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Specification

Circuit voltage (Ve)

Max. 24V (DC only)

Ps<15mW
Heater voltage (V&) 50V £02V AC/DC
Heater resistance (oom temp) 30430

Load resistance (RL) Variable  Ps<15mW
Operating temperature 30~50C

White dot

Storage temperature

-40°C ~ +80°C

Optimal detection concentration 30 ~ 300ppm
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Item Specification
Sensor resistance (50ppm ammonia) 20kQ ~ 100kQ
Sensor resistance ratio (Rs/Ro) 055+015

Rs/Ro = Rs(150ppm ammonia)

/Rs(50ppm ammonia)

1.00+0.05

3.0+0.2

23.0£1.0

—| 11.0£0.2 |—

S
N
N

Heater current (RH)

approx. 167mA

Heater power consumption (PE)

approx. $33mW.

950

—113.5¢

unit: mm
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Abstract

B.O bot is a chemical sensing robot that will be able to tract chemicals and neutralize them. The motivation is to create a robot that will be able to detect a certain “smell’ and determine what to do about it. For ease of demo and safety of persons involved, Ammonia will be the chemical that will be used to test the robot’s sense of smell. The platform and locomotion will be discussed in detail. Also a brief overview of the sensors that are to be used as well as its intended behaviors well be discussed. Also some specifications of Figaro’s Ammonia sensor are discussed. 
Executive Summary

B.O bot is a chemical detecting robot that attempts to sniff out offensive odors and neutralize them. The motivation behind this project is to demonstrate that robots can “smell” and can develop behaviors based on scent. For a starting point, ammonia detection is used to demonstrate that robots can smell something that humans can as well. The robot is implemented with a BD Micro board with an Atmel Atmega128 running at 16MHz. For ammonia detection, a Figaro TGS-826 ammonia gas sensor was used.  These were combined with a control board that had debugging LEDs, a power board used to power the Figaro sensor and a small board for the sensor itself. The platform is designed to be able to withstand moisture and is made of 3003 0.125” thick Aluminum sheeting. This was milled along with the brackets for the servos and sensors. The propulsion is done with 4 Hitec 1425-CR servos. Obstacle avoidance is done with three Sharp IR detectors mounted on the front of the platform. For a neutralizing agent, a holding tank was constructed of acrylic and mounted on the back of the robot. The “spray” is done with a 12DC miniature pump. B.O. bot is designed to search for ammonia by monitoring the reading it gets from the sensor. Some issues that have become known in testing include large current draw from the Figaro sensor in excess of 1amp at 5V. Also the sensor must heat up before it can accurately determine the PPM of the surrounding environment. It the robot is exposed to extreme temperatures the sensor will not work as expected. The sensor also has a delay in sensing the environment. The coding had to address these issues before the robot could accomplish its mission. 
Introduction

Many commercial robots today clean carpets and floors but do not address odors. B-O bot will be able to detect a trace gas and determine if the room needs to be neutralized. A special sensor made by Figaro Sensors will allow the robot to detect harmful and unpleasant trace gases measured in parts per million. It is the job of the robot to search a room looking for odors, and once found, will try to find the spot in the room that has the highest concentration of the gas i.e like a spill or bathroom. It will then try to immunize that spot and deodorize the rest of the room. This robots behavior can be supplemented onto current vacuum robots as an added feature.
Integrated Systems
The main features of the robot will be its gas sensors and the apparatus to spray chemicals. These are controlled with the Mavric IIB board. The platform has a pump and holding tank to control the spraying mechanism. These are combined with a power board and control board. . A basic flowchart is shown below depicting the major components. 
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Figure 1 
Mobile Platform

