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Abstract


This report discusses the creation and development of an autonomous agent. This robot is a modified tank that can create actions on its own by using sensors and microprocessor power together with algorithms implemented through code. The classes I have previously taken have enabled me to develop the idea of a tank that can sense fire and then drive to it, and finally put it out by water spray. 

Executive Summary


The Extinguisher ended up being quite a success. I developed an idea to use an RC tank as a platform for my robot because of its unique maneuverability. The tank platform also had the gun spout, which proved very useful for implementing the extinguisher hose output. When I first dismantled the tank, I was unsure if I would be able to put everything into that I wanted to. I wanted to keep the overall form factor of the tank the same so as to not hinder the aesthetics of the design. I indeed was able to do exactly what I wanted to do with it. I created a very cool platform on the back in which to mount the LCD, and I also created a neat box on the front to enclose my flame detector sensor, and keep it safe from water. The base of the tank had to be cut up quite a bit in order to fit a water reservoir and my water pump into it. Care was taken to carefully run and conceal all sensor and LED wires in order to look great. One thing that did not happen that I would have liked with the body was to keep all electronics in the turret. This proved to be very difficult, as I had many wires and hoses running under the main PCB. The chips stick up slightly above the roof, but a cool housing was built to conceal this, and it actually provides some protection from the environment. I wanted to have multiple IR sensors to further the intelligence, but when implementing my algorithm to find a fire they proved useless, so I removed them in order to save power and space. The bump sensors were positioned just perfectly to eliminate the blind spots that my IR sensor does not pick up on during its forward travel. I decided to keep the turret still from moving in order to simplify things as well. The temperature sensor originally proposed proved to be useless, as I am putting out a small flame that does not change the ambient temperature much at all. The PCB was designed perfectly in small sections, and the code was written well and efficient. I did not even exceed 2kbytes of code to implement my algorithm. The Extinguisher has become an intelligent robot capable of obstacle avoidance, locating and tracking a fire, and spraying water to put it out. 
Introduction

As mentioned in the abstract, this paper is intended to portray all development steps in the development of an autonomous tank that will locate a fire and then put it out by means of water. The need for this could be realized by larger robots putting out fires automatically in towns or even in wartime. This paper will begin by explaining the integrated system as a whole, outlining the major function blocks that when put together will realize my autonomous agent. A more specific approach will then be taken as I discuss the mobile platform being used, including any actuation and movement that will be used. I will then discuss the sensors and then how they will lead to the development of my intended behaviors. Finally I will portray an experimental design layout and provide conclusions. 
Integrated Systems

The systems that will be used in this robot can broken down into 6 groups:

1) Platform

2) Propulsion

3) Controls

4) Sensor Suite

5) Communication

6) Feedback

These very distinct groups all serve very important purposes in the development of an autonomous tank. The platform is a gutted out tank, the propulsion is provided by a multi motor system, the controls are provided by the Atmel Atmega 128 and a motor driver motherboard, the sensor suite will be IR and other thermal detection, the communication will be digital transmission over traces and wires, and the Feedback will be via LCD displays. 
Mobile Platform

The mobile platform will be a modified, and gutted out RC tank. The complexity of a tanks design and the movements such as the Turret, require me to do so in the allotted time given so that too much time is not wasted. I chose to use the 1/24 scale Radio Control R/C Airsoft US M1A2 Abrams RC Tank. This proved to be decent at maneuvering so I decided to go with it and I purchased two of them because of our dear friend Murphy. I have provided a picture of the original tank below. 
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Actuation

The actuation system in the tank will consist of two motors and a pump. Two primary motors provide the propulsion in any direction that it is programmed to do. Because of the use of the tank, it can move in such a tight turn that it can sit on a point and spin. The pump is used to realize the water spray action, as it provides enough psi with a specialized nozzle in order to put out a fire. 

