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Kanjana Chawbankor 2009: Design of Air-duct Surveying Robot. Master of Engineering
(Mechanical Engineering), Major Field: Mechanical Engineering, Department of
Mechanical Engineering. Thesis Advisor: Mr. Withit Chatlatanagulchai, Ph.D.

103 pages.

In this work, we design and build an air-duct surveying robot. We apply the belt-driven
system to the car-like driven system. Two motors are used to drive the right and left wheels
separately, and an RC servo motor is used for turning. There are three sets of wireless
communication hardwares for controlling robot movement, transmitting the position data, and
transmitting the video image. The robot is controlled by a microcontroller modeled
dsPIC30F2010 as the robot’s central processor. There are two control modes, which are the
automatic mode and the human controlled mode. In the automatic mode, signals from three
infrared distance measuring sensors are used in controlling the robot movement. The robot
position data are transmitted to a computer via a wireless RS232 port using 2.4 GHz frequency
signal to generate the map of the air duct system. In the human controlled mode, a radio control

is used in the robot movement control by controlling the two axes, horizontally and vertically.

Experimental result shows that the robot can climb a slope of forty five degrees when
a sand paper is used to cover the slope’s surface. The maximum ground speed is 0.342 m/s.
In the automatic mode, when the robot is placed in an air duct system model, the robot is able
to follow its designed path according to the navigation algorithm and to come back to the origin.
In the human controlled mode, the movement control is not complicated, and the robot can
move quite well in limited space with good mobility. The maximum wireless transmission
distance in an open area is thirty five meters. All wireless devices are operated normally.
The generated map from the robot position signals is close to the actual robot’s path. However,
the map is in the wrong scale since distance, time, or direction data are excluded in the map

generation.

Student’s signature Thesis Advisor’s signature
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dreeamsvaulsunsugilnsainigg

fmeehai 1 msenllsunsy Digital IO

int main (void)

{

TRISFbits. TRISF2 = 0; // Configuration for RF2 to output
TRISFbits. TRISF3 = 1; // Configuration for RF3 to input
While(1)

{
if('PORTEDits.RF3)
PORTEDbits.RF2 = 1;
if(PORTEDits.RF3)

PORTEDbits.RF2 = 0;

fmvenafi 2 MsWenllsunsy Analog Input

void init_adc()

{

unsigned int Channel, PinConfig, Scanselect, Adcon3 reg, Adcon2 reg,Adconl reg;

ADCON1bits. ADON = 0; // Turn off ADC

Channel = ADC CHO POS _SAMPLEA ANO &

ADC_CHO POS_SAMPLEA ANI &
ADC_CHO POS_SAMPLEA AN2 &
ADC_CHO POS_SAMPLEA AN3 &
ADC_CHO NEG_SAMPLEA NVREF ;
SetChanADC10(Channel);

ConfigIntADC10(ADC INT DISABLE);

// Channel 0 positive input select AN1
// Channel 0 positive input select AN2
// Channel 0 positive input select AN3
// Channel 0 negative VREF
// Set channel configuration

// Disable interrupt for ADC

69

// Channel 0 positive input select ANO
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PinConfig =  ENABLE ANO ANA & ENABLE ANI ANA & ENABLE AN2 ANA &
ENABLE AN3 ANA ; // Enable ANO-AN3 analog

portScanselect = SKIP SCAN AN4 & SKIP_ SCAN_ANS5 & SKIP_ SCAN_AN6 &

SKIP SCAN_ ANT7; // Scan for ANO-AN3
Adcon3 reg=  ADC SAMPLE TIME 10 & // Sample for 10 time
ADC CONV_CLK INTERNAL RC & // Internal Clock

ADC_CONV_CLK 13Tcy;

Adcon2 reg=  ADC VREF AVDD AVSS & // Vref at Vdd and Vss
ADC_SCAN ON & // Enable scan for ADC

ADC ALT BUF OFF & // Disable alternate buffer

ADC ALT INPUT OFF & // Disable alternate input

ADC CONVERT CHO0& /I Select CHO convert
ADC_SAMPLES PER INT 16; // 16 sample between interrupt
Adconl reg=  ADC MODULE ON & // Enable module ADC
ADC_IDLE CONTINUE & // ADC run on idle mode
ADC_FORMAT INTG & // Output value integer format

ADC CLK MANUAL & // ADC manual clock

ADC _SAMPLE SIMULTANEOUS & /I ADC sampling simultaneous

ADC _AUTO _SAMPLING_ ON; // ADC auto sampling
OpenADCI10(Adconl reg, Adcon2 reg, Adcon3 reg,PinConfig, Scanselect); //
Turn on ADC

H

int main(void)

{

init_adc();

while(1)

{

for(adc_count=0;adc_count<3;adc count++) // Loop Read ADC[0..3]

{
ADCONI1bits.SAMP =1,



while(! ADCON1bits.SAMP);

ConvertADC10();

