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Abstract

“Assault Gator” is the next generation of Nerf artillery.  Designed for search and destroy missions, this automated turret will detect and track the color of an enemy object and fire on that object with dependable accuracy.  A camera in coherence with a range sensor is used to detect the target and fire on a specific target.  Starting with a random search pattern the robot will not rest until its enemy is found.  Once a target is found, tracking will begin and after a lock, the darts will begin to fire on the enemy.  The platform is designed as a ground assault vehicle made of wood and plastic.  This wheeled platform gives the mobility needed to navigate its search patterns to successfully find and destroy its target.  The turret will be able to aim independently from the base to give the ability to track an object and maneuver the base giving the missile launcher a greater range of attack.  This robot will definitely tilt the scale to be on the winning team of a Nerf battle.



Executive Summary

Nerf artillery has been given a serious upgrade thanks to “Assault Gator”.  It has been designed with the user in mind, just one on switch.  Once on, there is nothing else to do but sit back and watch the action.  This autonomous tank will search out and fire upon anything that it has been programmed as the enemy.  In this case anything red will be tracked and attacked.    



Within this tank there are several main components; Servos, Turret, CMUcam, Sonar Rangefinder, IR Rangefinders and the PV Board that is using the ATmega128.  With all these components, working together it is hard not to be afraid of this assault tank.  The PV Board is the brains of the entire tank.  It integrates all the components together and provides the feedback required to perform the desired tasks.  The Servos are attached to the base and have been modified for continuous rotation; this gives the tank mobility and precision to maneuver in a battle zone.  The Turret is made of two motors and pneumatic pump.  Using motor drivers the turret is able turn left, right, up and down thus giving the tank grater range of motion that is not limited to the base.  It is also able to charge the pump and fire a Nerf dart up to 5 feet with accuracy.  The CMUcam is used to detect specific colors and give information on where that target is in relation to the tank.  Using negative feedback The CMUcam aims the turret towards the center of the object and tries to stay with that target as long as it is in view.  The Sonar Rangefinder is used to determine how far away the target is from the tank.  If it is too far away then the tank will continue to get closer to the target to have greater accuracy and stop when it is close enough. Finally, the last components, the IR Rangefinders are used in the obstacle avoidance system.  They are mounted around the front edge of the tank and give it the ability to see if an object is in its path and avoid it.  Now that you see how these different components integrate to become a determined fighting machine, if you were not scared before then you should be now.




Integrated System


PV Board with ATmega128

	The Assault Gator has several major components including; Atmel Processor, Mobile Platform, Nerf Turret Gun, CMUcam, Sonar rangefinders, IR rangefinders, Bump Switches, LCD Display, and Servo Motors.  The entire system will be small and compact in order to ensure stealth mobility and maneuverability.  These elements will work together to create the ultimate non-lethal war machine. 
	The Microprocessor onboard will integrate all components together and compute all data processing for correct behaviors.  The code will be written in C using the AVR Studio and programmed using the JTAG interface on the board.  The CMUcam will be integrated along with a sonar rangefinder to detect where and how far away the enemy object is located.  Then the targets location will be relayed from the camera to the turret gun for aiming adjustments to keep a lock.  IR rangefinders will be used to calculate the distance from the base to any obstruction in its path giving the tank a way to execute obstacle avoidance. The Servo Motors will be integrated into the platform in order to execute the search behaviors and different maneuvers, and then control the platform in order to find and track the enemy object.  Also an LCD screen will output system data that can be read by the user during setup and calibration.


Mobile Platform

	The Platform will be made of wood and plastic.  The base will be designed as a small-bodied robot that will be compact and able to contain all elements within the platform, leaving only the turret and camera on the exterior.  It will have two major wheels used for steering, forward, backward and turning motion.  There will be a caster wheel on the backside of the platform to ensure stability and create a smooth transition during motion.  To give it a real army tank feel I decided to paint the wood in camouflage.  It gives it a sharp look that says, “You don’t want to mess with me”. 

		Original Design 			     Platform First Version 

Final Platform


Actuation

	There are two servos and several motors within this robot.  The main function of the servos is to control the mobility, this is accomplished by two servos mounted to the platform that will be used to drive and steer the robot in any direction.  The motors will be used for aiming the turret gun, one for horizontal motion and one for vertical motion.  Another motor will control the firing of the Darts and to accomplish this, the turret gun contains a pneumatic pump that will be charged and actuate the darts during the firing sequence.  There will be two dual H-bridge motor drivers where one will control both motors for the horizontal and vertical motion, and the other to control the actuation of the firing sequence.  This gives the design a more reliable aiming and firing mechanism for controlling the turret.

		   Hitec Servo							   Turret Gun


      Dual H-Bridge Motor Driver
		
Sensors

	There are many sensors that operate together to accomplish the designed goal.  IR rangefinders are essential for use with the obstacle avoidance system to detect and avoid obstacles in the robots path.  They will be integrated into the system using the analog to digital converter.  The CMUcam and sonar rangefinder will be used for the targeting system, which combined will be used to detect and locate an object.  Once located and within range the CMUcam will be able to track the object and maintain the lock on the object in order to ensure multiple hits on the same target. 


IR Rangefinder					     Sonar Rangefinder
CMUcam

Behaviors 

“Assault Gator” has several behaviors that give it the mobility and control that is required to complete its objectives.  Each behavior has specific tasks that it tries to complete.  By passing information between behaviors, each works with the other behaviors to complete the task. The following behaviors are designed and implemented to accomplish the main goal of search and destroy. 
Obstacle Avoidance
Track and Follow
Stop and Track
Fire
Obstacle Avoidance is the main behavior, without it the tank would run into the wall and never complete its mission.  To accomplish this, the IR Rangefinders are connected to the ADC and the analog voltage is passed in as an integer to the processor.   Once the processor has the values of objects relative to itself, it acts accordingly.  When there is an object on the right it, will avoid and turn left.  Similarly, when an object is on the left it will avoid and turn right.   That was the simple idea and its algorithms are based on that theory.  It also has random features built in which gives the tank a way to repeat the same maneuvers with different outcomes to avoid being stuck.  It can successfully back out of corners, dodge walls, turn corners and avoids ground objects.  All together, it gives the tank the ability to search and avoid all at the same time and best of all its random so no one knows where it will search next, so there is nowhere to hide. 
Track and Follow is the behavior that starts after the first successful target recognition where the target is too far away to make a successful hit.  This behavior uses the underline Obstacle Avoidance while allowing the tank to track a target with the turret and adjust the direction of the tank to stay on lock.   While in this behavior, the tank is trying to maintain lock on the target while trying to get in range.  Once in range it changes to the Stop and Track behavior.  If the target is lost then it changes back to the Obstacle Avoidance behavior.
Stop and Track is the behavior that starts after successful target recognition and the target is in range.  Usually this behavior follows the Track and Follow behavior but it can jump directly into this behavior from Obstacle Avoidance.  While in this behavior the tank stops moving while continuing its tracking the object by the turret and the range of the object is calculated continuously.  If the range of object becomes too far away then it will move to the Track and Follow behavior but if the object stays close then it will move to the Fire behavior.  If the target is lost then it changes back to the Obstacle Avoidance behavior.
Fire is the behavior that starts after the target is in range and has had several successful target recognitions.  Once in this behavior the tank stops all motion for stability and starts charging the pumps.  After the pumps are charged, the turret fires a dart towards the target.  After a Fire sequence, the range is calculated and if the target is too far then the tank will continue in the Track and Follow behavior otherwise the tank will stay in the Stop and Track and get ready to fire again.







Experimental Layout and Results 

The “Assault Gator” is a very complex and sophisticated war machine.  Within its main processor there are many key factors being calculated to make it function smoothly and with accuracy.  There is setup of all systems, and calibration of the sensors before it ever starts. The setup gets all devices communicating with all systems while the calibration changes specific values according to the current state of the system.
 	To set this experiment up I choose several different targets.  The targets ranged from a solid red circle to rival team logos.  Each target is then tested to make sure that the CMUcam can detect the specific colors that are required by the target.  Once the target is acquired, I proceeded to test the range of the turret by moving the target in all directions to ensure that the target is being followed.  Then each target is processed in the same way, making sure that the turret tracks each target with precision.  On average, 9 of 10 shots fired will hit the desired target.
Next, I needed to test the accuracy vs. distance.  My results showed that as the distance increased, the accuracy decreased.  After many test, five feet was found to be the magic number.  If the target is closer than five feet the turret hit the target with about 90 percent accuracy while if the target is farther than five feet the accuracy drop dramatically to about 50 percent.  I found that after five feet the defects of the darts played too much of a role in the direction and were no longer predictable.  Using the Sonar Rangefinder I was able to determine the exact distance to the object and using the magic number I was able to control if the turret would fire or move closer and then fire. 
	The final component of the tank is its mobility.  To test this I setup a course of walls and other objects that would be in a natural environment.  My results showed that large objects gave very accurate results and the tank executed very well.  However, for smaller objects the IR beam just was not efficiently reflected back to the receiver and thus not seen.  This problem would be unfixable and would be one of the major changes I would make if I were to redo this project.  I feel that with Sonar Rangefinders instead of IR Rangefinders I could have greater accuracy and precision.  However, as is, things like chair legs and small objects give no feedback and make this robot stuck.  Nevertheless, if you give this tank a nice open area with walls and large objects, it will react properly and will not hit anything.  After all test, the results were very promising with 95 percent missing all obstacles.   The only time an obstacle could not be avoided was when it backed into it and I feel that is acceptable because there are no sensors on the rear.  So with the addition of one sensor on the back I feel that 100 percent would not be hard to maintain.
	All together, the experiments were very successful and I could not have hoped for better results.  With a few minor changes, this tank would be battle ready.

Conclusion
	In conclusion, this robot will be a great add-on to any Nerf war team.  It will give the edge needed to help a sticky situation where a stealthy non-human turret gun is needed in order to prevail.  Having the ability to search out the enemy and lock on to that target without the interaction from a human interface, this will be the ultimate wartime machine.  Some might say it is cheating to have a robot that has no regards for its own self, but in the world of warfare losing a man is worse if the job can be done with a robot that lives to die for its cause.  Unmanning the front line is a top priority even if it is only Nerf warfare. 




