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1.0
Abstract
This abstract describes the basic functions and capabilities of the Eagle Caddy robot.

1.1
Problem
A golf pull cart allows a golfer to enjoy walking the golf course without having to carry his hefty bag of clubs.  A robotic golf cart not only carries the weight of the bag, but follows the golfer, too.

1.2
Specifications
A. Eagle must accept commands of ‘Follow’ and ‘Stop’ from the user.

B. Eagle must be able to follow a golfer without interfering with the golfer’s walking motion.  It must also maintain a close enough distance to make the golfer’s bag accessible when a ‘stop’ command is issued.

C. Eagle must be able to carry the approximately 25 lb. load of a golfbag.

D. Eagle’s motors cannot make more noise than is acceptable at a golf course.

E. Eagle’s battery life should last a minimum of a half an hour when operating.  Eagle would ideally run for five hours to accommodate the golfer through eighteen holes.
2.0
Introduction
2.1 Purpose

As a high-handicap golfer, I enjoy the beautiful scenery and the exciting challenges golf has to offer.  I walk the course when I play because I want to feel energetic and exercised at the end of eighteen holes.  I use a pull-cart to make the experience less strenuous on the muscles I need to deliver a good golf swing.

While this pull cart is very useful, it has some severe limitations.  For example, the pull cart gives no feedback regarding the ball’s lie, distance to the pin (the hole), or club selection suggestions.  Also, because the pull cart is user operated, it can often clip the golfer’s pace with its large wheels.  This could send your equipment into the grass, the mud, or even a lake!
The Eagle Caddy robotic pull cart will benefit golfers of any skill level.  It is designed to follow a golfer based on the distance the golfer stands ahead of the cart.  It will follow without interrupting the golfer’s normal walking pace, and avoid obstacles while doing so.  Eagle can detect whether it is on fairway grass or in the rough, and will steer clear of sand traps and water hazards.

Depending on budgetary and time constraints, the Eagle Caddy will also be able to provide the user with helpful tips regarding the ball’s lie, the distance to the pin, and even club selection with user input.

3.0 Integrated Systems

3.1
Computer hardware

A)
MAVRIC motherboard will control operation of the robot, including sensory processing, state determination, and motor controls.

B)
Sonar sensors will provide tracking of the user in the ‘Follow’ state.


Sensor will also be used to place robot into ‘Pause’ state and send it back to ‘Follow’ state again.

C) LCD Screen needed for debugging purposes, state determination, sonar and motor timing troubleshooting.

D) Electronic Speed Controllers to determine the power to each motor using PWM.

3.2 Mechanical hardware

A) Pull cart frame adapted from a commercial product.

B) Motor chassis designed by robot inventor made of steel angle beams.
C) Two (2) DC motors and wheels will provide motion with two-wheel steering capabilities.
D) A caster wheel mounted in the rear will support the cart’s weight while providing a low-friction third point of contact with the ground.
4.0
Mobile Platform

Eagle Caddy’s chassis is constructed from Slotted Angle Steel (14GA) measuring 1.5”x1.5”x9’.  This material features regularly punched holes for rapid assembly of shelving structures, braces, etc.  

The steel beams were cut using a miter saw in the MAE-C machine shop under the supervision of Mike Braddock.  After initial cuts, the beams were cut again due to the misalignment of most of the guide holes.  This material proved somewhat difficult to implement as structural framework due to the precision needed to align these holes.

The motor mounts are made of 12GA Steel plates.  These were machined to provide mount bolt holes and drive shaft opening.  After this process, the mounts were welded into place on four of the steel beam pieces.

The motors connect to the wheel hubs via two delrin adaptor hubs.  These hubs were turned down to fit snugly inside the wheel hubs and keyed to avoid unwanted slipping.

Other platform components include wood and cardboard used for mounting computer hardware and the battery and angle brackets to mount the sonar array and the pull cart frame.

5.0
Sensors

Eagle Caddy features three sonar sensors, the Parallax PING))) unit.  This device features three TTL pins and a range of 2 cm to 3 meters.  The pinout is GND|+5V|SIG.  On Eagle Caddy, these sonars are mounted in a Left – Center – Right configuration.  These sensors serve multiple functions, described in detail in Section 6.
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Fig 5.0 Ping))) Sensor

The input of this device is a square wave pulse of a minimum of 5 us.  The output is a square wave starting 750 us later with a minimum duration of .5 ms and a maximum duration of 18.5 ms.  This pulse length linearly correlates to the distance from the target.  These sonars also feature a very narrow acceptance angle and little cross-talk, features desirable in this application.  The below diagram displays typical signal inputs and outputs for the sensor.  Note that due to the single I/O pin, one must take care to properly set and reset the Data Direction Register bits in order to avoid data collision.
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Fig 5.1 Signal diagram
6.0
Behaviors

Eagle Caddy exhibits multiple behaviors in order to make the use of the pullcart simple and efficient.