// Wait ADC Sampling Complete

adc bufffadc count]= ReadADC10(adc_count); /I Save Result to Buffer

}

Y] VA Jd 1 v
Meean 3 HanFurmmszezmaaina ADC

int distance(int z)

{

if(z<74)

return(1000);

if(z<147)
return(1201.2-(5.5*z));
if(z<215)
return(724.18-(2.23%*z));
if(z<338)
return(420.18-(0.8%z));
if(z<563)
return(254.2-(0.315%z));
if(z<640)
return(217.34-(0.24%z));
if(z>=640)

return(0);

}

]

#108190 4 Msveu 11sunsuasvuduaIs PWM

O 9

void ISR IClInterrupt(void)

{
IFSObits.IC2IF = 0;

// Reset Capturel Interrupt Flag
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Capture_Interrupt Count++;

if (Capture Interrupt Count==1)
ReadCapture2(&Capture Value2 1);

if (Capture_Interrupt Count==2)
ReadCapture2(&Capture Value2 2);

if (Capture_Interrupt Count==3)

{
ReadCapture2(&Capture Value2 3);
Capture_Interrupt_Count=0;

H

if (Capture_Interrupt Count==0)

{

if(Capture_Value2 2 > Capture Value2 1)

72

// Count Edge Detect
// First Edge Detect
// Save 1st Edge Capture Value
// First Edge Detect
// Save 2st Edge Capture Value

//Second Edge Detect

// Save 3nd Edge Capture Value

//Second Edge Detect

Period2 1 = Capture Value2 2 - Capture Value2 1;

if(Capture_Value2 1 > Capture Value2 2)

Period2 1 =(65535-Capture_Value2 1)+(Capture Value2 2+1);

if(Capture_Value2 3 > Capture Value2 2)

Period2 2 = Capture Value2 3 - Capture Value2 2;

if(Capture_Valuel 2 > Capture Valuel 3)

Period2 2 = (65535-Capture_Value2 2)+(Capture Value2 3+1);

if(Period2 1>Period2 2)
{

Period2=Period2 1;
Period2 1=Period2 2;
Period2 2=Period2;

}

}

}

int main(void)

{



init_capture();
While(1)
{
Period2 1= Period2 1/10;
Period2 2= Period2 2/10;
H
H
void init_capture(void)
{
CloseCapturel(); // Disable Capturel Befor New Config
CloseTimer3(); // Disable Timer3 Befor New Config
ConfigIntCapture1(IC_INT ON & // Enable Capture Interrupt
IC_INT PRIOR_6); // Capture Interrupt Priority = 6
OpenTimer3(T2 _ON & // ON Timer3
T2 IDLE STOP & // Disable Timer2 in IDLE Mode
T2 32BIT_MODE_OFF & // Timer3 = 16 Bit Timer
T2 GATE _OFF & // Disable Timer2 Gate Control
T2 PS11& // Timer3 Prescale = 1:1

T2 SOURCE INT, // Timer3 Clock Source = Internal

65535); // Timer3 Match Value

WriteTimer3(0); // Reset Timer2 Count
OpenCapture1(IC_IDLE_STOP & // Disable Capturel in IDLE Mode
IC_TIMER3 SRC & // Used Timer3 = Source Clock Capturel

IC INT 1CAPTURE & //'1 Capture / Interrupt

IC_EVERY_EDGE); // Capturel Start on Rising Edge

}



74

feeai 5 Tisunsuadedayaa PWM d143un3uaN RC Servo Motor

void ISR TlInterrupt(void) // pwm for servo motor 3 ch timerl
{

IFSObits. T1IF = 0; // Clear Timer interrupt flag

lup=lup+1;

if(lup<=position1)

PORTFbits.RF2 = 1; //turn on RF2 //Pwm CH1

if(lup>position1)

PORTFbits.RF2 = 0; // turn off RF2  //Pwm CH1

if(lup == 2000) //2000 Pwm 20ms macth_value cpu

lup=1;

H

int main(void)

{

unsigned int match_value; // for time loop

match_value = 146; // set time

ConfigIntTimer1(T1 INT PRIOR 5 & // Timer] interrupt priority 1
T1_INT ON); // Enable interrupt for timerl

WriteTimer1(0); // Clear count value at TMRI1 register

OpenTimerl1( Tl ON & // Start timerl

T1 GATE OFF & // Disable gate pin for timerl

T1 IDLE STOP & // Stop timer in idle mode

TIPS11& // Presceler 1:1

T1_SYNC _EXT OFF & // Disable sync external source

T1_SOURCE_INT, match_value);// Wait till the timer matches with the period value
while(1)// Loop Continue

{

position1=150;

H

H
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void ISR TlInterrupt(void) // pwm for servo mortor 3 ch timerl
{
IFSObits. T1IF = 0; // Clear Timer interrupt flag

lup=lup+1;

if(lup<=position1)

