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Abstract


My project involves designing a prey robot (called Jerry) which will exhibit general prey behavior such as wandering and grazing. When a predator robot is introduced into the environment and is detected by my robot it will try to escape.
Executive Summary


The platform for Jerry is made mainly of wood and held together using screws, standoffs, wood glue and super glue. The platform is propelled using four 3-6V DC motors driven by Texas Instruments H-Bridge driver ICs and the gearing ratio changed to 114:1 using a Tamiya gearbox. Each wheel can turn and wheels on the same side are driven by the same motor driver. The robot turns by turning the wheels on one side forward and the wheels on the other side backward.

There are 3 ultrasonic rangers being used in order to detect and avoid obstacles and are interfaced using the analog output. The two front sonar are angled so that the cross each other in order to reduce any potential blind spots directly in front of the robot. The back sonar allows for the detection of obstacles behind the robot when backing up. Also 4 bump switches are used to detect any obstacles that may not be detected by the sonar. A servo motor is used to turn an IR detector in order to look for the predator robot while a close range IR emitter / detector package is mounted in the front in order to detect “food”. The robot also emits infrared at a frequency of 36.7 KHz which can be seen by the other robot and both robots constantly transmit a state code that the other robot can detect.

There are 4 behaviors exhibited in this robot. The first is wandering, where it will move around avoiding obstacles and looking for “food”. Grazing, where it will stay on the “food” for a set time and then start moving again. Running where it tries to escape from the predator robot and caught where it will stop all movement and wait to be reset. 


Overall this project was success as both robots worked well together and Jerry was able to demonstrate each of his behaviors. Some improvements in the robot detection and escaping algorithms and techniques can be made in the future to make the robots work better.

Introduction


The predator-prey model is an interesting model that can be easily observed in nature. The dynamic between the predator and its prey and the abilities nature has bestowed upon each in order to aid each survive is a complex and fascinating one. My partner Josh Hartman and I built two robots which we used to observe the predator-prey model. Mr. Hartman’s robot is the predator and is called “Tom” while my robot is the prey and is called “Jerry”. The predator hunts and tries to capture the prey. The prey will wander around and find “food”. When food is found it will stop and graze. If at any time it detects the predator it will try to evade as best as possible. The main guiding principle for this project was that each robot be developed independently and then brought together to observe their interactions. However, there was some information sharing mainly in the way that each robot would detect the other. We had to do this to ensure that when the two robots were placed together we could detect each other in order to simulate a predator-prey situation.  By building each robot independently we were able to observe the design differences and made us come up with ways to overcome the other robot’s strengths while improving on our own robot’s weaknesses. In this way we could more accurately mimic nature and evolution.
Integrated System


The system uses a MAVRIC-IIB board as the brain to perform all the tasks. This microcontroller board interfaces with a number of sensors, motors, and an LCD. The sensors provide input into the system and are used to help make decisions as to what behavior or action needs to be executed. Based on the sensor inputs the motor drivers and servo motors are controlled. Finally, the LCD screen is used to monitor the behavior of the robot and gives useful debug information. The figure blow shows a high level overview of the system.

[image: image2]
The robot uses three sonar sensors and four bump switches to sense the world and avoid obstacles. It also uses an infrared detector to find “food”. Two motor drivers are used to control 4 motors. The direction of each side of the robot can be controlled independently and allows the robot to move forward, backward and turn left and right. There is a servo motor which allows the robot to look around to find the predator and a wireless link which aids in the detection of the other robot. Finally, the LCD gives feedback on what the robot is doing.
Mobile Platform

The main body rests on four wheels which are used to propel the robot. The robot is not able to steer but turns by rotating the wheels on one side of the vehicle forward while moving the other wheels backwards. The platform in made mostly of airplane wood and held together with screws and glue. The robot has a multi layer design. The bottom layer is the base and has the wheels and the bump switches attached to it.  This level also houses the interconnect board which allows for the routing of signals across the robot. The second level holds the three sonar sensors, the battery, the motor drivers and the MAVRIC-II board. On the third level we have the LCD and the servo motor which allows the robot to look around for the predator. Sitting on top of the servo is the IR emitter board, which allows the predator to detect the prey, the IR detector which it uses to detect the predator and the wireless transmitter and receiver. The figure below shows the final robot platform.
[image: image3.jpg]



Figure 2: Side view of final robot platform
Actuation

Four small DC motors are used to actuate the vehicle. These motors are driven using TI H-Bridge motor driver ICs which were mounted onto a printed circuit board designed my Carlo Francis. DC motors were used instead of servo motors since I wanted better control over their speed. Also, I wanted to use motor driver ICs for the experience. Combined with the gear box, the output torque from the motor can be changed to suit my needs. I intend to use the Tamiya 70168 double gearbox which comes with two motors and a gear box. They run using 3-6V, provide a stall torque of 36g-cm and use a stall current of 2.10A. The figure below shows a picture of the intended motor and gearbox. On the final robot these motors were slightly overpowered which I believe caused one of them to stop working. Also, I used the 114:1 gear ration which allowed for a decent speed but was slow when compared with the predator robot.
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Figure 3: Picture of the Tamiya 70168 Double Gearbox which will be used for main propulsion.
A servo motor was used to move the IR detector which allowed the prey robot to “look” around for the predator. A servo motor was a better choice for this task than a DC motor since it allowed for better positional control without additional hardware. The figure below shows a servo motor.
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Figure 4: Image of a standard servo
Sensors
Sonar
Description:


The LV‑MaxSonar‑EZ1, which are made by Maxbotix, were used.  Figure 3 shows a picture of the ultrasonic ranger. The ranger uses 2.5V – 5.5V to operate and operates using a 42KHz ultrasonic ping. It can detect objects from 0 inches to 254 inches and can range objects from 6 inches to 254 inches. It also provides three interface methods: serial output, analog voltage output, and pulse width output. The interface of choice was the analog voltage output. When connected to the Analog to Digital converter pins on the MAVRIC-II it allowed for an easy interface with little work required in software to read the distances.
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Figure 5: Picture of the LV-MaxSonar-EZ1 Ultrasonic Range Finder
Purpose:


The ultrasonic rangers were the main sensor used in obstacle avoidance. Although bump switches were also sued they were meant to be a “last resort” sensor in case something got by the sonar. The two front sonars were placed at an angle crossing each other in order to maximize the area directly in front of the robot that could be detected.  A third rear facing sonar was used to detect obstacles behind the robot. However, this third sonar is rarely used since most obstacles can be avoided by turning. 
Experiments:


One advantage of using these rangers is that they do a lot of the processing for themselves and the analog voltage just has to be read. As such, very little experiments had to be done on them. The sonar was placed at the distance from the wall I wanted the robot to start turning and the digital value read and used as the trigger value for the turning action. Also, the algorithm used for obstacle avoidance was a simple one. The robot will move forward until it detects an obstacle on either the front left or front right sonar. It then stops and turns away from the object for a predetermined time and checks the sonar again. This simple algorithm allows for a more random movement since the angle of turn is not always the same due to slippage at the wheels.

