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/1

/1 PURPCSE:

/1 Cause designed hardware to navi gate through 8x12

I arena, collecting points as it hits a goal (in this
/1 case, a light source). Al so, avoid high objects,
11/ whi ch cause the loss of all points. Ensure that the
/1 robot is robust enough to handle situations Iike

/1 | ocked noverent and | ack of stimuli.

/1

/1 BEHAVI ORS:

/1 1) Cruise - cruise

1 2) Coal -seeking - goal
/1 3) Stop Slipping - slip
1 4) H gh oject Avoid - high

/1 There was anot her behavi or proposed to avoid | ow

/1 obj ects, but this was never inplenmented. It would
/1 rank between 1 and 2 in order.

/1

/1 STRATEGY NOTES:

11 Mai nt ai n separation between sensor and notor code

/1 Emul at e schena behavi or theory where prudent

/1

I MACROS/IIIITTIEIEIE bbb rnring gl
/1 Logic constants

#define TRUE -1

#define FALSE O

/1 Base direction constants
#define LEFT O
#define RIGHT 1

/1 Thread wait constants
#define SLEEP_TI ME 0. 12

#def i ne SLEEPTHREAD TI ME 0. 25
#defi ne SLEEPWALK TIME 0.9

/1 Mtor "directions," comands to notor_control
#def i ne PONER_FORWARD - 3.
#define BACK -2.

#define SPIN LEFT -1.5
#define SPIN LEFT_1 -1.25
#define SPIN R GHT -1.
#define SPIN.RIGHT_1 -0.75
#define ANGLE_LEFT O.

#define ANGLE_FRONT_LEFT 0.5
#define FRONT_LEFT 1.

#define FORWARD 1.5

#defi ne FRONT_RI GHT 2.
#define ANGLE_FRONT_RIGHT 2.5
#defi ne ANGLE_RI GHT 3.

#define H GH DIR ANGLE_RI GHT

[l GLOBALS [T bbb nriin gl
/] releaser flags

int cruise_rel _present;

int lowrel_present; // relic fromunused behavi or

int goal _rel _present;

int slip_rel_present;

int high_rel _present;



/1 string for behavior tracking with LCD
char b[2];

/1 global flags for determ ning special conditions
int spinning;

int guide_direction;

int goal _on;

int goal _toggle;

[l FUNCT I ONS//IIIHHHriin bbb b i rnrinr g
/1 utility function for deternining absolute val ue
int abs(int a)

if(a<0
return -a;
return a;
}
/1 CRU SE:

/1 Special behavior that really doesn't require any input or
/1 releaser, though it did have dummy functions at first.
/1 They were deenmed a waste of time, and so del et ed.

float cruise_direction;
float cruise_guide = SPIN LEFT_1;

voi d cruise_act()
{
float rand_tine;
// since this is the only function used in cruising,
/1 it holds the infinite loop for the cruising thread
while (1)
{

/1 cruise has two conponents: spin and |eg.

/1 After spinning left for a random anount of tine,
/1 walk forward for a random anmount of time

/1 SPIN

crui se_guide = SPIN_LEFT 1,

crui se_direction = cruise_guide;

rand_time = (fl oat)randon(244);

rand_tinme = rand_tine/ 1000.0 + 0. 256;

sl eep(rand_tine);

defer();

/'l LEG
crui se_direction = FORWRD;
rand_tine = (float)randon(1044);
rand_time = rand_tine/1000.0 + 0. 256;
sl eep( SLEEPWALK_TI ME+rand_ti rre) ;
defer();
} /1 while (1)
} /1 void cruise_act()

void cruise()

start_process(cruise_act());
} /1 void cruise()

/1 LON
/1 Since this behavior may not be inplenented, will assume
/1 a sensor schene that never detects objects

float |ow direction = FORWARD;
/1 QGOAL:

/1 Releaser: Goal is in sight
/1 Model: Direction of goal
/1 Action: Mve toward goal

/1 bound for |ooping



#defi ne NUM GOAL_SENSORS 4

/1l ports for goal sensors (here, |ight sensors)
#defi ne GOAL_SENSCR PORT 0 3
#define GOAL_SENSCR PCRT 1 4
#defi ne GOAL_SENSCR PORT 2 5
#def i ne GOAL_SENSOR PORT_3 6