PORTFbits.RF2 = 1; // turn on RF2 //Pwm CHI
if(lup>position1)
PORTFbits.RF2 = 0; // turn off RF2  //Pwm CHI1
if(lup == 2000) //2000 Pwm 20ms macth_value cpu
lup=1;
H
void delay(unsigned long int countl)
{
while(countl > 0) {countl--;} // Loop Decrease Counter
H

void esc_control(unsigned int m,unsigned ints)  //ESC futaba contraller

{

ifm==1)
{
if(s<150)

{positionl=s; mcl=1;}
if(s==150)
{position1=150; mcl=1;}
if(s>150)
{

iflmcl==1)

{



position1=145; delay(40000);
position1=160; delay(40000);
position1=150; delay(40000);
mcl=2;
H
if(mcl==2)
position1=s;
H
H
H
int main(void)
{
unsigned int match_value; // for time loop
match_value = 146; // set time
ConfigIntTimer1(T1_INT PRIOR 5 & // Timerl interrupt priority 1
T1 INT ON); // Enable interrupt for timerl
WriteTimer1(0); // Clear count value at TMRI1 register
OpenTimerl(T1 ON & // Start timerl
T1 _GATE_OFF & // Disable gate pin for timer1
T1 IDLE STOP & // Stop timer in idle mode
TIPS 11& // Presceler 1:1
T1 SYNC EXT OFF & // Disable sync external source
T1_SOURCE_INT, match_value); // Wait till the timer matches with the period
value

while(1)// Loop Continue
{

esc_control(1,150);
delay(700000);

esc_control(1,100);
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delay(7000);
esc_control(1,200);

delay(700000);
¥
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/**********************************************************/

/* Project  : Air-duct Surveying Robot */
/* By : Kanjana Chawbankor */
/* Target MCU  : dsPIC30F2010 */
/* : X-TAL : 7.3728 MHz */
/* : Run 58.9824 MHz */
/* : Selec OSC Mode = XT w/PLL 8x */
/* Compiler : MPLAB + C30 V1.33 */

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

/* Used RE3 = Digital Input */
/* Used RB0..RB3 = ADC Input */
/* Used RDO,RD1 = PWM Input */
/* Used RE0..RE2 = Digital Output */
/* Used RF2,RF3,RE8 = PWM Output */
/* Display Result to UARTT : 4800,N,8,1 */

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

#include "p30f2010.h" // For dsPIC30F2010 MPU Register

#include "uart.h" // Used UART Library Function
#include "adc10.h" // Used ADC Library Function

#include "stdio.h" // Used "sprintf" Function

#include "timer.h" // Module function for Timer

#include "incap.h" // Used Input Capture Library Function

/* Setup Configuration For ET-dsPIC30F2010 */
_FOSC(CSW_FSCM _ON & XT PLLS3); // Enable Clock Switching,Enable Fail-Salf
Clock

//Closk Source = Primary XT + (PLL x 8)
_FWDT(WDT_ OFF); // Disable Watchdog
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_FBORPOR(PBOR_ON & BORV 45 & PWRT 64 & MCLR_EN); //Enable Brown-Out
— 4.5V,
_FGS(CODE_PROT OFF); //Code Protect OFF

/* End Configuration For ET-dsPIC30F2010 */

unsigned char uart_buf{40]; // "sprintf" Buffer

unsigned int adc_buff[4],adc_buffl[4],adc_buff2[4],adc_buff3[4],adc_buff4[4],adc_buff5[4];// 4
Channel ADC

unsigned int adc_count;

unsigned int timer value;

unsigned int lup,mode,n; //for counter timer

unsigned int position1,positionset,position2,position3;  //servo 1ms-2ms(0-7373)

unsigned int speed,lr_position;

unsigned int Capture Interrupt Countl,Capture Interrupt Count2; // Capture
Edge Count
unsigned int Capture Valuel 1,Capture Valuel 2,Capture Valuel 3; // 1st

Capture Value Save

unsigned int Capture Value2 1,Capture Value2 2,Capture Value2 3; // 2nd
Capture Value Save

unsigned int Periodl 1,Periodl 2; // Period Value
unsigned int Period2 1,Period2 2; // Period Value
unsigned int mc1,mc2;

unsigned int kp_dir,sub_mode,speed_at;

unsigned int oldsub_mode;

unsigned int pel_1,pel 2.,pe2 1,pe2 2;

/* pototype section */

void init_uart(void); // Initial UART1 Function
void init_adc(void); // Initial ADC Function

void init_capture(void);

1/ Interrupt service routine for timerl



void ISR TlInterrupt(void) // pwm for servo motor 3 ch timerl
{

IFSObits. T1IF = 0; // Clear Timer interrupt flag
lup=lup+1;

if(lup == 2000) //2000 Pwm 20ms macth_value cpu

{lup=1;}

if(lup<=position1)

{PORTFbits.RF2=1;} //turnon RF2 //Pwm CHI

if(lup>position1)

{PORTFbits.RF2 =0;} //turn off RF2 //Pwm CHI1

if(lup<=position2)

