TeleRAD

Radiation Survey Robot

John Curreri

EEL5666C

August 8, 2006

1. Table of Contents
21.
Table of Contents


22.
Abstract


23.
Executive Summary


34.
Introduction


35.
Integrated System


36.
Mobile Platform


47.
Actuation


48.
Sensors


79.
Behaviors


710.
Experimental Layout and Results


711.
Conclusion


812.
Documentation




2. Abstract
TeleRAD is a radiation survey robot. The name stands for distance Radiation Absorbed Dose or in other words detecting radiation levels remotely. TeleRAD uses a Geiger counter to detect radiation levels. During operation, TeleRAD will find a low level radiation source while avoiding obstacles. Once the source is found, TeleRAD will announce its presence.
3. Executive Summary
TeleRAD is designed to function as a mobile Geiger counter.  The radiation level threshold for what TeleRAD considers radioactive can be reprogrammed.  While TeleRAD is searching for a high level of radiation, it avoids obstacles.

TeleRAD is built out of aluminum frame for durability.  This allows TeleRAD to take more abuse them most wooden robots.  The Geiger counter extends from the front of the robot.  Ultra sonic range finders are mounted in the front.  The motors are mounted towards the front and a caster in the rear.  The batteries reside in the rear of the robot and the electronics are elevated above the rear of the robot and mounted on a sheet of plexi- glass.  The electronic boards consist of a microcontroller board, motor controller boards, opto-isolation board and voice board and LCD.         
The Geiger counter mounted on TeleRAD is sensitive enough to detect low levels of radiation accurately.  The Geiger counter is powered by a 9 volt battery and outputs a  pulse every time a radioactive particle or ray hits the detector window.  A speaker is used to covert the electrical signals into a clicking noise.  The microprocessor on TeleRAD counts the number of pulses and uses a time to find the number of counts per minuet of radiation.  Once TeleRAD finds a radioactive source, it lights up a red light and uses its voice to announce that a high radiation levels have been detected.

TeleRAD can be demonstrated in any enclosed with a level floor.  TeleRAD uses the enclosed space to help it sweep randomly the area.  The floor must be level because the Geiger counter is placed under the robot with little clearance.  The Geiger counter is mounted so that it is most sensitive to radiation coming from the floor but can detect radiation from any direction.  

4. Introduction
High levels of radiation can be hazardous to humans.  Geiger counters can be used to determine the environmental radiation levels in order to limit exposure to radiation.  However, these instruments do not shield the user from hazardous radiation.   Mounting the Geiger counter on a robot allows the robot to detect hazardous radiation level to determine if it is same for humans.  

Radiation is everywhere.  TeleRAD does not have to be at ground zero of detonated nuclear bomb to detect radiation.  Background radiation can be detected almost anywhere.  A major part of background radiation comes from cosmic rays from outer space hitting the earth’s atmosphere.  Background radiation is greater at higher altitudes.
Radiation levels above background can be found in objects, buildings and even the soil.  For example, Vaseline glass has a very small amount of uranium oxide added to it which makes it slightly radioactive.  Buildings may be constructed with bricks or tiles that are slightly radioactive or buildings can contain radon gas which is radioactive.  Soil may have small amounts of uranium oxide or other unstable elements making it radioactive.
Safe demonstrations of TeleRAD can be preformed because of the sensitivity of its Geiger counter and use of low level harmless radioactive sources like Vaseline glass beads.  Vaseline glass can be found in Antique shops.  With some modification, TeleRAD could be demonstrated even without the use of sources because of building material as described above.

5. Integrated System
TeleRAD detects radiation levels using its Geiger counter.  TeleRAD will randomly sweep the area for a radioactive source.  Collision avoidance causes TeleRAD to change direction.  When TeleRAD has found an above background source of radiation, a visual bright red LED indicator will turn on.  A greater number of audible clicks from the Geiger counter and a synthesized voice will let the observer know that the robot is detecting the source.      
6. Mobile Platform
TeleRAD is made using aluminum for sturdiness and durability. A diamond studded aluminum plate one foot square is used as a mounting surface. The Geiger counter is mounted in front of the robot using aluminum L beams for radiation detection.  The drive motors with wheels are attached near the front on each side of the robot for weight balance.  A caster is mounted on rear center of the robot.  Sonar sensors are mounted in the front on each side of the robot for collision avoidance.  A speaker for the voice is also mounted towards the front.  The electronics is mounted on plexi-glass elevated from the aluminum plate using bolts for ease of removal.  The batteries are placed under the electronics.  
7. Actuation
TeleRAD uses 24V DC gear head motors with encoders for locomotion.  DC gear head motors are used because the robot is too heavy for RC servo motors.  Plastic gears allow the motors to drive a shaft.  The shaft is attached to plastic lawn mower wheels using a metal sprocket and bolts.  Lawn mower wheels are used because they are cheap, durable and locally available.
The driver circuit consists of motor controller IC (TDA7272A) which keeps the motor at a constant speed using the encoder output.  The power to each motor is controlled by two high power operational amplifiers (LM675).  The direction of the motor is controlled digitally and the speed can be adjusted using potentiometers.  Each motor controller board draws about 200mA at 12V when in use.  Each LM675 can handle 3A continuous.  The driver circuits came with the DC gear head motors.
The speed of TeleRAD was determined by timing how long it took to move 12 feet.  A speed of 13.3 inches per second was found with the motor battery’s voltage at 13.05 volts.  The motor controllers will regulate the motor speed down to 11 volts using the encoders.  

