Optical Encoder Experiment

The two light sensors can be configured with a motor and disk to operate as an optical encoder.  As shown in Figure 1, the optical encoder consists of a disk with alternate dark and light sectors mounted to a motor, and with the two light sensors mounted 90° apart relative to the disk sectors.  As the motor is rotated, signals from both light sensors can be simultaneously recorded, resulting in the typical “A” (red) and “B” (blue) quadrature signals of Figures 2 and 3.  The relative phase reversal when the direction is changed is clearly seen.  This experiment serves to illustrate the general concept of quadrature in the context of an optical quadrature encoder as well as the principles of operation for the encoder.
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	Figure 1.  Picture of the platform for the optical encoder experiment.
	Figure 2.  Quadrature signals for positive direction motion.
	Figure 3.  Quadrature signals for negative direction motion.


Optical encoders are routinely used for measuring position by changing the “A” and “B” quadrature signals to “count” and “direction” signals that are input to an up/down counter.  The counter tracks the shaft position with a resolution of four counts for every full quadrature period.  This logic can be implemented in software by sampling and processing the two streams of analog data from the light sensors as follows:

· Convert both “A” and “B” signals to binary by appropriate threshold detection (different for each channel if gains and offsets are different)
· Detect an edge by a 0-to-1 or a 1-to-0 transition on either A or B

· Compare the current AB state to the previous state to determine the direction of motion

· Count up or down as per the detected direction of motion

This can be thought of as a state machine where the states are determined from the binary quadrature signals.  States 0, 1, 2 and 3 correspond to AB = 00, 01, 10 and 11.  States automatically transition one to another as the encoder turns and the light signals change.  When moving in the plus direction, the order of states is 00, 01, 11 and 10 (0-1-3-2), where it can be seen that only one of the quadrature signals can change at a time.  Actions taken as the states change are as per the table below.  Note that there are three possible actions:  Count Up, Count Down and Do Nothing.  There are two types of “Do Nothing” conditions:  One is when the state is not changing such as when there is no motion (e.g., 0 to 0), and the other is an illegal state transition (e.g., 0 to 3).
	Last State
	Current State
	Action

	00
	00
	Do nothing

	00
	01
	Count Up

	00
	10
	Count Down

	00
	11
	Do nothing

	01
	00
	Count Down

	01
	01
	Do nothing

	01
	10
	Do nothing

	01
	11
	Count Up

	10
	00
	Count Up

	10
	01
	Do nothing

	10
	10
	Do nothing

	10
	11
	Count Down

	11
	00
	Do nothing

	11
	01
	Count Down

	11
	10
	Count Up

	11
	11
	Do nothing


The position is typically initialized to zero, and increments up and down as per the state transition table.
Correct position results are obtained only if there is no aliasing.  The effects of aliasing can be seen by either varying the speed at a fixed sampling frequency, or by varying the sampling frequency for a fixed speed.  The latter case is shown in Figures 4, 5 and 6 where the sampling interval is 60 ms, 240 ms and 300 ms, respectively, for the same “A” and “B” signals.  As the sampling interval is increased (decrease in the sampling frequency), the position and direction accuracy are unaffected as long as the sampling frequency does not get too small (Figure 4).  As the sampling frequency decreases, aliasing occurs and state transitions are missed, resulting in incorrect position information (Figure 5).   In the extreme, the wrong direction will be detected (Figure 6).
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	Figure 4.  Quadrature signals with a reduced sampling frequency but without 
aliasing.
	Figure 5.  Same quadrature signals as shown in Figure 4 but with the sampling frequency reduced enough to cause aliasing.
	Figure 6.  Further reduction in the sampling frequency causes a further decrease in the apparent speed and a direction reversal.


