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Mr. Cherdsuk Prachakittikul

Miss. Nawadee Ieamcharoen

Assist . Prof. Yuttana Kidjaidaew
Advisor

Year 2004

ABSTACT
This thesis presents a design of 6 leg robot that is able to avoid obstructions , to detect human or
_ animals , and a take the shortest path back to the original point . The applications of this robot is for a

rescue task , for exaniple , searching for living things that are in difficult places to reach or debris.

The main system include a pyroelectric sensor for heat detection , an infrared sensor , an amplifier

circuit , RAM and microcontroller programmed to control the robot and functions as designed.
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#include <16F877.h>

#device *=16 ADC=10

#fusesHS, NOWDT,NOPROTECT,NOLVP,

NOBROWNOUT

#BYTE PORTA = 0x05

#BYTE PORTB = 0x06

#BYTE PORTC = 0x07

#BYTE PORTD = 0x08

#BYTE PORTE = 0x09

#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#BIT
#use
#use
#use
#use
ffuse
#use
int

int

led red =PORTA.S
led green =PORTE.O
ir left =PORTA.3

ir right =PORTA.4
pyro_right = PORTE.1
pyro_left =PORTE.2
servo_right= PORTA.2
servo_left = PORTA.O
servo_mid = PORTA.1
mem_sw =PORTC.7
walk sw =PORTC.6
RW =PORTC.5
delay(clock = 4000000)
fast_io(A)

fast_io(B)

fast_io(C)

fast_io(D)

fast_io(E)

1 threshold = 2;
r_threshold = 2;

int num sample = 30;
int irl =0;

int irr =0;

int pyro r=0;

int pyro 1=0;

int sign =0;

int index =0;

int  input;

int  ps;

int ns;

int last time=0;

int count_ state1=0;
int count state2=0;

int  switch_state=0;

long int i;

int g data;
int  temp;

int  right=0;
int left=0;
int  mid=0;

int test=10;

int count;

short F COMPARE=1;

long int addressO = 0x00;

long int addressl = 0x00;

long int i;

signed long int address2 = 0x00;
void yebsignal();

void WriteRAM(long int address, char data);



char ReadRAM(long int address);
void infra();
void pyro();
void gen(intl6 m,int16 L,int16r,int16 c);
void main()
{
SETUP_ADC _PORTS(NO_ ANALOGS);
SET_TRIS_A(0x18);
SET_TRIS_E(0x06);
SET_TRIS_C(0xc0);
SET_TRIS_D(0x00);
port_b_pullups(false);
ps=0b10000;
gen(14,8,8,2);
input=0b1111;
led red=1;
led green=1;
delay_ms(500);
led red=0;
led green=0;
delay _ms(500);
address2 =9,
while(1)
{
iflwalk_sw==1)
{
switch(ps)
{
case(0b10000):
gen(8,8,8,20);

switch(input)

case(0b0000):
ns=0b10000;
break;
case(0b0001):
ns=0b10110;
break;
case(0b0010):
ns=0b11001
break;
case(0b0011):
ns=0b10110;
break;
case(0b0100):
ns=0b11001;
break;
case(0b0101):
ns=0b10000;
break;
case(0b0110):
ns=0b11001;
break;
case(0b0111):
ns=0b11001;
break;
case(0b1000)
ns=0b10110;
break;
case(0b1001):
ns=0b10110;
break;



case(0b1010) :
ns=0b10000;
break;
case(0b1011):
ns=0b10110;
break;
case(0b1100):
ns=0b11010;
break;
case(0b1101):
ns=0b10110;
break;
case(0b1110):
ns=0b11001;

break;
case(0b1111):
ns=0b11010;
break;
}
break;
case(0b11010): //F2

gen(8,5,5,20);
switch(input)
{
case(0b0000):
ns=0b11010;
break;
case(0b0001):
ns=0b10110;
break;
case(0b0010):

ns=0b11001;
break;
case(0b0011):
ns=0b10110;
break;
case(0b0100):
ns=0b11001;
break;
case(0b0101):
ns=0b11010;
break;
case(0b0110):
ns=0b11001;
break;
case(0b0111):
ns=0b11001;
break;
case(0b1000):
ns=0b10110;
break;
case(0b1001):
ns=0b10110;
break;
case(0b1010):
ns=0b11010;
break;
case(0b1011):
ns=0b10110;
break;
case(0b1100):

ns=0b01010;