Eagle Caddy’s top-level behaviors (i.e., states) are Stop, Slow Forward, Mid Forward, Right Moving Turn, Left Moving Turn, and Pause.
Eagle Caddy always begins in Stop.  Eagle will only leave Stop if the lowest value of the three sonar sensors is in the desired range (40-100 inches).

If the center sonar is the lowest value, then Eagle Caddy checks the range of this sensor.  Values below the 80-in mark result in Slow Forward, and Eagle Caddy proceeds to move forward until the value is out of range or a new low sensor ID is determined.  If the robot needs to catch up (i.e. between 80-100 inches away) then Mid Forward will ramp up the motors until Eagle Caddy is close enough to resume Slow Forward.

Right Moving Turn and Left Moving Turn initiate via a low sensor read on the left or right hand sonars.  This behavior is characterized by a momentary burst in the opposing wheel in order to face the target with the center sensor again.  Once the alignment is back to center the cart continues forward.

The Pause state allows the golfer to access the bag, take his swing, and return his club without fear of Eagle Caddy endangering itself or the golfer.  Eagle Caddy enters this patient behavior when the user holds their hand in front of the center sonar sensor, registering a ‘0’ value.  The on-board LED status light comes on in this state, indicating that it is now safe to play the shot.  To resume in the Stop state, the golfer must repeat covering the sensor.  This state differs from Stop because the sonar’s read no longer determines a motor state output.  The advantage this state provides is an easy way to voluntarily disable the cart without having to restart the program or shut off the motors.

7.0
Experiments and Results

Eagle Caddy’s first experiments proved tasking.  The initial test was to set up the Electronic Speed Controllers.  These units, manufactured by Novak Racing Electronics, require a very specific PWM setup to operate correctly with forward, neutral, and reverse.  In order to program (calibrate) the ESC’s, a 60 Hz frequency pulse with 1.85 ms duration must be supplied.  The ESC then needs to set the full forward and full reverse values, with pulse widths of 1.65 and 2.05 ms, respectively.  To do this in code, the inventor had to coordinate the delay times necessary for the controller to recognize a given input.  Otherwise, the programming failed.  After approximately 15 hours of configuring the proper frequency and pulse width, programming succeeded.  This process could have been reduced if any sources had been found that have previously completed this task.  However, it seems that these particular R/C ESCs have not been documented in robotics applications.
After proper calibration of ESCs and sonar sensors, Eagle Caddy had a very drunken maiden voyage.  She listed to the right in the forward state, tracing a spiral shape.  It was soon recognized that the two motors were not perfectly matched (or alternatively, they were not matched for one in forward and one in reverse, since one is mounted backwards).  After a few hours of testing and revisions, Eagle Caddy was able to detect and follow a user with impressive agility.

Due to time constraints and safety concerns for both the user, the robot, and the golf club cargo, Eagle Caddy was not tested at higher speeds.  The inventor must mention that increased speeds would reduce the battery life, which at this point supplies Eagle Caddy with a run-time of approximately one hour.  Future versions of this robot will require either an entirely new drivetrain or greater power supply to complete 9 holes or a full round.

8.0
Conclusion

Eagle Caddy is a very successful and functional prototype robotic caddy assistant.  The main revisions necessary for Eagle Caddy to succeed as a commercial product are as follows:

1) Lighter weight – at roughly 35 lb unloaded, Eagle is not very portable.  At this point, the only potential buyers of such a robot would either keep it at the golf course (in a garage) or own a pickup truck.

2) Drivetrain disengage – while the assembly is wheeled, the dc motors lock the wheels in place when not operating.  This means that Eagle Caddy must be carried when the battery life has expired.

3) Greater tracking capacity – in addition to sonar sensing, Eagle Caddy could make use of light detection as a secondary system for target tracking.  This could also lead to increased proper identification of the target.

Eagle Caddy’s most impressive features include:

1) Very low tendency of run-downs – the user’s feet and shins are quite safe!
2) Smooth drive operation – To date, Eagle Caddy has not tipped, dropped the golf bag, or driven completely out of control

3) Relatively low cost – at ~ $1300, Eagle Caddy is cheaper than most commercial golf carts (~$3000 on eBay) and of course is more healthy since you walk the course!
Appendix A: Software: EagleCaddy.C
//