Appendix

/* Richard Brett Mitchell
// AssaultGator.c
// Setup and Main
*/
#include <stdlib.h>
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include <avr/pgmspace.h>
#include "PVR_Servos.h"
#include "mikeLCD.h"
#include "Brett_Servo.h"
#include "Brett_ObjAvoid.h"
#include "Brett_Turret.h"
#include "mikeSonar2.h"
#include "Brett_UART.h"
#include "uart.h"


int main(void)
{
	uart_init( UART_BAUD_SELECT(UART_BAUD_RATE,F_CPU) );
	initLCD();
	initADC();
	initServo();
	initTurret();
	initSonar();
	initCMUcam();
	lcdString("PVR Board V2.1");
	lcdGoto(1,0);
	lcdString("Hello Brett V1.0");
	ms_sleep(1000);
	chooseTarget();
	turretResetLeft();
	lcdClear();
	lcdString("Waiting 2 Start");
	while(TurretR & 0x40);
	lcdClear();
	lcdString("Start");
	ms_sleep(1000);
	forward(100);
	while(1){
		turretTrack();
		if (contFORWARD)
		{
			ObjAvoid();
		}
		turretOscillate();
	}
	return 0;
}

/* Richard Brett Mitchell
// Brett_ObjAvoid.c
// Uses IR sensors and Servos to execute
// Object Avoidance
*/
#ifndef __BrettObjAvoid_h__
#define __BrettObjAvoid_h__

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "PVR_Servos.h"
#include "mikeLCD.h"
#include "mikeADC.h"
#include "Brett_Servo.h"
#include "Brett_ObjAvoid.h"

int contFORWARD;

void ObjAvoid(void);
void turn(int degree);

#endif

/* Richard Brett Mitchell
// Brett_ObjAvoid.c
// Uses IR sensors and Servos to execute
// Object Avoidance
*/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "PVR_Servos.h"
#include "mikeLCD.h"
#include "mikeADC.h"
#include "Brett_Servo.h"
#include "Brett_ObjAvoid.h"

int rightIR, centerIR, leftIR;

int contFORWARD = 1;

void ObjAvoid(void)
{	
	rightIR = adcZero();
	centerIR = adcOne();
	leftIR = adcTwo();
	/*
	//Print data to LCD
	lcdClear();
	lcdInt(0000);
	lcdInt(leftIR);
	lcdString(",");
	lcdInt(centerIR);
	lcdString(",");
	lcdInt(rightIR);
	*/
	if ((rightIR > 60) && (leftIR > 60) && (centerIR > 60))
	{
		backward(100);
		ms_sleep(500);
		turn(180);
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	} 
	else if ((rightIR > 60) && (centerIR > 60))
	{
		backward(100);
		ms_sleep(200);
		leftTurn(60);	
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	} 
	else if ((leftIR > 60) && (centerIR > 60))
	{
		backward(100);
		ms_sleep(200);
		rightTurn(60);	
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	} 
	else if ((rightIR > 60) && (leftIR > 60))
	{
		if (rightIR > leftIR)
		{
			leftTurn(10);
		}
		else
		{
			rightTurn(10);
		}	
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	} 
	else if (rightIR > 60) 
	{
		leftTurn(45);
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	}
	else if (leftIR > 60)
	{
		rightTurn(45);
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	}
	else if (centerIR > 60)
	{
		backward(100);
		ms_sleep(500);
		turn(45);
		if(contFORWARD)
		{
		forward(100);
		}
		else
		{
		stop();
		}
	}

}
void turn(int degree)
{
	unsigned rand;
	rand = TCNT3L;
	if (rand & 0x0001)
	/*turn left*/
	{
	leftTurn(degree);
	}
	else
	/*turn right*/
	{
	rightTurn(degree);
	}
}

/* Richard Brett Mitchell
// Brett_Servo.c
// Uses PVR_Servos functions to complete
// complex manuvers
*/
#ifndef __BrettServo_h__
#define __BrettServo_h__

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "Brett_Servo.h"


void stop(void);

void forward(int speed);

void backward(int speed);

void leftTurn(int degree);

void rightTurn(int degree);

void forwardLeft(int degree, int speed);

void forwardRight(int degree, int speed);

#endif

/* Richard Brett Mitchell
// Brett_Servo.c
// Uses PVR_Servos functions to complete
// complex manuvers
*/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "PVR_Servos.h"
#include "Brett_Servo.h"

//int OFFSET = -19;
int OFFSET = 0;

void stop(void)
{
	moveServo1(0+OFFSET);
	moveServo2(0+OFFSET);
}
void forward(int speed)  // 0% to 100%
{
	float speedFactor = speed*.01;
	moveServo1(-(40*speedFactor)+OFFSET);
	moveServo2((40*speedFactor)+OFFSET-18);
}
void backward(int speed) // 0% to 100%
{
	float speedFactor = speed*.01;
	moveServo1((40*speedFactor)+OFFSET);
	moveServo2(-(40*speedFactor)+OFFSET);
}
void leftTurn(int degree) // 0 to 180
{
	moveServo1(-40+OFFSET);
	moveServo2(-40+OFFSET);
	ms_sleep(degree*12);
}
void rightTurn(int degree) // 0 to 180
{
	moveServo1(40+OFFSET);
	moveServo2(40+OFFSET);
	ms_sleep(degree*12);
}
void forwardLeft(int degree, int speed) // 0 to 180
{
	//int turnFactor = (degree/180)*30;
	moveServo1(-40+OFFSET);
	moveServo2(10+OFFSET);
	ms_sleep(degree*20);
	forward(speed);
}

void forwardRight(int degree, int speed) // 0 to 180
{	
	//int turnFactor = (degree/180)*30;
	moveServo1(-10+OFFSET);
	moveServo2(40+OFFSET);
	ms_sleep(degree*20);
	forward(speed);
}

/* Richard Brett Mitchell
// Brett_Turret.c
// Controls all turret movement and firing commands
*/
#ifndef __BrettTurret_h__
#define __BrettTurret_h__

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeLCD.h"
#include "Brett_Turret.h"
#include "brett_uart.h"

#define	Turret		PORTA 
#define TurretDDR	DDRA

#define	TurretR		PIND
#define TurretRDDR	DDRD

int tracking;
int trackDir;
int center;

void initTurret(void);

void turretResetLeft(void);

void turretResetRight(void);

void chooseTarget(void);

void turretOscillate(void);

void turretRecenter(void);

void turretReload(void);

void turretUp(int degree);

void turretDown(int degree);

void turretLeft(int degree);

void turretRight(int degree);

void turretUpRight(int degree1, int degree2);

void turretUpLeft(int degree1, int degree2);

void turretDownLeft(int degree1, int degree2);

void turretDownRight(int degree1, int degree2);

void turretFire(void);

void turretAim(void);

void turretTrack(void);

#endif

/* Richard Brett Mitchell
// Brett_Turret.c
// Controls all turret movement and firing commands
*/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeLCD.h"
#include "pvr_Servos.h"
#include "Brett_Turret.h"
#include "Brett_Servo.h"
#include "Brett_UART.h"
#include "mikeSonar2.h"
#include "Brett_ObjAvoid.h"

int numMissile = 0;

int LRFACTOR = 25;       // Angle to turret distance factor
int UDFACTOR = 10;
int LEFTOFFSET = 1;

float degreeFACTOR = 1.3;

int fireCount = 0;
int goforward = 0;
int contFORWARDcount = 0;

int fire = 0;

int center = 0;

int tracking = 0;
int trackDir = 0;

int turnCount = 0;

void initTurret(void)
{
	TurretDDR = 0xFF;
	Turret = 0x00;

	TurretRDDR = 0x00;
}
void turretResetLeft(void)
{
	//int count = 0;
	int volt = 0;
	int volt2 = 0;
	int volt3 = 0;
	int volt4 = 0;
	int volt5 = 0;
	volt = adcThree();
	volt2 = adcThree();
	volt3 = adcThree();
	volt4 = adcThree();
	volt5 = adcThree();
	volt = (volt+volt2+volt3+volt4+volt5)/5;
	lcdInt(volt);
	LRFACTOR = -(volt*17)/44+81;
	//LRFACTOR = 24;
	//setDrift(volt);
	if (volt < 115)
	{
		lcdClear();
		lcdString("Dead Batteries");
		while(1);
	}
	else if (volt < 117)
	{
		lcdClear();
		lcdString("Low Batteries");
	}
	if (TurretR & 0x04)
	{
		Turret = 0x01;
		while((TurretR & 0x04))
		{
			ms_sleep(1);
			//count++;
		}
	}
	Turret = 0x00;
	turretDownRight(30, 220);
	center = 0;
}
void turretResetRight(void)
{
	//int count = 0;
	int volt = 0;
	int volt2 = 0;
	int volt3 = 0;
	int volt4 = 0;
	int volt5 = 0;
	volt = adcThree();
	volt2 = adcThree();
	volt3 = adcThree();
	volt4 = adcThree();
	volt5 = adcThree();
	volt = (volt+volt2+volt3+volt4+volt5)/5;
	lcdInt(volt);
	LRFACTOR = -(volt*17)/44+81;
	//LRFACTOR = 24;
	//setDrift(volt);
	if (volt < 115)
	{
		lcdClear();
		lcdString("Dead Batteries");
		while(1);
	}
	else if (volt < 117)
	{
		lcdClear();
		lcdString("Low Batteries");
	}
	if (TurretR & 0x02)
	{
		Turret = 0x02;
		while((TurretR & 0x02))
		{
			ms_sleep(1);
			//count++;
		}
	}
	Turret = 0x00;
	turretDownLeft(30, 230);
	center = 0;
}
void chooseTarget(void)
{
	int count = 0;
	int cont = 1;
	int color = 0;
	while(cont)
	{
		count = 0;
		lcdClear();
		lcdString("What is the Target?");
		lcdGoto(1,0);
		if(color == 0)
		{
			lcdString("Red");
		}
		else if (color == 1)
		{
			lcdString("FS Seminoles");	
		}
		else if (color == 2)
		{
			lcdString("Tenn. Vols");
		}
		else if (color == 3)
		{
			lcdString("G Bulldogs");
		}
		else if (color == 4)
		{
			lcdString("Old Miss");
		}
		while((TurretR & 0x40) && (count < 3050))
		{
			count++;
			ms_sleep(1);
		}
		if (count > 3000)
		{
			trackingColor = color;
			cont = 0;
			break;
		}
		ms_sleep(500);
		color++;
		if (color > 4)
		{
			color = 0;
		}
	}