The mobile platform is a flat, one level surface that has a spraying mechanism on the back of the robot.  The platform is made of 3003 aluminum 0.125 inch thick sheeting. The overall platform can be seen from the CAD drawing in Figure 2.  There are currently 2 battery sources, one for the servos and one for the electronics. The pump required12V at 0.45 Amps, A solid state relay was used to control the DC pump.  Three boards were designed and milled in lab. One is for the Figaro Ammonia sensor and the others are for power and controls. In addition, Brackets were made to mount the IR sensors to the platform. Not shown in figure 3 is the reservoir and pump for spraying. Figure 10 shows the final design of the robot, which includes the pump and reservoir. These items are mounted on the back of the platform. 
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Actuation

The main component that will be responsible for neutralizing the ammonia is the 12V miniature Pump shown below in Figure 4. The pump will be connected to a small reservoir that will contain the neutralizing agent. The output will be connected to a spray nozzle. The BD micro board will control the motor/pump with a relay. A diagram and photo will be included in the next report. 
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Sensors
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The sensors that will be primarily used will be the Sharp GP2Y0A21YK and the Figaro TGS -826 Ammonia Gas sensor. The design will also incorporate bump switches, and possibly sonar. The Sharp infrared sensors will be used for obstacle avoidance. 

The Figaro Ammonia sensor is designed to detect ammonia concentrations from 30 to 300 ppm. For details see figure 7. 

From the graph in figure 7, the ammonia concentration is almost a linear relationship with ppm. Thus an analog circuit will be designed so that this range can be observed with the Mavric board’s Analog to digital port. Also, since this robot is to be used indoors, the relative humidity requirements hopefully are not a concern. See figure 7. This also allows for the use of the infrared sensors. If there is time remaining and budget, I will add sonar for obstacle avoidance and motion detectors for human presence. If there are no humans present, then there is no use in spraying expensive chemicals all over the room. These requirement may change due to the uncertainty of the 

Figaro’s Ammonia sensor accuracy.  
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Behaviors

The B.O bot will drive around a room and look for offensive odors. Humans can detect ammonia at around 50ppm. This will be the threshold for the robot to do something about the problem. Other gases could have been used, but are dangerous to demo. Ammonia will be the test vehicle for this proof of concept. Once the odor is detected above the threshold the robot will perform these tasks. 
· The robot will stop, an alarm will sound. This indicated that the robot has found concentrations strong enough for human detection.

· It will move in a pattern to be determined to find its source. This part is NOT a guarantee since the sensitivity of the sensor in air environments is not known. Testing is required.

· If the spot with the highest concentration is detected, it will neutralize the ammonia with chemicals... After which, it will move out of the area, and continue roaming.

· An optional sensor that may be added is the human detection. If there are no humans, then the robot will not be looking for ammonia and conserving its chemicals and batteries. 

This constitutes the majority of the robots behaviors. This all depends on the accuracy of the Figaro sensor, which is dependent on the temperature of the room
Experimental Layout

Since the robot will be sensing Ammonia, household ammonia will be used for testing of the robot. Initial tests have shown that the sensor will in fact pick up household ammonia on a towel. For finding the highest concentration, the robot will track in one direction and monitor concentrations. If the concentration is rising in one direction, the robot will continue, if not it will turn and try another direction. Testing has shown that a towel soaked in ammonia will be the highest concentration. Air currents in a room will affect the results, so testing this will be important. 

Issues/Concerns

Some of the major issues with this project have stemmed from the Ammonia sensor’s power requirements. The initial power board designed for this sensor terminated several 5V voltage regulators. The current draw through testing was determined to be close to 1A at 5V DC. A separated power board had to be designed to accommodate this power consumption. Two 7805 1A voltage regulators were designed to be coupled in parallel to provide the necessary power. Testing proved that the design was adequate to power the sensor without trouble.  See Figure 9 for the design details below. 
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The Ammonia sensor also had a problem with heating. The sensor had to heat up to a certain temperature or the calibration would be off. I wrote a routine that would somewhat counteract this affect but in the process the robot could not do anything useful until the sensor was warmed up. Some other issues include the servos not turning the platform well. This was mostly due to the foam wheels not getting enough traction. 