//   EEE   AAA   GGGG  L     EEE     CCCC   AAA   DDD   DDD   Y   Y

//   E    A   A  G     L     E       C     A   A  D  D  D  D   Y Y

//   EEE  AAAAA  G GG  L     EEE     C     AAAAA  D  D  D  D    Y

//   E    A   A  G  G  L     E       C     A   A  D  D  D  D    Y

//   EEE  A   A  GGGG  LLLL  EEE     CCCC  A   A  DDD   DDD     Y

// 

//  @

//   \  O                                            <|

//    *=!                                             |

// _____^_o___________________________________________|____________

//

//************************Version 1.0*******************************

//

//By Christian deVivero

//Created March 8 2007

//Last modified on April 22 2007

//

//Program code aided by Luis Vegas, Chris Shepherd, Josh Hartman, 

//Fernando Hernandez, and Steve Cimorelli

//

//Machine assembly assistance from Anthony Simpson, Mike Braddock

//

//Special thanks to Ron at NPC Robotics and Team Novak

#define F_CPU 14745600L

#include <util/delay.h>

#include <avr/io.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <stdlib.h>

#include <stdio.h>

#include <inttypes.h>

#include <avr/pgmspace.h>

#include <ctype.h>

#include <stdlib.h>

#include <string.h>

//#include "eaglecaddy.h"

#define CPU_FREQ 14745600L

#define LCD_DATA PORTB
// LCD definitions

#define PING_PORT PORTD
// Sonar definitions

#define PING_DDRX DDRD

#define PING_PINX PIND

/*

** LCD CONECTIONS (HELP FROM ANT ROBOT SPRING 06)

** PORTA BITS

**  7   6   5   4    3   2   1   0

** +5V  E  R/W  RS  DB7 DB6 DB5 DB4

*/ 

#define DDRLCD DDRA

#define PORTLCD PORTA

#define ENABLE  0x40

#define RS 0x10

#define RW 0x20

// Sonar

#define SONAR_REPEATS 3

// Sonar limits

#define SL_CLOSE 60

#define SL_MID 80

#define SL_FAR 100

// Servos

#define SERVO2 OCR3A

#define SERVO1 OCR3B

#define L_WHEEL SERVO1 

#define R_WHEEL SERVO2

#define WHEEL_MID 3000

#define MIDDLE   50000

//#define MIDDLE     28576 // 0x6FA0

// Wheel speed values

// Larger values => larger duty cycle

#define FORWARD   35000 // was 32512 0x7F00 // means Clockwise

#define FORMID
  36250 // intermediate value, forward

#define MIDDLE2   37500  // was 25088 // 0x6200 // MIDDLE REALLY MEANS STOP!

#define BACKMID   38750 // intermediate value, backward

#define BACKWARD  40000 // was 27904 // 0x637F // back means Counterclockwise

#define STOPPED 37500

//#define R_FORWARD_SLOW 37625

#define R_FORWARD_SLOW 37715

#define R_FORWARD_MS 37890

#define R_FORWARD_MID 38327

#define R_FORWARD_FAST 40000

#define L_FORWARD_SLOW 36655

//#define L_FORWARD_SLOW 36600

#define L_FORWARD_MS 36350

#define L_FORWARD_MID 36313

#define L_FORWARD_FAST 35000

// A-to-D

//#define DDRAD DDRF

//#define PORTAD PORTF

volatile uint16_t ms_count;

volatile uint16_t us_48_count;

volatile uint16_t us_count;

// CMUCam & UART

volatile int MAX_MSG_SIZE = 30;

int vel;
// Cart's forward velocity (-100 full reverse, 0 stopped, 100 full forward)

uint16_t rwheelvalue, lwheelvalue;
// Current values of R_WHEEL and L_WHEEL

// For getting from sonar

int sonVals[3];



// Values returned from sonar to be averaged

int lowVal;



// Lowest valued in array

int lowId;



// Index of lowest value in array

void ms_sleep(uint16_t ms);

void us_sleep(uint16_t us);

SIGNAL(SIG_OUTPUT_COMPARE0);

SIGNAL(SIG_OVERFLOW3);

void servo_init(void);

void set_vel();

void increaseR();

void decreaseR();

void increaseL();

void decreaseL();

void set_new_speed(uint16_t newl, uint16_t newr);

void stop();

void forward();

void midforward();

void slowforward();

void backwards();

void midbackwards();

void R_move_turn();

void L_move_turn();

void R_turn();

void L_turn();

void timer_init(void);

void latch(void);

void lcd_command_nibble(uint8_t nibble);

void lcd_command(uint8_t byte);

void lcd_clear_screen(void);

void lcd_newline(void);

void lcd_return(void);

void lcd_out_char(uint8_t byte);

void lcd_out_string(char *s);

void lcd_out_intw(uint16_t integer, int width);

void lcd_out_int(uint16_t integer);

void lcd_init(void);

int PINGSensor(int sensor_num, int times);

void getSonar();

void cart_stop();

void cart_midforward();

void cart_slowforward();

void cart_left_turn();

void cart_right_turn();

void cart_pause();

void cart_direct();

void cart_startup();

int main(void);