}
void turretOscillate(void)
{
	if (!tracking)
		{
			if (trackDir == 0)
			{
				turretRight(5);
			}
			else 
			{
				turretLeft(5);
			}
			if (center > 30)
			{
				trackDir = 1;
			}
			else if (center < -30)
			{
				trackDir = 0;
			}
		}
}
void turretRecenter(void)
{
	int FACTOR = 20;
	stop();
	if (center == 0)
	{
		return;
	}
	else if (center > 0)
	{
		turretLeft(center);
		rightTurn(center/FACTOR);
	}
	else
	{
		turretRight(center);
		leftTurn(center/FACTOR);
	}
	center = 0;
	if(contFORWARD && !fire)
	{
		forward(100);
	}
	else
	{
		stop();
	}
}
void turretReload(void)
{
	lcdClear();
	lcdString("Reload");
	while(TurretR & 0x40);
	lcdClear();
	lcdString("Search & Destroy");
	numMissile = 0;
	//turretReset();
	if(center <= 0)
	{
		turretResetLeft();
	}
	else
	{
		turretResetRight();
	}
}
void turretUp(int degree)
{	
	int count = 0;
	int temp = UDFACTOR*degree;
	if (TurretR & 0x20)
	{
		Turret = 0x08;
		//ms_sleep(200);
		while((TurretR & 0x20) && (count < temp))
		{
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretDown(int degree)
{
	int count = 0;
	int temp = UDFACTOR*degree;
	if (TurretR & 0x10)
	{
		Turret = 0x04;
		//ms_sleep(200);
		while((TurretR & 0x10) && (count < temp))
		{
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretLeft(int degree)
{
	center = center - degree;
	int count = 0;
	int temp = (LRFACTOR+LEFTOFFSET)*degree;
	if (TurretR & 0x04)
	{
		Turret = 0x01;
		while((TurretR & 0x04) && (count < temp))
		{
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretRight(int degree)
{
	center = center + degree;
	int count = 0;
	int temp = LRFACTOR*degree;
	if (TurretR & 0x02)
	{
		Turret = 0x02;
		while((TurretR & 0x02) && (count < temp))
		{
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretUpRight(int degree1, int degree2)
{	
	center = center + degree2/degreeFACTOR;;
	int goUp = 0;
	int goRight = 0;
	int count = 0;
	int temp = UDFACTOR*degree1;
	int temp2 = LRFACTOR*degree2;
	if ((TurretR & 0x20) || (TurretR & 0x02))
	{
		if ((TurretR & 0x20) && (TurretR & 0x02))
		{
			Turret = 0x0A;
			goUp = 1;
			goRight = 1;
		}
		else if ((TurretR & 0x20) && !(TurretR & 0x02))
		{
			Turret = 0x08;
			goUp = 1;
		}
		else if (!(TurretR & 0x20) && (TurretR & 0x02))
		{
			Turret = 0x02;
			goRight = 1;
		}
		//ms_sleep(200);
		while((count < temp) || (count < temp2))
		{
			if (!((TurretR & 0x20) || (TurretR & 0x02)))
			{
				Turret = 0x00;
				break;
			} 
			else
			{
				if (!((count <= temp) && (TurretR & 0x20))) 
				{
					goUp = 0;
				}
				if (!((count <= temp2) && (TurretR & 0x02)))
				{
					goRight = 0;
				}
				//ms_sleep(1);
				//count++;
			}
			if (goUp && goRight)
			{
				Turret = 0x0A;
			}
			else if (goUp && !goRight)
			{
				Turret = 0x08;
			}
			else if (!goUp && goRight)
			{
				Turret =0x02;
			}
			else 
			{
				Turret = 0x00;
				break;
			}
			ms_sleep(1);
			count++;

		}
	}
	Turret = 0x00;
}
void turretUpLeft(int degree1, int degree2)
{	
	center = center - degree2/degreeFACTOR;;
	int goUp = 0;
	int goLeft = 0;
	int count = 0;
	int temp = (UDFACTOR+LEFTOFFSET)*degree1;
	int temp2 = LRFACTOR*degree2;
	if ((TurretR & 0x20) || (TurretR & 0x04))
	{
		if ((TurretR & 0x20) && (TurretR & 0x04))
		{
			Turret = 0x09;
			goUp = 1;
			goLeft = 1;
		}
		else if ((TurretR & 0x20) && !(TurretR & 0x04))
		{
			Turret = 0x08;
			goUp =  1;
		}
		else if (!(TurretR & 0x20) && (TurretR & 0x04))
		{
			Turret = 0x01;
			goLeft = 1;
		}
		//ms_sleep(200);
		while((count < temp) || (count < temp2))
		{
			if (!((TurretR & 0x20) || (TurretR & 0x04)))
			{
				Turret =0x00;
				break;
			}
			else
			{
				if (!((count <= temp) && (TurretR & 0x20)))
				{
					goUp = 0;
				}
				if (!((count <= temp2) && (TurretR & 0x04)))
				{
					goLeft = 0;
				}
				//ms_sleep(1);
				//count++;
			}
			if (goUp && goLeft)
			{
				Turret = 0x09;
			}
			else if (goUp && !goLeft)
			{
				Turret = 0x08;
			}
			else if (!goUp && goLeft)
			{
				Turret =0x01;
			}
			else 
			{
				Turret = 0x00;
				break;
			}
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretDownLeft(int degree1, int degree2)
{	
	center = center - degree2/degreeFACTOR;;
	int goDown = 0;
	int goLeft = 0;
	int count = 0;
	int temp = UDFACTOR*degree1;
	int temp2 = (LRFACTOR+LEFTOFFSET)*degree2;
	if ((TurretR & 0x10) || (TurretR & 0x04))
	{
		if ((TurretR & 0x10) && (TurretR & 0x04))
		{
			Turret = 0x05;
			goDown = 1;
			goLeft = 1;
		}
		else if ((TurretR & 0x10) && !(TurretR & 0x04))
		{
			Turret = 0x04;
			goDown = 1;
		}
		else if (!(TurretR & 0x10) && (TurretR & 0x04))
		{
			Turret = 0x01;
			goLeft = 1;
		}
		//ms_sleep(200);
		while((count < temp) || (count < temp2))
		{
			if (!((TurretR & 0x10) || (TurretR & 0x04)))
			{
				Turret = 0x00;
				break;	
			}
			else
			{
				if (!((count <= temp) && (TurretR & 0x10)))
				{
					goDown = 0;
				}
				if (!((count <= temp2) && (TurretR & 0x04)))
				{
					goLeft = 0;
				}
				//ms_sleep(1);
				//count++;
			}
			if (goDown && goLeft)
			{
				Turret = 0x05;
			}
			else if (goDown && !goLeft)
			{
				Turret = 0x04;
			}
			else if (!goDown && goLeft)
			{
				Turret =0x01;
			}
			else 
			{
				Turret = 0x00;
				break;
			}
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretDownRight(int degree1, int degree2)
{	
	center = center + degree2/degreeFACTOR;;
	int goDown = 0;
	int goRight = 0;
	int count = 0;
	int temp = UDFACTOR*degree1;
	int temp2 = LRFACTOR*degree2;
	if ((TurretR & 0x10) || (TurretR & 0x02))
	{
		if ((TurretR & 0x10) && (TurretR & 0x02))
		{
			Turret = 0x06;
			goDown = 1;
			goRight = 1;
		}
		else if ((TurretR & 0x10) && !(TurretR & 0x02))
		{
			Turret = 0x04;
			goDown = 1;
		}
		else if (!(TurretR & 0x10) && (TurretR & 0x02))
		{
			Turret = 0x02;
			goRight = 1;
		}
		//ms_sleep(200);
		while((count < temp) || (count < temp2))
		{
			if (!((TurretR & 0x10) || (TurretR & 0x02)))
			{
				Turret =0x00;
				break;
			}
			else
			{
				if (!((count <= temp) && (TurretR & 0x10))) 
				{
					goDown = 0;
				}
				if (!((count <= temp2) && (TurretR & 0x02)))
				{
					goRight = 0;
				}
				//ms_sleep(1);
				//count++;
			}
			if (goDown && goRight)
			{
				Turret = 0x06;
			}
			else if (goDown && !goRight)
			{
				Turret = 0x04;
			}
			else if (!goDown && goRight)
			{
				Turret =0x02;
			}
			else 
			{
				Turret = 0x00;
				break;
			}
			ms_sleep(1);
			count++;
		}
	}
	Turret = 0x00;
}
void turretFire(void)
{
	stop();
	fire = 1;
	Turret = 0x10;
	ms_sleep(1500);
	while(TurretR & 0x08)
	{
		ms_sleep(1);
	}
	ms_sleep(700);
	Turret = 0x00;
	fire = 0;

	numMissile++;
	if (numMissile > 2)
	{
		stop();
		turretReload();
	}
	contFORWARD = 1;
}
void turretAim(void)
{
	int dist = 1;
	int offset = 0;
	int OFFSET2 = 15;
	int OFFSET3 = 15;
	int XMID = 45;
	int YMID = 50;
	if ((mx > 0) && (mx < 80) && (my > 0) && (my < 140))
	{	 
		tracking = 1;	
		if (!fire)
		{
		dist = sonarDist();
		}
		goforward = 0;
		if (dist < 220) 
		{
			contFORWARDcount = 0;
			contFORWARD = 0;
			//tracking = 1;
			stop();
		}
		else 
		{
			fireCount--;
			contFORWARDcount++;
			if (contFORWARDcount > 10)
			{
				contFORWARD = 1;
				forward(100);
			}
		}
		offset = 0;
 		if ((mx > XMID) && (my > YMID))
		{
			if (contFORWARD && (turnCount == 0) && (center > 30))
			{
				turnCount++;
				rightTurn(35);
				forward(100);
				offset = mx-XMID;
				fireCount--;
			}
			turretUpRight(my-YMID,mx-XMID-offset);
			offset = 0;
			//turretUp(my-YMID+OFFSET);
			//turretRight(mx-XMID+OFFSET);
		} 
		else if ((mx < XMID) && (my > YMID))
		{
			if (contFORWARD && (turnCount == 0) && (center < -15))
			{	
				turnCount++;
				leftTurn(35);
				forward(100);
				offset = XMID-mx;
				fireCount--;
			}
			turretUpLeft(my-YMID,XMID-mx-offset);
			offset = 0;
			//turretUp(my-YMID+OFFSET);
			//turretLeft(XMID-mx+OFFSET);
		} 
		else if ((mx < XMID) && (my < YMID))
		{
			if (contFORWARD && (turnCount == 0) && (center < -30))
			{
				turnCount++;
				leftTurn(35);
				forward(100);
				offset = XMID-mx;
				fireCount--;
			}
			turretDownLeft(YMID-my,XMID-mx-offset);
			offset = 0;
			//turretDown(YMID-my+OFFSET);
			//turretLeft(XMID-mx+OFFSET);
		} 
		else if ((mx > XMID) && (my < YMID))
		{
			if (contFORWARD && (turnCount == 0) && (center > 30))
			{	
				turnCount++;
				rightTurn(35);
				forward(100);
				offset = mx-XMID;
				fireCount--;
				