Conclusion

The B.O. bot, with the help of the Figaro TGS-826 Ammonia Sensor will be able to sense when a chemical in a room is causing discomfort to occupants in a room. Although this robot has many applications, its motivation will be detecting complex smells. Additional sensors from Figaro can be used to supplement this design and gather more data to determine exactly what could be causing the smell i.e. Trash, pet odor, bathrooms etc. 
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It will have many commercial applications if the robot can locate the source of the smell.  The main goal is to show that a robot can detect “smells” and confirm this diction with some action. Future applications depend on the availability of gas and particle sensor and interfacing them with a microcontroller.
Appendix

Code
/*********************************************************************

* BO-BOT MAIN PROGRAM

*

* AUTHOR: CHRISTOPHER THOMAS

*

* DATE: December 8, 2008

*

* DESCRIPTION: Final software design for the BO Bot.  

*

*

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

/*

***********************************************************************

*






Includes

***********************************************************************

*/

#include <avr/io.h>

#include <avr/interrupt.h>

#include <avr/signal.h>

#include <inttypes.h>

#include <stdlib.h>

#include <stdio.h>

#include <util/delay.h>

#include <ctype.h>

#include <stdint.h>

#include "adc.h"

#include "adc.c"

/*

***********************************************************************

*






Defines

***********************************************************************

*/

// Define baud rate

#define F_CPU 16000000ul

#define USART_BAUDRATE 9600ul

#define BAUD_PRESCALE (((F_CPU / (USART_BAUDRATE * 16UL))) - 1) 

#define SERVO1   OCR3A

#define SERVO2   OCR3B

#define SERVO3   OCR3C

#define SERVO4   OCR1A

#define SERVO5   OCR1B

#define SERVO6   OCR1C

#define SERVO_MIN 2000

#define SERVO_MID 3000

#define SERVO_MAX 4000

/*

***********************************************************************

*






Declarations

***********************************************************************

*/

void init_servos(void);

void USART_vInit(void);

/*

***********************************************************************

*






Subroutines

***********************************************************************

*/

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

 * 1, 2, & 3; 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   = 0;

  /* 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)|_BV(COM3C1)|_BV(COM3C0);

  /* force compare match to set outputs */

  TCCR3C |= _BV(FOC3A)|_BV(FOC3B)|_BV(FOC3C);

  /* configure to clear outputs on compare match so that the output

   * compare function ends the pulse */

  TCCR3A &= ~(_BV(COM3A0)|_BV(COM3B0)|_BV(COM3C0));

}

/* SIG_OVERFLOW1 - this interrupt handler starts the pulse for servos

 * 4, 5, & 6; the timer 1 output compare function automatically ends

 * the pulse precisely as specified by the OCR1x register which

 * represents the servo position */

SIGNAL(SIG_OVERFLOW1)

{

  TCNT1 = 0;

  /* configure to set outputs on compare match so we can turn on the

   * pulse in the next statement */

  TCCR1A |= _BV(COM1A1)|_BV(COM1A0)|_BV(COM1B1)|_BV(COM1B0)|_BV(COM1C1)|_BV(COM1C0);

  /* force compare match to set outputs */

  TCCR1C |= _BV(FOC1A)|_BV(FOC1B)|_BV(FOC1C);

  /* configure to clear outputs on compare match so that the output

   * compare function ends the pulse */

  TCCR1A &= ~(_BV(COM1A0)|_BV(COM1B0)|_BV(COM1C0));

}

void init_servos(void)

{

  /* Use Timers 1 and 3 to generate the pulses for 6 R/C servos; each

   * timer can do up to 3 servos. */

  /*

   * 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) | _BV(PORTE5);

  TCCR3A &= ~(_BV(WGM31) | _BV(WGM30) | _BV(COM3A1) | _BV(COM3B1) | _BV(COM3C1));