{PORTFbits.RF3=1;} //turnon RF3 //Pwm CH2

if(lup>position2)

{PORTFbits.RF3=0;} //turn off RF3 //Pwm CH2

if(lup<=position3)

{ PORTEbits.RE8 = 1;} //turn on RE8 //Pwm CH3

if(lup>position3)

{ PORTEDits.RE8 = 0;} //turn off RE§ //Pwm CH3

H

/* Capturel Interrupt Service */

void ISR IClInterrupt(void)

{

IFSObits.IC1IF = 0; // Reset Capturel Interrupt Flag
Capture Interrupt Countl++; // Count Edge Detect
if (Capture_Interrupt Countl==1) // First Edge Detect

ReadCapturel(&Capture Valuel 1); // Save 1st Edge Capture Value
if (Capture_Interrupt Count1==2) // First Edge Detect
ReadCapturel(&Capture Valuel 2); // Save 1st Edge Capture Value

if (Capture_Interrupt Count1==3) // Second Edge Detect



{ReadCapturel(&Capture Valuel 3); Capture Interrupt Countl1=0; } // Save 2nd Edge
Capture Value

if (Capture Interrupt Count]1==0) // Second Edge Detect
{

if (Capture_Valuel 2 > Capture Valuel 1)

Periodl 1= Capture Valuel 2 - Capture Valuel 1;

if (Capture_Valuel 1> Capture Valuel 2)

Periodl 1= (65535-Capture_Valuel 1)+(Capture Valuel 2+1);

if (Capture_Valuel 3 > Capture Valuel 2)

Periodl 2 = Capture Valuel 3 - Capture Valuel 2;

If (Capture Valuel 2> Capture Valuel 3)

Periodl 2 = (65535-Capture_Valuel 2)+(Capture Valuel 3+1);

If (Periodl 1>Periodl 2)

Periodl 1=Periodl 2;

Periodl 1=Period1 1/10;

H

H
//for IC2 capture 2

void ISR IC2Interrupt(void)

{

IFSObits.IC2IF = 0; // Reset Capturel Interrupt Flag
Capture Interrupt Count2++; // Count Edge Detect

if (Capture_Interrupt Count2==1) // First Edge Detect

ReadCapture2(&Capture_Value2 1); // Save 1st Edge Capture Value
if (Capture_Interrupt Count2==2) // First Edge Detect

ReadCapture2(&Capture Value2 2); // Save 1st Edge Capture Value

if (Capture_Interrupt Count2==3) // Second Edge Detect
{
ReadCapture2(&Capture_Value2 3); Capture Interrupt Count2=0;} // Save 2nd Edge

Capture Value
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if (Capture Interrupt Count2==0) // Second Edge Detect
{

if (Capture Value2 2 > Capture Value2 1)

Period2 1= Capture Value2 2 - Capture Value2 1;

if (Capture_Value2 1 > Capture Value2 2)

Period2 1 =(65535-Capture_Value2 1)+(Capture_Value2 2+1);
if (Capture_Value2 3 > Capture Value2 2)

Period2 2 = Capture Value2 3 - Capture Value2 2;

if (Capture_Valuel 2> Capture Valuel 3)

Period2 2 = (65535-Capture_Value2 2)+(Capture Value2 3+1);
if (Period2_1>Period2 2)

Period2 1=Period2 2;

Period2 1=Period2 1/10;

H

b

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

/* Delay Time Function */

/% 1-4294967296  */

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

void delay(unsigned long int countl)

{while(countl > 0) {countl--;}} // Loop Decrease Counter

void esc_control(unsigned int m,unsigned ints)  //ESC futaba contraller

{

if (m==1)
{
if (s<150)

{positionl=s; mcl=1;}

if (s==150)
{position1=150; mcl=1;}
if (s>150)

83



{

if (me1==1)

{
position1=145;
position1=160;
position1=150;
mcl=2;

H

if (mc1==2)

positionl=s;
H

}

if (m==2)

{

if (s<150)

delay(40000);
delay(40000);
delay(40000);

{position2=s; mc2=1;}

if (s==150)
{position2=150;
if (s>150)

{

if (me2==1)

{

mc2=1;}

position2=146; delay(40000);

position2=160;
position2=150;
mc2=2;

H

if (mc2==2)
position2=s;

}

delay(40000);
delay(40000);

84



}

}
//Futaba ESC controller

void move_robot(unsigned int sp,unsigned int Ir)

{

if (Ir==150)
{

if (sp==150)

{esc_control(1,150); esc_control(2,150); position3=150;}

if (sp<150)

{esc_control(1,sp); esc_control(2,sp); position3=150;}
if (sp>150)

{esc_control(1,sp); esc_control(2,sp); position3=150;}
H

if (Ir'=150)

{

if (sp>150)

{

if (Ir>150)

{

if (Ir<175)

{esc_control(1,sp); esc_control(2,150); position3=Ir; }
if (Ir>=175)

