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EXPERIMENT 1

Student’s name: 
Reg. No: 
Group: 
Date: 
Experiment’s title: The Four-Bit Optical Encoder   (source: S.I.S. student’s manual)
I. Objectives

On completion of this experiment you will:
· Understand how optical encoders are used to measure displacement and derive speed.

· Have produced a table of rotary position against bits for the Gray scale and binary scale.

· Make judgements on such characteristics as: linearity, repeatability, accuracy, sensitivity.

· Appreciate the sources of errors in encoders.

II. Theory
Encoders are a form of digital optical sensor, which include a coded disc with information contained in a series of concentric tracks, which are read by photosensors to give a measure of angular position.
The accuracy of the measurement is governed by the number of tracks, (or bits to use the digital logic term). For every additional bit the resolution of the measurement doubles. For the four-bit encoder in the SIS the resolution is 22.5°, or 16 unique positions. Increasing this to five bits would give a resolution of 11.25° and so on.
Two commonly used forms of encoder have binary or Gray coded scales. The binary encoder uses a standard binary progression to indicate position. For each transition, from one position to the next, the binary output signal increments by 1 (or decrements if the movement is in the opposite direction) thus giving a unique positional address anywhere around the encoder scale. Changes in address, whether the binary signal increments or decrements, indicate the direction of movement. Problems can arise with the binary encoder in position measurement applications because the positional transition from one position to the next can cause more than one bit of information to change at the same time.
The Gray scale is designed so that all positional transitions only involve the change of one bit of information at a time, an increment or decrement depending on the direction of movement. The actual position, and consequently direction, is determined through the unique address code for each position.

The object of this experiment is to investigate the use of Gray and binary encoders for measuring rotary position.
III. Experimental Work

Part A: The Gray Scale
The object of this part of the experiment is to investigate the Gray scale encoder for rotary position measurement.
No additional circuit connections are required for this experiment. All connections have already been made and are not accessible other than at the access and test sockets provided.
The four bits at the input to the Decoder section are taken directly from the phototransistors monitoring the slots in the encoder disc.

· Set the current flowing through the LED to maximum by rotating the current control located in the Power Supply Section of the front panel fully clockwise.
· Rotate the disc manually until the white indexing mark on the edge of the disc is pointing forwards. This can be confirmed by all LED's in the Decoder section being off. This is the starting position, Position 0.
· Record the illumination state, on or off, for each of the Gray scale LED's (G0 to G3) in the Position 0 column in Table 4.1. Rather than just indicate on or off in each cell of the table, record the on state with a large cross (X) or shade in the cell to show the LED is on. This will give an indication of the actual coding pattern of the whole encoder once completed.
· Rotate the disc manually clockwise, as viewed from the left-hand side of the Hardware Module, and at each transition of the LED state record your observations in the appropriate column to complete the table. Comment on the full Gray coded scale when completed.
Part B: The Binary Scale Encoder
The object of this part of the experiment is to produce the binary scale for a four-bit encoder. All four bits of the Gray scale are processed by a Gray to binary converter to produce a four-bit binary number, as indicated by LED's B0 to B3.
Note: This would in fact be the same binary number that would be obtained if the encoder disc was binary coded.
· Rotate the disc manually until the white indexing mark on the edge of the disc is pointing forwards. This can be confirmed by all LED's in the Decoder section being off. This is the starting position, Position 0.
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Table 4.1 Results
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Table 4.2 Results
· Record the illumination state, on or off, for each of the binary scale LED's (B0 to B3) in the Position 0 column in Table 4.2. As before, indicate on or off with either a large cross (X) or by shading in the cells of the table to show the LED is on. This will give an indication of the actual coding pattern of the whole encoder when completed.
· Rotate the disc manually clockwise, as viewed from the left-hand side of the Hardware Module, and at each transition of the LED state record your observations in the appropriate column to complete the table. Comment on the Binary coded scale when completed.
Part C: Digital to Analogue Conversion
The four bits of the binary number are processed by a digital to analogue converter to provide an analogue signal, which corresponds to the value of the digital number and so also indicates the position of the disc.
The object of this part of the experiment is to investigate the analogue signal obtained using a four bit encoder/decoder and digital to analogue converter.

· Use one of the patching leads supplied to make the connection shown in
Figure 4.1.
· Set the meter to read volts (V). Rotate the disc manually until the white indexing mark on the edge of the disc is pointing forwards. This is confirmed by all LED's in the Decoder section being off. This is the starting position, Position 0.
· Record the meter reading against Position 0 in Table 4.3. Rotate the disc manually clockwise, as viewed from the left-hand side of the Hardware Module, and at each transition of the LED states record the meter reading.
· Plot a graph of position against meter reading. Comment on your results.
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Table 4.3 Results
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Figure 4.1 Connection diagram for digital to analogue conversion

IV. Comments and Conclusions

Use the results obtained, observations made in this experiment to write a report on the use of the four-bit optical encoder for measuring rotary position and displacement.

Include any theory you feel supports the comments and conclusions you give.

Questions

1. What is the effect of increasing the number of bits in the digital encoder? Are there any limitations of how many bits are possible?

2. What is the resolution of an eight-bit encoder?

3. How can the encoder be used to measure speed of rotation?
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