41 55 10 1]
2012 4F 10 H

b/ R S
ACTA PHOTONICA SINICA

Vol. 41 No. 10
October 2012

doi:10. 3788/gzxb20124110. 1211

PRI 2% S VAL A 3 19 /N o0 A O

T, 8, TR
(HemAel K2 B Be v LR ) 510642)

B E AL ALLESAESIT RN, AR E -8R DR EE T RAREFHATE
HERXBETHRHAES>N AP RBRAZ AR AR EL—TBERXEAMAEBAGFT X G4,
g LIER T S EBFABENAE TN FHFTR. ZZN LGB REF TAFS ARME A
KBl Gabor DR RBEHEL B M E LB 54 AN X B LB M EG T TR H
RARIBAE LI AR IR E. AR ZFTER T T ZEBRMN TSR EREAAZF &

£ E A AL FLR P AR BT

KB LT T 5 58U /D 0T B W B IR B A O 5 R R G AR R

hE 45 EKS 0439
0 3|57

TE 5% SUA% A v, A0 5 %S B R A L ot
AR 0 BRI 1 R BB ) 4% B0 = AL SR AR L 4
FOAR O AE LA I 524 05 Y | B 27 12 Wt 55 49 4 3R
5732 N L D O R R = A T s A
{14 £ SRR 388 3R 7 St 0 3R A = 20 v B A A AH AL
fiff R 2 % A TR ) S A [ AL, Sy L T AR A
Tl A 5550 1) 4 S0 ARA fife R0 )y 3 o A0 o A B 7
ENNIN [:F= 27 SN A SN AN MR N
AR — 2N AR R N A e A
XA A7 iR I 5 i P R B AR RS T SR BN S
2580, 3 B W A A A 7 22 A AR R 4 v . S
BRL17] HF— 25 2 0 7E — 0 A8 T 25 80 b W) i il s 5
% 55800715 SCHRL LS T4 1 7 28 TB 4% 8010 1 3H X35k
PEUL S 2 JL 0.

MR A A 22 2 AR T S SO AT AL Ul 2 2 2% S0
AT 19 JELARL ) FH B — A5 T 2% 830 52 B AR VT A ) 2 ok
B W0 AR T 5% SUI Wk B 531 38 25 () o3 A P 4R IS %
BERT. R 5 ik 1) S5 BLKG F B 4% BUREASL 43 BT 1 A AL
fiff R 7 o A R A B0 = A SRR L P AR A SCHE =
Y A JES AR B A o A R Ity b L F 9 AR T SR L
4 I B AR A B TR R B S 2 . SRR A B T AR P
S LI Ik o AT 2% 5 0 BE 0 A ) OR R L Y AR Y S BBk
B 330 28 20 A1 19 28 0] S 40056 58 120255 () 6 1) I o) 4
R TSI SR, R F— 4k Gabor /)N 78 e 47

XERERIREG A

ESHB.: | AE HARB2%E4 5 H (No. 9151064201000035) %% B

XEHS:1004-4213(2012)10-1211-6
MR AL T 2% S04 A 23 18] i 19 Ik ) 030 5 £
B MR Z A A U S 3R S 2 B, JE— 2P 5
TAR L A 3.

1 EigHnth

L1 GRS
SR LI AT B R S8 i An AT 1. CCD B
PLANECT B2 AL e 70 59 8 B 2 % F- 11 ACB. P
4 oc DrP B

/
ki

H1l t#ErgEHE
Fig. 1 Diagram of optical path

HHREEL EF V175 % F 1w — 490 IE 5% 4%
SUHE S 3 I AR R TE . S %O T B S A8
YT b AR T A B4y i s ot
g.(x,y)= :i}:AmGXp (i 2nnfox+
@u (22 3) ]} (D