The motors are driven by a mother board that I am creating and an Atmel microcontroller. The Atmel provides a PWM to the motor drivers to control the movement of the Tank according to code decisions and the sensors. The motors are cheap hobby motors that have enough torque to drive the tank in RC mode. I have provided a picture below showing the propulsion motors. 
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Sensors

The sensor suite consists of 4 different types of sensors. There is one standard IR sensor that provides digital output to achieve the obstacle avoidance and helps with fire location detection. There is a UVTron Flame detector that is used to find the fire during random searches. An ambient temperature sensor will be used to notify the Tank that it has reached the source of the fire; at least this was the intention. The temperature sensor is till located at the tip of the nozzle on the robot, but its job is useless, as there is no significant change in temperature until you put it into the flame itself!!! All of these sensors combined will help the tanks platform identify a fire, drive to it, and then stop in front of it. After verification, it puts the fire out by spraying water and moving back and forth. 
The UVTron flame detector is my special sensor, and I will summarize further about its functions below. The sensor itself looks very much like a light bulb, and must be handled with extreme care, especially since I am a broke college student and cannot buy another! A picture of the sensor is shown below. 
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There are two leads on the sensor and they are labeled in the same manner as a diode, with the terms anode and cathode. The leads of the sensor are connected to a driver board that is discussed in the next section. Blow is a specification chart for the UVTron sensor at room temperature (25 degrees Celsius). 

	Parameter
	Unit
	Max

	Discharge Starting voltage
	Vdc Max. 
	280

	Recommended Operating Voltage
	Vdc
	325+-25

	Recommended Average Discharge Current
	uA
	100

	Background
	Cpm Max. 
	10

	Sensitivity
	Cpm Max. 
	5000


Below is a summary of the Maximum Ratings for the P5587 UVTron sensor bulb:

	Parameter
	Unit
	Max

	Supply Voltage
	VDC
	400

	Peak Current
	mA
	30

	Average Discharge Current
	mA
	1

	Operating Temperature
	Degrees Celsius
	-20 to +60


The sweet thing about this sensor is you can purchase an interface board that is really easy to use! Always looking for the easy path, I purchased this board and it delivers just as promised. I have provided a picture of the PCB with the UVTRON sensor attached below:

[image: image4.jpg]



The board in essence takes the 5VDC input that I supply and converts it to 350V to supply the UVTron. I have power converter experience, but this makes it way easier. The board only draws like 3mA to power everything. It also offers its own 5V regulator on board if you with to supply it with 10-30V. I am going to use 2 cell lithium polymer batteries to power the tank with a voltage of equal to or less than 8.4V. I am using the Atmega128 which requires 5V, so I already have the need to mount a 5V regulator on my motherboard, so I bypassed their regulator and attached it to my regulator. 

The board also offers three different types of output so that an array of different interfaces can be used with many different microprocessors. With the Atmega128, I could use any of the three outputs, but I decided to go with option three which is an open collector output. This output can sink up to 50mA which is what I needed because I wanted to test the circuit and sensor with a simple LED to indicate detection. It offers two other outputs that are your basic CMOS 5V compatible signal lines. One is an active high output, and the other is simply its complement, an active low output. I am unsure of the driving capability of these outputs so I simply chose the open collector output to ensure correct operation. The open collector output is also nice in the fact that if I was using some other controller that operated at 3.3V or whatever, I could use this to interface to the board with no glitches. Of course the open collector output requires a pull up resistor to function properly. 

This board also offers an area of jumper sections to control the background canceling adjustment. I have not yet had to change this setting, but it allows the user to select the number of pulses that the UVTron emits before detection is officially sent to the outputs. This will be useful when testing for the NEB room so that I can cancel out background UV light from the low voltage lighting, or other interference that may occur in the building. The jumpers allow you to select between 3, 5, 7, and 9 pulses. I currently have it on the factory setting at 3 pulses. 

The following table summarizes the specifications for the drive circuit:

	Parameter
	Unit
	Value

	Weight
	g
	~20

	Input Voltage
	Vdc
	10-30

	Current consumption (@24VDC)
	mA
	3 (typ.)

	Open Collector output
	ms

V

mA
	10

50

100

	UVTron Supply Voltage
	VDC
	350

	Quenching Time
	ms
	~50

	Operating Temperature
	Degrees Celsius
	-10 to +50


In my opinion, this is an amazing device, especially after testing it. The following provides a summary of the theory of operation according to the user manual. 

