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Fig. 1 Schematic illustration of a generalized projection moiré system
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Tab.1 Parameters setting and simulation results

Group System parameters (units: degree, millimeter) Measure alisj) b(isj)

No. Ja,pisvi|a Bv2| fi1+ f2 IPs VP s XP ICs YO RC b area AVG SD AVG SD
1 0,0,0 0,0,0 100,100 | —50.,0,200 50,0,200 0. 05 50X 50 —125.66 | 1.32e712 —0.01 2.09e716
2 0,0,0 0,0,0 100,100 | —50,0,200 50,0,200 0.02 50X 50 —314.16 | 9. 72712 —0.01 2.09e7 16
3 0,0,0 0,0,0 95,100 —50,0,200 50,0,200 0. 05 50 X50 —110. 99 1. 5645 —0.0095 | 3.29e 7
4 0,0,0 0,0,0 100,100 | —50,0,500 50,0,500 0.02 200X 200 —19.635 | 6.07e™ ¥ | —0.0025 | 5.24e" 17
5 0,0,0 0,0,0 50,50 —50,0,2000| 50,0,2000 | 0.02 | 1500X1500 | —0.4131 | 9.98e™ " | —5.12¢7*| 1. 71le” V7
6 0,0,0 0,0,0 35,35 —50,0,4000| 50,0,4000 | 0.02 | 3000X 3000 | —0.0699 | 2.47e ' |—2.52e 1| 7.64e '®
7 0,0,0 1.1.1 100,100 | —50,0,200 50,0,200 0. 05 50X 50 —127.79 0.0111 —0.01 2.09e '°
8 1.1.1 0,0,0 50,50 —50,0,2000| 50,0,2000 | 0.02 | 1500X1500 | —0.4094 0.0071 |—5.12e7*| 4.91e™"
9 1,1,1 0,0,0 50,50 —50,0,2000| 50,0,2100 | 0.02 | 1500X1500 | —0.3966 0.1686 |—5.12e *| 2.69e 7
10 1.1.1 1.1.1 35,35 —50,0,4000| 50,0,4000 | 0.02 | 3000X3000 | —0.0699 0.0012 |—2.52e *| 1.18e ?
11 0,0,0 3.3,3 100,100 | —50.0,200 50,0,200 0. 05 50X 50 —131.69 0.0992 —0.01 2.09e7 16
12 3,3,3 0,0,0 50,50 —50,0,2000( 50,0,2000 | 0.02 | 1500X1500 | —0.4032 0.0206 |—5.12¢7*| 4.18e™®
13 3.3.3 0,0,0 35,50 —50,0,3000| 50,0,4000 | 0.02 | 3000X3000 | —0.0741 0.5422 |—3.37e | 3.64e S
14 3.3.3 3,3,3 35,35 —50,0,4000| 50,0,4000 | 0.02 | 3000X3000 | —0.0702 0.0035 |—2.52e7*| 1.03e®
15 0,0,0 9,9,9 100,100 | —50,0,200 50,0,200 0. 05 50X 50 —139. 88 0.8674 —0.01 2.09e7 16
16 9.9.9 0,0,0 50,50 —50,0,2000| 50,0,2000 | 0.02 | 1500X1500 | —0.3931 0.0598 |—5.09e *| 3.2le 7
17 9.9,9 9,9.9 35,35 —50,0,4000| 50,0,4000 | 0.02 | 3000X3000 | —0.0725 0.0109 |—2.5le *| 8.46e 8
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Computer simulated moiré patterns: reference plane (left), object (right)
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Tab. 2 Simulation result of error caused by linear approximation

Operation Thickness of Measured thickness (mm) Error

conditions plate (mm) AVG SD AVG SD Percentage
1 0.01 0.01 8.42e¢7 " 5.01e””’ 8.42¢7 " 0. 050%0
2 0. 005 0. 005 4.03e "° 1.25¢ 7 4,03e ° 0. 025%;
3 0.01 0.01 2.55e " 4.76e 7 2.55e " 0. 048%o
4 0.1 0.1 9.85¢ " 1.25¢e ° 9.85¢ " 0.125%,
5 4 4.0041 1. 847" 0.0041 1. 847" 1. 027%o
6 20 20. 0507 7.16e7 " 0.0507 7.16e7 " 2.528%,
7 0.01 0.01 2.22¢ M 5.0le 7 2.22¢ M 0. 050%0
8 4 4.0041 1.97e ¢ 0.0041 1.97e ® 1. 026%,
9 4 4.0041 1. 08¢ ° 0.0041 1.08e ° 1. 026 %o
10 20 20. 0507 1.19¢77 0. 0507 1.19¢77 2.527%
11 0.01 0.01 2.16e" % 5.01e”’ 2.16e" 0. 050%0
12 4 4.0041 1.68e 7 0.0041 1.68e 7 1. 024 %,
13 2 2.0007 3.63e ¢ 6.74e * 3.63¢ ¢ 0. 337%,
14 10 10. 0126 2.57e 0.0126 2.57e 7 1. 261 %
15 0.01 0.01 3.05e™™ 5.0le™” 3.05e™™ 0. 050%o
16 4 4.0041 1.26e° 0.0041 1.26e° 1. 021%,
17 20 20. 0505 8.35¢e ° 0. 0505 8.35¢ ° 2.519%,
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Fig.3 Actual measuring system
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Fig.4 Moiré pattern of tested object
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Fig.5 Full-field sensitivity coefficient calibration result
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Fig. 6 Reconstructed object 3-D shape
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Fig. 7 Out-of-plane displacement data of 300th row in Fig. 4
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On the Measurement Technique of Projection Moiré Topography
Based on the Arbitrarily System Position Relation

YAOQO Jun, TANG Ying, CHEN Ju-bing

(Department of Engineering Mechanics, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: A complete set of object surface topography measurement methods is presented in this
paper, based on projection moiré system, which includes the theoretical formula derivation, the
analysis of system linear approximation error. the whole field sensitivity coefficient calibration method
and the experimental results of actual objects. The proposed method does not require a specific system
hardware location relation setup and is not necessary to artificially determine system geometric
parameters. This method can still obtain high resolution and precision under the condition of arbitrary
placement of measurement system components. Its validity and correctness were confirmed by the
experiment of real object.

Keywords: projection moiré; surface topography; error analysis; sensitivity coefficient