			}
			turretDownRight(YMID-my,mx-XMID-offset);
			offset = 0;
			//turretDown(YMID-my+OFFSET);
			//turretRight(mx-XMID+OFFSET);
		} 
		if ((center < 10) && (center > -10))
		{
			turnCount = 0;
		}
		fireCount++;
		if ((fireCount > 10) && !fire)
		{
			fireCount = 0;
			turretFire();
		}
		if (center > 100)
		{
			if (fireCount-5 > 0)
			{
				fireCount = fireCount - 5;
			}
			else 
			{
				fireCount = 0;
			}
			rightTurn(110);
			stop();
			turretLeft(180);
			center = center + 80;
			if(contFORWARD)
			{
				forward(100);
			}
			else
			{
				stop();
			}
		}
		if (center < -100)
		{
			if (fireCount-5 > 0)
			{
				fireCount = fireCount - 5;
			}
			else 
			{
				fireCount = 0;
			}
			leftTurn(100);
			stop();
			turretRight(160);
			center = center - 70;
			if(contFORWARD)
			{
				forward(100);
			}
			else
			{
				stop();
			}
		}

	}
	else 
	{
		fireCount = 0;
		goforward++;
		if (goforward > 5)
		{
			tracking = 0;
		}
		if ((goforward > 10) && !fire)
		{
			contFORWARD = 1;
			tracking = 0;
			goforward = 0;
			forward(100);
		}
	}
}

void turretTrack(void)
{
	trackColorRED();
	calcMMData();
	if ((mx == 0) & (my == 0))
	{
		if (alternate) 
		{
			alternate--;
		}
		else 
		{
			alternate++;
		}
		trackColorRED();
		calcMMData();
	}
	turretAim();
}

/* Richard Brett Mitchell
// Brett_uart.c
// Uses uart libray calls to execute
// CMUcam commands
*/
#ifndef __BrettUART_h__
#define __BrettUART_h__


#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeLCD.h"
#include "Brett_UART.h"

/* define CPU frequency in Mhz here if not defined in Makefile */
#ifndef F_CPU
#define F_CPU 16000000UL
#endif

/* 38400 baud */
#define UART_BAUD_RATE      38400

char buffer[33];
int mx;
int my;
int alternate;
int trackingColor;

void initCMUcam(void);

void whiteBalanceON(void);

void middleMassON(void);

void pollModeON(void);

void trackColorRED(void);

void trackColorBLUE(void);

void trackColorGREEN(void);

void getVersion(void);

void recieveACK(void);

void recieveDATA(void);

void calcMMData(void);


#endif

/* Richard Brett Mitchell
// Brett_uart.c
// Uses uart libray calls to execute
// CMUcam commands
*/
#include <stdlib.h>
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include <avr/pgmspace.h>
#include "mikeLCD.h"
#include "Brett_UART.h"
#include "uart.h"

//char buffer[33];
//int mx;
//int my;
int alternate = 0;
int trackingColor = 0;

void initCMUcam()
{	
	
	middleMassON();
	pollModeON();
	whiteBalanceON();
	ms_sleep(5000);
	whiteBalanceOFF();
	
}
void whiteBalanceON()
{
	ms_sleep(10);
	uart_puts_P("CR 18 44");
	uart_putc('\r');
	recieveACK();
}
void whiteBalanceOFF()
{
	ms_sleep(10);
	uart_puts_P("CR 18 40");
	uart_putc('\r');
	recieveACK();
}
void middleMassON()
{	
	ms_sleep(10);
	uart_puts_P("MM 1");
	uart_putc('\r');
	recieveACK();
}
void pollModeON()
{
	ms_sleep(10);
	uart_puts_P("PM 1");
	uart_putc('\r');
	recieveACK();
}
void trackColorRED(void)
{
	ms_sleep(10);
	if ((trackingColor == 0) || (trackingColor == 1) || (trackingColor == 3))
	{
		if (alternate)
		{
			uart_puts_P("TC 130 255 0 50 0 70");   //RedPurple
		}
		else
		{
			uart_puts_P("TC 130 255 0 70 0 50");   //RedOrange
		}
		uart_putc('\r');
		recieveACK();
		recieveDATA();
	}
	/*else if (trackingColor == 1)
	{
		uart_puts_P("TC 140 255 0 40 0 60");   //FS Seminoles
		uart_putc('\r');
		recieveACK();
		recieveDATA();
	}*/
	else if (trackingColor == 2)
	{
		uart_puts_P("TC 190 255 50 170 0 40");   //Tenn. Vols
		uart_putc('\r');
		recieveACK();
		recieveDATA();
	}
	/*else if (trackingColor == 3)
	{
		uart_puts_P("TC 140 255 0 40 0 60");   //G Bulldogs
		uart_putc('\r');
		recieveACK();
		recieveDATA();
	}*/
	
}
void trackColorBLUE(void)   //Not implemented
{
	ms_sleep(10);
	uart_puts_P("TC 0 50 0 50 210 255");
	uart_putc('\r');
	recieveACK();
	recieveDATA();
}
void trackColorGREEN(void)   // Not implemented
{
	ms_sleep(10);
	uart_puts_P("TC 0 50 210 255 0 50");
	uart_putc('\r');
	recieveACK();
	recieveDATA();
}
void getVersion(void)
{
	ms_sleep(10);
	uart_puts_P("GV");
	uart_putc('\r');
	recieveACK();
	recieveDATA();
}
void recieveACK(void)
{
	unsigned int c;
	int cont = 1;
	while (cont)
	{
		c = uart_getc();
    	if ( c & UART_NO_DATA )
    	{
     	/* 
    	 * no data available from UART 
   		 */
    	}
    	else
    	{
			if ((unsigned char)c == '\r')
			{
				cont=0;
			}
			//lcdChar((unsigned char)c);
		}
	}
}
void recieveDATA(void)
{
	unsigned int c;
	int pos =0;
	int cont = 1;
	while (cont)
	{
		c = uart_getc();
    	if ( c & UART_NO_DATA )
    	{
     	/* 
    	 * no data available from UART 
   		 */
    	}
    	else
    	{
			if ((unsigned char)c == '\r')
			{
				cont=0;
				buffer[pos] = 0;
			}
			else 
			{
			//lcdChar((unsigned char)c);
			buffer[pos] = (unsigned char)c;
			pos++;
			}
		}
	}
	//lcdString(buffer);
	/*lcdGoto(1,0);
	pos=0;
	while(pos < 8)
	{
	lcdInt(buffer[pos]-48);
	lcdString(" ");
	pos++;
	}*/
}
void calcMMData(void)
{
	//int cont = 1;
	int pos = 2;
	int temp0 = 0;
	int temp1 = 0;
	int temp2 = 0;
	temp0 = buffer[pos]-48;
	pos++;
	if (buffer[pos] != ' ')
	{
		temp1 = buffer[pos] - 48;
		temp0 = temp0*10;
		mx = temp0+temp1;
		pos++;
	}
	else {
		mx = temp0;
	}
	pos++;
	temp0 = buffer[pos]-48;
	pos++;
	if (buffer[pos] != ' ')
	{
		temp1 = buffer[pos] - 48;
		temp0 = temp0*10;
	}
	else {
		my = temp0;
	}
	pos++;
	if (buffer[pos] != ' ')
	{
		temp2 = buffer[pos] - 48;
		temp1 = temp1*10;
		temp0 = temp0*10;
		my = temp0+temp1+temp2;
	}
	else {
		my = temp0+temp1;
	}
	/*
	lcdString("X: ");
	lcdInt(mx);
	lcdString("Y: ");
	lcdInt(my);
	*/
}

/* Mike Pridgen
// Richard Brett Mitchell
// mikeADC.c
// Function calls for ADC
*/
#ifndef __mikeADC_h__
#define __mikeADC_h__


#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeADC.h"

void initADC(void);

int adcZero(void);

int adcOne(void);

int adcTwo(void);

int adcThree(void);

int adcFour(void);

#endif

/* Mike Pridgen
// Richard Brett Mitchell
// mikeADC.c
// Function calls for ADC
*/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeADC.h"

void initADC(void)
{
//init port F for AD
	DDRF = 0x00;	//set as input
	PORTF = 0;
//set to use internal ARef, and put value in ADCH
	ADMUX = 0b01100000;	
	ms_sleep(100);	//wait for power up
//set to on, free running at 1/2 times CLK
	ADCSRA = ~(_BV(ADIE));
	ms_sleep(100);	//wait for initialization
}

int adcZero(void)
{
	ADMUX = 0b01100000;
	ms_sleep(1);
	return ADCH;
}

int adcOne(void)
{
	ADMUX = 0b01100001;
	ms_sleep(1);
	return ADCH;

}

int adcTwo(void)
{
	ADMUX = 0b01100010;
	ms_sleep(1);
	return ADCH;
}

int adcThree(void)
{
	ADMUX = 0b01100011;
	ms_sleep(1);
	return ADCH;
}

int adcFour(void)
{
	ADMUX = 0b01100100;
	ms_sleep(1);
	return ADCH;
}

/* Mike Pridgen
// Richard Brett Mitchell
// mikeLCD.c
// Function calls for LCD
*/
/*	Pinout
**	P7 - No connect (NC)
**	P6 - Enable (E)
**	P5 - Read/Write_L (R/W_L)
**	P4 - Register Select (RS)
**	P3 - Data 7 (DB7)
**	P2 - Data 6 (DB6)
**	P1 - Data 5 (DB5)
**	P0 - Data 4 (DB4)
*/

#ifndef __mikeLCD_h__
#define __mikeLCD_h__

#define	LCD		PORTC 
#define LCDDDR	DDRC

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeLCD.h"

void ms_sleep(uint16_t ms);

SIGNAL(SIG_OUTPUT_COMPARE0);

void init_timer(void);

void lcdDataWork(unsigned char c);

void lcdData(unsigned char c);

void lcdCharWork(unsigned char c);

void lcdChar(unsigned char c);

void lcdString(unsigned char ca[]);

void lcdGoto(int row, int col);

void lcdClear(void);

void lcdInt(int value);

void initLCD(void);

