo( 2, 0x02) ;
wai t () ;
noveSer vo( 2, 0x09);
}
voi d obst acl eAvoi d( voi d)
{

| eft _val ue = readAnal og( CHANNELO) ;
ri ght _val ue = readAnal og( CHANNEL1) ;

Page 24 of 24



out p(l eft_val ue, PORTC) ;

/* object to left */
if (left_value > O THRES)
{
/* back up a bit */
noveleft ( REVERSE) ;

/* wait a bit */
for (i=0; i<255; i++)
for(j=0; j<255;]j++)
K++;
for (i=0; i<255; i++)
for(j=0; j<255;j++)
k++;

/* go forward again */
nove( FORWARD) ;
}

else if (right _value > O THRES)
{
/* back up a bit */
noveRi ght ( REVERSE) ;

/[* wait a bit */
for (i=0; i<255; i++)
for(j=0; j<255;]j++)
k++;
for (i=0; i<255; i++)
for(j=0; j<255;j++)
k++;

/* go forward again */
nove( FORWARD) ;

}

voi d turnLeft90(void)
{
uint8 t conp;
int s;

/* turn a certain nunber of times to get close */
for (s = 0; s < 6; s++)
{
noveleft ( FORWARD) ;
wai t();
wai t();
nmoveSt op() ;
wai t2();
noveRi ght ( REVERSE) ;
wai t();
wai t();
nmoveSt op() ;
wai t2();
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}

}

/* then start checking for the wall

do
{

novelLef t (FORWARD) ;
wai t 2();

wai t 2();

wai t 2();

wai t 2();

noveSt op() ;
wait2();

noveRi ght ( REVERSE) ;
wai t 2();

wai t 2();

wai t2();

wait2();

nmoveSt op() ;
wai t 2();

| eft _val ue = readAnal og(LEFT_IR);
ri ght val ue = readAnal og(RIGHT IR);

*/

/* get abs of the difference */
if (left_value > right_val ue)

conp = |left_val ue -

el se

conp = right_val ue -

}whil e(conmp > o_conp);

novelLeft ( FORWARD) ;

wai t 2();
wai t 2();
wai t 2();
wai t2();
noveSt op() ;
wai t 2();
noveRi ght ( REVERSE) ;
wai t 2();
wai t2();
wai t2();
wait2();
noveSt op() ;
wai t 2();

void turnLeft90 2(void)

{

uint8

int s;

/* turn a certain nunber of times to get

for (s

{

t conp;

= 0; s < 6; s++)

novelef t ( FORWARD) ;
wai t () ;
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wai t();

noveSt op() ;
wai t 2();

noveRi ght ( REVERSE) ;
wai t();

wai t();

noveSt op() ;
wai t 2();

}

/* then start checking for the wall */
do
{
novelLef t ( FORWARD) ;
wai t2();
wai t2();
wait2();
wai t2();
nmoveSt op() ;
wait2();
noveRi ght (REVERSE) ;
wait2();
wai t2();
wai t2();
wai t2();
noveSt op() ;
wait2();

| eft _val ue = readAnal og(LEFT BALL IR);
ri ght _val ue = readAnal og(RI GHT_BALL_IR);

/* get abs of the difference */
if (left_value > right _val ue)

conp = left_value - right_val ue;
el se

conp = right_value - left_val ue;

}whil e(conp > b_conp);

novelef t ( FORWARD) ;
wai t2();
wai t2();
wait2();
wait2();
nmoveSt op() ;
wai t2();
noveRi ght ( REVERSE) ;
wait2();
wai t2();
wai t2();
wait2();
noveSt op() ;
wait2();

}

voi d turnRi ght90_2(void)
{
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uint8 t conp;
int s;

/[* turn a certain nunber of times to get close */
for (s = 0; s < 6; s++)
{
noveRi ght ( FORWARD) ;
wai t () ;
wai t () ;
noveSt op() ;
wai t2();
noveleft ( REVERSE) ;
wai t () ;
wai t () ;
noveSt op() ;
wai t2();
}

/* then start checking for the wall */
do
{
noveRi ght ( FORWARD) ;
wait2();
wait2();
wai t2();
wai t2();
noveSt op() ;
wait2();
noveleft ( REVERSE) ;
wai t2();
wai t2();
wai t2();
wai t2();
noveSt op();
wai t2();

| eft _val ue = readAnal og(LEFT_BALL_IR);
ri ght val ue = readAnal og(RI GHT _BALL IR);

/* get abs of the difference */
if (left_value > right_val ue)

conp = left_value - right_val ue;
el se

conp = right_value - left_val ue;

