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MOTIVATION  
 
Those ‘moving robots’ doing all sort of things have always fascinated us since we were kids. The only 
catch was we had not much of an idea on how to make one. Our undergraduate course in Electronics 
helped us understand concepts from various fields in electronics, communications, computers, electrical 
and power devices. But theoretical hardware concepts were just not enough to enter into the field of 
robotics. The embedded systems course at UNCC helped us delve into the field of computer engineering, 
where we learnt to use both hardware and software together. So when we got this opportunity to build a 
project using concepts learnt in class, we grabbed it with both hands. Our frequent interactions with the 
IEEE Robotics Wing at Charlotte strengthened our resolve to go ahead with the project. 
 
 

INTRODUCTION  
 
Robots have come a long way since the Middle Ages, where ‘automatons’ were first presented in front of 
a live audience. These robots performed a preset set of motions, or were remotely controlled.  Since then, 
slowly but surely different types of robots are becoming a part of our daily lives; be it in the car 
production manufacturing line, packaging of finished goods, and mass production of printed circuit board 
(PCB), telerobots – to replace humans in dangerous and inaccessible sites or robots in medicine, where 
they can used to perform an operation remotely. 

 
Today robots have come to such an extent that today we visualize robots as fully autonomous machines, 
capable of taking their own decisions – with no human operator or remote control operating it behind the 
curtains.  Robots are getting smarter, sharper and faster by the day, maybe that’s the reason why Isaac 
Asimov went ahead and defined the three laws of robotics in his short science fiction story, ‘Runaround’ 
in 1942, which go as follows: 

1. A robot may not injure a human being or, through inaction, allow a human being to come to 
harm. 

2. A robot must obey orders given it by human beings except where such orders would conflict with 
the First Law. 
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3. A robot must protect its own existence as long as such protection does not conflict with the First 
or Second Law. 

We on our part have tried to delve into this world of Robotics through our ‘Autonomous Obstacle 
Avoiding Robot’. Through this project we propose to build an autonomously driven robot which will 
have obstacle detection capability. We added a few real-time response capabilities for obstacle detection 
using an LDR (Light Dependent Resistor), ultrasound sensor and bump sensors. We used the Renesas 
QSK62P board as part of the project. 
 
 

REQUIREMENTS  
 
Requirements of the Robot are: 

REQ1 The cost of the robot must be low 
REQ2 Easily replaceable parts 
REQ3 2 wheel autonomous drive 
REQ4 Obstacle avoidance capability 
REQ5 Low power & battery operable  

 
 

CONSTRAINTS 
 

Following are the constraints to developing the project: 
CONS1 Hobby robotics has always been constrained with paucity of parts such as a chassis and 

wheels of a required size. 
CONS2 Space will be a constraint for mounting circuitry on limited area 
CONS3 Calibration of sensors is expected to be a major area of difficulty. 
CONS4 Software code of high efficiency is required as the number of sensors mounted, increases. 
CONS5 Integration of different components having different electrical ratings (e.g.: Current 

limitations of various components, voltage ratings, etc to name a few) 
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BLOCK DIAGRAM  
 
 
 

 
 
 

Fig: Detailed Block Diagram 
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BILL OF MATERIALS  
 
Sr. No. Description Approximate Cost($) 

1.  Chassis, Motor and Wheels bought from a robot kit at a fraction of 
the original cost 

50 

2.  Bump Sensors (Made of wires and resistors) obtained from COE 
reserves and the kit 

- 

3.  Light Dependent Resistors obtained from COE Reserves - 
4.  Buzzer from Embedded Systems Lab Reserves - 
5.  Ultrasound Sensors from Embedded Systems Lab Reserves - 
6.  Wires obtained from COE Reserves - 
7.  QSK62P board (already in use by ECGR 6185) - 

 
 

ABOUT THE ROBOT  
 
We built a ‘differential drive robot’ – a method of controlling a robot with only two motorized wheels. 
The robot may have a third wheel to passively roll along while preventing the robot from falling over, 
depending on the shape. The term ‘differential’ means that the speed difference between the two 
motorized wheels of the robot decides the direction and speed at which the robot will turn. As long as 
both the wheels are running at the same speed, the robot has the ability to move only forward or 
backward. To move the robot to the right, we keep the right wheel still and move the left wheel forward, 
and vice versa for moving it left. 
 