break;
case(0b1101):
ns=0b10110;
break;
case(0b1110):
ns=0b11001;
break;
case(0b1111):
ns=0b01010;
break;
}
break;
case(0b01010): //F3
g en(15,5,5,20);
switch(input)
{
case(0b0000):
ns=0b01010;
break;
case(0b0001):
ns=0b01001;
break;
case(0b0010):
ns=0b00110;
break;
case(0b0011):
ns=0b01001;
break;
case(0b0100):
ns=0b01001;
break;

case(0b0101):
ns=0b01010;
break;
case(0b0110):
ns=0b01001;
break;
case(0b0111):
ns=0b01001;
break;
case(0b1000):
ns=0b00110;
break;
case(0b1001):
ns=0b00110;
break;
case(0b1010):
ns=0b01010;
break;
case(0b1011):
ns=0b00110;
break;
case(0b1100):
ns=0b00101;
break;
case(0b1101):
ns=0b01001;
break;
case(0b1110):
ns=0b00110;
break;
case(Ob1111);



ns=0b00101;
break;
}
break;
case(0b00101): //F4
gen(15,15,15,20);
switch(input)
{
case(0b0000):
ns=0b00101;
break;
case(0b0001):
ns=0b01001;
break;
case(0b0010):
ns=0b00110;
break;
case(0b0011):
ns=0b01001;
break;
case(0b0100):
ns=0b00110;
break;
case(0b0101):
ns=0b00101;
break;
case(0b0110):
ns=0b00110;
break;
case(0b0111):

ns=0b00110;
break;
case(0b1000):
ns=0b01001;
break;
case(0b1001):
ns=0b01001;
break;
case(0b1010):
ns=0b00101;
break;
case(0b1011):
ns=0b01001;
break;
case(0b1100):
ns=0b11010;
break;
case(0b1101):
ns=0b01001;
break;
case(0b1110):
ns=0b00110;
break;
case(0b1111):
ns=0b11010;
break;
}
break;
case(0b10110): /L2
gen(8,15,5,20);

switch(input)



case(0b0000):
ns=0b10110;
break;
case(0b0001):
ns=0b00110;
break;
case(0b0010):
ns=0b11001;
break;
case(0b0011):
ns=0b00110;
break;
case(0b0100):
ns=0b11001;
break;
case(0b0101):
ns=0b10110;
break;
case(0b110):
ns=0b11001;
break;
case(0b0111):
ns=0b11001;
break;
case(0b1000):
ns=0b00110;
break;
case(0b1001):
ns=0b00110;

break;

case(0b1010):
ns=0b10110;
break;
case(0b1011):
ns=0b00110;
break;
case(0b1100):
ns=0b11010;
break;
case(0b1101):
ns=0b00110;
break;
case(0b1110):
ns=0b11001;
break;
case(0b1111):
ns=0b11010;
break;
}
break;
case(0b00110): /L3,R4
gen(15,15,5,20);
switch(input)
{
case(0b0000):
ns=0b00110;
break;
case(0b0001):
ns=0b01001;
break;
case(0b0010):



ns=0b11001;
break;
case(0b0011):
ns=0b01001;
break;
case(0b0100):
ns=0b11001;
break;
case(0b0101):
ns=0b00110;
break;
case(0b0110):
ns=0b11001;
break;
case(0b0111):
ns=0b11001;
break;
case(0b1000):
ns=0b01001;
break;
case(0b1001):
ns=0b01001;
break;
case(0b1010):
ns=0b00110;
break;
case(0b1011):
ns=0b01001;
break;
case(0b1100):

ns=0b00101;

break;
case(0b1101):
ns=0b01001;
break;
case(0b1110):
ns=0b11001;
break;
case(0b1111):
ns=0b00101;
break;
}
break;
case(0b01001):

gen(15,5,15,20);

switch(input)

{

case(0b0000):
ns=0b01001;
break;
case(0b0001):
ns=0b10110;
break;
case(0b0010):
ns=0b00110;
break;
case(0b0011):
ns=0b10110;
break;
case(0b0100):
ns=0b00110;
break;



case(0b0101):
ns=0b01001;
break;
case(0b0110):
ns=0b00110;
break;
case(0b0111):
ns=0b00110;
break;
case(0b1000):
ns=0b10110;
break;
case(0b1001):
ns=0b10110;
break;
case(0b1010):
ns=0b01001;
break;
case(0b1011):
ns=0b10110;
break;
case(0b1100):
ns=0b00101;
break;
case(0b1101):
ns=0b10110;
break;
case(0b1110):
ns=0b00110;
break;

case(Ob1111):