  TCCR3A |= _BV(COM3A0) | _BV(COM3B0) | _BV(COM3C0);

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

  TCCR3B |= _BV(CS31);

  TCNT3   = 0;

  TCCR3C |= _BV(FOC3A) | _BV(FOC3B) | _BV(FOC3C);

  ETIMSK |= _BV(TOIE3);

  /*

   * configure OC1A for mode 0: normal, top=0xffff prescale=8 (f~=30):

   *

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

   */

  DDRB   |= _BV(PORTB5) | _BV(PORTB6) | _BV(PORTB7);

  TCCR1A &= ~(_BV(WGM11) | _BV(WGM10) | _BV(COM1A1) | _BV(COM1B1) | _BV(COM1C1));

  TCCR1A |= _BV(COM1A0) | _BV(COM1B0) | _BV(COM1C0);

  TCCR1B &= ~(_BV(WGM13) | _BV(WGM12) | _BV(CS12) | _BV(CS10));

  TCCR1B |= _BV(CS11);

  TCNT1   = 0;

  TCCR1C |= _BV(FOC1A) | _BV(FOC1B) | _BV(FOC1C);

  TIMSK  |= _BV(TOIE1);

  /* set all servos to their center positions */

 // SERVO1 = SERVO_MAX;

 // SERVO2 = SERVO_MID;

 // SERVO3 = SERVO_MID;

 // SERVO4 = SERVO_MIN;

 // SERVO5 = SERVO_MIN;

 // SERVO6 = SERVO_MIN;

}

void USART_vInit(void)

{

   UCSR0B |= (1 << RXEN) | (1 << TXEN);   // Turn on the transmission and reception circuitry

   UCSR0C |= (1 << UCSZ0) | (1 << UCSZ1); // | (1 << UCSZ2); // Use 8-bit character sizes

   UBRR0L = BAUD_PRESCALE; // Load lower 8-bits of the baud rate value into the low byte of the UBRR register

   UBRR0H = (BAUD_PRESCALE >> 8); // Load upper 8-bits of the baud rate value into the high byte of the UBRR register 

}

void USART_vSendByte(char Data){

// Wait if a byte is being transmitted


while((UCSR0A & (1<<UDRE0)) == 0);

// Transmit data

//UCSR0B &= (0 << TXB80);


UDR0 = Data;

}

static int uart_putchar(char c, FILE *stream)

{

    if (c == '\n') uart_putchar('\r', stream);

    loop_until_bit_is_set(UCSR0A, UDRE0);

    UDR0 = c;

    return 0;

}

void turnleft(char time){



SERVO4 = 4000;



SERVO3 = 4000;



SERVO5 = 4000;



SERVO6 = 4000;



delay_s(time);



SERVO4 = 0;



SERVO3 = 0;



SERVO5 = 0;



SERVO6 = 0;



}

void turnright(char time){



SERVO4 = 2000;



SERVO3 = 2000;



SERVO5 = 2000;



SERVO6 = 2000;



delay_s(time);



SERVO4 = 0;



SERVO3 = 0;



SERVO5 = 0;



SERVO6 = 0;



}

void stop(char time){



SERVO4 = 0;



SERVO3 = 0;



SERVO5 = 0;



SERVO6 = 0;



delay_s(time);



}

void backup(char time){



SERVO4 = 2000;



SERVO3 = 2000;



SERVO5 = 4000;



SERVO6 = 4000;



delay_s(time);



SERVO4 = 0;



SERVO3 = 0;



SERVO5 = 0;



SERVO6 = 0;



}

void forward(void){



SERVO4 = 4000;
//PORT B5  Rear  right



SERVO3 = 4000;  //PORT E5  Front right



SERVO5 = 1000;  //PORT B6  Front left



SERVO6 = 2000;  //PORT B7  Rear  Left



}

void delay_s(uint16_t seconds){

uint16_t x = 0;

uint16_t sec;


sec = seconds * 10;


while(x < sec){



x++
;