// thresholds for triggering rel easer
#def i ne GOAL_SENSCR THRESHOLD 80
#define GOAL_SENSCR DI FF_THRESHOLD 2

/1 threshold for determining if light is straight ahead
#def i ne FORWARD _THRESHOLD 2

/1 globals for indicating direction of travel and sensor val ues
float goal _direction;
int goal _sensor[ NUM GOAL_SENSORS] ;

/1 globals for releaser that nay need use in other functions
int goal _thresh, goal diff;

voi d goal _sense()

/1 gather sensor val ues

goal _sensor[0] anal og( GOAL_SENSOR _PORT_0);

goal _sensor[ 1] anal og( GOAL_SENSOR _PORT_1);

goal _sensor|[ 2] anal og( GOAL_SENSOR _PORT_2);

goal _sensor[ 3] anal og( GOAL_SENSOR_PORT_3);
} /1 void goal _sense()

int goal sensors_above_t hreshol d()
{
int intCount;
/'l Detect if sensors are on active side of thresholds
for (intCount = 0; intCount < NUM GOAL_SENSCRS; i nt Count ++)

i f (goal _sensor[intCount] < GOAL_SENSOR THRESHOLD)

return TRUE;
} /1 if (goal _sensor[intCount] > GOAL_SENSCR_THRESHOLD)
} /7 for (int intCount = 0; intCount < NUM GOAL_SENSCRS; i nt Count ++)
return FALSE;
} /1 int goal _sensors_above_threshol d

int goal _sensors_different()
{
int intQuter, intlnner;
/1 Detect if any two sensors have difference in values great enough
/1l to indicate a discernabl e signal
for (intQuter=0; intQuter < NUM GOAL_SENSCRS-1; intCQuter++)

for (intlnner=intCQuter+1; intlnner < NUM GOAL_SENSORS; intl nner++)

if (abs(goal _sensor[intQuter]-goal sensor[intlnner]) >
GOAL_SENSOR_DI FF_THRESHOLD)

return TRUE
} // if (abs(goal _sensor[intQuter]-goal _sensor[intlnner]) >
Il GOAL_SENSCR DI FF_THRESHOLD)

} /1 for (int intlnner=intQuter+1; intlnner < NUM GOAL_SENSGCRS;
} // for (int intQuter=0; intQuter < NUM GOAL_SENSCRS; i ntQuter++)
return FALSE;
} /1 int goal _sensors_different()

/1 Set releaser if conditions are net
void goal _rel ()

/] Detect if sensors are above threshol ds
goal _thresh = goal _sensors_above_t hreshol d();
goal _diff = goal _sensors_different();

i ntlnner++)



if (!goal _thresh)
{

goal _rel _present = FALSE;

return;
} /1 if (!goal _sensors_above_threshol d())
/] Detect if sensors are different enough to signal light is not anbient

else if (!goal diff)

goal _rel _present = FALSE;
} /1 else if (!goal _sensors_different())

el se goal _rel _present = TRUE
} /1 int goal _rel ()

int forward = FALSE;

/1 generate direction information
voi d goal _perceive()

int tenmp_index, intCount;
float tenp_direction;

/1 evaluate direction w thout changing gl obal
tenp_direction = 0.;

/1 determ ne direction by cal cul ati ng maxi mum sensor val ue
for (intCount = 1; intCount < NUM GOAL_SENSCRS; i nt Count ++)

if (goal _sensor[intCount] < goal _sensor[(int)tenp_direction])

tenp_direction = (float)intCount;
} /1 if (goal _sensor[intCount] > goal _sensor[goal _direction])
} // for (int intCount = 1; intCount < NUM GOAL_SENSCRS; i nt Count ++)

/1 this code added to deal with a problem

/1 bot wouldn't turn hard enough when light was slightly to one side
if (tenp_direction > FORMRD) tenp_direction = ANGLE Rl GHT;

el se tenp_direction = ANGLE_LEFT;