ns=0b00101;
break;
}
break;
case(0b11001): //IR2
gen(8,5,15,20);
switch(input)
{
case(0b0000):
ns=0b11001;
break;
case(0b0001):
ns=0b10110;
break;
case(0b0010):
ns=0b01001;
break;
case(0b0011):
ns=0b10110;
break;
case(0b0100):
ns=0b01001;
break;
case(0b0101):
ns=0b11001;
break;
case(0b0110):
ns=0b01001;
break;
case(0b0111):

ns=0b01001;



break;
case(0b1000):
ns=0b10110;
break;
case(0b1001):
ns=0b10110;
break;
case(0b1010):
ns=0b11001;
break;
case(0b1011):
ns=0b10110;
break;
case(0b1100):
ns=0b11010;
break;
case(0b1111)
ns=0b11010;
break;
}
break;
}
ps=ns;
if ((last_time==0)&&(mem_sw==0))
{
last_time =1 ;
switch_state++;
delay ms(50);
}
if (last_time= =1 && mem_sw==1)

{

last_time=0;

delay_ms(50);

}

if (switch_state >2)

}

switch_state = 1;

if(walk_sw==0)

{

if(count stateO<count_statel)

{

if(F COMPARE)

{

}

{

address2=count_state0;

F_COMPARE=0;

ReadRam(address0);

address0O--;

if(count_state0>count_statel)

if(F_COMPARE)
{
address2=count_statel;
F_COMPARE=0;
}
ReadRam(addressl);

address1--;

g_data=portB;
temp=g_data&0x03;

if{temp = =0) right= 8;



else if(temp==0x02) right=7;
else if(temp==0x01) right=12;
g data=g data>>2;
delay ms(10);
temp=g_data&0x03;
if(temp = = 0x00) left =8;
else if (temp==0x02) left = 7;
else if(temp==0x01) left = 12;
g_data=g_data>>2;
delay ms(10);
temp=g_data&0x03;
if(temp = =0) mid =15;

iftemp ==1) mid = 8§;

/I gen(mid,left,right,15);
R Rk Rk K
// delay_ms(500);
1
mid=0;right=0;left=0;g_data=0;
if(address2>0)
{
gen(mid, left,right,15);
delay_ms(500);
I
mid=0;right=0;left=0;g_data=0;
address2--;
led green=1;
delay_ms(500);

led green=0;

}

i

delay _ms(500);

else led red=1;

void gen(int m,int 1,int r,int ¢)

{
int j;

nt 1;

led red=1;

for(i=1;i<=c;i++)

{

}

servo_left=1;
for(j=1;j<=L;j++)
delay us(100);

servo_left=0;

servo_right=1;
foxG=1 4] &=r; j++)
delay us(100);

servo_right=0;

servo_mid=1;
for(j=1; j<=m ; j++)
delay us(100);

servo_mid=0;

delay us(16500);

iflmem_sw = =0)



{
if(switch_state == 1)
{
WriteRam(address0,ps);
count_state0++;
addressO++;
}
if(switch_state = =2)
{
WriteRam((address1+0x1000),ps);
count_statel++;
address1++;
}
}
led red=0;
}
void infra()
{
int 1 count=0;
int r_count=0;

int i;

for(i=1;i<=num_sample;i++)
{
if (ir_left==0)
1 _count++;
if (ir_right = =0)
r_count++;
delay us(10);
}
if (I_count>=l_threshold)

ir 1=1;
if (r_count > =r_threshold)
ir r=1;
}
void pyro()
{
int1 count=0;
intr count=0;
int i;
for(i=1;i<=num_sample;i++)
{
if (pyro_left= =0)
1 count++;
if (pyro_right = =0)
r_count++;
delay us(10);
}
if (I_count >=1_threshold)
pyro 1=1;
if (r_count > =r_threshold)

pyro r=1;
}
void yebsignal()
{

if (pyro_r==1) // sense pyro right
{
sign=0;
index=1;
}

else



{
index=1;
sign=1;

i

if (pyro_1==1) // sense pyro left

index=index<<1;

else

{
index=index<<I;
sign=sign+index;
}

if (ir r==1) // sense ir right
index=index<<1;

else
{
index=index<<l;
sign=sign+index;
i

if (ir 1==1) //sense ir left

index=index<<I;

else

{
index = index<<1;

sign = sign+index;