// ms_sleep() - delay for specified number of milliseconds

void ms_sleep(uint16_t ms)

{


TCNT0  = 0;


ms_count = 0;


while (ms_count != ms*21);

}

// Delay for specified number of microseconds * 48

void us_sleep(uint16_t us)

{


TCNT0 = 0;


us_count = 0;


while (us_count != us);

}

// Millisecond counter interrupt vector

SIGNAL(SIG_OUTPUT_COMPARE0)

{


ms_count++;


us_count++;

}

/* SIG_OVERFLOW3 - this interrupt handler starts the pulse for servos

*  the timer 3 output compare function automatically ends

** the pulse precisely as specified by the OCR3x register which

** represents the servo position

*/

SIGNAL(SIG_OVERFLOW3)

{


TCNT3 = 0x821A;  // was 0x63BF (25535)


/*


** Configure to set outputs on compare match so we can turn on


the


** pulse in the next statement


*/


TCCR3A |= (_BV(COM3A1)|_BV(COM3A0)|_BV(COM3B1)|_BV(COM3B0));


/*Force compare match to set outputs*/


TCCR3C |= _BV(FOC3A)|_BV(FOC3B);


/*


** Configure to clear outputs on compare match so that the output


** compare function ends the pulse


*/


TCCR3A &= ~(_BV(COM3A0)|_BV(COM3B0));

}

void servo_init(void)

{


/*


** Configure OC3A for mode 0: normal, top=0xffff prescale=8


(f~=30):


**


** WGM33=0, WGM23=0, WGM13=0, WGM03=0, CS32=0, CS31=1, CS30=0


*/


DDRE |= _BV(PORTE3) | _BV(PORTE4);


TCCR3A = 0x50;


TCCR3A &= ~(_BV(WGM31) | _BV(WGM30)); // setting for normal operation.


TCCR3B = 0x02;


TCNT3 = 0;


OCR3A = MIDDLE; // was MIDDLE


OCR3B = MIDDLE; // was 0x9C40


TCCR3C |= _BV(FOC3A) | _BV(FOC3B);


ETIMSK |= _BV(TOIE3);

}

// Wheels functions

void set_vel()

{


L_WHEEL = lwheelvalue = (vel * 25) + 37500;


R_WHEEL = lwheelvalue = (vel * -25) + 37500;

}

void increaseR()

{


extern uint16_t lwheelvalue;


extern uint16_t rwheelvalue;


if(rwheelvalue == R_FORWARD_FAST)



R_WHEEL = rwheelvalue = R_FORWARD_FAST;


else if(rwheelvalue == R_FORWARD_MID)



R_WHEEL = rwheelvalue = R_FORWARD_FAST;


else if(rwheelvalue == R_FORWARD_MS)



R_WHEEL = rwheelvalue = R_FORWARD_MID;


else if(rwheelvalue == R_FORWARD_SLOW)



R_WHEEL = rwheelvalue = R_FORWARD_MS;


else if(rwheelvalue == STOPPED)



R_WHEEL = rwheelvalue = R_FORWARD_SLOW;

}

void decreaseR()

{


extern uint16_t lwheelvalue;


extern uint16_t rwheelvalue;


if(rwheelvalue == R_FORWARD_FAST)



R_WHEEL = rwheelvalue = R_FORWARD_MID;


else if(rwheelvalue == R_FORWARD_MID)



R_WHEEL = rwheelvalue = R_FORWARD_MS;


else if(rwheelvalue == R_FORWARD_MS)



R_WHEEL = rwheelvalue = R_FORWARD_SLOW;


else if(rwheelvalue == R_FORWARD_SLOW)



R_WHEEL = rwheelvalue = STOPPED;


else if(rwheelvalue == STOPPED)



R_WHEEL = rwheelvalue = STOPPED;

}

void increaseL()

{


extern uint16_t lwheelvalue;


extern uint16_t rwheelvalue;


if(lwheelvalue == L_FORWARD_FAST)



L_WHEEL = lwheelvalue = L_FORWARD_FAST;


else if(lwheelvalue == L_FORWARD_MID)



L_WHEEL = lwheelvalue = L_FORWARD_FAST;


else if(lwheelvalue == L_FORWARD_MS)



L_WHEEL = lwheelvalue = L_FORWARD_MID;


else if(lwheelvalue == L_FORWARD_SLOW)



L_WHEEL = lwheelvalue = L_FORWARD_MS;


else if(lwheelvalue == STOPPED)



L_WHEEL = lwheelvalue = L_FORWARD_SLOW;

}

void decreaseL()

{


extern uint16_t lwheelvalue;


extern uint16_t rwheelvalue;


if(lwheelvalue == L_FORWARD_FAST)



L_WHEEL = lwheelvalue = L_FORWARD_MID;


else if(lwheelvalue == L_FORWARD_MID)