/1 this code added to cut down on wobbl e as bot approached target
if (abs(goal _sensor[1]-goal _sensor[0]) < FORWARD THRESHOLD &&
(goal _sensor[ 1] +goal _sensor[2]) < 30)

tenp_direction = FORWARD,
} /1 if (abs(goal _sensor[1]-goal _sensor[0]) < FORWARD THRESHOLD &&
/1 (goal _sensor[ 1] +goal _sensor[2]) < 30)

/1 set target
goal _direction = tenp_direction;

/1 set global guide_direction variable to help with slippage recovery
/1 intelligence
if (goal _direction > FORWARD) guide_direction = R GHT;
el se guide_direction = LEFT;
} /1 int goal _perceive()

/1 goal -seeking thread
voi d goal ()

whi | e(1)
{

goal _sense();
goal _rel ();
goal _perceive();
} /1 while (1)
} /1 void goal ()

/1 SLIP:

/1 Behavior that conpensates for being | odged agai nst an obstacle
/1 Releaser: Encoder difference is not high enough

/1 Action: Spin randomy



/1 macro for port on which encoder |ives
#def i ne ENCODER_PORT 1

/1 macros for thresholds to deternine slippage recovery actions
#def i ne ENCODER_THRESHOLD 5
#defi ne SLI P_OCOUNT_THRESHOLD 2

/1 'stuck' is perception, really
int stuck;
float slip_direction;

/1 variables to deternine type of slippage recovery action
int slip_attenpt = O;
int slip_counter = 0;

void slip_rel ()

{

int encoder_count;

/1 determne if encoder count is too |ow
encoder _count = read_encoder (ENCODER_PORT) ;
i f (encoder_count < ENCODER _THRESHOLD)

slip_rel _present = TRUE
} /1 if (encoder_count < ENCODER THRESHOLD)
el se

slip_rel _present = FALSE;
/1 keep track of conditions controlling slippage recovery behavior
slip_attenpt = 0;
sl i p_count er ++;
} /1 else
reset _encoder ( ENCODER _PORT) ;

// Gve status of |ight sensors, encoder, behavior code, and direction
printf ("%, %l, %l, %; %; %; %\n",
goal _sensor|[ 0],
goal _sensor[1],
goal _sensor|[ 2],
goal _sensor[ 3],
encoder _count,
b,
mot or _di rection);
} /1 int slip_rel ()

/1 if we're not engaged in spinning, then we're obviously stuck
voi d slip_perceive()

if (!'spinning & slip_rel _present)

stuck = TRUE,
Yy /1 if (!spinning)
el se stuck = FALSE;
} /1 int slip_perceive()

void slip_act()

/] if we perceived that we're stuck,
if (stuck)
{

/1 to reduce random novenent; forgot to change this back

/1l for denp; could have reduced sone headaches

gui de_direction = 0;

/1 based on guide_direction and slip_counter, behave differently
if (guide_direction == LEFT)

if (slip_counter < SLIP_COUNT_THRESHOLD)
/1 if slip has failed recently, spin backwards

slip_direction = SPIN _LEFT 1;
sl eep( SLEEP_TI ME*10.);



} /1 if (slip_counter < SLIP_COUNT_THRESHOLD)
el se

/1 if slip has not failed enough recently, spin in place
slip_direction = SPI N_LEFT;
sl eep( SLEEP_TI ME*6. ) ;
Y /1 else
Y /7 if (guide_direction == LEFT)
el se

if (slip_counter < SLIP_COUNT_THRESHOLD)

slip_direction = SPIN R GHT_1;
sl eep( SLEEP_TI ME*10.);
} /1 if (slip_counter < SLIP_COUNT_THRESHOLD)
el se
{
slip_direction = SPIN_RI GHT;
sl eep( SLEEP_TI ME*6. ) ;
} /] else
} /11 else
slip_direction = FORMRD,
sl eep( SLEEP_TI ME/ 3.);
slip_counter = 0;

defer();
Yy /1 if (!slip_rel_present)
} /1 void slip_act()

/1 slip thread
void slip()
{

stuck = O;
enabl e_encoder ( ENCODER _PORT) ;
reset _encoder ( ENCODER _PORT) ;
whil e(1)
{
slip_rel();
slip_perceive();
slip_act();
sl eep( SLEEPTHREAD_TI ME*5.); //M 12:20, 3/ 27
defer();
} I/ while (1)
} /1 void slip()

