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Abstract

This project presents QUADRAPQOD controlling via the State Transition Machine and
Image Processing. Firstly, an image is captured from the camera and processed by the computer
unit, then the signal is sent to the robot for indicating the direction. Next, the robot checks the
previous state of each leg. Finally, the robot sends pulse-width signal to drive motors moving to
the specified object.

The design of QUADRAPOD has an advantage of easy implement without the need of

rewritten the program structure.
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G =2 (3.3)
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Ty = 2.E2) (3.6)
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3.1.8 Shape Analysis
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103 1A

) AN U 16 " tr
1 10 0.6 ms 19.4 ms
1 2 00 1.2 ms 18.8 ms
3 01 1.5ms 18.5 ms
4 10 0.9 ms 19.1 ms
2 5 00 1.2 ms 18.8 ms
6 01 1.8 ms 18.2 ms
7 10 0.6 ms 19.4 ms
3 8 00 1.2 ms 18.8 ms
9 01 1.5 ms 18.5 ms
10 10 0.9 ms 19.1 ms
4 11 00 1.2 ms 18.8 ms
12 01 1.8 ms 18.2 ms
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N Al i " tor
1 an 10 0.3 ms 19.7 ms
19 01 2.4 ms 17.6 ms
2 an 01 2.4 ms 17.6 ms
M 10 0.3 ms 19.7 ms
3 an 10 0.3 ms 19.7 ms
19 01 2.4 ms 17.6 ms
4 8n 01 2.4 ms 17.6 ms
1M 10 0.3 ms 19.7 ms
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Stage UM an ) an UM 219 uu an
Fi 00 01 01 01 10 01 00 00
F2 10 01 00 10 00 01 01 10
F3 10 10 00 10 00 00 01 10
F4 00 01 01 10 10 01 00 10
L1 00 01 01 01 10 01 00 10
%) 01 01 00 10 00 01 01 10
L3 01 10 00 10 00 01 01 10
L4 10 01 00 10 00 01 01 10
LS 10 01 00 10 00 01 01 01
L6 00 01 01 10 01 01 00 10
L7 00 01 01 10 01 10 00 10
L8 00 01 01 10 10 01 00 10
RI 00 01 01 10 10 10 00 10
R2 10 01 00 10 00 01 10 10
R3 10 01 00 10 00 01 10 01
R4 10 01 00 10 00 01 01 10
RS 10 10 00 10 00 01 01 10
R6 00 01 10 10 10 01 00 10
R7 00 01 10 01 10 01 00 10
RS 00 01 01 10 10 01 00 10
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output cell4 cell3 cell2 self command stage
1001 0000 1001 0101 0001 0000 F
1010 0110 0001 0010 1001 0000

0001 0110 0000 0010 1010 0000

0001 0010 1001 0110 0001 0000

0101 0010 1001 0101 0001 0001 L
0110 0110 0001 0010 0101 0001

1001 0110 0001 0010 0110 0001

1001 0119 0001 0010 1001 0001

0001 0101 0001 0010 1001 0001

0001 0010 0101 0110 0001 0001

0001 0010 0110 0110 0001 0001

0001 0010 1001 0110 0001 0001

1001 0010 1010 0110 0001 0010 R
1001 1010 0001 0010 1001 0010

1001 1001 0001 0010 1001 0010

1010 0110 0001 0010 1001 0010

0001 0110 0001 0010 1010 0010

0001 0010 1001 1010 0001 0010

0001 0010 1001 1001 0001 0010

0001 0010 1001 0110 0001 0010
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output cell4 cell3 celll self command stage
0010 0000 1001 0001 0101 0000 F
0010 0110 0001 1001 0010 0000

0110 0110 0000 1010 0010 0000

0101 0010 1001 0001 0110 0000

0010 0010 1001 0001 0101 0001 L
0010 0110 0001 0101 0010 0001

0010 0110 0001 0110 0010 0001

0010 0110 0001 1001 0010 0001

0110 0101 0001 1001 0010 0001

0110 0010 0101 0001 0110 0001

0110 0010 0110 0001 0110 0001

0101 0010 1001 0001 0110 0001

0010 0010 1010 0001 0110 0010 R
0010 1010 0001 1001 0010 0010

0010 1001 0001 1001 0010 0010

0010 0110 0001 1001 0010 0010

1010 0110 0001 1010 0010 0010

1001 0010 1001 0001 1010 0010

0110 0010 1001 0001 1001 0010

0110 0010 1001 0001 0110 0010
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output celld cell2 celll self command stage
0001 0000 0101 0001 1001 0000 F
0000 0110 0010 1001 0001 0000