When the cathode of the UVTron is exposed to UV rays from a flame, photoelectrons are emitted from the cathode by the photoelectric effect and then accelerated towards the anode by the electric field. When the applied voltage becomes higher and the electric field stronger, the kinetic energy of the electrons becomes large enough to ionize the molecules of the enclosed gas in the tube by collision. The electrons generated by ionization are accelerated, enabling them to ionize other molecules before reaching the anode. at the same time, positive ions are accelerated toward the cathode and collide with it, generating secondary electrons. This avalanche process causes a large current between the electrodes and discharge takes place. This will cause the voltage drop between the nodes to reduce significantly. The driver board is watching the current of the sensor and can then sense when the avalanche process occurs. It then counts that as one pulse and resets the sensor by reducing the voltage. These pulses accumulate up to the background canceling noise values set by the jumpers and then output once the value is reached. 

Feed Back
The only feed back for the tank is a 4 line by 20 character blue LED backlit LCD display. It uses a Hitachi controller which provides a relatively easy interface with the Atmel microcontroller. I use the LCD to display initialization, the name, left and right bump, center IR sense, flame sense, tracking the flame, and finally putting it out and the fire is out. I have provided a picture of the LCD below during startup. 
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Behaviors

The behaviors of the tank, The Extinguisher, are very straightforward and simple. I have kept them simple so that the operation is easy to understand, and number one, it is actually doable!!! The tank begins by driving forward on its random search. If its IR sensor centered straight ahead locates an object it slowly and always turns left. I have it only go left in order to make it easier. If the right bump switch is activated, it will then turn left. If the left bump switch is activated, it will turn right. After turning and no longer sensing an obstacle it proceeds forward again. During all of the above mentioned movements, if at any time it senses a flame in front of it, which is a range of about 3 feet, it goes into flame tracking mode. When close enough to the flame, it turns on the water pump and sways back and forth in order to ensure target is hit. 
Experimental Layout

Using the RC tank, the layout of the tank became very obvious when I stripped the original of all of its components, sans motors. I was able to mount the water reservoir into the bottom of the body and the water pump inside of that. The entry hole for the water into the tank involves a pipe extending out of the reservoir and protruding through the shell of the exterior. The exit hole only seemed obvious, as to have it come out of the tanks gun shaft. The shaft originally was used to shoot bb’s out of it. The gun and actuators were removed to provide the room needed for my water system. 


The battery location was quite simple. The original tank came with a 1100 mAh Ni-Cd battery that I replaced with a beefier 4500 mAh lithium ion battery. This battery is slightly larger, so some cutting had to be done, but I was able to get it into the original housing. 


The sensor locations only seemed obvious also. I placed the IR on top of the turret looking straight ahead over the barrel. The two bump switches were placed in the front corners of the tank so that they could detect an object in the IR’s blind spots. The ambient temperature sensor must get as close to the fire as possible, so I positioned it at the end of the barrel on the water nozzle. The flame sensor had to be low and in the center of the tank facing ahead. I placed it below the barrel and back from the tip in order to get good accuracy and avoid getting wet. 

The circuit board location needed to be in a very central place and easily accessible from all areas of the tank. Therefore I opted to put it where the commander of a tank would sit, right inside of the turret. I had to cut quite a bit of the turret up, but I polished it off with a cool lid with Plexiglas to see inside of the tank. 

The PCB was designed according to all test circuits that were originally designed on a breadboard. A picture of the PCB is shown below, and the schematics can be found in the appendices. 
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Conclusion

A realistic summary of the work accomplished is that I created an autonomous agent that finds a fire and puts it out, sometimes. Due to the randomness of his searches, he could theoretically never see a fire, especially if placed in the center of a room. I wish that the temperature sensor would work better, because then more advanced algorithms could have been used to verify a fires position. Also, a better way to search would be to stop after a period and perform a 360 degree rotation looking for a flame before continuing on. This could have been done with wheel encoders or a very accurate compass, which doesn’t exist. The limitation of the design was basically the size of the robot. It could also use more IR sensors with perhaps analog output to adjust more algorithms that would create a more intelligent agent. If one would repeat this project, I might search for a larger tank body, or design your own if you have the time. I would use more IR sensors, and search out for a better DC pump. Most small DC pumps do not provide the psi that is required to create say a full cone spray to put out the fire. If I had to start over myself, I would choose a larger frame and search for larger water pumps. I might put the reservoir higher to provide additional psi, but that adds to platform instability. I have included a picture of the final design below, and boy does it look sweet. 
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Appendices
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/*****************************************************************************

     Author: John Miller III

     The Extinguisher            

******************************************************************************/

#include <mega128.h>

#include <delay.h>  

#include "mega128bit.h" 