Bump Sensors

Description:
Bump sensors are simple devices that provide conduction between two pins. When the switch is in the up position it will conduct between the common pin and pin 1 and when the pin is in the closed position it will conduct between the common pin and pin 3. By applying 5 volts to pin 3 and ground to pin 1 we can make it so that a high voltage indicates the switch has been triggered.
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Figure 6: Picture of the bump switches.
Purpose:
The purpose of the bump sensors is to indicate to the robot that it has encountered an obstacle that it did not detect using the sonar. This will help prevent the robot from becoming stuck which can be detrimental to the robots motors. 
Analysis:


Four bump switches were used, two in the front and two in the back. The use of four switches allowed for an accurate picture of which side of the robot hit the object so that the robot could react appropriately.
Infrared
Description:

There are two sets of infrared sensors on Jerry. The first is an infrared emitter / detector pair that comes in a single package. This package is called the close range IR. The circuit is connected as shown the following schematic and a picture is given below. The output from the circuit is an analog voltage that is related to the reflectivity of the surface.
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Figure 7: Schematic of the Close Range IR circuit

[image: image9.jpg]



Figure 8: Close Range Infrared emitter / detector used to find "food".
The second set of infrared sensors consists of infrared LEDs that emit at 36.7 KHz and an infrared detector that can detect infrared at 56 KHz. 
Purpose:

The close range IR sensor points straight down and is used to detect Jerry’s “food” which are black spots places randomly on the ground. The black spots will not reflect the IR light as well as a reflective surface and a clear distinction in the voltage levels can be seen.
The LEDs that emit at 36.7 KHz allow Tom to detect Jerry while the 56 KHz detector aids in the detection of Tom. The IR detector is mounted on the servo and can look around.
Analysis:


The output from the close range IR is connected to the analog to digital converter and read in as a digital value. Simple experiments were done by placing the sensor over a black spot and reading the digital value and then placing it over a white area and reading the value. It was seen that the digital value obtained for the black spot was very high (a value of 900 and above) while the value over the white area was very low.

Generation of the 36.7 KHz signal to the LEDs was done using the Clear on Compare match mode of Timer 2. There was no prescaler for the timer which means that with a clock of 14.7456 MHz the timer counts every 67.81 nanoseconds. In order to generate a 36.7 KHz signal with a 50% duty cycle the signal needs to toggle every 13.62 microseconds. Therefore, the compare value needs to be set at 200. The IR detector signal line goes low whenever an appropriate signal is detected. However, the implementation of this sensor was never completed.
Wireless Communication

Description:


We used a transmitter and receiver pair to communicate between the robots. Each transmitter and receiver pair worked on different frequencies in order to minimize interference. The following figure shows the wireless module used. The larger device is the receiver and the other in the transmitter.
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Figure 9: Picture of the Wireless Module used for inter-robot communication.
Purpose:


Use of the wireless communication link allowed for the easy interaction between the two robots. One of the main issues we had to deal with is interference between our sensors. Each robot used sonar and infrared and although they worked slightly differently we were unsure if they could function correctly together. By using the wireless link we could help lessen any issues that may have arisen since we could synchronize the robots such that only one robot was using its sensors at a time. Luckily, we did not have any issues with interference. 
Analysis:

The transmitter and receiver on each robot worked on different frequencies with the corresponding component placed on the other robot. For example, the 434 MHZ transmitter was placed on Jerry while the 434 MHz receiver was placed on Tom. By using two different frequencies we were able to minimize the effects of interference. The wireless modules were somewhat difficult to use since they did not have any built in error correction or synchronization and this had to be done in software. In order to get them to work we had to constantly transmit a “lock on” code of 0xAA. Then we were ready to transmit some data we would send a preamble of 0xFF and then the byte long data. By doing this we were able to get fairly good, error resistance communication between the robots. Each robot only transmitted a single byte which represented its state. In this way each robot always knew what the other was doing and could react appropriately. The wireless modules were interfaced to the microprocessor using UART. 
Behaviors


Jerry exhibits four behaviors. The first is the wandering behavior in which he will move around and avoid obstacles. During this behavior he will use the close range IR sensor to determine if the area in front of him is a grazing area or not. When in the wandering behavior he turns his servo frequently from left to center to right and back to center trying to scan for Tom. If he finds food he will move into the grazing behavior. During this time he will scan for Tom less frequently. After a preset time he will move back into the wandering behavior. If at any time Tom is detected Jerry will move into the running away behavior. In this behavior he will try to frequently turn to escape Tom. He will also use his obstacle avoidance to avoid obstacles. Finally, if he is caught by Tom he will move into the “game over” or caught behavior where he will initially speed up momentarily (a spasm type action) and then stop moving. Each behavior will be shown in the LCD. 

The approach taken with the coding of the behaviors is that each behavior is divided into a number of actions. Each action can be executed until either some external stimulus causes it to change or a preset length of time has occurred. For example, in the wandering behavior the default action is for Jerry to continuously move forward. When he detects on object on either of his front sonar he will move into the avoid object action in which he will turn for a preset time and then move back into the default action. If during the avoid object action another even occurs such as the triggering of a bump switch then that action will replace the previously action that was being executed. In some behaviors the actions are very similar with only the length of time each action is performed being changed. For example, the running and wandering behaviors are very similar except that in the running behavior when an object is detected Jerry should turn for a shorter time than in the wandering behavior. Finally there are some external stimulus that will cause Jerry to switch behaviors and not just actions. This is also dependent on the current behavior he is in. 
Experimental Layout and Results


There were a limited number of experiments conducted while developing this robot. The experiments were conducted using the sensors to determine the trigger values (if the value that is read from the sensor is above or maybe below this value, a change in action or behavior is triggered). The experiments were conducted by placing the sensor in the desired position that should cause an event to trigger and then in a position that should not. If the two values were consistently different then they were used to find a trigger value which may be the average of the two or maybe the larger or lower of the two values. In all the experiments conducted it was found that the sensors gave distinct difference between the trigger position and the non trigger position. Since the behavior of the robot was simple without much need for intermediate values further experimentation was not needed. The results of the experiments are given below.
	Close Range IR 
	ADC output value on black area > 900
	ADC output value on white area < 100
	Trigger Values > 900

	Sonar
	ADC output value with distance <= 9 inches = 7
	ADC output value with distance > 9 inches = 15
	Trigger Values < 10


Figure 10: Table showing a simple overview of the experiment results.
Conclusion


The project was a success. Although a few things were not completed due to time constraints overall both robots worked nicely. We were able to get the two robots to detect each other and Tom was able to successfully catch Jerry on numerous occasions. The object avoidance works well and very rarely does the robot hit an object. The main issue comes from when the robot is almost parallel to a wall it does not detect it. Better placement of the sonar or the use of more sonar will help alleviate this problem. I am proud of the mobile platform as it is fairly sturdy although it is made of wood. Also, it was my first attempt at building such a platform. One of the main limitations with the project is that we rely on the wireless link to transmit our state. I would prefer if we did not have to do this and could rely on other sensors. However, one major issue with running multiple robots comes from the fact that sensors may interfere. Also, although the IR worked well it was difficult to get to work right, it is unreliable and can give false positives. A better way to implement the detection of each robot should be devised. A digital camera could be used but we did not have the time nor the resources to pursue that direction. 

One caveat about using the analog to digital converter is that when switching channels it may be a good idea to always do the conversion twice and throw away the first reading. During my experiments I found that when I switched between the close range IR sensor and the sonar or vice versa I would get a reading outside the range of values I was checking for. I suspect the problem occurs because the values are very far apart and it takes the ADC some time to stabilize to the correct value. 