/Il HGH
/1 If there's a high object, avoid it in the strongest possible terns

/1 macro for |oops
#define NUM H GH SENSORS 2

/] macros for ports
#define H GH_SENSOR_LEFT 16
#defi ne H GH_SENSOR RI GHT 17

/1 macros for sensor threshol ds

#defi ne H GH_SENSOR _THRESHOLD 60
#define H GH_SENSOR DI FF_THRESHOLD 1
#defi ne H GH_SENSOR DI FF_THRESHOLD 2 5

/1 globals for sensors and notor conmand
float high_direction;
int high_sensor[ NUM H GH _SENSORS] ;

voi d hi gh_sense()

/1 gather sensory info

hi gh_sensor [ LEFT] = anal og( H GH_SENSCR_LEFT) ;

hi gh_sensor [ RI GHT] = anal og( H GH_SENSCOR_RI GHT) ;
} /1 void high_sense()



voi d high_rel ()
{

/1 Set the releaser if sensors are active and different
i f (high_sensor[LEFT] < H GH SENSOR THRESHOLD &&
hi gh_sensor [ Rl GHT] < H GH_SENSOR_THRESHOLD)

hi gh_rel _present = FALSE;
Yy /1 if (high_sensor[0] > H GH SENSOR THRESHOLD || hi gh_sensor[1] >
H GH_SENSOR_THRESHOLD)
else if (abs(high_sensor[LEFT] - high_sensor[R GHT]) < H GH_SENSCR DI FF_THRESHOLD)

hi gh_rel _present = FALSE;
} /1 else if (abs(high_sensor[0] - high_sensor[1]) > H GH _SENSOR DI FF_THRESHOLD)
el se high_rel _present = TRUE
} /1 int high_rel()

/1 return a direction to travel given the releaser and sensed i nformation
voi d hi gh_perceive()

if ((!spinning) &% high_rel _present)
i f (abs(high_sensor[LEFT] - high_sensor[RIGHT]) < H GH SENSOR DI FF_THRESHOLD 2)

high_direction = -1.5 + (fl oat)gui de_direction*0.5;
} /1 else if (abs(high_sensor[0] - high_sensor[1]) > H GH SENSOR DI FF_THRESHOLD)
if ((!'spinning) & high_rel present) sleep(SLEEPTHREAD TI ME);
i f (high_sensor[LEFT] > high_sensor[ R GHT])

high_direction = SPIN_R GHT_1;// ANGLE_RI GHT;
} /1 if (high_sensor[LEFT] > high_sensor[ Rl GHT])
el se high_direction = SPIN LEFT_1;//ANGLE_LEFT;
Yy /1 if ((!spinning) &% high_rel _present)
} /1 int high_perceive()

/1 high object avoidance thread
voi d high()

while (1)
{

hi gh_sense();
hi gh_rel ();
hi gh_percei ve();
defer();
} /1 while (1)
} /1 void high()

float motor_direction;

/1 arbitrate should determ ne notor_direction based on hi ghest active rel easer
void arbitrate()
{

goal _on = FALSE;

if (high_rel_present)

b[O] = 'H;
nmotor _direction = high_direction;
} // if (high_rel _present)
else if (stuck)

b[0] ="'S';

nmotor _direction = slip_direction;
} /1 else if (stuck)
else if (goal _rel _present)

b[0] ="'G;
beep();
nmotor _direction = goal _direction;
goal _on = TRUE;
} /1 else if (goal _rel _present)
else if (lowrel_present)

{



b[0] =L

motor_direction = | ow_direction;
} /] elseif (lowrel_present)
el se
{
b[0] ='C;
not or _direction = cruise_direction;
} Il else

} /1 void arbitrate()

/1 macros for nmotor constants
#defi ne SPI N_AHEAD 60

#defi ne FULL_AHEAD 60

#define FULL_BACK -60

#defi ne MOSTLY_AHEAD 40

#def i ne HALF_AHEAD 20

#defi ne QUARTER AHEAD 0

/1 macros for infrared sensor that was not fully inplenented
#define IR PORT 20
#defi ne | R_THRESHOLD 220

