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Abstract: The causes of long-period error of a small photoelectric encoder and its distribution law were
researched and a correction method for the long-period error of the small photoelectric encoder was
proposed. A Fourier neural network error correction model was built firstly based on orthogonal
trigonometric functions, and the nonlinear optimization problem between the input and output of the
encoder was transformed to a linear optimization problem. By taking the output value of the high-
accuracy benchmark encoder as the learning reference for the neural network model, an improved
differential evaluation algorithm combined with simulated annealing strategy was applied to training of
the neural network and to ensuring its global optimization search ability in the initial stage but fast
convergence rate and high accuracy in the later period. The method was applied to the long period error
correction test of a 16-bit small photoelectric encoder, and experimental results show that the peak

errors of the encoder is reduced from 45"——17. 5" to 10"——8. 75" and the standard deviation of long-
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period errors is reduced from 20. 3" to lower than 4”. The results mean that the proposed long-period

error correction method improves the accuracy of small photoelectric encoders.

Key words: photoelectric encoder; long-period error; orthogonal trigonometric function basis; Fourier

neural network; differential evolution
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Fig. 1 Principle of long-period error correction
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Fig. 2 Error correction model of Fourier neural network
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Fig. 3 Learning ability curves of network
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Tab. 1 Coefficients of network

W, coefficient w, coefficient
1 0.474 8

2 —0.5335 11 —0.234 3
3 —0.165 4 12 —0.141 3
4 —0.018 7 13 0.013 8
5 0.045 0 14 —0.025 8
6 —0.012 4 15 —0.037 5
7 —0.012 7 16 0.0111
8 0.005 0 17 —0.0189
9 —0.001 2 18 —0.012 2
10 0.007 5 19 —0.000 2
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Tab. 2 Comparison of standard deviations of

long-period errors

Sample o/ ("
Before correction 20. 3
Test 1 3. 26
Test 2 3.38
Test 3 3.72
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