If I were to start the project over I would try to spend more time early on getting the platform made and getting basic functionality done. This may have saved me a couple nights with more sleep.
Documentation

Atmel ATMega128 Documentation

http://www.atmel.com/dyn/resources/prod_documents/doc2467.pdf
BDMICRO

http://www.bdmicro.com/
MAXBOTIX

http://www.maxbotix.com/uploads/LV-MaxSonar-EZ1-Datasheet.pdf

Appendices

Header Files

“adc.h”

#ifndef ADC_H

#define ADC_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

#define CLOSE_IR_FRONT

0

#define SONAR_FRONT_RIGHT
1

#define SONAR_FRONT_LEFT
2

#define SONAR_BACK


3

void adcStart();

void adcStop();

int adcGetSonarFrontLeftValue();

int adcGetSonarFrontRightValue();

int adcGetSonarBackValue();

int adcGetCloseIrFrontValue();

void clearCloseRangeIr();

#endif

// ADC_H
“bumpers.h”

#ifndef BUMPERS_H

#define
BUMPERS_H

ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

#define
BUMPERS_PORT



PINC

#define
BUMPERS_PORT_DIR


DDRC

#define
BUMPERS_PORT_PULL_UP

PORTC

#define BUMPER_FRONT_LEFT
0

// ok

#define
BUMPER_FRONT_RIGHT
1

// ok

#define
BUMPER_BACK_LEFT
2

// ok

#define
BUMPER_BACK_RIGHT
3

// ok

#define BUMPERS_NO_HIT_STATE


0

#define BUMPERS_FRONT_HIT_STATE


1

#define BUMPERS_FRONT_LEFT_HIT_STATE
2

#define BUMPERS_FRONT_RIGHT_HIT_STATE
3

#define BUMPERS_BACK_HIT_STATE


4

#define BUMPERS_BACK_LEFT_HIT_STATE

5

#define BUMPERS_BACK_RIGHT_HIT_STATE
6

void bumpersInit(void);

int bumpersGetState(void);

char bumperFrontBumped(void);

char bumperBackBumped(void);

char bumperFrontLeftBumped(void);

char bumperFrontRightBumped(void);

char bumperBackLeftBumped(void);

char bumperBackRightBumped(void);

#endif // BUMPERS_H
“grazing.h”

#ifndef GRAZING_H

#define GRAZING_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

void behaviorGrazingInit();

void executeBehaviorGrazing(void);

#endif

// WANDERING_H
“jerry.h”

#ifndef JERRY_H

#define JERRY_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

#define
PWR_LED
0

// Power LED is on bit 0 of port B

#define
BEHAVIOR_WANDERING
1

#define
BEHAVIOR_GRAZING
2

#define
BEHAVIOR_ESCAPING
3

void behaviorSet(unsigned int value);

#endif
// JERRY_H
“lcd.h”

#ifndef LCD_H

#define
LCD_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

#define LCD_PORT

PORTA

#define
LCD_PORT_DIR
DDRA

#define
RS



0

#define
RW



1

#define
ENABLE


2

#define
DB4



3

#define
DB5



4

#define
DB6



5

#define
DB7



6

void lcdInit(void);

void lcdClear(void);

void lcdPrint(char *string);

void lcdNextRow(void);

void lcdWriteCommand(unsigned char value);

#endif // LCD_H
“motors.h”

#ifndef MOTORS_H

#define
MOTORS_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

#define
MOTOR_PORT


PORTB

#define
MOTOR_PORT_DIR

DDRB

#define
MOTOR_LEFT_IN1

1

#define
MOTOR_LEFT_IN2

2

#define
MOTOR_RIGHT_IN1

3

#define
MOTOR_RIGHT_IN2

4

#define
MOVE_STATE_STOPPED

0b00011110
//0xF0

// Stopped = 0b1111 XXXX on the MOTOR PORT

#define
MOVE_STATE_FORWARD

0b00010010
//0x90

// Forward = 0b1001 XXXX on the MOTOR PORT

#define
MOVE_STATE_BACKWARD

0b00001100
//0x60

// 0b0110 XXXX


#define
MOVE_STATE_TURN_RIGHT
0b00001010
//0x50

// 0b0101 XXXX

#define
MOVE_STATE_TURN_LEFT
0b00010100
//0xA0

// 0b1010 XXXX

void motorsInit(void);

void setMoveState(char val);

void checkMotorStatus(void);

void motorSetSpeed(unsigned int val);

void motorClear();

#endif // MOTORS_H
“running.h”

#ifndef RUNNING_H

#define RUNNING_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

void behaviorRunningInit();

void executeBehaviorRunning(void);

#endif

// RUNNING_H
“servo.h”

#ifndef SERVO_H

#define SERVO_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

#define
SERVO_PORT



PORTG

#define SERVO_PORT_DIR


DDRG

#define
SERVO_BIT



2

#define
SERVO_LEFT_STATE

1000

#define
SERVO_CENTER_STATE

2500

#define
SERVO_RIGHT_STATE

4000

void servoInit(void);

void checkServoStatus(void);

void servoSetState(int value);

#endif

// SERVO_H
“wandering.h”

#ifndef WANDERING_H

#define WANDERING_H

#ifndef false

#define
false
0

#endif

#ifndef true

#define true
1

#endif

void behaviorWanderingInit();

void executeBehaviorWandering(void);

#endif

// WANDERING_H
Source Files

“adc.c”

#include <avr\io.h>

#include <util\delay.h>

#include <avr\interrupt.h>

#include "adc.h"

#include "lcd.h"

#include "rs232.h"

#include "motors.h"

static int currentAdc = 0;

static char firstRun = false;

static unsigned int adcCloseIrFrontValue, adcSonarFrontLeftValue, adcSonarFrontRightValue, adcSonarBackValue;

void adcStart()

{


firstRun = true;


currentAdc = 0;


DDRG |= 0x07;
// Set Pins2:0 as output


_delay_ms(250);
// Wait for 250ms for the sonar to power up


PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Turn off all three sonars


PORTG |= (1 << 0);
// Start first sonar


_delay_ms(1);


PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Turn off all three sonars


_delay_ms(50);
// Wait for calibration and first reading to end


PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Turn off all three sonars


PORTG |= (1 << 1);
// Start 2nd sonar


_delay_ms(1);


PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Turn off all three sonars


_delay_ms(50);
// Wait for calibration and first reading to end


PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Turn off all three sonars


PORTG |= (1 << 2);
// Start 2nd sonar


_delay_ms(1);


PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Turn off all three sonars


_delay_ms(100);
// Wait for calibration and first reading to end

DDRF &= ~( (1 << CLOSE_IR_FRONT) | (1 << SONAR_FRONT_LEFT) | (1 << SONAR_FRONT_RIGHT) | (1 << SONAR_BACK));
// Set Pin 0 as Input


ADMUX |= (1 << REFS0);
// Use 5V Reference with PORTF0


ADCSRA = 0x00;


ADCSRA |= (1 << ADEN) | (1 << ADIE);
// Enable A2D Conversion and enable AD Interrupt


TCNT1 = 0;



// Reset Timer 1


TCCR1A = 0x00;


// Setup Timer 1


TIMSK |= (1 << OCIE1A);
// Enable Timer1 Compare Match A Interrupt.