/1 control notors according to desire of highest-level module
/1 if goal seeking, stop motors for 1/3 of the tine
voi d notor_control ()

int forward_val ue=5;
if (goal _on)

goal _t oggl e++;
if ((goal _toggl e¥®)==0 && (goal _toggl e¥6)==1)
{

not or (LEFT, 0);
nmot or (R GHT, 0);
return;
Yy /1 if ((goal _toggl e%)==0 & (goal _t oggl e%6) ==1)
Y /1 if (goal _on)

if (rmotor_direction == PONER_FORWARD)
{
spi nni ng = FALSE;
nmot or (LEFT, 100);
mot or (Rl GHT, 100);
} /1 if (motor_direction == POAER_FORWARD)
if (motor_direction == BACK)
{
spi nni ng = FALSE;
nmot or (LEFT, FULL_BACK);
mot or (R GHT, FULL_BACK);
} /1 if (motor_direction == BACK)
if (motor_direction == SPIN_RI GHT)
{
spi nning = TRUE;
mot or (LEFT, SPI N_AHEAD) ;
mot or (R GHT, FULL_BACK);
} /1 if (motor_direction == SPIN)
if (nmotor_direction == SPI N_LEFT)
{
spinning = TRUE,
nmot or (LEFT, FULL_BACK);
not or (R GHT, SPI N_AHEAD) ;
} /1 if (motor_direction == SPIN_LEFT)
if (motor_direction == SPIN R GHT_1)
{
spi nning = TRUE;
not or (LEFT, forward_val ue);
nmot or (Rl GHT, -80);
} // if (notor_direction == SPIN)
if (mtor_direction == SPIN _LEFT_1)
{
spi nning = TRUE;



not or (LEFT, -80);
mot or (RI GHT, forward_val ue);
} /1 if (motor_direction == SPIN_LEFT)
if (nmotor_direction == ANGLE_LEFT)
{
spi nni ng = FALSE;
nmot or (LEFT, QUARTER_AHEAD) ;
not or (R GHT, FULL_AHEAD);
} /1 if (nmotor_direction == ANGLE _LEFT)
if (motor_direction == ANGLE_FRONT_LEFT)
{
spi nni ng = FALSE;
not or (LEFT, HALF_AHEAD) ;
not or (R GHT, FULL_AHEAD);
} // if (nmotor_direction == ANGLE_FRONT_LEFT)
if (notor_direction == FRONT_LEFT)
{
spi nni ng = FALSE;
not or (LEFT, MOSTLY_AHEAD) ;
not or (R GHT, FULL_AHEAD);
} /1 if (notor_direction == FRONT_LEFT)
if (nmotor_direction == FORWARD)
{
spi nni ng = FALSE;
nmot or (LEFT, FULL_AHEAD) ;
not or (R GHT, FULL_AHEAD);
} /1 if (motor_direction == FORWARD)
if (motor_direction == FRONT_RI GHT)
{
spi nni ng = FALSE;
nmot or (LEFT, FULL_AHEAD) ;
not or (R GHT, MOSTLY_AHEAD) ;
} // if (notor_direction == FRONT_RI GHT)
if (notor_direction == ANGLE_FRONT_RI GHT)
{
spi nni ng = FALSE;
nmot or (LEFT, FULL_AHEAD) ;
not or (R GHT, HALF_AHEAD) ;
} /1 if (motor_direction == ANGLE_FRONT_RI GHT)
if (motor_direction == ANGLE_RI GHT)
{
spi nni ng = FALSE;
nmot or (LEFT, FULL_AHEAD) ;
nmot or (Rl GHT, QUARTER_AHEAD) ;
} // if (notor_direction == ANGLE_RI GHT)
} // void notor_control ()

T MAL NS bbb r i rrirr gy
void main()

b[ 0] "

b[ 1] "\0';

gui de_direction = 0;
printf("Start me!'\n");
while (!start_button());
printf("Started.\n");
cruise();
start_process(goal ());
start_process(slip());
start_process(high());
sl eep( SLEEPTHREAD TIME * 8.); [//M 12:20, 3/ 27
while (1)

arbitrate();
nmot or _control ();
/1 sl eep(SLEEP_TI ME) ;
} I/ while (1)
} I/ void main()