1001 0110 0010 1010 0000 0000

1001 0010 0110 0001 1001 0000

0001 0010 0101 0001 1001 0001 L
0001 0110 0010 0101 0001 0001

0001 0110 0010 0110 0001 0001

0001 0110 0010 1001 0001 0001

0101 0101 0010 1001 0001 0001

0110 0010 0110 0001 0101 0001

1001 0010 0110 0001 0110 0001

1001 0010 0110 0001 1001 0001

0001 0010 0110 0001 1010 0010 R
0001 1010 0010 1001 0001 0010

0001 1001 0010 1001 0001 0010

0001 0110 0010 1001 0001 0010

1001 o110 0010 1010 0001 0010

1001 0010 1010 0001 1001 0010

1001 0010 1001 0001 1001 0010

1010 0010 0110 0001 1001 0010
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output cell3 cell2 Celll self command stage
0110 1001 0101 0001 0000 0000 F
0110 0001 0o10 1001 0110 0000

0010 0000 0010 1010 0110 0000

0000 1001 0110 0001 0010 0000

0110 1001 0101 0001 0010 0001 L
0110 0001 0010 0101 0110 0001

0110 0001 0010 0110 0110 0001

0101 0001 0010 1001 0110 0001

0010 0001 0010 1001 0101 0001

0010 0101 0110 0001 0010 0001

0010 0110 0110 0001 0010 0001

0010 1001 0110 0001 0010 0001

1010 1010 0110 0001 0010 o010 R
1001 0001 0010 1001 1010 0010

0110 0001 0010 1001 1001 0010

0110 0001 0010 1001 0110 0010

0010 0001 0010 1010 0110 0010

0010 1001 1010 0001 0010 0010

0010 1001 1001 0001 0010 0010

0010 1001 0110 0001 0010 0o10
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State Diagram

gﬂﬁ 3.7 State diagram U835 UL
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gﬂﬁ 3.8 State diagram VoI 1
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;i.‘ljﬁ 3.9 State diagram YDIVIN 2
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2611

3.10 State diagram Y09%19 3
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> cell 2
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cell 4
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#include <16F877a.h>
#device *=16

#use delay(clock=20000000)
#fuses HS,;NOWDT

#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7 bits=8)
#use fast_io(a)

#byte port_a = 0x05

#byte PIR1 = 0x0C

#byte RCREG = 0x1A

#bit RCIF = PIR1.5

void sendoutput(char com)

{

switch(com)
{
case '0":
port a=0;
break;
case'b"
port_ a=1;
break;
case 2"
port_a=2;
break;
case 'd"
port_a= 3;
break;
}
}

char command() {
char temp;
while(!RCIF);
temp = RCREG;
return temp;

}

void main() {
port_ b pullups(TRUE);
setup_adc_ports(NO_ANALOGS);
setup_adc(ADC_CLOCK_DIV_2);
setup psp(PSP_DISABLED);
setup_spi(FALSE); setup_counters(RTCC _INTERNAL,RTCC DIV _8),
setup_timer 1(T1_DISABLED);
setup_timer 2(T2 DISABLED,0,1);
set_tris_a(0x00);
while(1)
{

sendoutput(command());

}
}
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#include <source head.c>

unsigned int16 state[]={0x0951,0x6129,0x602A,0x2961,
0x2951,0x6125,0x6126,0x6129,0x5129,0x2561,0x2661,0x2961,
0x2A61,0xA129,0x9129,0x6129,0x612A,0x29A1,0x2991,0x2961};

unsigned int8 state2[]={0x90,0xA0,0x10,0x10,
0x51,0x61,0x91,0x91,0x11,0x11,0x11,0x11,
0x92,0x92,0x92,0xA2,0x12,0x12,0x12,0x12};

int top_step[]={12,18,8}; //00,01,10
int down_step[]={12,24,3}; //00,01,10
int self=0x01;

#include <source.c>

Tsunsuniunuisadi 2

#include <source head.c>

unsigned int16 state[]={0x0915,0x6192,0x60A2,0x2916,
0x2915,0x6152,0x6162,0x6192,0x5192,0x2516,0x2616,0x2916,
0x2A16,0xA192,0x9192,0x6192,0x61A2,0x291 A,0x2919,0x2916} ;

unsigned int8 state2[]={0x20,0x20,0x60,0x50,
0x21,0x21,0x21,0x21,0x61,0x61,0x61,0x51,
0x22,0x22,0x22,0x22,0xA2,0x92,0x62,0x62};

int top_step[]={12,16,8}; //00,01,10
int down_step[]={12,24,3}; /00,01,10
int self=0x06;

#include <source.c>

Tsunsumivnusadd 3

#include <source_head.c>

unsigned int16 state[]={0x0519,0x6291,0x62A0,0x2619,
0x2519,0x6251,0x6261,0x6291,0x5291,0x2615,0x2616,0x2619,
0x261A,0xA291,0x9291,0x6291,0x62A1,0x2A19,0x2919,0x2619};

unsigned int8 state2[]={0x10,0x00,0x%0,0x590,
0x11,0x11,0x11,0x11,0x51,0x61,0x91,0x91,
0x12,0x12,0x12,0x12,0x92,0x92,0x92,0xA2 };

int top_step[]={13,16,8}; //00,01,10
int down_step[]={12,24,3}; //00,01,10
int self=0x09;