L_WHEEL = lwheelvalue = L_FORWARD_MS;


else if(lwheelvalue == L_FORWARD_MS)



L_WHEEL = lwheelvalue = L_FORWARD_SLOW;


else if(lwheelvalue == L_FORWARD_SLOW)



L_WHEEL = lwheelvalue = STOPPED;


else if(lwheelvalue == STOPPED)



L_WHEEL = lwheelvalue = STOPPED;

}

void set_new_speed(uint16_t newl, uint16_t newr)

{


extern uint16_t lwheelvalue;


extern uint16_t rwheelvalue;


// Go to new speed via intermediate speeds


//lcd_clear_screen();


while((lwheelvalue != newl) || (rwheelvalue != newr))


{



//lcd_return();



//lcd_out_string("L: ");



//lcd_out_intw(lwheelvalue,5);



if(newl < lwheelvalue)



{



//
lcd_out_string(" incTo ");



//
lcd_out_intw(newl,5);




increaseL();



}



else if(newl > lwheelvalue)



{



//
lcd_out_string(" decTo ");



//
lcd_out_intw(newl,5);




decreaseL();



}



//lcd_newline();



//lcd_out_string("R: ");



//lcd_out_intw(rwheelvalue,5);



if(newr < rwheelvalue)



{



//
lcd_out_string(" decTo ");



//
lcd_out_intw(newr,5);




decreaseR();



}



else if(newr > rwheelvalue)



{



//
lcd_out_string(" incTo ");



//
lcd_out_intw(newr,5);




increaseR();



}



// Give speed change time to occur



ms_sleep(500);


}

}

void stop()

{


set_new_speed(STOPPED, STOPPED);

}

void forward()

{


set_new_speed(L_FORWARD_FAST, R_FORWARD_FAST);

}

void midforward()

{


set_new_speed(L_FORWARD_MID, R_FORWARD_MID);

}

void slowforward()

{


set_new_speed(L_FORWARD_SLOW, R_FORWARD_SLOW);

}

void backwards()

{


R_WHEEL = rwheelvalue = BACKWARD;


L_WHEEL = lwheelvalue = FORWARD;

}

void midbackwards()

{


R_WHEEL = rwheelvalue = BACKMID;


L_WHEEL = lwheelvalue = FORMID;

}

void R_move_turn()

{


set_new_speed(L_FORWARD_SLOW, R_FORWARD_MS);

}

void L_move_turn()

{


set_new_speed(L_FORWARD_MS, R_FORWARD_SLOW);

}

void R_turn()

{



set_new_speed(L_FORWARD_FAST, R_FORWARD_SLOW);

}

void L_turn()

{



set_new_speed(L_FORWARD_SLOW, R_FORWARD_FAST);

}

// Initialize timer 0 to generate an interrupt every millisecond.

void timer_init(void)

{


/*


** Initialize timer0 to generate an output compare interrupt, and


** set the output compare register so that we get that interrupt


** every 48 microseconds.


*/


TIFR |= _BV(OCF0);


TCCR0 = _BV(WGM01)|_BV(CS02)|_BV(CS00); // CTC, prescale = 128


TCNT0 = 0;


TIMSK |= _BV(OCIE0); // Enable output compare interrupt


OCR0 = 6;  // CJD: should equal 1 us, used hernandez' here.

}

void latch(void)

{


PORTLCD |= ENABLE;


PORTLCD &= ~ENABLE; // Latch data (strobe)

}

void lcd_command_nibble(uint8_t nibble)

{


PORTLCD = nibble;


latch(); // Send 

}

void lcd_command(uint8_t byte)

{

    uint8_t temp = byte; // Save command

    temp &= 0xF0; // Peel off the four MSBs (Also, to make RS = 0)


temp >>= 4; // Shift the four MSBs up to the LSBs (Or, sending
position)

    PORTLCD = temp;


latch();


ms_sleep(5); // Wait for LCD data to go


temp = byte;


temp &= 0x0F;


PORTLCD = temp; // Load LSBs


latch();


_delay_us(40);

}

void lcd_clear_screen(void)

{


/*Clear screen; cursor home*/


ms_sleep(1);


lcd_command(0x01);


ms_sleep(2);

}

void lcd_newline(void)

{


// Cursor beginning of next line


ms_sleep(1);


lcd_command(0xC0);


ms_sleep(2);

}

void lcd_return(void)

{


// Cursor home


ms_sleep(1);


lcd_command(0x02);


ms_sleep(2);

}

void lcd_out_char(uint8_t byte)

{


uint8_t temp = byte; // Save command


temp &= 0xF0; // Peel off the four MSBs


temp >>= 4; // Shift the four MSBs up to the LSBs (Or, sending 
position)