 
 

 

Fig: Working of differential drive (Source: www.societyofrobots.com) 
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Fig: Ultrasound sensor working 

 
For basic object avoidance capability we used photoresistors, ultrasonic sensor and bump sensor. The 
ultrasonic sensor first warns of large size obstacles. Then we use the photoresistors to implement the 
‘photovore algorithm’. Photovore is a robot that chases light. To implement the photovore algorithm we 
use two photoresistors, which are placed at the front of the robot strategically. The analog output from the 
sensors will be sent to the microcontroller, which does a comparison of the values received. The robot 
must turn in the direction of the sensor which throws more light. When the sensors mostly give the same 
amount of light, the robot keeps going straight. 
 

 

Fig: Implementation of photovore (Source: www.societyofrobots.com) 
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HARDWARE  

 
A. Servo Motors 

 
A Servo is a small device that has an output shaft. This shaft can be positioned to specific angular 
positions by sending the servo a coded signal. As long as the coded signal exists on the input line, 
the servo will maintain the angular position of the shaft. As the coded signal changes, the angular 
position of the shaft changes. In practice, servos are used in radio controlled airplanes to position 
control surfaces like the elevators and rudders. They are also used in radio controlled cars, 
puppets, and of course, robots. 

 
Fig: Continuous Rotation Servos 

 
We have used Continuous Rotation Servos to turn the wheels of the robot. The continuous servo 
is a modification of the standard servo - you can control whether it moves forward or backwards, 
and how fast it should rotate. You cannot position it precisely. Continuous rotation servos receive 
the same electronic signals, but instead of holding certain positions, they turn at certain speeds 
and directions. Continuous rotation servos are ideal for controlling wheels and pulleys. The 
continuous rotation servos need to be centered properly in order to make them rotate in clockwise 
and counterclockwise directions. Centering the servos means sending the servos a PWM signal, 
instructing them to stay still. 
 
Centering the Servo: 
The servos are not pre-adjusted at the factory, so when you send the centering signal, they will 
instead start turning. Use a screwdriver to adjust the pot on the servo so that they remain still.  
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Fig: Centering signal of 1.5ms to instruct the servo to stay still 
 

 

 
Fig: Clockwise and anticlockwise movement of servos are controlled using above PWMs 
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B. Sensors 
 
Ultrasound Sensor – SRF05 
 
Introduction: The SRF05 is an evolutionary step from the SRF04, and has been designed to 
increase flexibility, increase range, and to reduce costs still further. As such, the SRF05 is fully 
compatible with the SRF04. Range is increased from 3 meters to 4 meters. A new operating mode 
(tying the mode pin to ground) allows the SRF05 to use a single pin for both trigger and echo, 
thereby saving valuable pins on your controller. When the mode pin is left unconnected, the 
SRF05 operates with separate trigger and echo pins, like the SRF04. The SRF05 includes a small 
delay before the echo pulse to give slower controllers time to execute their pulse in commands. 

 
 
Timing:  

 
Trigger and echo pins of the sensor are separately connected to two pins of the microcontroller. 
Using a system of counts, the echo time can be counted as a function of the distance from the 
obstacle.  
Placement: The SRF05 sensor, in order to avoid spurious echoes is placed on the top of the robot 
like a radar beacon. 
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Light Dependent Resistor 

 

 
Fig: Light Dependent Resistor and voltage divider biasing circuit 

 
Depending on the availability of light in front and sides of the robot, decisions can be made about 
turning the robot in a certain direction. 
 
Bump Sensors 
 
Many types of robotic machinery rely on a variety of tactile switches. For example, a tactile 
switch may detect when a robotic arm has encountered an object. The robot can be programmed 
to pick up the object and place it elsewhere. Factories use tactile switches to count objects on a 
production line, and also for aligning objects during industrial processes. In all these instances, 
the switches provide inputs that dictate some other form of programmed output. The inputs are 
electronically monitored by the product, be it a robot, or a calculator, or a production line. 
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Fig: Realizing a bump sensor 
 

 
Fig: Mounting the bump sensor 

 
C. Chassis 

·  A mechanically stable robot is a necessity for good control of any robot. However good 
the software, if the chassis is falling apart, the robot is sure to fail. 