}

pyro 1 =0;
pyro r =0;
irl =0;
irr =0;
index =0;

input = sign;
sign = 0;
}
void WriteRAM(long int address, char data)
{
SET_TRIS_B(0x00);
RW =1;
PORTD = (char)address; // Set A7..A0
PORTC = ((PORTC & 0xEO0) |
(address>>8)); /] Set A12..A8
PORTB = data;
delay_cycles(1);  //200nS delay, same as
NOP, (1/20,000,000)*4*1) = 200nS
// make sure address &
data is valid before write
RW = 0; // ' Write data to specified
address
delay_cycles(1); ~ //200nS delay (same as

NOP), make sure write is finished

RW=1; // Back to Read Mode
}

char ReadRAM(long int address)

{

set_tris_b(0xFF);

RW=1

PORTD = ((char)address); // Set A7..A0
PORTC = ((PORTC & 0xEQ) |

(address>>8)); /l Set A12..A8

delay cycles(1); //200nS delay,

same as NOP, (1/20,000,000)*4*1) = 200nS

return PORTB; }
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Thank you for buying our Pyroelectric Infrared components.

The goal of Glolab is to produce top quality electronic kits, products and components. All of our

kits are designed by Glolab engineers and tested in our laboratory. Mechanical devices,
prototypes and enclosures are fabricated in our precision machine shop.

Glolab Corporation has two locations in New York's Hudson Valle

y. Our electronics laboratory
and kit packaging is located in Wappingers Falls and our machine s

hop is in Lagrangeville.

In addition to our kits, we supply some special and hard to find parts such as our Pyroelectric
Infrared Sensor, Infrared Fresnel lens and machined enclosure for mounting our Fresnel iens.
for those of you who want to design and build your own projects.

Technical help is available by email from lab@glolab.com.

Copyright © 2003

Glolab Corporation

307 Pine Ridge Drive
Wappingers Falls, NY 12590



Infrared Radiation

Infrared radiation exists in the electromagnetic spectrum at a wavelength that is longer than
visible light. Infrared radiation cannot be seen but it can be detected. Objects that generate heat
aiso generate infrared radiation and those objects include animals and the human body whose
radiation is strongest at a wavelength of 9.4um.

Pyroelectric Sensors

The pyroelectric sensor is made of a crystalline material that generates a surface electric charge
when exposed to heat in the form of infrared radiation. When the amount of radiation striking the
crystal changes, the amount of charge also changes and can then be measured with a sensitive
FET device built into the sensor. The sensor elements are sensitive to radiation over a wide
range so a filter window is added to the TO5 package to limit incoming radiation to the 8 to
14um range which is most sensitive to human body radiation.

Figure 1 shows how typically, the FET source terminal pin 2 connects through a pulldown
resistor of about 100 K to ground and feeds into a two stage amplifier having signal conditioning
circuits. Each of the two cascaded stages has a gain of 100 for a total gain of about 10,000. The
amplifier is typically bandwidth limited to below 10Hz to reject high frequency noise and is
followed by a window comparator that responds to both the positive and negative transitions of

the sensor output signal. A well filtered power source of from 3 to 15 volts should be connected
.to the FET drain terminal pin 1.

The PIR325 sensor has two sensing elements connected in a voltage bucking configuration.
This arrangement cancels signals caused by vibration, temperature changes and sunlight. A
body passing in front of the sensor will activate first one and then the other element as shown in
figure 2 whereas other sources will affect both elements simultaneously and be cancelled. The
radiation source must pass across the sensor in a horizontal direction when sensor pins 1 and 2
are on a horizontal plane so that the elements are sequentially exposed to the IR source.

Figure 3 shows the PIR325 electrical specifications and layout in its TO5 package. Please note
that the distance from the front of the sensing elements to the front of the filter window is 0.045

inch (1.143mm). Figures 4 and 5 describe a Fresnel lens designed to be used with the PIR325
sensor.

Figure 6 shows a typical application circuit that drives a relay. R10 and C6 adjust the amount of
time that RY1 remains closed after motion is detected. When used with a PIR325 sensor and
FL65 Fresnel lens, this circuit can detect motion at a distance of up to 90 feet.