_delay_ms(1000);



}

}

void piezo(uint16_t seconds, char freq){



uint16_t temp = 0;



uint16_t sec = 0;



DDRC |= 0xC0;



sec = seconds * 1000;



while(temp < sec){




temp++;




_delay_ms(freq);




PORTC ^= 0x80;




}

}

static FILE mystdout = FDEV_SETUP_STREAM(uart_putchar, NULL, _FDEV_SETUP_WRITE);

int main(void)

{

    uint16_t Ammonia;


uint16_t ir1;


uint16_t ir2;


uint16_t ir3;


char random = 0;


char wait = 0;


char temp = 0;


delay_s(3);


USART_vInit();


stdout = &mystdout; //Required for printf init


DDRA &= 0b01111111;      /* enable PORTA pin 7  as an input */



DDRC |= 0x0F;


printf("\xFE\x01");  //Clear Display


printf("Press button to begin");


while(wait == 0){


temp = PINA & 0b10000000;



if(temp == 0){




wait = 0xFF;




}


}


piezo(2,1);

 

 /* initialize A/D Converter */

    adc_init(); 

  

/* initialize servos */


printf("\xFE\x01");  //Clear Display


printf("Calibrating");


Ammonia = adc_readn(0, 5);  /* sample channel 0 5 times, take average */


while(Ammonia > 500){


PORTC = 0x01;


Ammonia = adc_readn(0, 5);  /* sample channel 0 5 times, take average */


printf("\xFE\x01");  //Clear Display


printf("Calibrating     ");


printf("Ammonia=%4u ",Ammonia);


_delay_ms(1000);


}


PORTC = 0x00;


delay_s(5);

  
init_servos();


 

 /* enable interrupts */

  
sei();

   while (1) {


_delay_ms(500);


DDRB |= 0x01;      /* enable PORTB 1 as an output */



PORTB ^= 0x01;    /* toggle LED */


SERVO4 = 4000;
//PORT B5  Rear  right


SERVO3 = 4000;  //PORT E5  Front right


SERVO5 = 1000;  //PORT B6  Front left


SERVO6 = 2000;  //PORT B7  Rear  Left


Ammonia = adc_readn(0, 5);  /* sample channel 0 5 times, take average */

    ir1 = adc_readn(1, 5);  /* sample channel 1 5 times, take average */


ir2 = adc_readn(2, 5);  /* sample channel 2 5 times, take average */


ir3 = adc_readn(3, 5);  /* sample channel 3 5 times, take average */

// ir1 is left

// ir2 is center

// ir3 is right

 /*

*********************** Obstacle to the center only  ****************************

*/


if(ir2 > 425){



printf("\xFE\x01");  //Clear Display



printf("Front obstacle");



stop(1);



backup(1);



random = TCNT1 & 0x01;



if(random == 1){




turnright(2);




}



else{




turnleft(2);




}



forward();



}



/*

*********************** Obstacle to the left  ****************************

*/


else if(ir1 > 425){



printf("\xFE\x01");  //Clear Display



printf("Left obstacle");



stop(1);



backup(1);



turnright(2);



forward();



}

/*

*********************** Obstacle to the right  ****************************

*/


else if(ir3 > 425){



printf("\xFE\x01");  //Clear Display



printf("Right obstacle");



stop(1);



backup(1);



turnleft(2);



forward();



}



/*

*********************** Obstacle in the front ****************************

*/


else if((ir1 > 250) & (ir2 > 250) & (ir3 > 250)){



printf("\xFE\x01");  //Clear Display



printf("Obstruction...  ");



printf("Turning around");



stop(1);



backup(1);



random = TCNT1 & 0x01;



if(random == 1){




turnright(7);




}



else{




turnleft(7);




}



forward();