#endif

/* Mike Pridgen
// Richard Brett Mitchell
// mikeLCD.c
// Function calls for LCD
*/
/*	Pinout
**	P7 - Data 7 (DB7)
**	P6 - Data 6 (DB6)
**	P5 - Data 5 (DB5)
**	P4 - Data 4 (DB4)
**	P3 - Enable (E)
**	P2 - Read/Write_L (R/W_L)
**	P1 - Register Select (RS)
**	P0 - No connect (NC)
*/

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeLCD.h"


volatile uint16_t ms_count;


/*
 * ms_sleep() - delay for specified number of milliseconds
 */
void ms_sleep(uint16_t ms)
{
  TCNT2  = 0;
  ms_count = 0;
  while (ms_count != ms)
    ;
}


/* 
 * millisecond counter interrupt vector 
 */
SIGNAL(SIG_OUTPUT_COMPARE2)
{
  ms_count++;
}


/*
 * initialize timer 0 to generate an interrupt every millisecond.
 */
void init_timer(void)
{
  /*
   * Initialize timer0 to generate an output compare interrupt, and
   * set the output compare register so that we get that interrupt
   * every millisecond.
   */
  TIFR  |= _BV(OCIE2);
  TCCR2  = _BV(WGM01)|_BV(CS02)|_BV(CS00); /* CTC, prescale = 128 */
  TCNT2  = 0;
  TIMSK |= _BV(OCIE2);    /* enable output compare interrupt */
  OCR2   = 12;          /* match in 1 ms */
}

void lcdDataWork(unsigned char c)
{
	c = c << 4;			//shift data to hi bits
	c = c & 0xF0;		//keep hi four as data
	c = c | 0x08;		//set E hi
	LCD = c;			//write to LCD
	ms_sleep(1);		//wait 1 ms
	c = c ^ 0x08;		//set E low
	LCD = c;			//write to LCD
	ms_sleep(1);		//wait 1 ms
}

void lcdData(unsigned char c)
{
	unsigned char c1 = c & 0xF0;		//give c1 hi 4 bits of data
	unsigned char c2 = c & 0x0F;		//give c2 low 4 bits of data
	c1 = c1 / 0x10;		//shift c1 right by 4
	lcdDataWork(c1);
	ms_sleep(2);
	lcdDataWork(c2);
	ms_sleep(1);
}

void lcdCharWork(unsigned char c)
{
	c = c << 4;			//Shift data to hi bits
	c = c & 0xF0;		//keep low four as data
	c = c | 0x0a;		//set E and RS hi
	LCD = c;			//write to LCD
	ms_sleep(1);		//wait 1 ms
	c = c ^ 0x08;		//set E low
	LCD = c;			//write to LCD
	ms_sleep(1);		//wait 1 ms
}

void lcdChar(unsigned char c)
{
	unsigned char c1 = c & 0xF0;		//give c1 hi 4 bits of data
	unsigned char c2 = c & 0x0F;		//give c2 low 4 bits of data
	c1 = c1 / 0x10;		//shift c1 right by 4
	lcdCharWork(c1);
	ms_sleep(2);
	lcdCharWork(c2);
	ms_sleep(1);
}

void lcdString(unsigned char ca[])
{
	int i = 0;
	while (ca[i] != '\0')
	{
		lcdChar(ca[i++]);

	}
}

void lcdGoto(int row, int col)
{
	int i;
	unsigned char xval = col;
	unsigned char yval;
	xval = xval & 0x1F;
	if (row == 1)
		lcdData(0xC0);
	else
		lcdData(0x02);
		ms_sleep(1);

	for( i=xval; i>0; i-- )
		lcdData(0x14);

}

void lcdClear(void)
{
	lcdData(0x01);
	ms_sleep(1);
}

void lcdInt(int value) 
{ 
     int temp_val; 
     int x = 10000; 
	 int leftZeros=5;

	if (value<0){
	lcdChar('-');
	}	

    while (value / x == 0) 
     { 
        x/=10;
		leftZeros--;
     } 
 
 
     while ((value > 0) || (leftZeros>0))
     { 
          temp_val = value / x; 
          value -= temp_val * x; 
          lcdChar(temp_val+ 0x30); 
           x /= 10;
		   leftZeros--;
    } 
	
	while (leftZeros>0){
	lcdChar(0+ 0x30);
	leftZeros--;
	} 

     return; 
      
}

void initLCD(void)
{
	init_timer();

	/* enable interrupts */
	sei();

	LCDDDR = 0xFF;		// set as output for LCD
	LCD = 0x00;

	//Power On
	//put in 4bit mode
	ms_sleep(15);
	lcdDataWork(0x03);
	ms_sleep(5);
	lcdDataWork(0x03);
	ms_sleep(1);
	lcdDataWork(0x03);
	ms_sleep(5);
	lcdDataWork(0x02);
	ms_sleep(1);
	//enable 2 line mode
	lcdData(0x28);
	//turn everything on
	lcdData(0x0F);
	//Entry Mode
	lcdData(0x06);
	//Clear
	lcdData(0x01);
	ms_sleep(1);
}

/* Mike Pridgen
// Richard Brett Mitchell
// mikeSonar2.c
// Function calls for Sonar
// Edited by Brett for my specific Sonar
*/
#ifndef __mikeSonar2_h__
#define __mikeSonar2_h__

#define	SONAR		PORTD
#define SONARDDR	DDRD
#define SONARIN		PIND

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeSonar2.h"


void sendPulse(void);

int waitPulse(void);

int sonarDist(void);

void initSonar(void);

#endif

/* Mike Pridgen
// Richard Brett Mitchell
// mikeSonar2.c
// Function calls for Sonar
// Edited by Brett for my specific Sonar
*/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "mikeSonar2.h"

void sendPulse(void)
{
	SONARDDR = 0x01;	//set Sonar to output
	SONAR = 0x01;	//send burst
	int i = 0;
	while (i < 50)
		i++;
	SONAR = 0x00;	//end burst
	SONARDDR = 0x00;	//set Sonar to input
}

int waitPulse(void)
{
	int i = 0;
	int j = 0;
	while (((SONARIN & 0x01) == 0x00) & (j < 13000))
	{
		j++;
	}
	while (((SONARIN & 0x01) == 0x01) & (i < 300000))
	{
		i++;
	}		
	return i/20;
}

int sonarDist(void)
{
	int last0, last1, last2, last3, last4, last;
	sendPulse();
	last0 = waitPulse();
	sendPulse();
	last1 = waitPulse();
	sendPulse();
	last2 = waitPulse();
	sendPulse();
	last3 = waitPulse();
	sendPulse();
	last4 = waitPulse();
	last = (last0+last1+last2+last3+last4)/5;
	return (last);
}

void initSonar(void)
{

	SONARDDR = 0x00;	//set Sonar to input
}

/* Mike Pridgen
// Richard Brett Mitchell
// PVR_Servos.c
// Function calls for Servos
*/
#ifndef __ThomasMotors_h__
#define __ThomasMotors_h__

#define Servo1POS 	OCR3C
#define Servo2POS 	OCR3B
#define Servo3POS 	OCR3A
#define Servo6POS 	OCR1A
#define Servo5POS	OCR1B
#define Servo4POS 	OCR1C

#define S_CENTER 	18340
#define farRight	770
#define farLeft 	820


#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "PVR_Servos.h"

int SROFFSET;
int SLOFFSET;

void initServo(void);

void moveServo1(int amnt);

void moveServo2(int amnt);

void moveServo3(int amnt);

void moveServo4(int amnt);

void moveServo5(int amnt);

void moveServo6(int amnt);

void setDrift(void);


#endif

/* Mike Pridgen
// Richard Brett Mitchell
// PVR_Servos.c
// Function calls for Servos
*/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include "PVR_Servos.h"
#include "mikeLCD.h"
#include "Brett_Servo.h"

int SROFFSET = 156;
int SLOFFSET = 157;

void initServo(void)
{
	//Set up PWM for Servos 1-3
	ICR3 = 20000;
	TCCR3A = 0xFC;
	TCCR3B = 0x12;
	DDRE = 0xFF;

	//Set up PWM for Servos 4-6
	ICR1 = 20000;
	TCCR1A = 0xFC;
	TCCR1B = 0x12;
	DDRB = 0xFF;

	ms_sleep(500);
	/*int volt = 0;
	int volt2 = 0;
	int volt3 = 0;
	int volt4 = 0;
	int volt5 = 0;
	volt = adcThree();
	volt2 = adcThree();
	volt3 = adcThree();
	volt4 = adcThree();
	volt5 = adcThree();
	volt = (volt+volt2+volt3+volt4+volt5)/5;*/
	stop();
	//setDrift();
	//stop();
}


void moveServo1(int amnt)//-100 for far left, 100 for far right
{
	if (amnt == 0)
	{
		DDRE = 0x00;
	}
	else {
	DDRE = 0xFF;
	int tempPOS=S_CENTER + SROFFSET;
	float LeftAMT=(-amnt*0.01);
	float RightAMT=(amnt*0.01);
	if (amnt>0)  {tempPOS=tempPOS-RightAMT*farRight;	}
	else{tempPOS=tempPOS+LeftAMT*farLeft;		}
	Servo1POS=tempPOS;
	}
}


void moveServo2(int amnt) //-100 for far left, 100 for far right
{
	if (amnt == 0)
	{
		DDRE = 0x00;
	}
	else
	{
	DDRE = 0xFF;
	int tempPOS=S_CENTER + SLOFFSET;
	float LeftAMT=(-amnt*0.01);
	float RightAMT=(amnt*0.01);
	if (amnt>0)  {tempPOS=tempPOS-RightAMT*farRight;	}
	else{tempPOS=tempPOS+LeftAMT*farLeft;		}
	Servo2POS=tempPOS;
	}
}

void moveServo3(int amnt) //-100 for far left, 100 for far right
{
	int tempPOS=S_CENTER;
	float LeftAMT=(-amnt*0.01);
	float RightAMT=(amnt*0.01);
	if (amnt>0)  {tempPOS=tempPOS-RightAMT*farRight;	}
	else{tempPOS=tempPOS+LeftAMT*farLeft;		}
	Servo3POS=tempPOS;
}

void moveServo4(int amnt) //-100 for far left, 100 for far right
{
	int tempPOS=S_CENTER;
	float LeftAMT=(-amnt*0.01);
	float RightAMT=(amnt*0.01);
	if (amnt>0)  {tempPOS=tempPOS-RightAMT*farRight;	}
	else{tempPOS=tempPOS+LeftAMT*farLeft;		}
	Servo4POS=tempPOS;
}

void moveServo5(int amnt) //-100 for far left, 100 for far right
{
	int tempPOS=S_CENTER;
	float LeftAMT=(-amnt*0.01);
	float RightAMT=(amnt*0.01);
	if (amnt>0)  {tempPOS=tempPOS-RightAMT*farRight;	}
	else{tempPOS=tempPOS+LeftAMT*farLeft;		}
	Servo5POS=tempPOS;
}

void moveServo6(int amnt) //-100 for far left, 100 for far right
{
	int tempPOS=S_CENTER;
	float LeftAMT=(-amnt*0.01);
	float RightAMT=(amnt*0.01);
	if (amnt>0)  {tempPOS=tempPOS-RightAMT*farRight;	}
	else{tempPOS=tempPOS+LeftAMT*farLeft;		}
	Servo6POS=tempPOS;
}
void setDrift()
{
	int count = 0;
	int cont = 1;
	int offset = 145;
	while(cont)
	{
		count = 0;
		lcdClear();
		lcdString("Center Servos");
		lcdGoto(1,0);
		lcdInt(offset);
		SROFFSET = offset;
		SLOFFSET = offset;
		stop();
		while((PIND & 0x40) && (count < 3050))
		{
			count++;
			ms_sleep(1);
		}
		if (count > 3000)
		{
			cont = 0;
			break;
		}
		ms_sleep(500);
		offset = offset + 1;
	}
}