{esc_control(1,sp); esc_control(2,150-(sp-150)); position3=150;}
H

if (Ir<150)

{

if (Ir>125)

{esc_control(1,150); esc_control(2,sp); position3=Ir;}

if (Ir<=125)
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{esc_control(1,150-(sp-150));  esc_control(2,sp); position3=150;}
H

b

if (sp<150)

{

if (Ir>150)

{

if (Ir<175)

{esc_control(2,sp); esc_control(1,150); position3=Ir;}

if (Ir>=175)

{esc_control(2,sp); esc_control(1,150-(sp-150)); position3=150;}
H

if (Ir<150)

{

if (Ir>125)

{esc_control(2,150); esc_control(1,sp); position3=Ir;}

if (Ir<=125)

{esc_control(2,150-(sp-150));  esc_control(1,sp); position3=150;}
H

b

H

H

//Calculate distance
int distance(int z)
{
if (z<74)
return(1000);
if (z<147)
return(1201.2-(5.5%z));

if (z<215)



return(724.18-(2.23%*z));
if (z<338)
return(420.18-(0.8*z));
if (z<563)
return(254.2-(0.315%z));
if (z<640)
return(217.34-(0.24%*z));
if (z>=640)
return(0);
H
//Main loop

int main(void)

{

unsigned int match_value; // for time loop
match_value = 146; // set time

init_uart(); // Initial UART = 9600,N.,8,1
init_adc(); // Initial ADCJ0..3]

init_capture();

//Set 10

TRISFbits. TRISF2 = 0; // Configuration for RF2 to output
TRISFbits. TRISF3 = 0; // Configuration for RF3 to output

TRISEbits. TRISES = 0; // Configuration for RES to output

TRISEbits. TRISEO = 0; // Configuration for REO to output
TRISEDbits. TRISE1 = 0; // Configuration for RE1 to output
TRISEbits. TRISE2 = 0; // Configuration for RE2 to output

TRISEDbits. TRISE3 = 1; // Configuration for RE3 to mode input

//Set timer1 for servo
ConfigIntTimer(T1 INT PRIOR 5 & // Timer1 interrupt priority 1
T1_INT_ON); // Enable interrupt for timer1

WriteTimer1(0); // Clear count value at TMRI1 register



OpenTimerl(T1 ON &
T1_GATE OFF &

T1 IDLE STOP &

// Start timer1
// Disable gate pin for timerl

// Stop timer in idle mode

TIPS 11& // Presceler 1:1

T1_SYNC_EXT OFF &
T1_SOURCE_INT, match_value);
sub_mode=0;
oldsub_mode=0;
move_robot(150,150);
sprintf(uart_buf,"start program\n\r\0 ");
putsUART1((unsigned int *)uart_buf);
while(BusyUARTI1());
while(1)// Loop Continue
{
//Mode control

if 'PORTEDbits.RE3)

mode=1;
if (PORTEDbits.RE3)

mode=3;
//mode 1 for manual mode
if (mode==1)
{

// Disable sync external source
// Wait till the timer matches with the period value

//constant sub mode

// Print Message String
// Print uart_buff to UART1

// Wait putsUART1 Complete

PORTEDits.REO = 0;PORTEDbits.RE1 = 0;PORTEDbits.RE2 = 0;

if ((Periodl _1>=2160)&&(Periodl 1<=2250))

pel 1=150;

if (Periodl 1<2160)&&(Period] 1>1660))

pel 1=150+((2160-Periodl 1)/10);

if (Periodl 1>2250)&&(Period1 1<2800))

pel 1=150-((Period1_1-2250)/11);

if ((Periodl 1<=2800)&&(Periodl 1>=1660))
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{

speed=pel 1;

pel 2=pel 1;

H

if ((Period1 _1>2800)||(Periodl _1<1660))
speed=pel 2;

if ((Period2 1>=2233)&&(Period2 1<=2273))
pe2 1=150;

if ((Period2 1<2233)&&(Period2 1>1683))
pe2 1=150-((2233-Period2 1)/11);

if (Period2 1>2273)&&(Period2 1<2823))
pe2 1=150+((Period2 1-2273)/11);

if (Period2 1<=2823)&&(Period2 1>=1683))
{

Ir_position=pe2 1;

pe2 2=pe2 1;

H

if ((Period2 1>2823)||(Period2 1<1683))
Ir_position=pe2_2;
move_robot(speed,Ir_position);

delay(50);