·  Choice of material and placement of devices is crucial. Some of the materials that can be 
used in robot construction are aluminum, balsa wood, carbon fiber, HDPE (High Density 
Polyethylene). 

·  The fewer the components simpler will be the design. Also we can reduce the clutter. 
·  The chassis must be light weight. 
·  Complexity must be avoided for designs you don’t have tools for. 
·  Also the design must be cost effective. 
·  If a cheaper alternative is available it is always better to buy a readymade chassis than 

redesigning the wheel.  
·  Also salvaging parts from previous kits or stuff lying around is always a good option, 
·  All these considerations led us to salvage the chassis from a Parallax kit, which we got at 

a cheap rate from e-bay. 

 
Fig: Parallax Kit Chassis 
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SOFTWARE 

 
A. Requirements of Software 

·  Due to the ever-expanding nature of the project, the program required to be made in a 
way that can accommodate for the changes that come by the day 

·  Commenting lines of code was practiced so that readability is improved 
·  Variable and function names were chosen in a way that they were self explanatory and 

didn’t require much documentation 
·  Macros were used to replace port numbers and threshold numbers to improve 

controllability and readability 
·  Overall attempt has been to aid any further expansions or improvements to the code. 

 
B. Algorithm 

 
�  Start 
�  Initialize the clock 
�  Initialize the ultrasound, LDRs, bump sensors and the buzzer. 
�  While(1) 

o Read the ultrasound echo 
o If ultrasound echo count is greater than threshold, move forward. 
o If ultrasound echo count is lesser than threshold,  

·  Check the LDR readings 
·  If Right side has more light, turn right 
·  If Left side has more light, turn left. 
·  If both LDR readings are below threshold, 

�  Buzz indicating an indecision and halt. 
�  Go back a few paces, turn 180 degrees 

·  If a left bump is sensed, buzz for collision, back a few paces, turn in 
other direction. 

·  If a right bump is sensed, buzz for collision, back a few paces, turn in 
other direction. 
 
 

 
C. Software Architecture 

 
SOFTWARE ROUTINES: 
 
mcu_init() Initialize the microcontroller clock to PLL at 24 MHz 
left_wheel(int direction) Left wheel control sets up the PWM to the left wheel through P7.2. 

Forward, backward and stalling motion parameters of the PWM 
were calculated and written into the routine 
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right_wheel(int direction) Right wheel control sets up the PWM to the left wheel through 
P7.4. Forward, backward and stalling motion parameters of the 
PWM were calculated and written into the routine 

delay(int delay_time) Delay routine for custom delay 
int ultrasound_ping() Returns a count, that was generated after sending a ping pulse 

towards the front of the vehicle 
char*IntToAsciiDec(char*, 
int, unsigned int) 

An integer to ASCII conversion system used for debugging 

buzzer_init() Initialize the buzzer PWM 
buzz() A routine that buzzes for a small time 
enable_wheels() Master control for PWM to the wheels 
disable_wheels() Master control for PWM to the wheels 
drive_forward() Drives vehicle forward by powering both wheels forward 
drive_backward() Drives vehicle forward by powering both wheels backward 
drive_halt() Sends signals to halt the motors 
drive_right() Sends a forwarding PWM to the left wheel while halting the right 

wheel 
drive_left() Sends a forwarding PWM to the right wheel while halting the left 

wheel 
servo_test() A test routine for testing servos 
pwm_init() Initialize PWMs to the wheels 
ldr_init() Initialize the ADCs for the Light Dependent Resistors 
bump_init() Initializer the bump sensor 
 
 

D. Code 
 
/************************************************** ********************* 
FILE   : main.c                                                
DESCRIPTION  : Main Program for the Obstacle Avoiding Robot 
AUTHORS  : Rahul Sharma & Aby Kuruvilla         
CPU TYPE      : M16C                                                  
*************************************************** ********************/ 
  

#include "qsk_bsp.h" 
 
