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Introduction

Group Two of the Rose-Hulman Institute of Technology Catapult Session 1 has designed and built a smart car.  This smart car was configured in two different orientations.  In one configuration, the smart car is capable of detecting obstacles and avoiding them.  It accomplishes this through the use of two sonar sensors and a PIC microprocessor.  The PIC microprocessor is a sophisticated computing device capable of programming and controlling a vast array of devices.  The sonar sensors are mounted in the front of the vehicle, on opposite sides.  The car is able to drive in a straight line, and make corrections to its route to avoid hitting walls.  When it encounters an unavoidable obstacle, the car will execute a 180° turn.  In the other configuration, the two sonar sensors are mounted forward and rear.  The car drives straight until it encounters an obstacle.  It then reverses direction and continues in the same manner.  Both of these goals were achieved, although neither of them is currently operational.  
PIC Microprocessor

The remote control car is powered by a PIC microprocessor.  A PIC processor is a very small computer with many inputs and output pins.  The PIC knows when to activate certain inputs and outputs based on data collected from sensors and other programmed commands.  The PIC uses a 20 MHz clock and can perform thousands of calculations per second.  It has three separate timers, one of which was used to time and measure the sonar.  The PIC is capable of storing 14336 bits of information, and recalling them instantly.  Our PIC is attached to the RC car and controls all of its drive functions.  The PIC is programmed using a personal computer and the MPLab software.  This source code, written in C, is then compiled and transferred to the PIC via a Microchip MPLab ICD 2 In-Circuit Debugger.  
The Programming and Code

Our PIC microprocessor was programmed with MPLab in the programming language C.  Our code contains all the commands necessary for completely autonomous control of the vehicle.  In the first configuration of the car, the source code first establishes all of the necessary variables and commands for the PIC to operate.  One of these necessary initialization procedures is the configuration of the prescaler.  The prescaler slows down the timer and is used to calibrate the PIC’s clock.  After all of these setup procedures, the main code begins.  The car is programmed to drive straight, until either sonar is greater than the other one.  When this happens, the car then turns toward the greater sonar signal to avoid obstacles.  When both sonars are less than about five feet the car’s front wheels both turn and the wheels reverse direction, executing a 180° turn.  The code for this is shown below.  

The second configuration source code is much simpler.  Since the car does not need to turn, the ports for the front motors do not need to be enabled.  The beginning of the code also sets up the initizialtion procedures for the PIC.  However, the sonar sensors are set up as switches.  When the front sensor detects something within its range, it trips the switch and reverses direction.  This same sequence happens for the rear sonar sensor.

{


if(echo_pulse>(echo_pulse_2+200))



{



RA3=1;



RA2=0;



time_interval(1000);



RA3=0;



RA2=0;



time_interval(motor_off);



}


if(echo_pulse_2>(echo_pulse+200))



{



RA3=0;



RA2=1;



time_interval(1000);



RA3=0;



RA2=0;



time_interval(motor_off);



}


if(echo_pulse<3156 && echo_pulse_2<3156)



{




for(k=0;k<100;k++)




{





RA1=0;





RA0=1;





time_interval(motor_on);





RA1=0;





RA0=0;





time_interval(motor_off);





RA3=0;





RA2=1;





time_interval(motor_on);





RA3=0;





RA2=0;





time_interval(motor_off);





RA5=1;




}



}


}
Sonar Sensor

Our smart car has two sonar sensors to detect its surroundings.  Sonar sensors send out sound waves at a certain frequency, and wait for the signal to return.  The sonar is connected to the PIC microprocessor, which transmits and receives the sonar signal.  The PIC sends a 200 Hertz square wave to the PIC, which is then transmitted out of the sonar’s speaker.  This signal is called a “sonar pulse.”  After the sonar pulse bounces off any object in front of it and returns to the sonar’s microphone.   The sensor then measures how long it took for the pulse to return.  The sonar then outputs this signal to the PIC.  The PIC uses a timer to determine its length.  
In the first configuration of the car, the PIC is able to make corrections to its course.  The two sonar sensors are mounted on the front bumper, on opposite sides.  The sonar has a wide range, and is able to detect obstacles not directly in front of it.  The diagram below shows the spread of the sonar’s detection range.  The PIC uses this feature to avoid walls.  If one sonar detects a close obstacle and the other sonar does not detect this close obstacle the PIC knows it is nearing the side of a wall.  It then sends commands to the correct motor to adjust the steering and avoid the wall.  If both sonar sensors detect a close obstacle then the PIC knows it has reached an unavoidable obstacle.  When this occurs, the PIC initiates the 180° turn sequence.  This sequence is designed to turn the car around in as small an area as possible.  The front wheels turn sharply left and the back wheels immediately go in reverse.  When executed at high speeds, the car has been able to perform 270° turns.  As soon as both sonar sensors detect far objects the car continues forward.  
In its second configuration, the PIC does not control its steering motor and only controls the rear, drive motor.  The two sonar sensors are mounted at the forward and rear of the vehicle.  When the car is turned on, it begins to drive forward.  The PIC constantly checks the distance to the nearest obstacle with the sonar sensors.  When this distance is less than approximately three feet, the PIC sends commands to the rear motors to reverse direction.  The car then continues in reverse until the PIC detects another obstacle and reverses direction again.  
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Progress

The progress of this project was severely hampered by technical difficulties, and other errors.  The first difficulty was realized in deciding what to build with a PIC microprocessor.  Eventually we decided to build a smart car.  Before taking apart the car, we test-drove it around and discovered it had a remarkable sliding ability.  This was extremely evident when the car would do a 180º turn.  We decided to replicate this with a PIC.  Our first problem was finding a sensor capable of what we wanted.  
Our first choice was an IR LED and an IR phototransistor.  The LED would send out infrared light which would be reflected off a surface and detected by the phototransistor.  This sensor would have had a range of only about two feet.  The car accelerates very fast and continues at a high speed and needs at least four feet to completely make a 180º turn.  The sonar sensors were the answer to our problem.  Our sonar sensors have a range of three centimeters to three meters.  This was more than enough to allow our car to turn around.  
The second difficulty involved our battery.  The battery that came with the RC car completely stopped working.  When we opened it up, we discovered a fuse inside which had broken.  Not to be dissuaded we found another battery with the right voltage.  This battery appeared to work.  However after several days the battery got very hot and started smoking.  We discovered that the fuse had been there to prevent the battery from overheating.  Eventually we soldered another fuse to the original battery and used that.  

The problems continued after we had completely soldered the daughterboard to our PIC.  The daughterboard is a circuit board which plugs into the PIC with pins and enables one to make any circuit to connect to the PIC.  While testing, the front motor overheated and was destroyed.  This was nearly catastrophic as we had no replacement motor and no way of repairing the current one.  Fortunately, the exact same motor was found in the supply room, and the car could continue to function, for a while.  Later, the H-Bridge - the device which controls power to the motor - failed, causing the motor to cease functioning.  This caused us to create the second configuration of our car, because it does not need any steering control.

The final difficulty occurred on the last day of projects when our car completely stopped working.  As there was no time to complete testing we were forced to abandon the project.

Conclusion
Through this program our group has greatly increased our knowledge of circuits and electricity.  Even though we were unable to complete the project, we learned a lot doing it.  Our car could, at one time, use the sonar sensors to detect obstacles and avoid them.  It could take evasive action if an unavoidable obstacle was encountered.  Our project, while not a complete success, was not a complete failure.   