//Show capture parameter

Jx
sprintf{uart_buf,"Period] = %5u",speed); // Print Message String
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUARTI1()); // Wait putsUART1 Complete

sprintf{uart_buf,"Period2 = %5u \r\0",Ir_position); // Print Message String
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UARTI
while(BusyUARTI());

delay(800000);
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*/

} //end Mode 1
//Mode 3 Auto mode
if (mode==3)
{
for (adc_count=0;adc_count<4;adc_count++) // Loop Read ADCI0..3]
{
ADCONI1Dbits.SAMP = 1;
while(! ADCON1bits. SAMP); // Wait ADC Sampling Complete
ConvertADC10();
adc_buffl[adc_count]= ReadADC10(adc count); // Save Result to Buffer
}
for (adc_count=0;adc_count<4;adc count++) // Loop Read ADCI0..3]
{
ADCON1bits.SAMP = 1;
while(! ADCON 1bits.SAMP); // Wait ADC Sampling Complete
ConvertADC10();
adc_buff2[adc count]= ReadADC10(adc_count); // Save Result to Buffer
H
for (adc_count=0;adc_count<4;adc count++) // Loop Read ADC[0..3]
{
ADCON1bits.SAMP = 1;
while(!lADCON 1bits. SAMP); // Wait ADC Sampling Complete
ConvertADC10();
adc_buff3[adc_count]= ReadADC10(adc_count); // Save Result to Buffer
H
for (adc_count=0;adc_count<4;adc count++) // Loop Read ADC[0..3]
{
ADCONI1Dbits.SAMP = 1;

while(!ADCON1bits. SAMP); // Wait ADC Sampling Complete
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ConvertADC10();

adc_buff4[adc count]= ReadADC10(adc_count); // Save Result to Buffer

H

for (adc_count=0;adc_count<4;adc_count++) // Loop Read ADC[0..3]

{

ADCON1bits.SAMP = 1;

while(!lADCON 1bits. SAMP); // Wait ADC Sampling Complete

ConvertADC10();

adc_buff5[adc_count]= ReadADC10(adc_count); // Save Result to Buffer

H

adc_buff[0]=(distance((adc_buff1[0]+adc_buff2[0]+adc buff3[0]+adc buff4[0]+adc buff5[0])/5
)/10;

adc_buff[1]=(distance((adc_buffl[1]+adc_buff2[1]+adc buff3[1]+adc buff4[1]+adc buff5[1])/5
N/10;

adc_buff[2]=(distance((adc_buffl[2]+adc_buff2[2]+adc buff3[2]+adc buff4[2]+adc buff5[2])/5
N/10;

adc_buff[3]=(adc_buffl[3]+adc buff2[3]+adc buff3[3]+adc buff4[3]+adc buff5[3])/100;
speed_at=150+adc_buff[3];

if (sub_mode==0) //standby mode

{

PORTEDits.REO = 0; PORTEDbits.RE1 = 0; PORTEDbits.RE2 = 0;

if ((adc_buff[1])<60&&(adc_buff[2]<60)&&(adc_buff[0]>45))

sub_mode=1;

if (adc_buff[1]>=60||ladc_buff[2]>=60)

{

move_robot(speed_at,150);

delay(10000);

iflade_buff[2]>=60)

sub_mode=3;

if((adc_buff[0]>60)&&(adc_buff[1]>60)&&(adc_buff[2]<60))
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sub_mode=4;

if((adc_buff[0]<70)&&(adc_buff[1]>60)&&(adc buff[2]<60))

sub_mode=5;

H

if ((adc_buff[1])<60&&(adc_buff[2]<60)&&(adc_buff[0]<25))

sub_mode=2;

if ((adc_buff[0]<=10)||((adc_buff[0]>100)&&(adc_buff[1]>100)&&(adc_buff[2]>100)))

{move robot(150,150); sub_mode=6;}

H
if (sub_mode==1) //Forward mode
{

PORTEDits.REO = 0; PORTEDbits.RE1 = 1; PORTEDbits.RE2 = 0;
if ((adc_buff[1]==adc_buff[2])&&(adc_buff[0]>35))
{move robot(speed _at,150); delay(50);}
if ((adc_buff[1]>adc_buff[2])&&(adc_buff[0]>10))
{
kp dir=adc buff[1]-adc buff[2];
if (kp_dir<=5)

{move robot(speed at,170); delay(50);}

if (kp_dir>5)

{move_robot(speed _at,200); delay(50);}
H

if ((adc_buffl1]<adc_buff[2])&&(adc_buff[0]>10))

{

kp dir=adc_buff[2]-adc_buff[1];

if (kp_dir<=5)

{move robot(speed _at,130); delay(50);}

if (kp_dir>5)

{move robot(speed _at,100); delay(50);}
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H

if ((adc_buff[1]>60)||(adc_buff[2]>60)||(adc_buff[0]<35)) //exit sub _mode 1
sub_mode=1;

if ((adc_buff[0]<=10)||((adc_buff[0]>100)&&(adc_buff[1]>100)&&(adc_buff[2]>100)))
{move_robot(150,150); sub_mode=6;}

} //exit sub_model

if ((sub_mode==3)||(sub_mode==4)) // left and wall left

{

PORTEDits.REO = 0; PORTEDbits.RE1 = 0; PORTEDbits.RE2 = 1;
if (adc_buff[2]==30)

{move robot(speed at,150); delay(200);}

if (adc_buff[2]>25)