#define HALT   0   //   Centering signal 
#define FORWARD   1   // Clockwise  
#define BACKWARD  -1   //  Anti-clockwise 
#define BUZZER_DURATION  200000   // Length of buzzer tone 
#define BUZZER_TONE  1000   //  Buzzer tone control 
#define INITIALISE_WAIT  600000   //    A control for waiting for sensors to initialise 
#define LEFT_CONTROL  ta1s   //  Left wheel PWM master control 
#define RIGHT_CONTROL  ta2s   //  Right wheel PWM master control 
#define LEFT_LDR   ad3   //  Left  LDR 
#define RIGHT_LDR   ad2   //  Right  LDR 
#define LDR_THRESHOLD  600   //  LDR threshold control 
#define ULTRASOUND_PING  p9_0   //  Ping for ultrasound 
#define ULTRASOUND_ECHO  p9_7   //  Echo for ultrasound 
#define ULTRASOUND_TIMEOUT 30000   //  Timeout for ultrasound 
#define ULTRASOUND_THRESHOLD 1000   //  Threshold for ultrasound 
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#define LEFT_BUMP   p9_3   //  Left bump sensor 
#define RIGHT_BUMP  p9_2   //  Right bump sensor 
 
#define ON  1 
#define OFF  0 
 
unsigned long int i, count; 
unsigned char lcd_text[9]; 
 
void mcu_init(void) 
{ 
  unsigned int count = 20000; 
   
 /* configure clock for divide by 1 mode */ 
 prc0 =1;     /* enable access to clock registers */ 
 cm1 = 0x20;     /* set CM16,CM17 divide ratio to 1,  
         main clock on in high drive no PLL*/ 
 cm06 = 0;     /* set divide ratio to 1 */   
  
    /* configure and switch main clock to PLL at 24MHz - comment this section 
  out if PLL operation is not desired       
 */ 
    
 prc1 = 1;     /* allow writing to processor mode register */ 
 pm20 = 1;     /* set SFR access to 2 wait which is required for 
            operation greater than 16 MHz */ 
 prc1 = 0;     /* protect processor mode register */ 
 
 plc0= 0x91;     // enable PLL (2X) and turn on 
 
 while(count > 0) count--;   /* wait for PLL to stabilize (20mS maximum, 240,000 cycles @12Mhz) 
                                   this decrement with no optimization is 12 cycles each */ 
    cm11 = 1;                   /* switch to PLL */ 
    prc0 = 0;       /* protect clock control register */ 
  
 prc1 = 1; 
 pm10 = 1;  // enable data flash area 
 prc1 = 0; 
} 
 
/* Left wheel TA1 control*/ 
void left_wheel(int direction)      // Connected to p7.2 
{ 
 switch(direction) 
 { 
  case 0:  ta1 = 18;    // calibrated PWM value for centering signal 
    ta1 = ta1 << 8; 
    ta1 = ta1 | 61;      
    break; 
  case 1:  ta1 = 20; 
    ta1 = ta1 << 8; 
    ta1 = ta1 | 61;      
    break; 
  case -1:  ta1 = 16; 
    ta1 = ta1 << 8; 
    ta1 = ta1 | 61;      
    break; 
 }  
} 
 
/* Delay routine for custom delay */ 
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void delay(long int delay_time)     
{ 
 for(i=0;i<delay_time;i++) 
  _asm("NOP"); 
} 
 
/* Ultrasound Ping and echo */ 
int ultrasound_ping() 
{ 
 restart: 
 ULTRASOUND_PING=1;    // Pulse the Ultrasound 
 delay(10); 
 ULTRASOUND_PING=0; 
  
 count=0; 
 while(ULTRASOUND_ECHO==0)    // Wait for the echo 
 { 
  count++; 
  if(count>ULTRASOUND_TIMEOUT)    // If wait is too long, stop 
  { 
   goto restart; 
  } 
 }  
 count=0;  
 while(ULTRASOUND_ECHO==1)    // When echo is recieved 
  count++;      // Count length of echo 
 return count; 
} 
 
/* Right wheel TA2 control*/ 
void right_wheel(int direction)      // Connected to p7.4 
{ 
 switch(direction) 
 { 
  case 0:  ta2 = 18; 
    ta2 = ta2 << 8; 
    ta2 = ta2 | 61; 
    break; 
  case -1:  ta2 = 20; 
    ta2 = ta2 << 8; 
    ta2 = ta2 | 61;      
    break; 
  case 1:  ta2 = 16; 
     ta2 = ta2 << 8; 
     ta2 = ta2 | 61;      
     break; 
 }  
} 
 
