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Non-Contact Velocity Measurement System Using Spatial

Filter Constructed by Optical-Electrical Circuit

Hajime HasHIMOTO, Kazutoshi KoGa, Hidetoshi MIIKE and Yoshio EBINA

Abstract

A decting system of the velocity of moving pattern is constructed by using the spatial filter with-
out mechanical parts. The filter is composed of optical fibers associated with phototransistors and
electrical analogue gate circuits. The movement of the window is carried out by supplying the pulse
of the rectangular form to the analogue gate circuits. The accuracy of the measurement with this
method is discussed theoretically. It is shown that the present method is not so inferior to the mec-
hanical one in accuracy of the measurement (within 3%). The observed velocity is linearly changed
with increasing the velocity of the moving patterns in the range of 0.01m/sec~5m/sec. From these
values, the constructed system is avairable for practical usage.
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Fig. 1 A system of optical detection.
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Fig. 2 Parallel-shift reticle. 2A and 2B are width
and height of the field stop, respectively.
2A=2na, n is a positive integer.
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Fig. 3 Transfer function of parallel-shift reticle.
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Fig. 4 Configuration of parallel-shift reticle constructed by optical and electrical circuits.
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Fig. 5 Frequency change due to wave-form distor-
tion. d,: distortion factor; T.: period of
fundamental wave (T,=1/f.); 4T: change
in period of fundamental wave due to d,.
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Table 1 Calculated values of the coefficients of Fourier series.

k m 1| 2 | s 4 5 6 | 7 8
B 0.637 0| -0z 0 0.127 0| —o0.001 0
4 | b 0.637 | 0 | o212 0 0.127 o |  o.001 0
Cmt 0.900 0 0.300 0 0.180 0 0.129 0
Bt 0.827 0 0 0o | —o0.165 0 0.118 0
6 | bms 0.477 0 0 0. 095 0 0. 068 0
Cmt 0.955 0 0 0 0.190 | 0 0.136 0
s 0.900 0 0 0 0 o | —o.120 0
8 | b 0.373 0 0 0 0 0| 0058 0
Cmé 0.974 0 0 0 0 0| 0130 0
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Fig. 6 Supposed output wave-forms, k: the number
of vertical strips of parallel-shift reticle.
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Fig. 7 Equivalent circuit of velocity detection.
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velocity measurement.
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Fig. 9 Relationship between image velocity of
moving object and output frequency change.
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.Fig. 10 Photographs of output waves of velocity
detecting system (upper trace) and funda-
mental waves (lower trace). The frequency
of fundamental wave is 1000Hz. Figure:
Fl: Band pass filter: 100~1250 Hz at —3
dB; Image velocity: 1.09X10"'(m/sec) in
(a),—1.09Xx107'(m/sec) in(b).
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Fig. 11 Photographs of output waves of velocity
detecting system (upper trace) and standard
waves (lower trace). The frequency of
standard wave is 1000Hz. Figure: F2; Band
pass filter: 500~1250 Hz at —3dB; Image
velocity: 1, 09X 1071 (m/sec) in(a), — 1. 09 X
107'(m/sec) in (b).
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