}whil e(conmp > b_conp);

noveRi ght ( FORWARD) ;

wai t2();

wait2();

wait2();

wai t2();

noveSt op() ;

wai t2();
noveleft ( REVERSE) ;
wai t2();

wai t2();
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wait2();

wait2();
nmoveSt op() ;
wai t2();
}
int isBallPresent(void)
{
uint8 t tenp;
/* read switch on PORTA bit 7 */
temp = inp(PINA);
tenp = tenp & 0x80;
if (temp == 0x00)
return TRUE
el se
return FALSE
}
uint8 t averagelLeft (void)
{
uintlé t ret = 0;
int c;
for (c = 0; ¢ < 32; c++)
ret =ret + left[c];
ret = ret >> b5; /1 divide by 32 for average
return (uint8 t)ret;
}
uint8 t averageRi ght (void)
{
uintlé t ret = 0;
int c;
for (c = 0; ¢ < 32; c++)
ret =ret + rightf[c];
ret = ret >> 5; /1 divide by 32 for average
return (uint8 t)ret;
}
void calibratelLeft(void)
{ |
Int c;
for (c = 0; ¢ < 32; c++)
left[c] = readAnal og(LEFT_BALL_IR)
wait4();
left thres = averagelLeft();
}
voi d cal i brateRi ght (voi d)
{
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int c;
for (c = 0; c < 32; c++)

{
right[c] = readAnal og(RI GHT_BALL I R);
wait4();
}
right thres = averageRight();
}
voi d get BConp(voi d)
{
uint8 t left tenp, right _tenp;
int c;
for (c = 0; ¢ < 32; c++)
{
right[c] = readAnal og( RIGHT _BALL IR);
left[c] = readAnal og(LEFT_BALL_IR);
wai t4();
}
left _tenp = averagelLeft();
right tenp = averageRi ght();
if (left _tenmp > right_tenp)
b comp = left_temp - right_tenp;
el se
b comp = right _temp - left_tenp;
}
void calibratelLeftQvoid)
{
int c;
for (c = 0; ¢ < 32; c++)
{
left[c] = readAnal og(LEFT_IR);
wait4();
}
| eft _othres = averagelLeft();
}
voi d calibrateRi ght voi d)
{
int c;
for (c = 0; ¢ < 32; c++)
{
right[c] = readAnal og(RIGHT IR);
wai t4();
right _othres = averageRi ght();
}
voi d kr LED( voi d)
{
uint8 t p;
p = 0x40;
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for (counter = 0; counter < 6; counter++)
{
out p(p, PORTC) ; /I LEDs
p=p>1
wait3();
}
for (counter = 0; counter < 6; counter++)
{
out p(p, PORTC) ; /I LEDs
p =p << 1;
wait3();
}

for (counter = 0; counter < 8; counter++)

out p(p, PORTC) ; /1 LEDs
p=p>>1
wai t 3();

}

voi d qui ckFl ashLED( voi d)
{
/* flash LEDs */
out p(0x7f, PORTC) ;
wai t2();
wait2();
out p(0x00, PORTC) ;
wai t2();
wai t2();
out p(Ox7f, PORTC) ;
wai t2();
wai t2();
out p(0x00, PORTC) ;
}

voi d sl owFl ashLED( voi d)
{
/* flash LEDs */
out p(0x7f, PORTC) ;
wai t();
out p(0x00, PORTC) ;
wai t () ;
out p(0x7f, PORTC) ;
wai t();
out p(0x00, PORTC) ;

voi d i nLED( voi d)

int |;
for (I =0; | <2; |++)
{
out p(0x41, PORTC) ;
wai t2();
out p(0x22, PORTC) ;
wai t2();
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out p(0x14, PORTC) ;

wai t 2();
out p(0x08, PORTC) ;
wai t 2();
}
out p(0x00, PORTC) ;
}
void wait (void)
{
for (i=0; i<255; i++)
for(j=0; j<255;])++)
kK++;
}
voi d wait2(void)
{
for (i=0; i<255; i++)
for(j=0; j<50;j++)
k++;
}
voi d wait 3(void)
{
for (i=0; i<255; i++)
for(j=0; j<20;j++)
k++;
}
voi d wait4(void)
{
for (i=0; i<255; i++)
for(j=0; j<5;j++)
k++;
}
/*
I NTO: | NTERRUPT SERVI CE ROUTI NE
Bal | sensor connected external interrupt
pin INTO (PORTD2). Collect ball when sensor
generates and interrupt.
*/
Sl GNAL( SI G_| NTERRUPTO)
{
catchBal | ();
i nLED() ;
reset Catch();
bal | sCaught ++;
bal | Just Caught = TRUE;
/* LEDs on, ready for putting */
out p(0x7f, PORTC) ;
}
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