/* Display integer as characters */ 
char * IntToAsciiDec(char * dest_string,int min_digits,unsigned int value) 
{ 
 const unsigned long base10[] = {1,10,100,1000,10000,100000}; 
 
 unsigned int tmp; 
 unsigned int i, total_digits = 0; 
 char buff[5]; 
  
 for(i=0;i<5;i++) 
 { 
  tmp = (int)( value % base10[i+1] ); 
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  value -= tmp; 
 
  buff[i] = (char)( tmp / base10[i] ); 
  buff[i] += '0'; 
 
  if(buff[i] != '0') 
   total_digits = i+1; 
 } 
 
 if( total_digits <  min_digits) 
  total_digits = min_digits; 
 
 i = total_digits; 
 while(i) 
 { 
  *dest_string++ = buff[i-1]; 
  i--; 
 } 
 
 *dest_string = 0; 
 
 return dest_string; 
} 
 
 
/* Initialise the buzzer */ 
void buzzer_init()     // Initialise the buzzer 
{ 
 ta3mr=0x84;      // Initialise the PWM for buzzer 
 ta3=BUZZER_TONE;    // Set buzzer tone 
} 
 
/* Buzz function for a beep */ 
void buzz()       
{ 
 ta3s=1; 
 delay(BUZZER_DURATION); 
 ta3s=0; 
} 
 
/* Enable PWMs to wheels */ 
void enable_wheels()    // Master enable for both wheels 
{ 
 delay(10000); 
 ta1s=1; 
 ta2s=1; 
} 
 
/* Disable PWMs to wheels */ 
void disable_wheels()    // Master disable for the wheels 
{ 
 delay(10000); 
 ta1s=0; 
 ta2s=0; 
} 
 
/* Drive forward */ 
void drive_forward() 
{ 
 disable_wheels(); 
 DisplayString(LCD_LINE1+2, "^^^^"); 
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 DisplayString(LCD_LINE2+2, "^^^^");  
 left_wheel(FORWARD); 
 right_wheel(FORWARD); 
 enable_wheels(); 
} 
 
/* Drive backward */ 
void drive_backward() 
{ 
 disable_wheels(); 
 DisplayString(LCD_LINE1+2, "vvvv"); 
 DisplayString(LCD_LINE2+2, "vvvv");  
 left_wheel(BACKWARD); 
 right_wheel(BACKWARD); 
 enable_wheels(); 
} 
 
/* Halt */ 
void drive_halt() 
{ 
 disable_wheels(); 
 DisplayString(LCD_LINE1+2, "    "); 
 DisplayString(LCD_LINE2+2, "----");  
 left_wheel(HALT); 
 right_wheel(HALT); 
 enable_wheels(); 
} 
 
/* Turn Right */ 
void drive_right() 
{ 
 disable_wheels(); 
 DisplayString(LCD_LINE1+2, "    "); 
 DisplayString(LCD_LINE2+2, "  >>");  
 left_wheel(FORWARD); 
 right_wheel(HALT); 
 enable_wheels(); 
} 
 
/* Turn Left */ 
void drive_left() 
{ 
 disable_wheels(); 
 DisplayString(LCD_LINE1+2, "    "); 
 DisplayString(LCD_LINE2+2, "<<  ");  
 left_wheel(HALT); 
 right_wheel(FORWARD); 
 enable_wheels(); 
} 
 
/* Servo Test module*/ 
void servo_test() 
{ 
 if(S1==0) 
  right_wheel(FORWARD); 
 if(S2==0) 
  right_wheel(HALT); 
 if(S3==0) 
  right_wheel(BACKWARD); 
} 
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/* Initialise PWM signals */ 
void pwm_init() 
{ 
 ta1mr=0xA7; 
 ta2mr=0xA7; 
} 
 
/* Initialise the LDR */ 
void ldr_init() 
{ 
 adcon0=0x98; 
 adcon1=0x39; 
 adcon2=0x01; 
 adst=1; 
} 
 
void bump_init() 
{ 
 pd9_2=1; 
 pd9_3=1; 
} 
 
/* Main Routine */ 
void main(void) 
{ 
 mcu_init();      // Initialise the clock 
 InitDisplay();      // Initialise display 
 ENABLE_LEDS;  
 DisplayString(LCD_LINE1,"Advanced"); 
 DisplayString(LCD_LINE2," EmSys. "); 
  
 pwm_init();      // Initialise PWM 
 buzzer_init();      // Initialise buzzer 
 ldr_init();       // Initialise LDR 
 bump_init();      // Initialise bump sensor 
 delay(INITIALISE_WAIT);    // Custom delay 
  