#include <source.c>
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#include <source head.c>

unsigned intl6 state[]={0x9510,0x1296,0x02A6,0x5612,
0x9512,0x1256,0x1266,0x1296,0x1295,0x5612,0x6612,0x9612,
0xA612,0x129A,0x1299,0x1296,0x12A6,0x9A12,0x9912,0x9612};

unsigned int8 state2[]={0x60,0x60,0x20,0x00,
0x61,0x61,0x61,0x51,0x21,0x21,0x21,0x21,
0xA2,0x92,0x62,0x62,0x22,0x22,0x22,0x22};

int top_step[]={13,17,8}; //00,01,10
int down_step[]={12,24,3}; //00,01,10
int self=0x02;

#include <source.c>



Source_head.c

#include <16F§77a.h>

#device *=16

#use
delay(clock=20000000,RESTART _WDT)
#fuses HS, NOWDT

#use fast_io(a)

#use fast_io(b)

#use fast_io(c)

#use fast_io(d)

#byte port_a = 0x05
#byte port_b = 0x06
#byte port_c = 0x07
#byte port_d = 0x08

#bit top_survo = port_a.l
#bit d_survo = port_a.2
#bit acc = port_d.3

#bit Hcom = port_a.3
#bit Lcom = port_a.0

Source.c
int32 datain=0;
int command=3,index=0;

#int TIMERO
TIMERO _isr() {
restart_wdt();

}

void send_output()

{

int temp=0,cacc=0;

temp = self;
temp <<= 4;
port_b = temp&0xFO0;

acc=1;
while(cacc!=0x70)
{

cacc = port_d;
cacc &= 0b01110000;
3

command = 0;
command = Hcom;
command <<= |;
command += Lcom;

acc=0;

}

void generate(int t1,int t2)

{
int time, i,tmin,tmax;
intl flag;

if{t1>12)

{

tmax = tl;
tmin = t2;
flag=1;

}

else

{
tmax = 12;
tmin = tl;
flag=0;

}

for(i=0;i<50;i++)

{

top_survo = 1;
d survo=1;

for(time=0;time<tmin;time++)
delay _us(100);

if(flag==1)
d survo=0;
else

top_survo =0,

for(time=0;time<(tmax-tmin);time++)
delay_us(100);

top_survo = 0;
d_survo=0;

for(time=0;time<(200-tmax);time++)
delay us(100);
}
}

void prepare_drive()

{

unsigned int8 out,outtop,outdown,ton1,ton2;

out = state2[index];
out &= OxF0;

out >>=4;

self = out&Ox0F;

outtop = self & 0b00001100;
outdown = self & 0bQ0000011;
outtop >>= 2;

switch{outtop)

case 0:
tonl = top_step[0];
break;

case 1: /FORESTEP
tonl =top step[l];
break;

case 2: //BACKSTEP
tonl = top_step[2];
break;



}

switch(outdown)
{
case 0:
ton2 = down_step[0];
break;
case 1:
ton2 = down_step[1];
break;
case 2:
ton2 = down_step[2];
break;
}

/wait_drive();
generate(ton1,ton2);

}

void find_state()

{
unsigned int i,j,k,temp,temp2,min=40;
unsigned int32 data;

iflcommand!=3)
{
iflcommand==0)
{
J=0;
k=3;
!
else if{command==1)
{
=4
k=11;

for(i=j;i<=k;i++)

data = state[i];
data <<= 4;
temp = state2[i];
temp &=0x0f;
data += temp;

data "= datain;
temp2=0;

while(data>0)
{
temp = data%?2;
ifftemp == 1)
temp2++;
data /= 2;
}

if(temp2<min)

{
min=temp2;
index=i;

}

}
!
}

void save_input()

int tcell=0;
datain=0;

datain = port_c;
datain <<= 4,

tcell = port_b;
tcell &= 0x0F;
datain += tcell;
datain <<= 4;

datain += self;
datain <<= 4,

datain += command;

}

void main() {

setup adc ports(NO_ANALOGS);
setup_adc(ADC_CLOCK_DIV_2);
setup_psp(PSP_DISABLED);
setup_spi{FALSE);

setup_counters(RTCC INTERNAL,RTCC_ DI

v_8);
setup_timer 1(T1_DISABLED);
setup_timer 2(T2 DISABLED,0,1);
enable_interrupts(INT_TIMERO);
enable_interrupts(global);

set_tris_a(0b00001001);
set_tris_b(0x0F);
set_tris_c(0xFF);
set_tris_d(0xF0);
send_output();

while(TRUE)

{
save_input();
find_state();
prepare_drive();
send_output();

}
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