PORTLCD = (temp | RS); // Signal a write to DDRAM for display


latch();


ms_sleep(5); // Wait for LCD data to go


temp = byte;


temp &= 0x0F;


PORTLCD = (temp | RS); // Load LSBs


latch();


_delay_us(47);

}

void lcd_out_string(char *s)

{


while (*s) lcd_out_char(*s++);

}

void lcd_init(void)

{


DDRLCD = 0xFF;


PORTLCD = 0;


ms_sleep(20); // For more than 15000 us = 15 ms


/*Normal lcd initializations (For 4-bit mode)*/


lcd_command_nibble(0x03);


ms_sleep(5);


lcd_command_nibble(0x03);


us_sleep(4);


lcd_command_nibble(0x03);


ms_sleep(5);


lcd_command_nibble(0x02);


_delay_us(45);


/*Two lines*/


//lcd_command_nibble(0x02);


//ms_sleep(3);


//lcd_command_nibble(0x08);


lcd_command(0x28);


us_sleep(1);


//Cursor off


//lcd_command_nibble(0x00);


//ms_sleep(5);


//lcd_command_nibble(0x0E);


lcd_command(0x0C);


us_sleep(1);


/*Clear screen; cursor home*/


lcd_clear_screen();

}

void lcd_out_intw(uint16_t integer, int width)

{


// Variables


int digits[width];


int i = 0;


// Initialize digits array


for(i=0; i<width; i++)



digits[i] = 0;


// Print sign if negative


if(integer < 0)



lcd_out_char('-');


// Create array of digits


for(i=(width-1); i>=0; i--)


{



digits[i] = integer % 10;



integer = integer / 10;


}


i = 0;


// Skip leading zeros


//while((i<width) && (digits[i] == 0))


//
i++;


// Print each digit of array (reverse)


//if(i == width)


//
lcd_out_char('0');


//else


//{



while(i<width)



{




lcd_out_char(digits[i] + 0x30);




i++;



}


//}

}

// Print an integer to the LCD, 4-digit default width

void lcd_out_int(uint16_t integer)

{


lcd_out_intw(integer, 4);

}

// Function to get distance data from an SRF04, first

// argument specifies which one. ( 1 = left, 2 = center, 3 = right )

int PINGSensor(int sensor_num, int times)

{


int i,counter = 0;


for (i=0; i<times; i++)


{



ms_sleep(50); // wait 50msec between pulses for echo to settle



// Trigger a ping on coresponding SRF04 and wait a few usec



if(sensor_num == 1)   // LEFT sensor



{




PING_DDRX = 0x01; // set output pin




PING_PORT = 0x01; // trigger




us_sleep(5);     // wait a few usec




PING_PORT = 0x00; // end trigger




PING_DDRX = 0x00; // set input pin



}



else if(sensor_num == 2)  // CENTER sensor



{




PING_DDRX = 0x08; // set output pin




PING_PORT = 0x08; // trigger




us_sleep(5);     // wait




PING_PORT = 0x00; // end trigger




PING_DDRX = 0x00; // set input pin



}



else if(sensor_num == 3) // RIGHT sensor



{




PING_DDRX = 0x80; // set output pin




PING_PORT = 0x80; // trigger




us_sleep(5);     // wait




PING_PORT = 0x00; // end trigger




PING_DDRX = 0x00; // set input pin



}



// wait a few usec for echo circuit initialization



us_sleep(16);



while(1)



{




if(sensor_num == 1)




{





if(PING_PINX & 0x01)





{






//check if echo was rec'vd






counter++;
// increment counter






us_sleep(5);
// wait a few usec





}





else






break;




}




else if(sensor_num == 2)




{





if(PING_PINX & 0x08)





{






counter++;






us_sleep(5);





}





else






break;




}




else if(sensor_num == 3)




{





if(PING_PINX & 0x80)





{






counter++;






us_sleep(5);





}





else






break;




}



}


}


return ((counter/times)*1.8); // return average (calibrated for inches)

} 

// Get sonar values, lowest value, and index of lowest value

void getSonar()

{


// Variables


int i;


// Initialize variables


for(i=0; i<3; i++)


{



sonVals[i] = 0;


}


// Check SonL, SonR, SonC SONAR_REPEATS times each


for(i=0; i<SONAR_REPEATS; i++)


{



sonVals[0] += PINGSensor(1,1);



sonVals[1] += PINGSensor(2,1);



sonVals[2] += PINGSensor(3,1);


}


for(i=0; i<3; i++)


{



sonVals[i] = sonVals[i]/SONAR_REPEATS;


}


// Print averaged values to LCD


lcd_return();


lcd_out_string("L:");


lcd_out_int(sonVals[0]);


lcd_out_string(",C:");


lcd_out_int(sonVals[1]);


lcd_out_string(",R:");


lcd_out_int(sonVals[2]);


