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ABSTRACT

This is the final report on the mule robot that I’m constructing. It discusses some of the additional features that I have added to the robot. It also includes the circuit diagrams of the sensors, the shape of the platform, and the software that has been used. 

INTRODUCTION

My objective is to built a mule robot which is a robot that follows you around on campus carrying your books and supplies, or you can take it camping to serve as a pack animal. The overall block diagram of the project is seen in Figure 1.  The transmitter will be carried by the person or the object that the robot  will detect and follow. The receiver is installed on the robot to detect the signal being emitted by the transmitter. The receiver is connected to the microprocessor to determine which way the robot should turn and go. 



              


   


     Obj. to be followed                                                                       Robot 
Figure 1.  Overall Block diagram
INTEGRATED SYSTEM

Again, the overall block diagram of the system is shown in Figure 1. The type of  transmitter that I used for the project is the sonar transmitter. An RF transmitter can also be used but this is harder to built so I used the sonar instead. The IR transmitter is also possible to use but not practical because it has to be focused to the robot in order for it to be detected. I wanted for the robot to detect the signal regardless of the position of the person (transmitter) and whatever is in between the two, but since I used the sonar sensor I was unable to meet this goal. 
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Figure 2. The robot platform and the location of the sensors and motors
MOBILE PLATFORM

The platform used is shown in Figure 2 -where the location of the wheels, the mother with the daughter board, the motors, the servos, and the sensors are shown. A circular robot is used so that the robot can rotate on its axis easily -a motion needed for the robot to easily escape from a trapped position. The diameter of the circle is 11 inch and the location of the wheels and the board where just approximated -the mother board was centered and holes for the wheels was made so that it is big enough for the wheel to fit in.

ACTUATION

Two motors and two servos are being  used to provide for the actuation of the robot (see figure 2 for the location of the motor and the servos) . The wheels are connected to the motors to enable it to move from one place to another, and a sonar receiver is mounted on one of  the servos so that the robot can also detect sonar reading on the back of the robot. The servos enable it to detect signal at every 45( angle relative to the right side of the robot (see figure 2).
SENSORS 

IR sensors     


The two sensors on Figure 2 was oriented so that the IR transmitter intersect at about 4 inch in front of the platform -as recommended by Dr. Doty in the class. This sensor orientation will make the robot rotate to the left or right when it approaches an object less than or equal to 4 inch in distance.

Bumper sensors


The bumper sensors that I recently installed in my robot was placed at the bottom of the robot and its orientation is shown in Figure 2. I used micro-switches because the regular push button switch that I bought in radio shack doesn’t work. .

Tilt sensor

I also placed a tilt sensor on the robot so that the robot will move backward and drive the piezo buzzer on whenever the robot is tilted(see figure 2).
Sonar sensor

The schematics for the sonar transmitter and receiver is shown  figure 3 and 4, respectively. I copied this circuits from Dennis Byk, my classmate, and I modified the circuit because his circuit seems to be giving me problems. The signal was saturating and I wasn’t getting any signal from the second stage amplifier. The coupling capacitor on each stage of the receiver solved this problem. The frequency of the transmitter should be as close to 40kHz as possible in order for it to work well. My receiver is transmitting at 40.8kHz because that’s the most stable frequency that I could get from the transmitter. When you try to adjust the frequency to as close as 40kHz by adjusting the 10k( pot,  the signal’s frequency abruptly jumps to 36kHz. The values of  the capacitor and resistors that I used for the sonar transmitter can be was obtained using the following formula:

                                                       1.44     

                                       f  = ___________________     

                                               (Ra + 2Rb)(C)

           Where :

                               Ra = implemented using a 10k( pot 

                               Rb = 3.3k( 

                               C   = 1nf  capacitor

                                f    = frequency of oscillation which by plugging in the above values    
                             of capacitor and resistors give about 41kHz
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      figure 3.  The sonar transmitter circuit.

