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Abstract In the modulation profilometry, the fringe projection axis coincides with the observation axis, and the
height information of measured object is encoded into fringe defocus, which completes the measurement with
complex surface, the problems of shadows, shutoff and phase truncating. However, in the practical measurement,
extraction of modulation distribution from fringe patterns will be affected on account of high-order harmonics
produced by photoelectric response nonlinearity of CCD detector, which will reduce the measurement accuracy. The
wavelet transform method is applied to modulation retrieval, and the frequency-domain description analysis is
deduced for the fringe pattern influenced by nonlinearity. With the advantages of local analysis and multi-resolution,
an adaptive optimized filtering operation is adopted to demodulate the image, which mitigates the effect of
nonlinearity on measurement accuracy effectively and obtains better reconstruction results compared with Fourier
transform method, both the computer simulation and practical experiment verified the validity of the proposed
method.
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Fig. 2 Modulation distribution. (a) Fringe patterns; (b) modulation distribution of a definite point
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Fig. 3 Schematic of modulation measurement profilometry
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Fig. 5 Simulation results. (a) Amplitude of standard sinusoidal fringe and that affected by nonlinearity (y=2.5);
(b) the 40™ frame; (c¢) the 100" frame; (d) the 160" frame

3 532K F Morlet /I 728 $5f AR L I 748 6 50 it 2% 80 0 1) 9 1) 182 (L, Morlet /1Nl 28 46 07 3 BT 6 B Y
RUBE R fe /M I3 KA LA TR A3 0N @ i =15 @ e = 65 Aa =0.125, Bl 6 () ~ (b) 43 5 45 1 T W B 5 %
AR 5 Ch) BT BE 7345 . Morlet /INBEAE 4 7 12 B AT B4 (9 6 050 Sy 350 A0 05 1 o BV 7 A Al 2k T 3R 9 32

071205-7



54, 071205(2017) BHSNBEIZHE www.opticsjournal.net

W], /1N 7268 $8t e B AR A L A Aty 114 18] b 82 2 A 5 107 e L O 2 4 T A R AR 46 T ik I AT T v A R e 4 B
SEWUE B G, i iZ 07 5 TR T AT Y 2% S0P A ) B A2 B 0

0 0
@ (b)

- -

T 66 T 66 -

X

a . il - .

B >~ -

S £ &

G Z

S 198F o S 198f K=

264 1 1 1 264 1 1 1
0 66 132 198 264 0 66 132 198 264
Position X / pixel Position X / pixel

B 6 55 40 Wik st BRPAHIE T . () Morlet /N AR 3 ; (b) i B 45 46t
Fig. 6 Modulation of the 40™ frame of fringe patterns. (a) Morlet wavelet transform; (b) Fourier transform

R A1 8] ] 35 (B 55 i B 1 =2 1R) 94 B 56 3R L Morlet /)N iBE 722 6 AR B ik A4 4 7y ik o A e 00 0 £k = 4 10 T2 119
ZERIE 7 Ca) . (b)) Fras, R AR 25 0 A5 B 7 Cod (dD T, IR O 5 I 45 049 359 O AR IR 25 45 i
0.1332 mm#ll 0.2486 mm,

RN e A 0 0y A ) T TR A8 A 52 2% o ol T A O3 A ) JRE B8 LA B R U NS A ) TR A AR B R Ry TG
T VR F AR JBCA ) EE A R e ) 0 A A ) R ARG 5 /N D 8 T 1 RE S X A S E AT JR T 3 A o L/ D
FR B S5 A LA B o R Tl X R T A 4 ) B ) AR B A AR AR e PR RS R Y AR SR /N BCR
R4 BB, T 3t AT AH L B 9 o (L DR M T R RS T SE MR A TSSO . O 1 k2D X L P A T VR X 4
TR EOR B 8 A3 4 TER 231 A7 AR W A e /)N Y o A B g R A A S SRR L AT LD
82728 8 B4 AT I 0 A ) S AL T R PR I AR SR T — BB A R

Height Z /mm
Height Z /mm

Height Z /mm
Height Z /mm

108 264
132 o ">
(§ X o(\x P
Diy, 00 9oV

B 7 BHIZER . () Morlet /N A8 46 85 3 25 5 5 (b) fdf L p A5 o J A 4 51
(¢) Morlet /INijiz 28 415 22 43 A7 5 (D e B i A8 46 132 25 43 A
Fig. 7 Simulation results. (a) Reconstruction result by Morlet wavelet transform; (b) reconstruction result by Fourier

transform; (c) error distribution by Morlet wavelet transform; (d) error distribution by Fourier transform
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Fig. 8 Reconstruction results of the 231" line obtained by two methods
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(d) spectrum distribution of the 260" line in Fig. (¢)
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Fig. 11 Experimental results. (a) Modulation distribution by wavelet transform; (b) modulation distribution by Fourier

transform; (c) reconstruction result by wavelet transform; (d) reconstruction result by Fourier transform
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