8. Sensors

SRF08 sonar sensors are used for collision avoidance.  The sonar sensors communicate via I2C.  The effectiveness of the SRF08 ultra sonic range finders was determined by taking reading off of the LCD display.  With the motors tuned off, TeleRAD was placed towards a wall 12 feet away from the ultra sonic sensors.  After each reading, TeleRAD was pushed forward by 1 foot.  At one foot, TeleRAD was pushed forward by 1 inch.  A low, normal and high reading was recorded.  The normal reading was the value that appeared most frequently to the observer.  The actual vs perceived distance is shown below in Figure 1.  The range finder readings are accurate between 1 and 7 feet.  The ultra sonic range finders are pointed 33 degrees above horizontal at 5 inches from the floor and the ceiling has a height of 91 inches. The SRF08’s are rated for 3cm to 6m or 1.18 inches to 236 inches (19.6 feet).
[image: image1.emf]SRF08 I2C sonar range finder
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Figure 1

The GM-45 Geiger counter is made by black cat systems.  It has a Geiger Muller tube 1.75 inch in diameter by 0.61 inch long.  The GM tube can detect alpha radiation above 3 MeV, beta radiation above 50 keV and gamma radiation above 7 keV.  The detector provides a pulse ever time a high energy particle or electromagnetic ray hits the detector.  The microcontroller integrates the number of hits over time.  This gives the number of counts per minuet (CPM).  Depending on the radioactive source, the number of CPM can be converted to mR/h (miliREM (Roentgen Equivalent Man) per hour) by factoring in the damage the source will do to the human body.  Since the detector is not sophisticated enough to differentiate between different types of radiation and the radiation’s energy, only counts per minuet is displayed. 
Counts per minuet readings were taken form the LCD display.  With the motors off and Vaseline glass beads in front of TeleRAD, the Geiger counter was moved closer to the source using one to one half inch increments.  Five Vaseline beads were used as a source.  They were arranged in a line for detection.  The source can be detected at any angle but the radiation levels at a distance differ between orientations.  Measurements were taken with the source parallel to the front of TeleRAD in Figure 2 and perpendicular to the front of TeleRAD in Figure 3. 
[image: image2.emf]Parallel source detection
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Figure 2

When the source is parallel to TeleRAD, the center of the detector window (1.75 inches in diameter) must be with in 2.5 inches of the center of the beads (1 inch in diameter) in order to trigger the red light indicating a source.

[image: image3.emf]Perpendicular source detection
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Figure 3

When the source is perpendicular to TeleRAD, the center of the detector window must be with in 1.5 inches of the center of the first bead in order to trigger the red light indicating a source.

The DC gear head motors have encoder output.  The encoder output can be used as a clock input for the microcontroller’s counters.  The count can be used for distance (or speed) calculation.  The encoder outputs about 360 counts per revolution.     
9. Behaviors

TeleRAD has to main behaviors: collision avoidance and radioactive source detection.  Radiation levels are continually sampled with either behavior but radioactive source detection causes TeleRAD to stop.  TeleRAD will stop for any increase the number of counts per minuet.  An increase can be caused by random background noise or because of the source.  If the increase is caused by background noise, the increase will be short and the robot will continue to move after a few seconds.  If the increase is cause by the source, the radiation level will continue to rise and then level off because of the averaging of counts per minuet.  Once the counts per minuet rise to 200, the robot will stand still until the source is removed.  After 15 seconds of standing still, the red light and voice will turn on, indicating it has found a radioactive source.

If the radiation level is below 200 and not increasing, TeleRAD will move forward until it finds and obstacle.   If either of the ultra sonic range finders have a distance of less than 20 inches then, the robot will turn away from that direction.  A quick turn (forward with one motor and backwards with the other) will be used if one sensor is less than 20 inches away from an object.  If both sensors are less than 20 inches, then a slow turn (one motor off and the other backwards) will be used in the furthest direction.
The ultra sonic range finders are angled at 33 degrees above horizontal because TeleRAD was avoiding the radiation source as an obstacle.          

10. Experimental Layout and Results

In order to demonstrate TeleRAD, a confined space of 8 feet by 9 feet was created.   The radiation source was place near a corner of the space where TeleRAD is likely to pass over it.  Once activated, TeleRAD moves mostly in circles avoiding the walls.  Any time an increase in radiation is detected, TeleRAD will stop.  When TeleRAD passes over the source, it will stop and wait.  If the counts per minuet value to rise above 200 and about 15 seconds of waiting takes place, the red light on TeleRAD will illuminate.      
11. Conclusion

A weak source of radiation is used to demonstrate TeleRAD for safety.  This is some what compensated for by using a sensitive Geiger counter.  However, detecting a source, while moving, becomes difficult even with a sensitive Geiger counter because the counts per minuet will only increase slightly above background levels.  This forces TeleRAD to stop for any increase in radiation even if it is random background noise.  A careful balance between the amount of time the robot stops for its radioactive source detection behavior and the chance that the robot will go past the source without detection must be made.  TeleRAD can only locate the source if it is a few inches away even when standing still.  A search pattern must be used to find the source from a distance.  For simplicity, the random movement in a confined space using collision avoidance is used to find the source.                
12. Documentation

LED, timer code and ultrasonic range finder code:

BDMicro staff, BDMicro, “Sample Source Code for the MAVRIC / MAVRIC-II Mega128 Board,” 2006, www.bdmicro.com/code/.
Serial code for avr serial port:

Max Klein, Stanford electrical Engineering, “Embedded Systems: Timers RS-232 SPI,” 2005, supernova.stanford.edu/vlf-es/lecture3.pdf

Interrupt code:

Radig, Captain’s universe, “Atmel ATmega (ATmega16) DCF77 time signal decoder and C program,” 2005, www.captain.at/electronic-atmega-dcf77.php

Motor control and opto-isolation:

Paul Hills, A technical guide to building fighting robots, “Opto-isolators,” 2005, http://homepages.which.net/~paul.hills/index.html
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