// Run Timer 1 in CTC Mode with a prescaler of 8


TCCR1B = 0x00;





TCCR1B |= (1 << WGM12) | (1 << CS11);


OCR1A = 46080;


// Set TOP of Timer 1 to interrupt after 50ms


sei();

}

void adcStop()

{


// Stop Timer 1


TCCR1B = 0x00;


TCNT1 = 0;

}

ISR(TIMER1_COMPA_vect)

{


int temp;


TCCR1B = 0x00;



// Stop Timer 1


// Get ADC Value


temp = ADMUX & 0xE0;


temp |= currentAdc;


ADMUX = temp;



// Set the channel we want to run the adc on


ADCSRA |= (1 << ADSC);

// Start the conversion

}

ISR(ADC_vect)

{


int temp;


unsigned int value = 0;


value = ADC;


// Ignore the first A2D conversion


if (firstRun)


{



firstRun = false;



ADCSRA |= (1 << ADSC);

// Restart the conversion


}


else


{



firstRun = true;



switch (currentAdc)



{




case CLOSE_IR_FRONT:





adcCloseIrFrontValue = value;





break;




case SONAR_FRONT_RIGHT:





adcSonarFrontRightValue = value;





break;




case SONAR_FRONT_LEFT:





adcSonarFrontLeftValue = value;





break;




case SONAR_BACK:





adcSonarBackValue = value;





break;



}



// Start next sonar



currentAdc = (currentAdc + 1) % 4; // Get next adc



// if next adc is not the close range ir sensor



// start the next sonar



if (currentAdc != 0)



{




temp = PORTG & 0xF8;




temp |= (1 << (currentAdc - 1));




PORTG = temp;

// Start next sonar




_delay_ms(1);




PORTG &= ~((1 << 0) | (1 << 1) | (1 << 2));
// Make sure all three sonar are off



}



TCNT1 = 0;



// Reset Timer 1



TCCR1B |= (1 << WGM12) | (1 << CS11);



}

}

int adcGetSonarFrontLeftValue()

{


return adcSonarFrontLeftValue;

}

int adcGetSonarFrontRightValue()

{


return adcSonarFrontRightValue;

}

int adcGetSonarBackValue()

{


return adcSonarBackValue;

}

int adcGetCloseIrFrontValue()

{


return adcCloseIrFrontValue;

}

void clearCloseRangeIr()

{


adcCloseIrFrontValue = 0;

}
“behaviors.c”

#include <avr/io.h>

#include <avr/interrupt.h>

#include "lcd.h"

#include "motors.h"

#include "bumpers.h"

#include "behaviors.h"

#include "wandering.h"

static unsigned int currentBehavior;

void behaviorSet(int value)

{


currentBehavior = value;

}

unsigned int behaviorGet(void)

{


return currentBehavior;

}
“bumpers.c”
#define DEBOUNCE_TIME
1
// ms

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "bumpers.h"

#include "rs232.h"

void bumpersInit(void)

{


// Set bumper port pins as input


BUMPERS_PORT_DIR &= ~((1 << BUMPER_FRONT_LEFT) | (1 << BUMPER_FRONT_RIGHT) | (1 << BUMPER_BACK_LEFT) | (1 << BUMPER_BACK_RIGHT));


// Turn on pull_up resistors for bumper port


BUMPERS_PORT_PULL_UP |= (1 << BUMPER_FRONT_LEFT) | (1 << BUMPER_FRONT_RIGHT) | (1 << BUMPER_BACK_LEFT) | (1 << BUMPER_BACK_RIGHT);

}

char bumperFrontBumped(void)

{


return (bumperFrontLeftBumped() || bumperFrontRightBumped());

}

char bumperBackBumped(void)

{


return (bumperBackLeftBumped() || bumperBackRightBumped());

}

char bumperFrontLeftBumped(void)

{


if (BUMPERS_PORT & (1 << BUMPER_FRONT_LEFT))


{



_delay_ms(DEBOUNCE_TIME);



if (BUMPERS_PORT & (1 << BUMPER_FRONT_LEFT))



{




return true;



}


}


return false;

}

char bumperFrontRightBumped(void)

{


if (BUMPERS_PORT & (1 << BUMPER_FRONT_RIGHT))


{



_delay_ms(DEBOUNCE_TIME);



if (BUMPERS_PORT & (1 << BUMPER_FRONT_RIGHT))



{




return true;



}


}


return false;

}

char bumperBackLeftBumped(void)

{


if (BUMPERS_PORT & (1 << BUMPER_BACK_LEFT))


{



_delay_ms(DEBOUNCE_TIME);



if (BUMPERS_PORT & (1 << BUMPER_BACK_LEFT))



{




return true;



}


}


return false;

}

char bumperBackRightBumped(void)

{


if (BUMPERS_PORT & (1 << BUMPER_BACK_RIGHT))


{



_delay_ms(DEBOUNCE_TIME);



if (BUMPERS_PORT & (1 << BUMPER_BACK_RIGHT))



{




return true;



}


}


return false;

}

int bumpersGetState(void)

{


if (bumperFrontRightBumped())


{



if (bumperFrontLeftBumped())



{




return BUMPERS_FRONT_HIT_STATE;



}



else



{




return BUMPERS_FRONT_RIGHT_HIT_STATE;



}


}


else if (bumperFrontLeftBumped())


{



return BUMPERS_FRONT_LEFT_HIT_STATE;


}


if (bumperBackRightBumped())


{



if (bumperBackLeftBumped())



{




return BUMPERS_BACK_HIT_STATE;



}



else



{




return BUMPERS_BACK_RIGHT_HIT_STATE;



}


}


else if (bumperBackLeftBumped())


{



return BUMPERS_BACK_LEFT_HIT_STATE;


}


return BUMPERS_NO_HIT_STATE;

}
“grazing.c”
#define
BEHAVIOR_GRAZING_SERVO_HOLD_TIMEOUT
60000

#define CLOSE_IR_TRIGGER




900

#define SONAR_CLOSE_RANGE_TRIGGER


10

#define
SONAR_MID_RANGE_TRIGGER



20

#define
SONAR_FAR_RANGE_TRIGGER



40

#define
ACTION_GRAZING




1

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "jerry.h"

#include "motors.h"

#include "bumpers.h"

#include "adc.h"

#include "servo.h"

#include "lcd.h"

#include "grazing.h"

void executeActionGrazing();

static unsigned int behaviorGrazingCurrentAction = ACTION_GRAZING;

static unsigned int behaviorGrazingActionTimer = 0;

static unsigned int behaviorGrazingServoTimer1 = 0;

static unsigned int behaviorGrazingServoTimer2 = 0;

static unsigned int behaviorGrazingGrazeTimer1 = 0;

static unsigned int behaviorGrazingGrazeTimer2 = 0;

void behaviorGrazingInit()

{


// Turn on LED 7


// Turn off LED 6 and 5


PORTD |= (1 << 6);


PORTD &= ~((1 << 7) | (1 << 5));


setMoveState(MOVE_STATE_STOPPED);


lcdWriteCommand(0xC0);


lcdPrint("J: Grazing          ");


behaviorGrazingCurrentAction = ACTION_GRAZING;



behaviorGrazingActionTimer = 1;


behaviorGrazingServoTimer1 = 0;


behaviorGrazingServoTimer2 = 0;


behaviorGrazingGrazeTimer1 = 0;


behaviorGrazingGrazeTimer2 = 0;