#ifndef UART_H
#define UART_H
/************************************************************************
Title:    Interrupt UART library with receive/transmit circular buffers
Author:   Peter Fleury <pfleury@gmx.ch>   http://jump.to/fleury
File:     $Id: uart.h,v 1.8.2.1 2007/07/01 11:14:38 peter Exp $
Software: AVR-GCC 4.1, AVR Libc 1.4
Hardware: any AVR with built-in UART, tested on AT90S8515 & ATmega8 at 4 Mhz
License:  GNU General Public License 
Usage:    see Doxygen manual

LICENSE:
    Copyright (C) 2006 Peter Fleury

    This program is free software; you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation; either version 2 of the License, or
    any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.
    
************************************************************************/

/** 
 *  @defgroup pfleury_uart UART Library
 *  @code #include <uart.h> @endcode
 * 
 *  @brief Interrupt UART library using the built-in UART with transmit and receive circular buffers. 
 *
 *  This library can be used to transmit and receive data through the built in UART. 
 *
 *  An interrupt is generated when the UART has finished transmitting or
 *  receiving a byte. The interrupt handling routines use circular buffers
 *  for buffering received and transmitted data.
 *
 *  The UART_RX_BUFFER_SIZE and UART_TX_BUFFER_SIZE constants define
 *  the size of the circular buffers in bytes. Note that these constants must be a power of 2.
 *  You may need to adapt this constants to your target and your application by adding 
 *  CDEFS += -DUART_RX_BUFFER_SIZE=nn -DUART_RX_BUFFER_SIZE=nn to your Makefile.
 *
 *  @note Based on Atmel Application Note AVR306
 *  @author Peter Fleury pfleury@gmx.ch  http://jump.to/fleury
 */
 
/**@{*/


#if (__GNUC__ * 100 + __GNUC_MINOR__) < 304
#error "This library requires AVR-GCC 3.4 or later, update to newer AVR-GCC compiler !"
#endif


/*
** constants and macros
*/

/** @brief  UART Baudrate Expression
 *  @param  xtalcpu  system clock in Mhz, e.g. 4000000L for 4Mhz          
 *  @param  baudrate baudrate in bps, e.g. 1200, 2400, 9600     
 */
#define UART_BAUD_SELECT(baudRate,xtalCpu) ((xtalCpu)/((baudRate)*16l)-1)

/** @brief  UART Baudrate Expression for ATmega double speed mode
 *  @param  xtalcpu  system clock in Mhz, e.g. 4000000L for 4Mhz           
 *  @param  baudrate baudrate in bps, e.g. 1200, 2400, 9600     
 */
#define UART_BAUD_SELECT_DOUBLE_SPEED(baudRate,xtalCpu) (((xtalCpu)/((baudRate)*8l)-1)|0x8000)


/** Size of the circular receive buffer, must be power of 2 */
#ifndef UART_RX_BUFFER_SIZE
#define UART_RX_BUFFER_SIZE 32
#endif
/** Size of the circular transmit buffer, must be power of 2 */
#ifndef UART_TX_BUFFER_SIZE
#define UART_TX_BUFFER_SIZE 32
#endif

/* test if the size of the circular buffers fits into SRAM */
#if ( (UART_RX_BUFFER_SIZE+UART_TX_BUFFER_SIZE) >= (RAMEND-0x60 ) )
#error "size of UART_RX_BUFFER_SIZE + UART_TX_BUFFER_SIZE larger than size of SRAM"
#endif

/* 
** high byte error return code of uart_getc()
*/
#define UART_FRAME_ERROR      0x0800              /* Framing Error by UART       */
#define UART_OVERRUN_ERROR    0x0400              /* Overrun condition by UART   */
#define UART_BUFFER_OVERFLOW  0x0200              /* receive ringbuffer overflow */
#define UART_NO_DATA          0x0100              /* no receive data available   */


/*
** function prototypes
*/

/**
   @brief   Initialize UART and set baudrate 
   @param   baudrate Specify baudrate using macro UART_BAUD_SELECT()
   @return  none
*/
extern void uart_init(unsigned int baudrate);


/**
 *  @brief   Get received byte from ringbuffer
 *
 * Returns in the lower byte the received character and in the 
 * higher byte the last receive error.
 * UART_NO_DATA is returned when no data is available.
 *
 *  @param   void
 *  @return  lower byte:  received byte from ringbuffer
 *  @return  higher byte: last receive status
 *           - \b 0 successfully received data from UART
 *           - \b UART_NO_DATA           
 *             <br>no receive data available
 *           - \b UART_BUFFER_OVERFLOW   
 *             <br>Receive ringbuffer overflow.
 *             We are not reading the receive buffer fast enough, 
 *             one or more received character have been dropped 
 *           - \b UART_OVERRUN_ERROR     
 *             <br>Overrun condition by UART.
 *             A character already present in the UART UDR register was 
 *             not read by the interrupt handler before the next character arrived,
 *             one or more received characters have been dropped.
 *           - \b UART_FRAME_ERROR       
 *             <br>Framing Error by UART
 */
extern unsigned int uart_getc(void);


/**
 *  @brief   Put byte to ringbuffer for transmitting via UART
 *  @param   data byte to be transmitted
 *  @return  none
 */
extern void uart_putc(unsigned char data);


/**
 *  @brief   Put string to ringbuffer for transmitting via UART
 *
 *  The string is buffered by the uart library in a circular buffer
 *  and one character at a time is transmitted to the UART using interrupts.
 *  Blocks if it can not write the whole string into the circular buffer.
 * 
 *  @param   s string to be transmitted
 *  @return  none
 */
extern void uart_puts(const char *s );


/**
 * @brief    Put string from program memory to ringbuffer for transmitting via UART.
 *
 * The string is buffered by the uart library in a circular buffer
 * and one character at a time is transmitted to the UART using interrupts.
 * Blocks if it can not write the whole string into the circular buffer.
 *
 * @param    s program memory string to be transmitted
 * @return   none
 * @see      uart_puts_P
 */
extern void uart_puts_p(const char *s );

/**
 * @brief    Macro to automatically put a string constant into program memory
 */
#define uart_puts_P(__s)       uart_puts_p(PSTR(__s))



/** @brief  Initialize USART1 (only available on selected ATmegas) @see uart_init */
extern void uart1_init(unsigned int baudrate);
/** @brief  Get received byte of USART1 from ringbuffer. (only available on selected ATmega) @see uart_getc */
extern unsigned int uart1_getc(void);
/** @brief  Put byte to ringbuffer for transmitting via USART1 (only available on selected ATmega) @see uart_putc */
extern void uart1_putc(unsigned char data);
/** @brief  Put string to ringbuffer for transmitting via USART1 (only available on selected ATmega) @see uart_puts */
extern void uart1_puts(const char *s );
/** @brief  Put string from program memory to ringbuffer for transmitting via USART1 (only available on selected ATmega) @see uart_puts_p */
extern void uart1_puts_p(const char *s );
/** @brief  Macro to automatically put a string constant into program memory */
#define uart1_puts_P(__s)       uart1_puts_p(PSTR(__s))

/**@}*/


#endif // UART_H 

/*************************************************************************
Title:    Interrupt UART library with receive/transmit circular buffers
Author:   Peter Fleury <pfleury@gmx.ch>   http://jump.to/fleury
File:     $Id: uart.c,v 1.6.2.1 2007/07/01 11:14:38 peter Exp $
Software: AVR-GCC 4.1, AVR Libc 1.4.6 or higher
Hardware: any AVR with built-in UART, 
License:  GNU General Public License 
          
DESCRIPTION:
    An interrupt is generated when the UART has finished transmitting or
    receiving a byte. The interrupt handling routines use circular buffers
    for buffering received and transmitted data.
    
    The UART_RX_BUFFER_SIZE and UART_TX_BUFFER_SIZE variables define
    the buffer size in bytes. Note that these variables must be a 
    power of 2.
    
USAGE:
    Refere to the header file uart.h for a description of the routines. 
    See also example test_uart.c.

NOTES:
    Based on Atmel Application Note AVR306
                    
LICENSE:
    Copyright (C) 2006 Peter Fleury

    This program is free software; you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation; either version 2 of the License, or
    any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.
                        
