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2. Introduction
TeleRAD detects radiation levels using its Geiger counter.  Currently, 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 will also tell the observer that the robot is detecting the source.      
3. SRF08 sonar 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

4. GM-45 Geiger counter

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.

5. Internal Motor Encoders
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.     
6. Conclusion

The SRF08 ultra sonic range finders perform an excellent job of collision avoidance.  The I2C interface reduces the number of pins and processing time used by the microcontroller.  I2C range finders are more expensive then analogue range finders but are a more elegant solution.
The GM-45 Geiger counter can detect a weak source of radiation.  This is important for a safe demonstration of TeleRAD.  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 radiation noise.  After stopping for a few seconds, TeleRAD can determine if the increase was caused by is random background radiation noise or the radiation source.

The motor encoders work well for speed control which is built into the motor driver circuit.  Using motor encoders for distance tracking is only necessary, if the robot needs to map its location.                    
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