}

void executeBehaviorGrazing( void )

{


switch (behaviorGrazingCurrentAction)


{



case ACTION_GRAZING:




executeActionGrazing();




break;


}


if (behaviorGrazingServoTimer1 == BEHAVIOR_GRAZING_SERVO_HOLD_TIMEOUT)


{



behaviorGrazingServoTimer1 = 0;



behaviorGrazingServoTimer2 = (behaviorGrazingServoTimer2 + 1) % 12;



switch (behaviorGrazingServoTimer2)



{




case 0:




case 1:




case 2:





servoSetState(SERVO_CENTER_STATE);





break;




case 3:




case 4:




case 5:





servoSetState(SERVO_LEFT_STATE);





break;




case 6:




case 7:




case 8:





servoSetState(SERVO_CENTER_STATE);





break;





case 9:




case 10:




case 11:





servoSetState(SERVO_RIGHT_STATE);





break;



}


}


behaviorGrazingActionTimer++;


behaviorGrazingServoTimer1++;

}

void executeActionGrazing()

{


if (behaviorGrazingActionTimer == 1)


{



setMoveState(MOVE_STATE_STOPPED);


}


behaviorGrazingGrazeTimer1++;


if (behaviorGrazingGrazeTimer1 == 10000)


{



behaviorGrazingGrazeTimer2++;



if (behaviorGrazingGrazeTimer2 == 100)



{




clearCloseRangeIr();




behaviorSet(BEHAVIOR_WANDERING);




while (adcGetCloseIrFrontValue() > 900);




return;



}



behaviorGrazingGrazeTimer1 = 0;


}

}

“jerry.c”
#define
RF_BAUD_RATE
2400

#define
RF_LOCK_CODE
0xAA //0b01101001

#define
RF_PREAMBLE

0xFF

#define RF_TX_TIMEOUT
100

#define
TOM_STATE_UNKNOWN


0x00

#define
TOM_STATE_END_OF_GAME

0x99

#define TOM_STATE_DETECTED_JERRY
0x66

#define TOM_STATE_SEARCHING


0xA5

#define
JERRY_STATE_WANDERING

0x59

#define
JERRY_STATE_GRAZING


0x65

#define
JERRY_STATE_RUNNING


0x6A

#define
JERRY_STATE_END_OF_GAME

0xA6

#define
BEHAVIOR_WANDERING


1

#define
BEHAVIOR_GRAZING


2

#define
BEHAVIOR_RUNNING


3

#define
BEHAVIOR_END_GAME


9

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "jerry.h"

#include "lcd.h"

#include "motors.h"

#include "bumpers.h"

#include "servo.h"

#include "adc.h"

#include "wandering.h"

#include "grazing.h"

#include "running.h"

void irLedInit();

void rfLinkInit();

void irDetectorInit();

static unsigned char received[3];

static unsigned char tomState = TOM_STATE_UNKNOWN;

static unsigned char jerryState;

static unsigned int txCounter = 0;

static unsigned char txSendState = false;

static unsigned int currentBehavior;

void jerryInit(void)

{


DDRB |= (1 << PWR_LED);

// Set Power Led pin as output


PORTB |= (1 << PWR_LED);

// Turn on Power Led


lcdInit();


rfLinkInit();


irLedInit();


bumpersInit();


servoInit();


motorsInit();


adcStart();


// Init Status LEDs


DDRD |= (1 << 7) | (1 << 6) | (1 << 5);


lcdPrint("Jerry v2.0");


_delay_ms(1000);


// Go to the next line


lcdWriteCommand(0x02);


lcdPrint("T: Unknown          ");

}

int main()

{


unsigned int i;


unsigned int ledOn = false;


jerryInit();


motorSetSpeed(30000);


behaviorSet(BEHAVIOR_WANDERING);


while(1)


{



switch (currentBehavior)



{




case BEHAVIOR_WANDERING:





executeBehaviorWandering();





break;




case BEHAVIOR_GRAZING:





executeBehaviorGrazing();





break;




case BEHAVIOR_RUNNING:





executeBehaviorRunning();





break;




case BEHAVIOR_END_GAME:





while (1)





{






setMoveState(MOVE_STATE_STOPPED);






servoSetState(SERVO_CENTER_STATE);






if ((i == 60000) && (ledOn == false))






{







PORTD |= (1 << 7) | (1 << 6) | (1 << 5);







ledOn = true;







i = 0;






}






else if (ledOn == true)






{







PORTD |= (1 << 7) | (1 << 6) | (1 << 5);







ledOn = false;







i = 0;






}





}



}



if (tomState == TOM_STATE_DETECTED_JERRY)



{




behaviorSet(BEHAVIOR_RUNNING);



}



if (tomState == TOM_STATE_END_OF_GAME)



{




behaviorSet(BEHAVIOR_END_GAME);



}


}


return 0;

}

ISR(TIMER3_OVF_vect)

{


TCNT3 = 0;


checkMotorStatus();


checkServoStatus();

}

ISR(TIMER3_COMPB_vect)

{


motorClear();

}

void irLedInit()

{


// Set OCR0 Pin as output


DDRB |= (1 << 7);


OCR2 = 200;


TCNT2 = 0;


// initialize Timer 0 with compare match CTC, toggle OCR0 on compare match and no prescaling


TCCR2 = (1 << WGM21) | (1 << COM20) | (1 <<CS20);

}

void rfLinkInit()

{


int baud;


baud = (int)((long)F_CPU / (16 * (long)RF_BAUD_RATE)) - 1;


UBRR0H = (unsigned char)(baud >> 8);


UBRR0L = (unsigned char)(baud);


// Enable Transmit and Receive


UCSR0B = (1 << RXEN0) | (1 << TXEN0) | (1 << RXCIE0) | (1 << UDRIE0);


// Set 8 bit, no parity, 1 stop bit


UCSR0C = (1 << UCSZ01) | (1 << UCSZ00);


txCounter = 0;

}

ISR(USART0_RX_vect) 

{


received[2] = received[1];


received[1] = received[0];


received[0] = UDR0;


// If we have received something that is not the lock on code or the preamble


// we assume it must be a transmission from Tom

//
if ((received != RF_LOCK_CODE) && (received != RF_PREAMBLE))


if ((received[1] != RF_LOCK_CODE) && (received[2] == RF_LOCK_CODE))


{



if (received[0] != tomState)



{




tomState = received[0];




switch (tomState)




{





case TOM_STATE_SEARCHING:






lcdWriteCommand(0x02);






lcdPrint("T: Searching        ");






break;





case TOM_STATE_DETECTED_JERRY:






lcdWriteCommand(0x02);






lcdPrint("T: Detected         ");






break;





case TOM_STATE_END_OF_GAME:






lcdWriteCommand(0x02);






lcdPrint("T: Success          ");






break;




}



}


}

}

//data register is empty, fill it will data

ISR(USART0_UDRE_vect) 

{


// If the Timeout has occurred send Jerry's state


if (txCounter++ == RF_TX_TIMEOUT)


{



// First send the preamble



txCounter = 0;



txSendState = true;



UDR0 = RF_PREAMBLE;


}


else if (txSendState)


{



// Send the actual state



txSendState = false;



UDR0 = jerryState;


}


else


{



// Send the lock on code



UDR0 = RF_LOCK_CODE;


}



}

void behaviorSet(unsigned int value)

{


// If the current behavior is already the desired behvavior then


// ignore request to change behvaiors


if (value != currentBehavior)


{



currentBehavior = value;



switch (currentBehavior)



{




case BEHAVIOR_WANDERING:





jerryState = JERRY_STATE_WANDERING;





behaviorWanderingInit();





break;




case BEHAVIOR_GRAZING:





jerryState = JERRY_STATE_GRAZING;





behaviorGrazingInit();





break;




case BEHAVIOR_RUNNING:





jerryState = JERRY_STATE_RUNNING;





behaviorRunningInit();





break;




case BEHAVIOR_END_GAME:





lcdWriteCommand(0xC0);





lcdPrint("J: DEAD        ");





jerryState = JERRY_STATE_END_OF_GAME;





break;



}


}

}

void irDetectorInit()

{


// Set External Interrupt 0 to be falling edge triggered


// If Low level triggered this interrupt will be triggered continuously.