 DisplayString(LCD_LINE1,"        "); 
 DisplayString(LCD_LINE2,"        ");  
 while(1) 
 {    
  recheck: 
  /* If no frontal obstacles in front of ultrasonic ping, move forward */ 
  if(ultrasound_ping()>ULTRASOUND_THRESHOLD) 
   drive_forward();     
 
  /* If obstacle is present  - Implementation of photovore */ 
  if(ultrasound_ping()<ULTRASOUND_THRESHOLD) 
  { 
   IntToAsciiDec(lcd_text,3,LEFT_LDR); 
   DisplayString(LCD_LINE1,lcd_text); 
   IntToAsciiDec(lcd_text,3,RIGHT_LDR); 
   DisplayString(LCD_LINE1+3,lcd_text);    
   drive_halt();     // Halt 
   delay(5000); 
   if(LEFT_LDR > RIGHT_LDR)   // Check LDR 
    drive_right(); 
   if(LEFT_LDR < RIGHT_LDR) 
    drive_left(); 
   if((LEFT_LDR<LDR_THRESHOLD) && (RIGHT_LDR<LDR_THRESHOLD)) 
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   { 
    buzz();   // Buzz and back 
    drive_halt(); 
    delay(10000); 
    drive_backward(); 
    delay(2500000); 
    drive_halt(); 
    delay(10000); 
    drive_right();  // Turn right approximately 180 degrees 
    delay(3000000); 
    goto recheck; 
   } 
   
   if(LEFT_BUMP==0) 
   { 
    buzz();   // Buzz on bump and turn red LED on 
    RED_LED=LED_ON; 
    drive_halt(); 
    delay(10000); 
    drive_backward(); 
    delay(200000); 
    drive_left();   // Back and turn left 
    delay(00000); 
    RED_LED=LED_OFF; 
    goto recheck; 
   } 
   
   if(RIGHT_BUMP==0) 
   { 
    buzz();        
    RED_LED=LED_ON;  // Buzz on bump 
    drive_halt(); 
    delay(10000); 
    drive_backward();  // Back and turn right 
    delay(200000); 
    drive_right(); 
    delay(3000000); 
    RED_LED=LED_OFF; 
    goto recheck; 
   }    
  }  
 }  
} 
 

 
TECHNICAL VALUE OF THE PROJECT TO THE COURSE  

 
·  This project reinforced the skills in hardware and software engineering. 
·  Each sub-area in this project is a very good experience to future students. Future classes in 

ECGR5101/ECGR 6185 may incorporate many of the exercises involving the interfacing of 
sensors and motor control that have been listed and realized in the project. 

·  Having used a bottom-up approach, we were able to sharpen skills beginning from the basics to 
the higher level complexities of software design both being critical in Embedded Systems. 

·  A project of such complexity helps in honing the technical documentation skills of the student, 
which is critical for product up-gradation. 



Project Report – Advanced Embedded Systems  Page 20 of 21 
Sharma & Kuruvilla  Due 9th May 2008 Noon 

·  The base and the sensors implemented in the project are the preliminary steps towards building 
systems that can map terrain to a Geographical Information Systems database. 

·  It is an interesting learning exercise to build an autonomous algorithm, a sophisticated version of 
which can act as a form of Artificial Intelligence. 

 
 

CONCLUSION AND FUTURE WORK  
 

·  The project helped us hone skills in hardware design, most crucially the mechanical aspects of 
robot design which is lacking in most Embedded Systems courses 

·  Skills such as soldering and use of lab equipment were put extensively to use. 
·  Low cost designs were implemented with inexpensive materials helping keep the project within 

budget. 
 

FUTURE WORK 
 

�  The open-ended nature of the project allows for a lot of changes and up-gradations. 
�  The capabilities of all the sensors can be fully realized by using better code and algorithms 
�  Many versions of obstacle avoidance robot algorithms exist freely and under licenses which can 

be tried for better results. 
�  Applications such as exploration, surveillance and waypoint based travel can be built into the 

program. 
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