// Find lowest averaged value and its index


lowVal = sonVals[0];


lowId = 0;


if(sonVals[1] < lowVal)


{



lowVal = sonVals[1];



lowId = 1;


}


if(sonVals[2] < lowVal)


{



lowVal = sonVals[2];



lowId = 2;


}


// Print lowVal and lowId to LCD


lcd_command(0xC0);


lcd_out_string("LV:");


lcd_out_int(lowVal);


lcd_out_string(",LI:");


lcd_out_int(lowId);

}

void cart_stop()

{


// Start in stopped stage


stop();


lcd_clear_screen();


lcd_out_string("State: Stop");


//ms_sleep(2000);


// Wait until target is in center and 22-60 away


do


{



getSonar();



lcd_out_string("  St");


} while(!((lowVal >= SL_CLOSE) && (lowVal <= SL_FAR)) && (sonVals[1] != 0));


// If center sonar reads 0, go to pause state


if(sonVals[1] == 0)


{



lcd_clear_screen();



lcd_out_string("Go to Pause");



cart_pause();


}


// If center target is lowest and close, go forward slow-speed


if((lowId == 1) && (lowVal < SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to SlwFwd");



//ms_sleep(2000);



cart_slowforward();


}


// If center target is lowest and far, go forward mid-speed


if((lowId == 1) && (lowVal >= SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to MidFwd");



//ms_sleep(2000);



cart_midforward();


}


// If target to left, turn left


else if(lowId == 0)


{



lcd_clear_screen();



lcd_out_string("Go to L Turn");



//ms_sleep(2000);



cart_left_turn();


}


// If target to right, turn right


else if(lowId == 2)


{



lcd_clear_screen();



lcd_out_string("Go to R Turn");



//ms_sleep(2000);



cart_right_turn();


}


else


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}

}

void cart_midforward()

{


// Go forward mid speed while target is in center MID to FAR away


midforward();


lcd_clear_screen();


lcd_out_string("State: MidFwd");


//ms_sleep(2000);


do


{



getSonar();



lcd_out_string("  MF");


} while((lowId == 1) && (lowVal >= SL_MID) && (lowVal <= SL_FAR));


// If target out of range, stop


if((lowVal < SL_CLOSE) || (lowVal > SL_FAR))


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}


// If target close, go to slow forward


else if((lowId == 1) && (lowVal < SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to Slow F");



//ms_sleep(2000);



cart_slowforward();


}


// If target to left, turn left


else if(lowId == 0)


{



lcd_clear_screen();



lcd_out_string("Go to L Turn");



//ms_sleep(2000);



cart_left_turn();


}


// If target to right, turn right


else if(lowId == 2)


{



lcd_clear_screen();



lcd_out_string("Go to R Turn");



//ms_sleep(2000);



cart_right_turn();


}


else


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}

}

void cart_slowforward()

{


// Go forward slow speed while target is in center CLOSE to MID away


slowforward();


lcd_clear_screen();


lcd_out_string("State: SlwFwd");


//ms_sleep(2000);


do


{



getSonar();



lcd_out_string("  SF");


} while((lowId == 1) && (lowVal >= SL_CLOSE) && (lowVal < SL_MID));


// If target out of range, stop


if((lowVal < SL_CLOSE) || (lowVal > SL_FAR))


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}


// If target far, go to mid forward


else if((lowId == 1) && (lowVal >= SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to MidFwd");



//ms_sleep(2000);



cart_midforward();


}


// If target to left, turn left


else if(lowId == 0)


{



lcd_clear_screen();



lcd_out_string("Go to L Turn");



//ms_sleep(2000);



cart_left_turn();


}


// If target to right, turn right


else if(lowId == 2)


{



lcd_clear_screen();



lcd_out_string("Go to R Turn");



//ms_sleep(2000);



cart_right_turn();


}


else


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}

}

void cart_left_turn()

{


// Turn to the left until target in center or out of range


L_move_turn();


lcd_clear_screen();


lcd_out_string("State: L Turn");


//ms_sleep(2000);


do


{



getSonar();



lcd_out_string("  LT");


} while((lowId == 0) && (lowVal >= SL_CLOSE) && (lowVal <= SL_FAR));


// If target out of range, stop


if((lowVal < SL_CLOSE) || (lowVal > SL_FAR))


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}


// If center target is lowest and close, go forward slow-speed


if((lowId == 1) && (lowVal < SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to SlwFwd");



//ms_sleep(2000);



cart_slowforward();


}


// If center target is lowest and far, go forward mid-speed


if((lowId == 1) && (lowVal >= SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to MidFwd");



//ms_sleep(2000);



cart_midforward();


}


// If target to right, turn right


else if(lowId == 2)


{



lcd_clear_screen();



lcd_out_string("Go to R Turn");