{

kp dir=adc_buff[2]-25;

if (kp_dir<=5)

{move_robot(speed at,130); delay(5000);}

if (kp_dir>5)

{move robot(speed at,100); delay(2000);}

H

if (adc_buff[2]<25)

{

kp_dir=25-adc_buffl2];

if (kp_dir<=5)

{move_robot(speed at,170); delay(5000);}

if (kp_dir>5)

{move_ robot(speed at,200); delay(5000);}

H

if ((adc_buff[1])<=50&&(adc_buff[2]<=50)&&(adc_buff[0]>70))

sub_mode=1; /lexit sub_mode3



if ((adc_buff[0]<=10)||((adc_buff[0]>100)&&(adc_buff[1]>100)&&(adc_buff[2]>100)))
{move robot(150,150); sub_mode=6;}

H

if (sub_mode==5)// right

{

PORTEDits.REO = 1; PORTEDits.RE1 = 0; PORTEDbits.RE2 = 0;
if (adc_buff[1]<25)

{

kp dir=25-adc_buff[1];

if (kp_dir<=5)

{move_robot(speed _at,150); delay(5000);}

if (kp_dir>5)

{move_robot(speed at,150); delay(5000);}

H

if (adc_buff[1]==30)

{move robot(speed at,150);}

if (adc_buff[1]>25)

{

kp dir=adc_buff[1]-25;

if (kp_dir<=5)

{move robot(speed at,170); delay(5000);}

if (kp_dir>5)

{move_robot(speed at,200); delay(2000);}

H

if ((adc_buff[1])<=50&&(adc_buff[2]<=50)&&(adc_buff[0]>85))
sub_mode=1; //exit sub_mode5

if ((ade_buff[0]<=10)||((adc_buff[0]>100)&&(adc_buff[1]>100)&&(adc_buff[2]>100)))
{move robot(150,150); sub_mode=6;}

H

if (sub_mode==2) //NAUTD
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{
PORTEDits.RE0 = 1; PORTEbits.RE1 = 1; PORTEbits.RE2 = 1;

if ((adc_buff[0]<70)&&(adc_buff[1]<=50)&&(adc_buff[2]<=50))
{move_robot(165,200); delay(100);}
else

sub_mode=1; //exit mode2

H
if (sub_mode!=oldsub_mode) //show sub_mode when sub_mode change
{
sprintf{uart_buf,"sub mode %4d \r\n",sub_mode); // 4 Digit Decimal[0..1023]
Display
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUARTI1()); // Wait putsUART1 Complete
oldsub_mode=sub_mode;
H
if (sub_mode==6)
{
sprintf(uart_buf,"Emergency Mode\n\r\0 ");  // Print Message String
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUART1()); // Wait putsUART1 Complete
H

//show ADC in rs232 for check parameter
/*

//Display ADCJ0..3] Result on UART1

sprintf(uart_buf,"\rADC[0..3] ="); // Print Message String
putsUART1((unsigned int *)uart_buf); // Print vart_buff to UARTI
while(BusyUARTI1()); // Wait putsUART1 Complete
//Display Result ADCO

sprintfluart_buf,"%4d : ",adc_buff{0]); // 4 Digit Decimal[0..1023] Display



putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUART1()); // Wait putsUART1 Complete

//Display Result ADC1

sprintf{uart_buf,"%4d : ",adc_buff[1]); // 4 Digit Decimal[0..1023] Display
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUART1()); // Wait putsUART1 Complete

//Display Result ADC2

sprintfluart_buf,"%4d : ",adc_buff[2]); // 4 Digit Decimal[0..1023] Display
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UARTI
while(BusyUARTI()); // Wait putsUART1 Complete

//Display Result ADC3

sprintf{uart_buf,"%4d \r\0",speed_at); // 4 Digit Decimal[0..1023] Display
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUARTI1());

//mode

sprintf(uart_buf,"sub mode %4d \r\n",sub_mode); // 4 Digit Decimal[0..1023] Display
putsUART1((unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUART1()); // Wait putsUART1 Complete

*/

}//End Mode 3

}//end while

}//end main

/* Initial UART for dsPIC30F2010 4800,N,8,1 */

void init_uart()

{

CloseUART1(); // Disable UART1 Before New Config
//Config UARTT Interrupt Control

ConfigiIntUART1(UART RX INT DIS & // Disable RX Interrupt

UART_RX INT PR2 & // RX Interrupt Priority = 2
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UART _TX_INT DIS &

UART _TX INT_PR3);

97

// Disable TX Interrupt

// TX Interrupt Priority = 3

//Open UART1 = Mode,Status,Baudrate

OpenUART1(UART_EN &
UART IDLE STOP &

UART ALTRX ALTTX &
UART DIS WAKE &

UART DIS LOOPBACK &
UART DIS ABAUD &
UART NO PAR 8BIT &
UART 1STOPBIT,

// Config UART1 Status
UART INT TX &

UART TX PIN NORMAL &
UART TX ENABLE &
UART INT RX BUF FUL &

UART ADR_DETECT DIS &

UART RX OVERRUN CLEAR,

191);
}

/* Initial ADC for dsPIC30F2010 */

void init_adc()