*************************************************************************/
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/pgmspace.h>
#include "uart.h"


/*
 *  constants and macros
 */

/* size of RX/TX buffers */
#define UART_RX_BUFFER_MASK ( UART_RX_BUFFER_SIZE - 1)
#define UART_TX_BUFFER_MASK ( UART_TX_BUFFER_SIZE - 1)

#if ( UART_RX_BUFFER_SIZE & UART_RX_BUFFER_MASK )
#error RX buffer size is not a power of 2
#endif
#if ( UART_TX_BUFFER_SIZE & UART_TX_BUFFER_MASK )
#error TX buffer size is not a power of 2
#endif

#if defined(__AVR_AT90S2313__) \
 || defined(__AVR_AT90S4414__) || defined(__AVR_AT90S4434__) \
 || defined(__AVR_AT90S8515__) || defined(__AVR_AT90S8535__) \
 || defined(__AVR_ATmega103__)
 /* old AVR classic or ATmega103 with one UART */
 #define AT90_UART
 #define UART0_RECEIVE_INTERRUPT   SIG_UART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_UART_DATA
 #define UART0_STATUS   USR
 #define UART0_CONTROL  UCR
 #define UART0_DATA     UDR  
 #define UART0_UDRIE    UDRIE
#elif defined(__AVR_AT90S2333__) || defined(__AVR_AT90S4433__)
 /* old AVR classic with one UART */
 #define AT90_UART
 #define UART0_RECEIVE_INTERRUPT   SIG_UART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_UART_DATA
 #define UART0_STATUS   UCSRA
 #define UART0_CONTROL  UCSRB
 #define UART0_DATA     UDR 
 #define UART0_UDRIE    UDRIE
#elif  defined(__AVR_ATmega8__)  || defined(__AVR_ATmega16__) || defined(__AVR_ATmega32__) \
  || defined(__AVR_ATmega8515__) || defined(__AVR_ATmega8535__) \
  || defined(__AVR_ATmega323__)
  /* ATmega with one USART */
 #define ATMEGA_USART
 #define UART0_RECEIVE_INTERRUPT   SIG_UART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_UART_DATA
 #define UART0_STATUS   UCSRA
 #define UART0_CONTROL  UCSRB
 #define UART0_DATA     UDR
 #define UART0_UDRIE    UDRIE
#elif defined(__AVR_ATmega163__) 
  /* ATmega163 with one UART */
 #define ATMEGA_UART
 #define UART0_RECEIVE_INTERRUPT   SIG_UART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_UART_DATA
 #define UART0_STATUS   UCSRA
 #define UART0_CONTROL  UCSRB
 #define UART0_DATA     UDR
 #define UART0_UDRIE    UDRIE
#elif defined(__AVR_ATmega162__) 
 /* ATmega with two USART */
 #define ATMEGA_USART0
 #define ATMEGA_USART1
 #define UART0_RECEIVE_INTERRUPT   SIG_USART0_RECV
 #define UART1_RECEIVE_INTERRUPT   SIG_USART1_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_USART0_DATA
 #define UART1_TRANSMIT_INTERRUPT  SIG_USART1_DATA
 #define UART0_STATUS   UCSR0A
 #define UART0_CONTROL  UCSR0B
 #define UART0_DATA     UDR0
 #define UART0_UDRIE    UDRIE0
 #define UART1_STATUS   UCSR1A
 #define UART1_CONTROL  UCSR1B
 #define UART1_DATA     UDR1
 #define UART1_UDRIE    UDRIE1
#elif defined(__AVR_ATmega64__) || defined(__AVR_ATmega128__) 
 /* ATmega with two USART */
 #define ATMEGA_USART0
 #define ATMEGA_USART1
 #define UART0_RECEIVE_INTERRUPT   SIG_UART0_RECV
 #define UART1_RECEIVE_INTERRUPT   SIG_UART1_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_UART0_DATA
 #define UART1_TRANSMIT_INTERRUPT  SIG_UART1_DATA
 #define UART0_STATUS   UCSR0A
 #define UART0_CONTROL  UCSR0B
 #define UART0_DATA     UDR0
 #define UART0_UDRIE    UDRIE0
 #define UART1_STATUS   UCSR1A
 #define UART1_CONTROL  UCSR1B
 #define UART1_DATA     UDR1
 #define UART1_UDRIE    UDRIE1
#elif defined(__AVR_ATmega161__)
 /* ATmega with UART */
 #error "AVR ATmega161 currently not supported by this libaray !"
#elif defined(__AVR_ATmega169__) 
 /* ATmega with one USART */
 #define ATMEGA_USART
 #define UART0_RECEIVE_INTERRUPT   SIG_USART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_USART_DATA
 #define UART0_STATUS   UCSRA
 #define UART0_CONTROL  UCSRB
 #define UART0_DATA     UDR
 #define UART0_UDRIE    UDRIE
#elif defined(__AVR_ATmega48__) ||defined(__AVR_ATmega88__) || defined(__AVR_ATmega168__)
 /* ATmega with one USART */
 #define ATMEGA_USART0
 #define UART0_RECEIVE_INTERRUPT   SIG_USART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_USART_DATA
 #define UART0_STATUS   UCSR0A
 #define UART0_CONTROL  UCSR0B
 #define UART0_DATA     UDR0
 #define UART0_UDRIE    UDRIE0
#elif defined(__AVR_ATtiny2313__)
 #define ATMEGA_USART
 #define UART0_RECEIVE_INTERRUPT   SIG_USART0_RX 
 #define UART0_TRANSMIT_INTERRUPT  SIG_USART0_UDRE
 #define UART0_STATUS   UCSRA
 #define UART0_CONTROL  UCSRB
 #define UART0_DATA     UDR
 #define UART0_UDRIE    UDRIE
#elif defined(__AVR_ATmega329__) ||defined(__AVR_ATmega3290__) ||\
      defined(__AVR_ATmega649__) ||defined(__AVR_ATmega6490__) ||\
      defined(__AVR_ATmega325__) ||defined(__AVR_ATmega3250__) ||\
      defined(__AVR_ATmega645__) ||defined(__AVR_ATmega6450__)
  /* ATmega with one USART */
  #define ATMEGA_USART0
  #define UART0_RECEIVE_INTERRUPT   SIG_UART_RECV
  #define UART0_TRANSMIT_INTERRUPT  SIG_UART_DATA
  #define UART0_STATUS   UCSR0A
  #define UART0_CONTROL  UCSR0B
  #define UART0_DATA     UDR0
  #define UART0_UDRIE    UDRIE0
#elif defined(__AVR_ATmega2560__) || defined(__AVR_ATmega1280__) || defined(__AVR_ATmega640__)
/* ATmega with two USART */
  #define ATMEGA_USART0
  #define ATMEGA_USART1
  #define UART0_RECEIVE_INTERRUPT   SIG_USART0_RECV
  #define UART1_RECEIVE_INTERRUPT   SIG_USART1_RECV
  #define UART0_TRANSMIT_INTERRUPT  SIG_USART0_DATA
  #define UART1_TRANSMIT_INTERRUPT  SIG_USART1_DATA
  #define UART0_STATUS   UCSR0A
  #define UART0_CONTROL  UCSR0B
  #define UART0_DATA     UDR0
  #define UART0_UDRIE    UDRIE0
  #define UART1_STATUS   UCSR1A
  #define UART1_CONTROL  UCSR1B
  #define UART1_DATA     UDR1
  #define UART1_UDRIE    UDRIE1  
#elif defined(__AVR_ATmega644__)
 /* ATmega with one USART */
 #define ATMEGA_USART0
 #define UART0_RECEIVE_INTERRUPT   SIG_USART_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_USART_DATA
 #define UART0_STATUS   UCSR0A
 #define UART0_CONTROL  UCSR0B
 #define UART0_DATA     UDR0
 #define UART0_UDRIE    UDRIE0
#elif defined(__AVR_ATmega164P__) || defined(__AVR_ATmega324P__) || defined(__AVR_ATmega644P__)
 /* ATmega with two USART */
 #define ATMEGA_USART0
 #define ATMEGA_USART1
 #define UART0_RECEIVE_INTERRUPT   SIG_USART_RECV
 #define UART1_RECEIVE_INTERRUPT   SIG_USART1_RECV
 #define UART0_TRANSMIT_INTERRUPT  SIG_USART_DATA
 #define UART1_TRANSMIT_INTERRUPT  SIG_USART1_DATA
 #define UART0_STATUS   UCSR0A
 #define UART0_CONTROL  UCSR0B
 #define UART0_DATA     UDR0
 #define UART0_UDRIE    UDRIE0
 #define UART1_STATUS   UCSR1A
 #define UART1_CONTROL  UCSR1B
 #define UART1_DATA     UDR1
 #define UART1_UDRIE    UDRIE1
#else
 #error "no UART definition for MCU available"
#endif


/*
 *  module global variables
 */
static volatile unsigned char UART_TxBuf[UART_TX_BUFFER_SIZE];
static volatile unsigned char UART_RxBuf[UART_RX_BUFFER_SIZE];
static volatile unsigned char UART_TxHead;
static volatile unsigned char UART_TxTail;
static volatile unsigned char UART_RxHead;
static volatile unsigned char UART_RxTail;
static volatile unsigned char UART_LastRxError;

#if defined( ATMEGA_USART1 )
static volatile unsigned char UART1_TxBuf[UART_TX_BUFFER_SIZE];
static volatile unsigned char UART1_RxBuf[UART_RX_BUFFER_SIZE];
static volatile unsigned char UART1_TxHead;
static volatile unsigned char UART1_TxTail;
static volatile unsigned char UART1_RxHead;
static volatile unsigned char UART1_RxTail;
static volatile unsigned char UART1_LastRxError;
#endif



SIGNAL(UART0_RECEIVE_INTERRUPT)
/*************************************************************************
Function: UART Receive Complete interrupt
Purpose:  called when the UART has received a character
**************************************************************************/
{
    unsigned char tmphead;
    unsigned char data;
    unsigned char usr;
    unsigned char lastRxError;
 
 
    /* read UART status register and UART data register */ 
    usr  = UART0_STATUS;
    data = UART0_DATA;
    
    /* */
#if defined( AT90_UART )
    lastRxError = (usr & (_BV(FE)|_BV(DOR)) );
#elif defined( ATMEGA_USART )
    lastRxError = (usr & (_BV(FE)|_BV(DOR)) );
#elif defined( ATMEGA_USART0 )
    lastRxError = (usr & (_BV(FE0)|_BV(DOR0)) );
#elif defined ( ATMEGA_UART )
    lastRxError = (usr & (_BV(FE)|_BV(DOR)) );
#endif
        
    /* calculate buffer index */ 
    tmphead = ( UART_RxHead + 1) & UART_RX_BUFFER_MASK;
    
    if ( tmphead == UART_RxTail ) {
        /* error: receive buffer overflow */
        lastRxError = UART_BUFFER_OVERFLOW >> 8;
    }else{
        /* store new index */
        UART_RxHead = tmphead;
        /* store received data in buffer */
        UART_RxBuf[tmphead] = data;
    }
    UART_LastRxError = lastRxError;   
}