// May or may not be a good thing


EICRA &= ~(1 << ISC01);


EICRA |= (1 << ISC00);//  | (1 << ISC00);


// Enable external interrupt 0


EIMSK = (1 << INT0);


// Enable global interrupts


sei();

}

“lcd.c”
#include <avr/io.h>

#include <util/delay.h>

#include <avr/interrupt.h>

#include "lcd.h"

unsigned int currentRow;

void lcdWriteData(unsigned char value);

void lcdWriteCommand(unsigned char value);

void lcdWriteData(unsigned char value)

{


unsigned char data;


unsigned char nibble;


LCD_PORT_DIR = 0xFF;



// LCD_PORT is all output


data = 0x00;


data |= (1 << RS) | (1 << ENABLE);


nibble = (value & 0xF0);


// get the upper nibble


data |= (nibble >> 1);


LCD_PORT = data;




// send the upper nibble to the lcd


_delay_ms(20);





// Wait for operation to end


data &= ~(1 << ENABLE);



// Turn off enable line


LCD_PORT = data;


data = 0x00;


data |= (1 << RS) | (1 << ENABLE);


nibble = (value << 4);



// get the lower nibble


data |= (nibble >> 1);


LCD_PORT = data;




// send the upper nibble to the lcd


_delay_ms(20);





// Wait for operation to end


data &= ~(1 << ENABLE);



// Turn off enable line


LCD_PORT = data;

}

void lcdWriteCommand(unsigned char value)

{


unsigned char data;


unsigned char nibble;


cli();


LCD_PORT_DIR = 0xFF;



// LCD_PORT is all output


data = 0x00;


data |= (1 << ENABLE);


nibble = (value & 0xF0);


// get the upper nibble


data |= (nibble >> 1);


LCD_PORT = data;




// send the upper nibble to the lcd


_delay_ms(20);





// Wait for operation to end


data &= ~(1 << ENABLE);



// Turn off enable line


LCD_PORT = data;


data = 0x00;


data |= (1 << ENABLE);


nibble = (value << 4);



// get the lower nibble


data |= (nibble >> 1);


LCD_PORT = data;




// send the upper nibble to the lcd


_delay_ms(20);





// Wait for operation to end


data &= ~(1 << ENABLE);



// Turn off enable line


LCD_PORT = data;


sei();

}

void lcdWait(void)

{


unsigned char portDirOrig, portOrig;


// save port settings


portDirOrig = LCD_PORT_DIR;


portOrig = LCD_PORT;


LCD_PORT_DIR &= ~((1 << RS) | (1 << RW) | (1 << ENABLE));
// Write to RS, RW and ENABLE, Read from all other pins


LCD_PORT &= ~(1 << RS);





// clear RS


LCD_PORT |= (1 << RW);





// set RW


LCD_PORT |= (1 << ENABLE);




// set the ENABLE line


while (LCD_PORT & (1 << DB7));



// Wait for busy flag to clear;



// Restore the original settings to the port


LCD_PORT_DIR = portDirOrig;


LCD_PORT = portOrig;

}

void lcdInit(void)

{


lcdWriteCommand(0x33);


lcdWriteCommand(0x32);


lcdWriteCommand(0x28);


lcdWriteCommand(0x0E);


lcdWriteCommand(0x01);


currentRow = 0;

}

void lcdPrint( char* string )

{


int i = 0;


cli();


while (string[i] != 0)


{



lcdWriteData(string[i++]);


}


sei();

}

void lcdClear(void)

{


lcdWriteCommand(0x01);

}

void lcdNextRow(void)

{


switch (++currentRow % LINES)



{



case 0:


  

lcdWriteCommand(0x02);




break;



case 1:


  

lcdWriteCommand(0xC0);




break;


}

}

“motors.c”

#define
MOTOR_SPEED
OCR3B

#define
MOTOR_STATE_STOPPED


0

#define
MOTOR_STATE_CLOCKWISE

1

#define
MOTOR_STATE_ANTICLOCKWISE
2

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "motors.h"

#include "rs232.h"

static char moveState;

void setMotorInput(char input, char val);

void motorsInit(void)

{


// Set motor ports to output


MOTOR_PORT_DIR |= (1 << MOTOR_LEFT_IN1) | (1 << MOTOR_LEFT_IN2) | (1 << MOTOR_RIGHT_IN1) | (1 << MOTOR_RIGHT_IN2);


ETIMSK |= (1 << OCIE3B);
// Turn on Timer 3 channel B output compare match interrupt


MOTOR_SPEED = 10000;


sei();


setMoveState(MOVE_STATE_STOPPED);

}

void motorClear()

{


MOTOR_PORT &= 0b11100001; //0x0F;

// Turn off all the pins used by the motors

}

void checkMotorStatus(void)

{


MOTOR_PORT |= moveState;

}

void setMotorInput(char input, char val)

{


if (val)



MOTOR_PORT |= (1 << input);


else



MOTOR_PORT &= ~(1 << input);

}

void motorSetSpeed(unsigned int val)

{


MOTOR_SPEED = val;

}

void setMoveState(char val)

{


moveState = val;

}
“running.c”
#define
BEHAVIOR_RUNNING_SERVO_HOLD_TIMEOUT


30000

#define CLOSE_IR_TRIGGER




900

#define SONAR_CLOSE_RANGE_TRIGGER


10

#define
SONAR_MID_RANGE_TRIGGER



20

#define
SONAR_FAR_RANGE_TRIGGER



40

#define
ACTION_RUNNING





1

#define
ACTION_AVOID_FRONT_SONAR


2

#define
ACTION_AVOID_LEFT_SONAR



3

#define
ACTION_AVOID_RIGHT_SONAR


4

#define
ACTION_AVOID_BACK_SONAR



5

#define
ACTION_HIT_OBJECT_FRONT_RIGHT

6

#define
ACTION_HIT_OBJECT_FRONT_LEFT

7

#define
ACTION_HIT_OBJECT_BACK_RIGHT

8

#define
ACTION_HIT_OBJECT_BACK_LEFT


9

#define
ACTION_CAUGHT_OBJECT_BACK_RIGHT

10

#define
ACTION_CAUGHT_OBJECT_BACK_LEFT

11

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "jerry.h"

#include "motors.h"

#include "bumpers.h"

#include "adc.h"

#include "servo.h"

#include "lcd.h"

