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part # R3-PYRO1
Humans have a skin temperature of about 93 degrees F.  The emissivity of human skin is around .98 times the emissivity of a perfect black body.  The infrared radiation from a person is independent of race but can be affected by the inhibited circulation often caused by smoking.  The wavelength of maximum energy radiated by humans is about 10 micrometers.  The total energy emitted by a typical human is about 800 watts.  Clothing tends to mask some of the emitted energy so the job of detecting humans boils down to detecting subtle changes of energy in the 8 to 14 micrometer range while rejecting changes in other wavelengths that may be caused by light, motors, etc.

The active element in the pyro sensor is made with a substrate of lithium tantalate, which is very sensitive in the 8-14 micrometer range.  A slice of the substrate is doped with an electrode on both sides.  When infrared energy hits the substrate, heat is generated which displaced electrons, effectively generating a charge between the electrodes.  This small charge is then amplified with an op-amp, and the result is a very usable signal that reflects changes in infrared energy.   My pyro-sensor design uses two detectors placed side-by-side.  The voltage difference between the two detectors can be amplified and measured to a get a much more sensitive reading.

The output of the sensor typically floats around a steady-state value of 2.5V.  When a source of IR energy in the 8-14 um wavelength moves relative to the field-of-view (FOV) of the detector, the differential created in the dual detector elements creates a change in this output voltage.  The voltage will fall when the motion is in one direction and rise with motion in the opposite direction.  The detector stabilizes fairly quickly so if the motion stops, the detector will quickly gravitate back to the steady-state value of 2.5V.  Since the sensor detects moving IR, a person standing still in the FOV will not cause a change in the output voltage.

	Operating Characteristics:
	
	

	
	
	

	Parameter
	Unit
	Rating

	Responsivity
	V/M
	3.70E+05

	Common Mode Rejection Min
	 - 
	 5/1

	Common Mode Rejection Type
	 - 
	15/1

	Noise
	mV/Hz 1/2
	0.36

	Thermal Breakpoint
	Hz
	0.15

	Electrical Breakpoint
	Hz
	5

	Incident Power (Max)
	Watts
	0.02

	Power Supply Voltage
	VDC
	 5-15

	Power Supply Current
	mA
	2


	Output Characteristics
	

	
	
	

	Parameter
	Unit
	Rating

	Voltage (Max)
	V
	+

	Current (Rec.)
	mA
	0.02

	Output load (Min)
	Kohm
	125


	Ambient Operating Characteristics:
	

	
	
	

	Parameter
	Unit
	Rating

	Storage Temperature
	degrees C
	-55 to 155

	Operating Temperature
	degrees C
	-40 to 70

	Sensitivity to Temperature
	%/degrees C
	+0.3
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  Figure 6:  block diagram of dual element design.



Figure 7: pinout.



Since the pyro sensor detects moving infrared, the sensor is mounted on a servo and swept across the room.  This way, a human does not have to be moving to be detected.  The servo is swept five increments of 18 degrees for a total of 90 degrees (see figure 7).  EDGAR knows how far to turn towards a human based on the position of the controlling servo at the time of detection.
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Figure 8:  pyro sensor sweeping positions.

One problem encountered with this sweeping method came about when the robot was subjected to a crowd of people.  Since the sensor starts sweeping from the left to the right, it would keep turning left until it got to he leftmost person in a crowd.  To fix this, I did the following:  Once a human is detected, EDGAR will keep checking the middle position to see if the human is still in front of it.  Once the human is no longer in front, it will then proceed with its normal sweeping pattern. 


Sometimes after the sensor detects a human, the output voltage gets stuck at a 

high value around 250 hex.  To get rid of this “stuck” voltage, the sensor is swept back 

and forth over a small increment each time a human is detected.  This settles the output 

voltage down to its normal level of 128.
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