SIGNAL(UART0_TRANSMIT_INTERRUPT)
/*************************************************************************
Function: UART Data Register Empty interrupt
Purpose:  called when the UART is ready to transmit the next byte
**************************************************************************/
{
    unsigned char tmptail;

    
    if ( UART_TxHead != UART_TxTail) {
        /* calculate and store new buffer index */
        tmptail = (UART_TxTail + 1) & UART_TX_BUFFER_MASK;
        UART_TxTail = tmptail;
        /* get one byte from buffer and write it to UART */
        UART0_DATA = UART_TxBuf[tmptail];  /* start transmission */
    }else{
        /* tx buffer empty, disable UDRE interrupt */
        UART0_CONTROL &= ~_BV(UART0_UDRIE);
    }
}


/*************************************************************************
Function: uart_init()
Purpose:  initialize UART and set baudrate
Input:    baudrate using macro UART_BAUD_SELECT()
Returns:  none
**************************************************************************/
void uart_init(unsigned int baudrate)
{
    UART_TxHead = 0;
    UART_TxTail = 0;
    UART_RxHead = 0;
    UART_RxTail = 0;
    
#if defined( AT90_UART )
    /* set baud rate */
    UBRR = (unsigned char)baudrate; 

    /* enable UART receiver and transmmitter and receive complete interrupt */
    UART0_CONTROL = _BV(RXCIE)|_BV(RXEN)|_BV(TXEN);

#elif defined (ATMEGA_USART)
    /* Set baud rate */
    if ( baudrate & 0x8000 )
    {
    	 UART0_STATUS = (1<<U2X);  //Enable 2x speed 
    	 baudrate &= ~0x8000;
    }
    UBRRH = (unsigned char)(baudrate>>8);
    UBRRL = (unsigned char) baudrate;
   
    /* Enable USART receiver and transmitter and receive complete interrupt */
    UART0_CONTROL = _BV(RXCIE)|(1<<RXEN)|(1<<TXEN);
    
    /* Set frame format: asynchronous, 8data, no parity, 1stop bit */
    #ifdef URSEL
    UCSRC = (1<<URSEL)|(3<<UCSZ0);
    #else
    UCSRC = (3<<UCSZ0);
    #endif 
    
#elif defined (ATMEGA_USART0 )
    /* Set baud rate */
    if ( baudrate & 0x8000 ) 
    {
   		UART0_STATUS = (1<<U2X0);  //Enable 2x speed 
   		baudrate &= ~0x8000;
   	}
    UBRR0H = (unsigned char)(baudrate>>8);
    UBRR0L = (unsigned char) baudrate;

    /* Enable USART receiver and transmitter and receive complete interrupt */
    UART0_CONTROL = _BV(RXCIE0)|(1<<RXEN0)|(1<<TXEN0);
    
    /* Set frame format: asynchronous, 8data, no parity, 1stop bit */
    #ifdef URSEL0
    UCSR0C = (1<<URSEL0)|(3<<UCSZ00);
    #else
    UCSR0C = (3<<UCSZ00);
    #endif 

#elif defined ( ATMEGA_UART )
    /* set baud rate */
    if ( baudrate & 0x8000 ) 
    {
    	UART0_STATUS = (1<<U2X);  //Enable 2x speed 
    	baudrate &= ~0x8000;
    }
    UBRRHI = (unsigned char)(baudrate>>8);
    UBRR   = (unsigned char) baudrate;

    /* Enable UART receiver and transmitter and receive complete interrupt */
    UART0_CONTROL = _BV(RXCIE)|(1<<RXEN)|(1<<TXEN);

#endif

}/* uart_init */


/*************************************************************************
Function: uart_getc()
Purpose:  return byte from ringbuffer  
Returns:  lower byte:  received byte from ringbuffer
          higher byte: last receive error
**************************************************************************/
unsigned int uart_getc(void)
{    
    unsigned char tmptail;
    unsigned char data;


    if ( UART_RxHead == UART_RxTail ) {
        return UART_NO_DATA;   /* no data available */
    }
    
    /* calculate /store buffer index */
    tmptail = (UART_RxTail + 1) & UART_RX_BUFFER_MASK;
    UART_RxTail = tmptail; 
    
    /* get data from receive buffer */
    data = UART_RxBuf[tmptail];
    
    return (UART_LastRxError << 8) + data;

}/* uart_getc */


/*************************************************************************
Function: uart_putc()
Purpose:  write byte to ringbuffer for transmitting via UART
Input:    byte to be transmitted
Returns:  none          
**************************************************************************/
void uart_putc(unsigned char data)
{
    unsigned char tmphead;

    
    tmphead  = (UART_TxHead + 1) & UART_TX_BUFFER_MASK;
    
    while ( tmphead == UART_TxTail ){
        ;/* wait for free space in buffer */
    }
    
    UART_TxBuf[tmphead] = data;
    UART_TxHead = tmphead;

    /* enable UDRE interrupt */
    UART0_CONTROL    |= _BV(UART0_UDRIE);

}/* uart_putc */


/*************************************************************************
Function: uart_puts()
Purpose:  transmit string to UART
Input:    string to be transmitted
Returns:  none          
**************************************************************************/
void uart_puts(const char *s )
{
    while (*s) 
      uart_putc(*s++);

}/* uart_puts */


/*************************************************************************
Function: uart_puts_p()
Purpose:  transmit string from program memory to UART
Input:    program memory string to be transmitted
Returns:  none
**************************************************************************/
void uart_puts_p(const char *progmem_s )
{
    register char c;
    
    while ( (c = pgm_read_byte(progmem_s++)) ) 
      uart_putc(c);

}/* uart_puts_p */


/*
 * these functions are only for ATmegas with two USART
 */
#if defined( ATMEGA_USART1 )

SIGNAL(UART1_RECEIVE_INTERRUPT)
/*************************************************************************
Function: UART1 Receive Complete interrupt
Purpose:  called when the UART1 has received a character
**************************************************************************/
{
    unsigned char tmphead;
    unsigned char data;
    unsigned char usr;
    unsigned char lastRxError;
 
 
    /* read UART status register and UART data register */ 
    usr  = UART1_STATUS;
    data = UART1_DATA;
    
    /* */
    lastRxError = (usr & (_BV(FE1)|_BV(DOR1)) );
        
    /* calculate buffer index */ 
    tmphead = ( UART1_RxHead + 1) & UART_RX_BUFFER_MASK;
    
    if ( tmphead == UART1_RxTail ) {
        /* error: receive buffer overflow */
        lastRxError = UART_BUFFER_OVERFLOW >> 8;
    }else{
        /* store new index */
        UART1_RxHead = tmphead;
        /* store received data in buffer */
        UART1_RxBuf[tmphead] = data;
    }
    UART1_LastRxError = lastRxError;   
}


SIGNAL(UART1_TRANSMIT_INTERRUPT)
/*************************************************************************
Function: UART1 Data Register Empty interrupt
Purpose:  called when the UART1 is ready to transmit the next byte
**************************************************************************/
{
    unsigned char tmptail;

    
    if ( UART1_TxHead != UART1_TxTail) {
        /* calculate and store new buffer index */
        tmptail = (UART1_TxTail + 1) & UART_TX_BUFFER_MASK;
        UART1_TxTail = tmptail;
        /* get one byte from buffer and write it to UART */
        UART1_DATA = UART1_TxBuf[tmptail];  /* start transmission */
    }else{
        /* tx buffer empty, disable UDRE interrupt */
        UART1_CONTROL &= ~_BV(UART1_UDRIE);
    }
}


/*************************************************************************
Function: uart1_init()
Purpose:  initialize UART1 and set baudrate
Input:    baudrate using macro UART_BAUD_SELECT()
Returns:  none
**************************************************************************/
void uart1_init(unsigned int baudrate)
{
    UART1_TxHead = 0;
    UART1_TxTail = 0;
    UART1_RxHead = 0;
    UART1_RxTail = 0;
    

    /* Set baud rate */
    if ( baudrate & 0x8000 ) 
    {
    	UART1_STATUS = (1<<U2X1);  //Enable 2x speed 
      baudrate &= ~0x8000;
    }
    UBRR1H = (unsigned char)(baudrate>>8);
    UBRR1L = (unsigned char) baudrate;

    /* Enable USART receiver and transmitter and receive complete interrupt */
    UART1_CONTROL = _BV(RXCIE1)|(1<<RXEN1)|(1<<TXEN1);
    
    /* Set frame format: asynchronous, 8data, no parity, 1stop bit */   
    #ifdef URSEL1
    UCSR1C = (1<<URSEL1)|(3<<UCSZ10);
    #else
    UCSR1C = (3<<UCSZ10);
    #endif 
}/* uart_init */


/*************************************************************************
Function: uart1_getc()
Purpose:  return byte from ringbuffer  
Returns:  lower byte:  received byte from ringbuffer
          higher byte: last receive error
**************************************************************************/
unsigned int uart1_getc(void)
{    
    unsigned char tmptail;
    unsigned char data;


    if ( UART1_RxHead == UART1_RxTail ) {
        return UART_NO_DATA;   /* no data available */
    }
    
    /* calculate /store buffer index */
    tmptail = (UART1_RxTail + 1) & UART_RX_BUFFER_MASK;
    UART1_RxTail = tmptail; 
    
    /* get data from receive buffer */
    data = UART1_RxBuf[tmptail];
    
    return (UART1_LastRxError << 8) + data;

}/* uart1_getc */


/*************************************************************************
Function: uart1_putc()
Purpose:  write byte to ringbuffer for transmitting via UART
Input:    byte to be transmitted
Returns:  none          
**************************************************************************/
void uart1_putc(unsigned char data)
{
    unsigned char tmphead;

    
    tmphead  = (UART1_TxHead + 1) & UART_TX_BUFFER_MASK;
    
    while ( tmphead == UART1_TxTail ){
        ;/* wait for free space in buffer */
    }
    
    UART1_TxBuf[tmphead] = data;
    UART1_TxHead = tmphead;

    /* enable UDRE interrupt */
    UART1_CONTROL    |= _BV(UART1_UDRIE);

}/* uart1_putc */


/*************************************************************************
Function: uart1_puts()
Purpose:  transmit string to UART1
Input:    string to be transmitted
Returns:  none          
**************************************************************************/
void uart1_puts(const char *s )
{
    while (*s) 
      uart1_putc(*s++);

}/* uart1_puts */


/*************************************************************************
Function: uart1_puts_p()
Purpose:  transmit string from program memory to UART1
Input:    program memory string to be transmitted
Returns:  none
**************************************************************************/
void uart1_puts_p(const char *progmem_s )
{
    register char c;
    
    while ( (c = pgm_read_byte(progmem_s++)) ) 
      uart1_putc(c);

}/* uart1_puts_p */


#endif
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