#include "running.h"

void behaviorRunningExecuteActionRunning();

void behaviorRunningExecuteActionHitObjectFrontLeft();

void behaviorRunningExecuteActionHitObjectFrontRight();

void behaviorRunningExecuteActionAvoidLeftSonar();

void behaviorRunningExecuteActionAvoidRightSonar();

void behaviorRunningExecuteActionCaughtObjectBackLeft();

void behaviorRunningExecuteActionCaughtObjectBackRight();

static unsigned int behaviorRunningCurrentAction = ACTION_RUNNING;

static unsigned int behaviorRunningActionTimer = 0;

static unsigned int behaviorRunningServoTimer1 = 0;

static unsigned int behaviorRunningServoTimer2 = 0;

void behaviorRunningInit()

{


// Turn on LED 7


// Turn off LED 6 and 5


PORTD |= (1 << 5);


PORTD &= ~((1 << 6) | (1 << 7));


lcdWriteCommand(0xC0);


lcdPrint("J: Running          ");


behaviorRunningCurrentAction = ACTION_RUNNING;


behaviorRunningActionTimer = 1;


behaviorRunningServoTimer1 = 0;


behaviorRunningServoTimer2 = 0;

}

void executeBehaviorRunning( void )

{


// Running Behavior


switch (behaviorRunningCurrentAction)


{



case ACTION_RUNNING:




behaviorRunningExecuteActionRunning();




break;



case ACTION_AVOID_LEFT_SONAR:




behaviorRunningExecuteActionAvoidLeftSonar();




break;



case ACTION_AVOID_RIGHT_SONAR:




behaviorRunningExecuteActionAvoidRightSonar();




break;



case ACTION_HIT_OBJECT_FRONT_LEFT:




behaviorRunningExecuteActionHitObjectFrontLeft();




break;



case ACTION_HIT_OBJECT_FRONT_RIGHT:




behaviorRunningExecuteActionHitObjectFrontRight();




break;



case ACTION_CAUGHT_OBJECT_BACK_LEFT:




behaviorRunningExecuteActionCaughtObjectBackLeft();




break;



case ACTION_CAUGHT_OBJECT_BACK_RIGHT:




behaviorRunningExecuteActionCaughtObjectBackRight();




break;


}


behaviorRunningActionTimer++;

}

void behaviorRunningExecuteActionRunning()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_FORWARD);

 
}


else if (behaviorRunningActionTimer == 20000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorRunningActionTimer == 35000)


{



setMoveState(MOVE_STATE_FORWARD);


}


else if (behaviorRunningActionTimer == 55000)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (behaviorRunningActionTimer == 60000)


{



behaviorRunningActionTimer = 0;


}


if ((adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER) && (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER))


{



behaviorRunningCurrentAction = ACTION_AVOID_FRONT_SONAR;



behaviorRunningActionTimer = 0;


}


else if (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_RIGHT_SONAR;



behaviorRunningActionTimer = 0;


}


else if (adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_LEFT_SONAR;



behaviorRunningActionTimer = 0;


}


if (bumperFrontLeftBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionAvoidFrontSonar()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorRunningActionTimer == 40000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorRunningActionTimer == 45000)


{



behaviorRunningCurrentAction = ACTION_RUNNING;


}


if (bumperFrontLeftBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionAvoidLeftSonar()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (adcGetSonarFrontLeftValue() > SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_RUNNING;


}


if (bumperFrontLeftBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionAvoidRightSonar()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (adcGetSonarFrontRightValue() > SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_RUNNING;


}


if (bumperFrontLeftBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorRunningCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionHitObjectFrontLeft()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorRunningActionTimer == 40000)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (behaviorRunningActionTimer == 55000)


{



behaviorRunningCurrentAction = ACTION_RUNNING;



behaviorRunningActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionHitObjectFrontRight()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorRunningActionTimer == 40000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorRunningActionTimer == 55000)


{



behaviorRunningCurrentAction = ACTION_RUNNING;



behaviorRunningActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionCaughtObjectBackLeft()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorRunningActionTimer == 40000)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (behaviorRunningActionTimer == 55000)


{



behaviorRunningCurrentAction = ACTION_RUNNING;



behaviorRunningActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionCaughtObjectBackRight()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorRunningActionTimer == 40000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorRunningActionTimer == 55000)


{



behaviorRunningCurrentAction = ACTION_RUNNING;



behaviorRunningActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorRunningActionTimer = 0;


}

}

void behaviorRunningExecuteActionAvoidBackSonar()

{


if (behaviorRunningActionTimer == 1)


{



setMoveState(MOVE_STATE_FORWARD);


}


else if (behaviorRunningActionTimer == 20000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorRunningActionTimer == 30000)


{



behaviorRunningCurrentAction = ACTION_RUNNING;



behaviorRunningActionTimer = 0;


}


if ((adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER) && (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER))


{



behaviorRunningCurrentAction = ACTION_AVOID_FRONT_SONAR;



behaviorRunningActionTimer = 0;


}


else if (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_RIGHT_SONAR;



behaviorRunningActionTimer = 0;


}


else if (adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorRunningCurrentAction = ACTION_AVOID_LEFT_SONAR;



behaviorRunningActionTimer = 0;


}


if (bumperFrontLeftBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorRunningActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorRunningCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorRunningActionTimer = 0;


}

}
“servo.c”

#define SERVO1   


OCR3A

#define
SERVO_HOLD_TIME

50000

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "servo.h"

#include "rs232.h"

void checkServoStatus(void)

{

//
TCNT3   = 0;


TCCR3A |= (1 << COM3A1) | (1 << COM3A0);

// Set OC3A pin (PORTE3) High on compare match


TCCR3C |= (1 << FOC3A);






// Force output compare for channel A


TCCR3A &= ~(1 << COM3A0);





// Clear OC3A pin on compare match

}

void servoInit(void)

{


// Use Timer 3 to generate the pulse for servo


DDRE   |= (1 << PORTE3);

// Set PORTE3 as output


TCCR3A &= ~( (1 << WGM31) | (1 << WGM30) | (1 << COM3A1) ) ;


TCCR3A |= (1 << COM3A0); 
// Set Output compare pin to toggle


TCCR3B &= ~( (1 << WGM33) | (1 << WGM32) | (1 << CS32) | (1 << CS30) );


TCCR3B |= (1 << CS31);

// Divide clock by 8


TCCR3C |= (1 << FOC3A);
// Turn on output pin


TCNT3   = 0;



// Set Timer 3 = 0


ETIMSK |= (1 << TOIE3);
// Enable Timer 3 Overflow Interrupt


// set all servos to their center positions


SERVO1 = SERVO_CENTER_STATE;


sei();

}

void servoSetState(int value)

{


//
servoState = value;


SERVO1 = value;