//ms_sleep(2000);



cart_right_turn();


}


else


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}

}

void cart_right_turn()

{


// Turn to the right until target in center or out of range


R_move_turn();


lcd_clear_screen();


lcd_out_string("State: R Turn");


//ms_sleep(2000);


do


{



getSonar();



lcd_out_string("  RT");


} while((lowId == 2) && (lowVal >= SL_CLOSE) && (lowVal <= SL_FAR));


// If target out of range, stop


if((lowVal < SL_CLOSE) || (lowVal > SL_FAR))


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}


// If center target is lowest and close, go forward slow-speed


if((lowId == 1) && (lowVal < SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to SlwFwd");



//ms_sleep(2000);



cart_slowforward();


}


// If center target is lowest and far, go forward mid-speed


if((lowId == 1) && (lowVal >= SL_MID))


{



lcd_clear_screen();



lcd_out_string("Go to MidFwd");



//ms_sleep(2000);



cart_midforward();


}


// If target to right, turn right


else if(lowId == 0)


{



lcd_clear_screen();



lcd_out_string("Go to L Turn");



//ms_sleep(2000);



cart_left_turn();


}


else


{



lcd_clear_screen();



lcd_out_string("Go to Stop");



//ms_sleep(2000);



cart_stop();


}

}

void cart_pause()

{


// Remain in paused state until center sonar reads 0 again


stop();


// Turn on on-board LED


PORTB = 0x01;


// Wait for initially read 0 to disappear (move hand away)


ms_sleep(5000);


// Wait for center sonar to read 0


do


{



getSonar();


} while(sonVals[1] != 0);


// Turn off on-board LED


PORTB = 0x00;


// Return to stopped state


cart_stop();

}

void cart_direct()

{


while(1)


{



// Start in stopped state



cart_stop();


}

}

void cart_startup()

{


// Enable PORTB 1 as an output


DDRB = 0x01;


DDRF |= 0x03;


PORTF |= 0x01;


// Bumper switch initialization


//DDRC |= 0x66;  // this sets the BUMPER SWITCHES FOR READING.


//DDRC &= 0x77;  // this sets the BUMPER SWITCHES FOR READING.


//PORTC |= 0x44;


// Initialize motor ports


DDRE |= 0b00000110;


PORTE &= 0b00011000;


//PORTE &= 0b11111011; (previous version of above line)


timer_init();


sei();


lcd_init();


servo_init();


// Initialize motors and current values to stopped state


L_WHEEL = R_WHEEL = lwheelvalue = rwheelvalue = STOPPED;


lcd_out_string("EAGLE CADDY 5666");


lcd_newline();


// Send neutral signal for first ~10 seconds to turn on ESCs with neutral signal


lcd_out_string("Turn on ESCs");


ms_sleep(5000);


//ms_sleep(5000);


lcd_clear_screen();

}

int main(void)

{


// Main execution path


// Cart initialization


cart_startup();


// Control cart


cart_direct();

/*
// From sonarworking


int x = 0;


// Enable PORTB 1 as an output


DDRB |= 0x01;


DDRF |= 0x03;


PORTF |= 0x01;


// Initialize motor ports


DDRE |= 0b00000110;


PORTE &= 0b00011000;


//PORTE &= 0b11111011; (previous version of above line)


timer_init();


sei();


lcd_init();


servo_init();


L_WHEEL = R_WHEEL = lwheelvalue = rwheelvalue = STOPPED;


forward();


lcd_clear_screen();


lcd_out_string("EAGLE CADDY 5666");


while(x < 7)


{



ms_sleep(1000);



x++;


}


lcd_clear_screen();

*/

/*
// Test wheel speeds - ramp up


vel = 0;


while(vel <= 100)


{



// Set motors to current velocity



set_vel();



// Print current velocity to LCD



lcd_return();



lcd_out_string("Vel: ");



lcd_out_int(vel);



lcd_newline();



lcd_out_string("LW:");



lcd_out_int((vel * 25) + 37500);



lcd_out_string("  RW:");



lcd_out_int((vel * -25) + 37500);



// Pause for ~1 sec



ms_sleep(1000);



// Increment velocity



vel++;


}

*/

/*
// Compare wheels' max speeds


// Go forward at slowest speed


R_WHEEL = rwheelval = 36655;


L_WHEEL = lwheelval = 37625;


// Ramp up


lcd_out_string("Ramping up speed");


while((rwheelval > 35000) || (lwheelval < 40000))


{



ms_sleep(500);



rwheelval -= (36655 - 35000)/10;



lwheelval += (40000 - 37625)/10;



R_WHEEL = rwheelval;



L_WHEEL = lwheelval;


}


lcd_clear_screen();


lcd_out_string("Going forward slowly");

*/


while(1);


return 0;

}
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