{

// Enable UART(UART Mode)
// Disable UART in IDLE Mode
// Select UITX=RC13,UIRX=RC14
// Disable Wake-Up
// Disable Loop Back
// Disable Auto Baudrate
// UART = 8 Bit, No Parity

// UART =1 Stop Bit

// Select Interrupt After TX Complete
// Normal U1TX Mode
// Enable U1TX
// Flasg Set After RX Complete
// Disable Check Address

// Clear Overrun Flag

unsigned int Channel, PinConfig, Scanselect, Adcon3_reg, Adcon2 reg,Adconl_reg;

ADCONI1bits. ADON = 0;

Channel =

// Turn off ADC

ADC CHO POS SAMPLEA ANO & // Channel 0 positive input select ANO

ADC CHO POS SAMPLEA AN1 & // Channel 0 positive input select AN1

ADC CHO POS SAMPLEA AN2 & // Channel 0 positive input select AN2

ADC CHO POS SAMPLEA AN3 & // Channel 0 positive input select AN3

ADC_CHO NEG_SAMPLEA NVREF ; // Channel 0 negative VREF



SetChanADC10(Channel); // Set channel configuration
ConfigIntADC10(ADC INT DISABLE); // Disable interrupt for ADC
PinConfig = ENABLE ANO ANA & // Enable ANO-AN3 analog port
ENABLE AN1 ANA &

ENABLE AN2 ANA &

ENABLE AN3 ANA;

Scanselect = SKIP SCAN AN4 & // Scan for ANO-AN3
SKIP_SCAN ANS5 &

SKIP_SCAN ANG6 &

SKIP_SCAN_ANT7;

Adcon3 reg = ADC SAMPLE TIME 10 & // Sample for 10 time
ADC CONV_CLK INTERNAL RC & // Internal Clock

ADC _CONV_CLK 13Tcy;

Adcon2 reg = ADC VREF AVDD AVSS & // Vrefat Vdd and Vss
ADC _SCAN ON & // Enable scan for ADC

ADC_ALT BUF_OFF & // Disable alternate buffer

ADC _ALT INPUT OFF &  // Disable alternate input

ADC_CONVERT CHO0& // Select CHO convert

ADC _SAMPLES PER_INT 16; // 16 sample between interrupt
Adconl reg = ADC MODULE ON & // Enable module ADC
ADC IDLE CONTINUE & // ADC run on idle mode

ADC FORMAT INTG & // Output value integer format

ADC CLK MANUAL & // ADC manual clock

ADC SAMPLE SIMULTANEOUS & // ADC sampling simultaneous
ADC_AUTO_SAMPLING ON; // ADC auto sampling
OpenADCI10(Adconl_reg, Adcon2 reg, Adcon3 reg,PinConfig, Scanselect);
module

H

/* Initial Timer for dsPIC30F2010 */

void init_capture(void)

98

// Turn on ADC
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{

CloseCapturel(); // Disable Capturel Befor New Config
CloseCapture2(); // Disable Capturel Befor New Config
CloseTimer3(); // Disable Timer2 Befor New Config

// Config Capturel Interrupt Control

ConfigIntCapture1(IC_INT _ON & // Enable Capture Interrupt
IC_INT PRIOR 6); // Capture Interrupt Priority = 6
ConfigIntCapture2(IC_INT ON & // Enable Capture Interrupt
IC_INT PRIOR 6); // Capture Interrupt Priority = 6
ConfigIntTimer3(T3 INT OFF & // Disable Timer2 Interrupt
T3 INT _PRIOR 7); // Timer2 Interrupt Priority = 7
OpenTimer3(T2_ON & // ON Timer?2

T2 IDLE STOP & // Disable Timer2 in IDLE Mode

T2 32BIT MODE OFF & // Timer2 = 16 Bit Timer

T2 GATE_OFF & // Disable Timer2 Gate Control
T2 PS 1 1& // Timer2 Prescale = 1:1

T2 SOURCE INT, // Timer2 Clock Source = Internal
65535); // Timer2 Match Value

WriteTimer2(0); // Reset Timer2 Count
OpenCapture1(IC_IDLE STOP & // Disable Capturel in IDLE Mode
IC_TIMER3 SRC & // Used Timer2 = Source Clock Capturel
IC_INT 1CAPTURE & //'1 Capture / Interrupt
IC_EVERY_EDGE); // Capturel Start on Rising Edge
OpenCapture2(IC_IDLE_STOP & // Disable Capturel in IDLE Mode
IC_TIMER3 SRC & // Used Timer2 = Source Clock Capturel
IC INT 1CAPTURE & //'1 Capture / Interrupt
IC_EVERY_EDGE); // Capturel Start on Rising Edge

}
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