#include "nmj.h"

/* the LCD is connected to PORTC outputs */

#asm

.equ __lcd_port=0x15 ;PORTC

#endasm

/* include the LCD driver routines */

#include <lcd.h>    

// Timer 1 output compare A interrupt service routine

interrupt [TIM1_COMPA] void timer1_compa_isr(void)

{

// Place your code here

}

void adc_init(void)

{

ADCSRA = 0xE6;  // ADCSRA settings, 64 prescaler

ADMUX = 0x60;    // ADMUX settings, left adjusted

}

/*-----------------------------------------------------------------------------

  MAIN Program

-----------------------------------------------------------------------------*/

int main()

{  

          int rb;  

          int lb;

          int fd; 

          int rir;

          int lir;   

          int tmpcnt; 

          int foundfire;

          int turncnt;

          int turncnt1;

          int checking;

          int firedone; 

          int leave; 

          int leave1;

          unsigned int temp; 

          unsigned char *temp1;

          leave1 = 0;  

          leave = 0;

          firedone = 0; 

          checking = 0;

          turncnt1 = 0;

          turncnt = 0;

          foundfire = 0;

          temp = 0;

          tmpcnt = 0;

          rir = 0;

          lir = 0;

          fd = 0;

          rb = 0;   

          lb = 0;          

          DDRB = OUTPORT;                

          DDRA.0 = INPORT;                         // fire detect

          DDRA.1 = INPORT;                         // IR2

          DDRA.2 = INPORT;                         // IR1

          DDRA.3 = OUTPORT;                        // DIR1

          DDRA.4 = OUTPORT;                        // DIR2

          DDRA.5 = INPORT;                         // BUMP1

          DDRA.6 = INPORT;                         // BUMP2

          DDRA.7 = OUTPORT;                        // SPEAKER

          DDRD.0 = OUTPORT;                        // SPRAY

          PORTD.0=0;

          PORTA.4=0; 

          PORTA.3=0; 

          PORTA.7=0;                          // set bit 1 of Port A as input 

          lcd_init(20);

// Timer/Counter 1 initialization

// Clock source: System Clock

// Clock value: 16000.000 kHz

// Mode: Ph. correct PWM top=00FFh

// OC1A output: Non-Inv.

// OC1B output: Non-Inv.

// OC1C output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

// Compare A Match Interrupt: On

// Compare B Match Interrupt: Off

// Compare C Match Interrupt: Off

TCCR1A=0xA1;

TCCR1B=0x01;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

OCR1CH=0x00;

OCR1CL=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x10;

ETIMSK=0x00;

// Enable Global Interrupts

#asm("sei")

lcd_gotoxy(2,0);

lcd_putsf("The Extinguisher");    

lcd_gotoxy(3,2);

lcd_putsf("By: John Miller"); 

lcd_gotoxy(1,3);

lcd_putsf("IMDL    UF    2006");   

delay_ms(4000);

OCR1AL=0x74; 

lcd_gotoxy(3,2);

lcd_putsf("               "); 

lcd_gotoxy(1,3);

lcd_putsf("                  "); 

     do

     {

                     if (PINA.5 == 0) {                 //Right bump detection

                       if (rb == 0){ 

                       PORTA.3 = 1;

                       lcd_gotoxy(10,1);

                       lcd_putsf("Right Bump"); 

                       delay_ms(700); 

                       PORTA.3 = 0;                          

                       rb = 1;

                       };

                     };  

                     if (PINA.5 == 1){

                        rb = 0;

                        lcd_gotoxy(10,1);

                        lcd_putsf("          ");  

                     };    

                     if (PINA.6 == 0) {                 //Left Bump Detection

                       if (lb == 0){  

                       PORTA.4 = 1;

                       lcd_gotoxy(0,1);

                       lcd_putsf("Left Bump"); 

                       delay_ms(700); 

                       PORTA.4 = 0; 

                       lb = 1;

                       };

                     };  

                     if (PINA.6 == 1){

                        lb = 0;

                        lcd_gotoxy(0,1);

                        lcd_putsf("         ");  

                     };     

                     if (PINA.0 == 0) {                 //Flame Detection

                       if (fd == 0){ 

                       foundfire = 1;

                       };