}
“wandering.c”
#define
SERVO_HOLD_TIMEOUT




30000

#define CLOSE_IR_TRIGGER




900

#define SONAR_CLOSE_RANGE_TRIGGER


16

#define
SONAR_MID_RANGE_TRIGGER



40

#define
SONAR_FAR_RANGE_TRIGGER



60

#define
ACTION_WANDERING




1

#define
ACTION_AVOID_FRONT_SONAR


2

#define
ACTION_AVOID_LEFT_SONAR



3

#define
ACTION_AVOID_RIGHT_SONAR


4

#define
ACTION_AVOID_BACK_SONAR



5

#define
ACTION_HIT_OBJECT_FRONT_RIGHT

6

#define
ACTION_HIT_OBJECT_FRONT_LEFT

7

#define
ACTION_HIT_OBJECT_BACK_RIGHT

8

#define
ACTION_HIT_OBJECT_BACK_LEFT


9

#define
ACTION_CAUGHT_OBJECT_BACK_RIGHT

10

#define
ACTION_CAUGHT_OBJECT_BACK_LEFT

11

#include <avr\io.h>

#include <avr\interrupt.h>

#include <util\delay.h>

#include "jerry.h"

#include "motors.h"

#include "bumpers.h"

#include "adc.h"

#include "servo.h"

#include "lcd.h"

#include "wandering.h"

void executeActionHitObjectFrontLeft();

void executeActionHitObjectFrontRight();

void executeActionWandering();

void executeActionAvoidLeftSonar();

void executeActionAvoidRightSonar();

void executeActionCaughtObjectBackLeft();

void executeActionCaughtObjectBackRight();

static unsigned int behaviorWanderingCurrentAction = ACTION_WANDERING;

static unsigned int behaviorWanderingActionTimer = 0;

static unsigned int behaviorWanderingServoTimer1 = 0;

static unsigned int behaviorWanderingServoTimer2 = 0;

void behaviorWanderingInit()

{


// Turn on LED 7


// Turn off LED 6 and 5


PORTD |= (1 << 7);


PORTD &= ~((1 << 6) | (1 << 5));


lcdWriteCommand(0xC0);


lcdPrint("J: Wandering        ");


behaviorWanderingCurrentAction = ACTION_WANDERING;


behaviorWanderingActionTimer = 1;


behaviorWanderingServoTimer1 = 0;


behaviorWanderingServoTimer2 = 0;


setMoveState(MOVE_STATE_FORWARD);

}

void executeBehaviorWandering( void )

{


// Wandering Behavior


if (adcGetCloseIrFrontValue() > CLOSE_IR_TRIGGER)


{



behaviorSet(BEHAVIOR_GRAZING);


}


switch (behaviorWanderingCurrentAction)


{



case ACTION_WANDERING:




executeActionWandering();




break;



case ACTION_AVOID_LEFT_SONAR:




executeActionAvoidLeftSonar();




break;



case ACTION_AVOID_RIGHT_SONAR:




executeActionAvoidRightSonar();




break;



case ACTION_HIT_OBJECT_FRONT_LEFT:




executeActionHitObjectFrontLeft();




break;



case ACTION_HIT_OBJECT_FRONT_RIGHT:




executeActionHitObjectFrontRight();




break;



case ACTION_CAUGHT_OBJECT_BACK_LEFT:




executeActionCaughtObjectBackLeft();




break;



case ACTION_CAUGHT_OBJECT_BACK_RIGHT:




executeActionCaughtObjectBackRight();




break;


}


if (behaviorWanderingServoTimer1 == SERVO_HOLD_TIMEOUT)


{



behaviorWanderingServoTimer1 = 0;



behaviorWanderingServoTimer2 = (behaviorWanderingServoTimer2 + 1) % 4;



switch (behaviorWanderingServoTimer2)



{




case 1:





servoSetState(SERVO_LEFT_STATE);





break;




case 2:





servoSetState(SERVO_CENTER_STATE);





break;





case 3:





servoSetState(SERVO_RIGHT_STATE);





break;




case 0:





servoSetState(SERVO_CENTER_STATE);





break;



}


}


behaviorWanderingActionTimer++;


behaviorWanderingServoTimer1++;

}

void executeActionWandering()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_FORWARD);


}


if ((adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER) && (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER))


{



behaviorWanderingCurrentAction = ACTION_AVOID_FRONT_SONAR;



behaviorWanderingActionTimer = 0;


}


else if (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_RIGHT_SONAR;



behaviorWanderingActionTimer = 0;


}


else if (adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_LEFT_SONAR;



behaviorWanderingActionTimer = 0;


}


if (bumperFrontLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorWanderingActionTimer = 0;


}

}

void executeActionAvoidFrontSonar()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorWanderingActionTimer == 20000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorWanderingActionTimer == 45000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;


}


if (bumperFrontLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorWanderingActionTimer = 0;


}

}

void executeActionAvoidLeftSonar()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorWanderingActionTimer == 30000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if (bumperFrontLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorWanderingActionTimer = 0;


}

}

void executeActionAvoidRightSonar()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (behaviorWanderingActionTimer == 30000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if (bumperFrontLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperBackRightBumped())


{



behaviorWanderingCurrentAction = ACTION_CAUGHT_OBJECT_BACK_RIGHT;



behaviorWanderingActionTimer = 0;


}

}

void executeActionHitObjectFrontLeft()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_STOPPED);


}


else if (behaviorWanderingActionTimer == 15000)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorWanderingActionTimer == 50000)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (behaviorWanderingActionTimer == 65000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorWanderingActionTimer = 0;


}

}

void executeActionHitObjectFrontRight()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_STOPPED);


}


else if (behaviorWanderingActionTimer == 15000)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorWanderingActionTimer == 50000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorWanderingActionTimer == 65000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorWanderingActionTimer = 0;


}

}

void executeActionCaughtObjectBackLeft()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_STOPPED);


}


else if (behaviorWanderingActionTimer == 15000)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorWanderingActionTimer == 50000)


{



setMoveState(MOVE_STATE_TURN_RIGHT);


}


else if (behaviorWanderingActionTimer == 65000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorWanderingActionTimer = 0;


}

}

void executeActionCaughtObjectBackRight()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_STOPPED);


}


else if (behaviorWanderingActionTimer == 15000)


{



setMoveState(MOVE_STATE_BACKWARD);


}


else if (behaviorWanderingActionTimer == 50000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorWanderingActionTimer == 65000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if (adcGetSonarBackValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_BACK_SONAR;



behaviorWanderingActionTimer = 0;


}

}

void executeActionAvoidBackSonar()

{


if (behaviorWanderingActionTimer == 1)


{



setMoveState(MOVE_STATE_FORWARD);


}


else if (behaviorWanderingActionTimer == 20000)


{



setMoveState(MOVE_STATE_TURN_LEFT);


}


else if (behaviorWanderingActionTimer == 30000)


{



behaviorWanderingCurrentAction = ACTION_WANDERING;



behaviorWanderingActionTimer = 0;


}


if ((adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER) && (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER))


{



behaviorWanderingCurrentAction = ACTION_AVOID_FRONT_SONAR;



behaviorWanderingActionTimer = 0;


}


else if (adcGetSonarFrontRightValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_RIGHT_SONAR;



behaviorWanderingActionTimer = 0;


}


else if (adcGetSonarFrontLeftValue() < SONAR_CLOSE_RANGE_TRIGGER)


{



behaviorWanderingCurrentAction = ACTION_AVOID_LEFT_SONAR;



behaviorWanderingActionTimer = 0;


}


if (bumperFrontLeftBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_LEFT;



behaviorWanderingActionTimer = 0;


}


else if (bumperFrontRightBumped())


{



behaviorWanderingCurrentAction = ACTION_HIT_OBJECT_FRONT_RIGHT;



behaviorWanderingActionTimer = 0;


}

}
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