Figure 7 shows an application circuit that will indicate the directio

n that an infrared radiating
source is moving.
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PIR325 Infrared Pyroelectric Sensor

Specifications and Dimensions

ELEMENT SIZE 2x1, 2 elements
SPECTRAL RESPONSE um (1) 5~14

NOISE pVpp 20

OUTPUT mv pp (2) 3900

OFFSET VOLTAGE volts (3) 1.0

SUPPLY VOLTAGE volts (4) 25~15
OPERATING TEMPERATURE ° C -30~70
STORAGE TEMPERATURE ° C -40 ~ 80

NOTES:
1. With built-in window filter
2. After 72 db amplifier gain
3. At source pin 2 with 5 volts and 100K load
4. Well filtered power supply

BOTTOM VIEW

3 5.08+02

1 drain All dimensions are in millimeters
2 source
3 ground
View Angle
.t ] 92+02
W &2 +—0.2
4 e
1.143
TOP VIEW 45+0.2
; M o%— - o T I_i .
34 - 20 L L 3.5+.1.0
IR window N —1
4.6

FIGURE 3



Fresnel Lens

A Fresnel lens is a Plano Convex lens that has been collapsed on itself as in figure 5 to form a

flat lens that retains its optical characteristics but is much smaller in thickness and therefore has
less absorption losses.

PLANO CONVEX FRESNEL

FIGURE 4

The FL65 Fresnel lens is made of an infrared transmitting material that has an IR transmission
range of 8 to 14 um that is most sensitive to human body radiation. It is designed to have its

grooves facing the IR sensing element so that a smooth surface is presented to the subject side
of the lens which is usually the outside of an enclosure that houses the sensor.

The lens element is round with a diameter of 1 inch and has a flange that is 1.5 inches square.
This flange is used for mounting the lens in a suitable frame or enclosure. Mounting can best

and most easily be done with strips of Scotch tape. Silicone rubber adhesive can also be used
to form a more waterproof seal.

The FL65 has a focal length of 0.65 inches from the lens to the sensing element. It has been
determined by experiment to have a field of view of approximately 10 degrees when used with a
PIR325 Pyroelectric sensor. Figure 6 shows the lens dimensions.
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HOLTEK

15888

HT6264-70

CMOS 8Kx8-Bit SRAM

Features

e Operating voltage: 5V
* Low power consumption
- Operation: 200mW (typ.)
- Standby: 5uW (typ.)
* 70ns (max.) high speed access time
° Memory expansion by pin OE

General Description

The HT6264-70 is a 65,536-bit static random
access memory organized into 8192 words by 8
bits and operates from a single 5V power sup-
ply. Itis buile with HOLTEK's high performance
CMOS 0.8pum SPDM process.

Block Diagram

AO: Y X-Dec
' Address Memory Cell Array
Buffers {8Kx8 bits)
Y-Dec
L

Cs1 O—
cs2 O—» Read/Write

WE O—> Control Logic Sense Amplifier
OE O—» 7

vee O—>

[ ‘ Output Buffers I
vss O—» i

&

D0, -7

* Pin-compatible with standard 8Kx8
bits of EPROM/MASK ROM

* TTL compatible interface levels

* Common 1/0 using tristate outputs

* Fully static operation

* 28-pin DIP/SDIP/SOP package

Six transister full CMOS memory zell provides
low standby current and high reliability. Inputs
and tristate outputs are TTL compatible and
allow for direct interfacing with common sys-
tem bus structures.

Pin Assignment

Nc O Y 28 vce
a1202 271 WE
A73 261 cs2
A6 4 25[1 A8
AsOs . 241 A9
A4s 233 An
A3z 22[10E
A28 21 A0
A9 201 CsY
A0 10 193 D7
Do 11 18 D6
D112 171 Ds
0213 161 D4
vss[]14 157 03
HT6264-70

- 28 DIP/SDIP/SOP

31st Aug 98



HOLTEK ; ;

HT6264-70
Pin Description
Pin Name l 1/0 Description
AO0-~A12 [ Address input pins
D0-D2, D3~-D7 I/0 Data input and output signal pins
Cs2,CSIT I Chip select signal pin
OE I Output enable signal pin B
WE I Write enable signal pin
VCC I Positive power supply pin
GND [ Negative power supply pin
NC No connection !

Absolute Maximum Ratings*

VCCto GND...cccovevvvinveivneag®o A DNNNMSS S i N
IN, IN/OUT Voltage to GND, VT

-0.3Vto +7.0V

................................................................................. -0.3V to Vcc+0.5V
Operating Ternperatifraf Topr........c.cooo oo T llh s e A B ) -40°C to +85°C
Storage Temperature (Plastic), QAT [ Sl © JEANNANIEN® ok ) TR |\ W -55°Cto +125°C
Temperature Ugder BiaS, Thias Ld " Kl DAl 7/ A N\ WA NI L -10°C to +85°C
Power Dissipafign, Proe=)  L1le Ao 70 L T\ Doamid o8I0 O, W\ N 1.0W

*Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maxi-
mum Ratings” may cause substantial damage to the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>