                     };  

                     if (PINA.1 == 1) {                 //Center IR Detection

                       //if (lir == 0){ 

                       PORTA.4 = 1;

                       lcd_gotoxy(0,2);

                       lcd_putsf("Center IR"); 

                       delay_ms(55);

                       OCR1AL=0x00; 

                       delay_ms(350); 

                       if (PINA.0 == 0){

                        foundfire = 1;

                       } 

                       OCR1AL=0x74;  

                       //lir = 1;

                       //};

                     };  

                     if (PINA.1 == 0){

                        //if (rir == 0){

                        PORTA.4 = 0;

                        //lir = 0;

                        lcd_gotoxy(0,2);

                        lcd_putsf("         ");

                        //}  

                     }; 

        } while (foundfire == 0);                            // Repeat until flame seen 

                                                         // Seen a Flame Loop  

                       OCR1AL=0x00;

                       lcd_gotoxy(0,3);

                       lcd_putsf("Locating Fire . . . ");

                       if (foundfire == 1){               // Fire and Close

                        if (PINA.1 == 1){

                           do{

                                PORTA.3 = 0;

                                PORTA.4 = 0;

                                OCR1AL=0x74; 

                                delay_ms(700); 

                                OCR1AL=0x00;

                                lcd_gotoxy(0,3);

                                lcd_putsf("                    "); 

                                lcd_gotoxy(0,3);

                                lcd_putsf("Putting Out Fire!!!"); 

                                PORTD.0 = 1;                    // Turn on Pump

                                PORTA.4 = 0;                    //Adjust Right

                                PORTA.3 = 1;

                                OCR1AL=0x74;

                                delay_ms(250);                                

                             do{

                                PORTA.3 = 0;   

                                PORTA.4 = 1;                    //Start Wiggle

                                OCR1AL=0x74;

                                delay_ms(250);

                                OCR1AL=0x00;

                                PORTA.4 = 0;

                                PORTA.3 = 1;

                                OCR1AL=0x74;

                                delay_ms(250);

                                OCR1AL=0x00;

                                turncnt++;

                             } while (turncnt < 10);

                                PORTD.0 = 0;                     // Turn Off Pump

                                lcd_gotoxy(0,3);                 // Announce Done

                                lcd_putsf("                    "); 

                                lcd_gotoxy(0,3);

                                lcd_putsf("Fire Is Out!!!");

                                firedone =1; 

                         } while(firedone == 0);

                        }

                      }     

                        if (firedone == 0){                        

                          do{

                                if (PINA.1 == 1){

                                        if (PINA.0 == 0){

                                        leave = 1;

                                        }

                                }

                                if (PINA.1 == 0){

                                 do{ 

                                  PORTA.4 = 0;

                                  PORTA.3 = 1; 

                                  OCR1AL=0x74;                                                                  

                                 } while ((PINA.0 == 1) && (PINA.1 == 0));

                                 OCR1AL=0x74;

                                 leave = 1;                                          

                                }

                            } while (leave == 0); 

                                PORTA.3 = 0;

                                PORTA.4 = 0;

                                OCR1AL=0x74; 

                                delay_ms(1800); 

                                OCR1AL=0x00;

                                lcd_gotoxy(0,3);

                                lcd_putsf("                    "); 

                                lcd_gotoxy(0,3);

                                lcd_putsf("Putting Out Fire!!!"); 

                                PORTD.0 = 1;                    // Turn on Pump

                                PORTA.3 = 1;   

                                PORTA.4 = 0;                    //Adjust Right

                                OCR1AL=0x74;

                                delay_ms(250);

                             do{

                                PORTA.3 = 0;   

                                PORTA.4 = 1;                    //Start Wiggle

                                OCR1AL=0x74;

                                delay_ms(250);

                                OCR1AL=0x00;

                                PORTA.4 = 0;

                                PORTA.3 = 1;

                                OCR1AL=0x74;

                                delay_ms(250);

                                OCR1AL=0x00;

                                turncnt++;

                             } while (turncnt < 10);

                                delay_ms(1500);

                                PORTD.0 = 0;                     // Turn Off Pump

                                lcd_gotoxy(0,3);                 // Announce Done

                                lcd_putsf("                    "); 

                                lcd_gotoxy(0,3);

                                lcd_putsf("Fire Is Out!!!");  

                      }          

     return 0;

}