          Figure 3. The sonar transmitter     

SOFTWARE


The software that I wrote for this robot to work is shown in the Appendix. When the bumper is hit or the IR sensor detects an object for collision, the robot turns randomly because the software reads the last byte of the free running counter of the HC11 every time the robot  meets an object.
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Figure 4.  The sonar receiver
FUTURE WORK                                

If  I would have a chance, I would certainly implement the robot using  the RF transmitter and receiver circuit that I was originally planning to use. As a result of my experimentation, I found out that four RF receiver cannot be used because it will not able to distinguish between the strongest signal that it receives since the four receivers are too close to one another. A special type of antenna called the bi-directional antenna is needed for this type of project. This antenna receives an RF signal in only one direction. It would be very interesting to see the mule robot work using this antenna. It should increase the distance of signal transmission and it should locate and follow the transmitter anywhere. 


I would also like to add a multiplexer circuit to the mother board so that I could increase the number of my analog input signal port and  add more sensors to my robot. I was going to add more behaviors -like light following and line following- to my robot but I didn’t have enough time. Building the sonar takes too much time and trouble.

CONCLUSION


The robot is doing what I wanted it to do since the start of the semester  -that is, to follow the transmitter- so I basically accomplished my goal. The sonar seem to be working well except that I am not contented with its range of transmission. The robot cannot detect the sonar any longer when the transmitter is about 25ft and I expected it to reach at least 50ft. This problem can probably be solved by putting an amplifier at the output of the 555 timer or probably if I could get an exactly 40kHz signal from it. 

Appendix

Software used:

int left_ir;

int right_ir;

int left_bump;

int right_bump;

int right_sonar;

int left_sonar;

int mid_sonar;

int back_sonar;

float desired_right_obs = 0.0;

float desired_left_obs = 0.0;

float desired_right_bum = 0.0;

float desired_left_bum = 0.0;

float sonar_follow_right =0.0;

float sonar_follow_left = 0.0;

int bumped = 0;

int front_sonar_detected = 0;

void read_sensors()

{ poke(0x7000,0xff);

 while(1){

   bumped=0;

   left_ir = analog(0);

   right_ir = analog(1);

   left_bump = analog(2);

   right_bump = analog(3);

   back_sonar = analog(4) - 90;

   right_sonar = analog(5) - 92;

   mid_sonar = analog(6) - 101;

   left_sonar = analog(7) - 114 ;

   if (left_bump < 100 || right_bump < 100);

     bumped = 1;

   if (left_sonar > 6  || right_sonar > 6 || mid_sonar > 6); 

     front_sonar_detected = 1;

     wait(100);

   }

}

void avoid_obstacles()

{

  while (1){

            if (left_ir > 100) 

                         {      

                         desired_left_obs = 100.0;

                         desired_right_obs = -100.0; 

                         wait(1000);

                         }

            else if (right_ir > 100)

                         {

                         desired_left_obs = -100.0;

                         desired_right_obs = 100.0; 

                         wait(1000);

                         }

            else         {

                         desired_left_obs = 100.0;

                         desired_right_obs = 100.0;

                         } 

           }

}

void sonar_following()

{

 while(1){

     if (left_sonar > mid_sonar && left_sonar > right_sonar){     

              sonar_follow_left = 0.0;

              sonar_follow_right = 100.0;

              wait(50);

         }

     else if (right_sonar > mid_sonar && right_sonar > left_sonar) {

              sonar_follow_left = 100.0;

              sonar_follow_right =  0.0;

              wait(50);

         }

          else {

              sonar_follow_left = 100.0;

              sonar_follow_right = 100.0;

         }  } }

void main()

{

  start_process(read_sensors());

  start_process(avoid_obstacles());

  start_process(sonar_following());

  while(1)

  {

        while(!bumped)

        {

        motor(0,desired_right_obs);

        motor(1,desired_left_obs);

        }

        while(front_sonar_detected)

        {

            motor(0,sonar_follow_right);

            motor(1,sonar_follow_left);

        }

  motor(0,-100.0);

  motor(1,-100.0);

  wait(1500);

  if ((peek(0x100f) & 0x01) == 1)

        motor(0,100.0); 

  else  motor(1,100.0);

     wait(1000);

  }

}

void wait(int milli_seconds) {

long timer_a;

timer_a = mseconds() + (long) milli_seconds;

while(timer_a > mseconds()) {

defer(); }}
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