}



/*

*********************** Ammonia detection  ****************************

*/


else if(Ammonia > 500){



stop(1);



printf("\xFE\x01");  //Clear Display



printf("Ammonia Detected");



piezo(1, 7);



delay_s(1);



piezo(1, 7);



delay_s(1);



random = TCNT1 & 0x01;



if(random == 1){




turnright(13);




}



else{




turnleft(13);




}



printf("\xFE\x01");  //Clear Display



printf("Spraying");



DDRA |= 0x03;



PORTA = 0x02;



PORTC = 0x04;



piezo(5, 4);



PORTA = 0x00;



PORTC = 0x00;



printf("\xFE\x01");  //Clear Display



printf("Resuming        detection");



delay_s(8);



forward();



}


else{



printf("\xFE\x01");  //Clear Display



printf("Ammonia=%4u ",Ammonia);



_delay_ms(1);



}

  }

}
/*********************************************************************

* BO-BOT ADC program
*

* AUTHOR: CHRISTOPHER THOMAS

*

* DATE: October 24, 2008

*

* DESCRIPTION: Software that takes care of the ADC channels and filters samples..  

*

*

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

/*

 * ATmega128 A/D Converter utility routines

 */

#include <avr/io.h>

#include <stdio.h>

/*

 * adc_init() - initialize A/D converter

 *

 * Initialize A/D converter to free running, start conversion, use

 * internal 5.0V reference, pre-scale ADC clock to 125 kHz (assuming

 * 16 MHz MCU clock) 

 */

void adc_init(void)

{

  /* configure ADC port (PORTF) as input */

  DDRF  = 0x00;

  PORTF = 0x00;

  ADMUX = _BV(REFS0);

  ADCSR = _BV(ADEN)|_BV(ADSC)|_BV(ADFR) | _BV(ADPS2)|_BV(ADPS1)|_BV(ADPS0);

}

/*

 * adc_chsel() - A/D Channel Select

 *

 * Select the specified A/D channel for the next conversion

 */

void adc_chsel(uint8_t channel)

{

  /* select channel */

  ADMUX = (ADMUX & 0xe0) | (channel & 0x07);

}

/*

 * adc_wait() - A/D Wait for conversion

 *

 * Wait for conversion complete.

 */

void adc_wait(void)

{

  /* wait for last conversion to complete */

  while ((ADCSR & _BV(ADIF)) == 0)

    ;

}

/*

 * adc_start() - A/D start conversion

 *

 * Start an A/D conversion on the selected channel

 */

void adc_start(void)

{

  /* clear conversion, start another conversion */

  ADCSR |= _BV(ADIF);

}

/*

 * adc_read() - A/D Converter - read channel

 *

 * Read the currently selected A/D Converter channel.

 */

uint16_t adc_read(void)

{

  return ADC;

}

/*

 * adc_readn() - A/D Converter, read multiple times and average

 *

 * Read the specified A/D channel 'n' times and return the average of

 * the samples 

 */

uint16_t adc_readn(uint8_t channel, uint8_t n)

{

  uint16_t t;

  uint8_t i;

  adc_chsel(channel);

  adc_start();

  adc_wait();

  adc_start();

  /* sample selected channel n times, take the average */

  t = 0;

  for (i=0; i<n; i++) {

    adc_wait();

    t += adc_read();

    adc_start();

  }

  /* return the average of n samples */

  return t / n;

}

Figure 7 – Figaro Ammonia sensor specifications








Figure 4 – Figaro Ammonia sensor concentration and humidity characteristics








Figure 6 – Figaro TGS-826 








Figure 5 – Sharp GP2Y0A21YK








Figure 2 – Mobile Platform in Solidworks








Figure 3 – Platform with boards mounted








Figure 4– 12V miniature Pump








Figure 8 – Ammonia sensor interface board








Figure 10 – Final design








Figure 9 – Parallel 7805 design
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