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1:  Introduction
Master Chief employs four kinds of sensors, including infrared range finders, bump sensors, and CdS cells.  The fourth is the special sensor, a CMU camera.  The range finders and bump sensors are used for obstacle avoidance.  The CdS cells are used as encoders to measure revolutions, while the CMU camera is used for target tracking.

2.1:  Infrared Range Finder Array
The infrared module consists of an IR LED and an IR transistor.  The transistor has a specialized lens over it so that the light is refracted according to the angle at which it enters.  This allows the module to determine how far from the front of the module the object sits.  
Four infrared modules are mounted on the platform.  One is placed on each front corner, one on the front center, and one on the back center.  The front and back center modules point straight along the forward-backward axis.  The units on the corners are angled outward to cover each side of the robot’s path.
The modules are connected to an A/D channel through an A/D multiplexer.  This configuration allows up to sixteen analog sensors to be connected to one port on the controller board.  Each sensor returns a dimensionless value based on the voltage returned.  Figures 1 and 2 show the values returned at various distances.
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Figure 1:  Infrared Range Finder calibration data for a white paper target.
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Figure 2:  Infrared Range Finder calibration data for a black paper target.

The figures show that the modules are accurate from 1 in to at least 12 in.  The data was taken by pointing the module first at a piece of white paper, shown in Figure 1, and then at a piece of black paper, shown in Figure 2.  As expected the white paper reflected more light and therefore returned a higher value at each distance.
The modules are used for the obstacle avoidance routine.   The robot turns proportionally to the value returned by the sensors.
2.2:  Bump Sensor Array
Ten bump sensors are arranged around the perimeter of the platform.  These sensors are simply push-button switches.  The sensors are each mounted with a resistor and then wired with an eleventh resistor into a voltage divider circuit.  This circuit can be seen in Figure 2.  The circuit in Figure 2 is laid out to match the actual layout on the platform.  Using the voltage divider allows the whole array to be read by a single A/D channel.  The resistor values were selected to return a unique voltage for each sensor combination under consideration, as shown in Tables 1 and 2.  
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Figure 2:  Bump Sensor Array diagram.

	 
	R (Ω)
	Vi
	Vo
	Out

	R1
	2000
	5
	2.87
	147

	R2
	1500
	5
	3.21
	165

	R3
	1000
	5
	3.65
	187

	R4
	2967
	5
	2.38
	122

	R5
	2700
	5
	2.50
	128

	R6
	5600
	5
	1.63
	83

	R7
	3300
	5
	2.25
	115

	R8
	4700
	5
	1.82
	93

	R9
	2200
	5
	2.76
	141

	R10
	5100
	5
	1.73
	89

	R11
	2700
	 
	 
	 


Table 1:  Bump Sensor Array resistor values.

As shown in Table 1, there are two non-standard resistor values.  R3 is 1 kΩ and R4 is 2967 Ω.  R3 is made up of two 2 kΩ resistors arranged in parallel and R4 consists of three resistors-of 2.7 kΩ, 220Ω, and 47 Ω-arranged in series.

	Front
	Sensor ID
	R (Ω)
	Vi
	Vo
	Out

	L
	1, 2
	857.1
	5
	3.80
	194

	R
	2, 3
	600.0
	5
	4.09
	209

	Split
	3, 1
	666.7
	5
	4.01
	205

	All
	1, 2, 3
	461.5
	5
	4.27
	219

	
	
	
	
	
	

	Back
	Sensor ID
	R (Ω)
	Vi
	Vo
	Out

	R
	6, 7
	2076
	5
	2.83
	145

	L
	7, 8
	1939
	5
	2.91
	149

	Split
	8, 6
	2555
	5
	2.57
	132

	All
	6, 7, 8
	1440
	5
	3.26
	167

	
	
	
	
	
	

	Corner
	Sensor ID
	R (Ω)
	Vi
	Vo
	Out

	F/R
	3, 4
	747.9
	5
	3.92
	200

	B/R
	5, 6
	1822
	5
	2.99
	153

	B/L
	8, 9
	1499
	5
	3.22
	165

	F/R
	10, 1
	1437
	5
	3.26
	167

	
	
	
	
	
	

	Diagonal
	Sensor ID
	R (Ω)
	Vi
	Vo
	Out

	Pos
	4, 9
	1212
	5
	3.45
	177

	Neg
	5, 10
	1876
	5
	2.95
	151


Table 2:  Bump Sensor combinations.

2.3:  CdS Cell Encoder
A CdS cell is a light-sensitive resistor.  It operates by simply changing its resistance proportionally to the intensity of the light it receives.  A circular card with alternating black and white sections is attached to the bottom of the turret.  The black sections and white sections produce significantly different resistances when the CdS cell and a light source are pointed at them.  Using this assembly, the rotations of the turret can be counted.  This data is used to determine the position of the turret relative to the platform.  Test data was not taken for these sensors because it is not as useful as data for the other sensors.  Because of the variation in light levels from location to location the robot has to calibrate itself each time it is operated.  This is accomplished by taking a reading of a white segment and one of a black segment on the encoder card at the beginning of each run.
2.4:  CMU Camera
The CMU Camera consists of a CMOS camera built onto a board controlled by a SX28 microcontroller.   The CMU unit is connected to the robot controller board through a RS-232 serial port.  The advantage of using a CMU Camera over using only a CMOS camera is the functionality that is built into the CMU unit.  The unit comes with many useful functions pre-programmed on the SX28 to process the image received by the camera.  This cuts down on the load on the main microcontroller by reducing the size of the main program, allowing the whole system to run faster.  The CMU Camera board also has a servo port built in.  This can be used to directly drive a servo for tracking a blob.  
For Master Chief the CMU Camera is used to locate the target using color blob detection.  There is a built-in function in the CMU Camera’s memory to return the coordinates in the camera’s view range of the centroid of the blob.  This data is used for target tracking.  The distance and direction of the centroid from the center of the view determines which direction and how many degrees the camera must be moved.  The camera is mounted on a turret that rotates about one axis, specifically the vertical axis running through the servo used to drive the turret.  The other data from the camera that is used is the size of the color blob.  The size of the blob in the camera’s view can be used to determine how far away the object is.  This gives the distance to the target which is used to adjust the elevation of a dart launcher.
3:  Conclusion
These sensors form a complex array that provides a lot of data.  This array of sensors will be sufficient to give the robot all of the information it needs to carry out its mission.  