gilx,y)=r(x,y) :ij Ad,,exp {jl2xrn fox+
ou (s y) 1) (2

E—1EE . HYITFQ970—) T, @l # ¥, EENFIE DT NG E B A, Email: yangchp@scau. edu. cn

iR B :2012-04-16;1& [ HH#R:2012- 06- 27



1212 Yt 7

EE ¢

41 &

A fo R ARBUI FEFATER s o2 BRI AL Aa 730
S SR UM I 45 U B B IR I ¢ (s
V) v @an (s )3 A RS SR B AR TE 2 80U « Bl 7
0] R0 4R TR AR A r (oo y) 2R 78 9 T Y IH — 4k B B
03 R 308 AR A ) 2 2 BRI R P
S AT 15 3
= A, exp (i[gu (x:3)]) =
{il2nfoxte, (x,3) 1} (3
ga (xsy)=r(x,y)Aq exp {j[ o (x23) ]} =
{il2nfoxt oo (xay) ]} (4)
33 HICA) Y R i AH sk, 75 30 A 437 22
Ag (2, ) =g (22 3) — ¢, (2, 3) =2nfoat
@a, (2sy) —2nfox— ¢, (x,y) =2nf, CD (5)
2 (5) R CD R diy 7 B 18 il 10 7 A AR Ui B 1%
AR 22 28 3 AR A JE T P45 31 Q A i 3 i AR 7.
AR TE 2% B0 UK 2 25 B A5 iR 2 2% HE A A
Fo AT B8 7 AR — A B AR B AR AL o R T 4 BRI 22
BN TR
g;l (x, ) =A, exp {j[2nfoxte, (x,)+8]} (6)
TUAE B Q A 1) 1 il A 2 A
Ay (s y) =2 foxtqa (x,y) —2nfox—
[ga,l (x,y)+o]=A0¢ (x:y)—0 7
AR e YRR b A B A D S SRR A —
ASAR IR BRI AL RS Bl 0 (AT R P i B8 A ) AR 6 22
Ap(x s y) =Ap: (a2, 3) — A (a1 5 y) =

grl (Iay)
Arl exp

r(x, y)Adl exp

Agi (x5 3) — Apr1 (215 y)
WARDRFE AL 7 M b (o, ) GAALZE Ap(a, y)
1 2 e 0
2nfodh(x,y)
L—h(x,y)

THE H R 0 B DR TR AE.
1.2 TRFUBRARMINERSH

N (5) AT T SR IE Sk SO AR 5 275
SRR 7 B A A B AR AR R AR o7 AR b ik EER
FH B — A58 45 250 52 B AR o7 fift 18 o 6 250 AR JE 2% B0 1
W B 0 232 3 A v AR B 228 L. St TE A A AR TE
SRBUIGE I A A8 5 2 2 BRAORT = BE O AR 1Y 06 &L AR R
KD (5 (&), I FRBUHS v 47 B AR L R K n] LA
FoRN
pa, (xs3) =2nfoat gy (x,3) =2nfoxt ¢ (x.y)+

2nfoh(x,y)d
L—h(x,y)

AR PR T 5% T B i A0 R (O X & g7 —
YR FB 5195 v 1T BRI s 50k

fa >fi?W<Ly> Sl
Yo ox 70 [L—h(x,y) ]

Ap(x,y)=— &

Ag (2 y) =2rfoxte, (x,3) — €D

oh(x.y)d
ox

S0 C10) 57 th T 22 51 55 5 10 V)« B BN 991 2% 15 5 %
LU ) 3L T 1 % 7 FE 4 A R ﬁmaﬁa”“”&

AR ISR YR ETE S v 17 R BB IX 8] (a\b) @ JE
A /e Fermat & B, W ZE YR IE 56 v 1710 5
HBIX 18] Ca »b) 5 FE 53 A v — 58 A7 — 425 18] . ORI

h(x, . =
AL« RS 0, i B B

SoL oh(x,y)d
[L—h(x,y) ] dx

(10)

=

[l =f,— *fo";‘rfﬂ:

BH IR,
N T TE BRI A3 5 M 2 bR B % S U

FL, A 0) AT — IR« KT 15 B I 451 ek 20
v, _ofCx,y)
f(x,y) v
dfoL[A (a p [L— /1(1,y)]]
[L—h(x,y) ]
_dfoLL2[h (e ) PLL—h(x.y) 1] a1
[L*h(r,y)y
Ko e — A7 /5 B 43 A oR B A AR S 2=

{10 J3 3 DX 48, 2 2 Ca) L () JIF /R Sy 3 55 38 43 A ]
LB R A h(xsy) =a, (x— 20"+ hyvan,h,
R, F0.m=1,2, & m=2 15 J5 T A A
x=x0 b K (o) =1 (xo s y) =0, 4RI (11)
Faay)=0. 25 m=1, Jay & & B 40 A & Uk ok Bl
B BIR D (o) =0 H 1 (o o ) Z 0. B IE [ (s
v)F0.

.
o

(a) Local maximum
W2 R¥esEsm
Fig. 2
RN TE G 2 Fermat 32 JEAY R AR IX 0] (a0 0) &

Vﬁ*ﬁﬁl’ﬁﬁﬁﬁ Lo {Vﬁ/@ =O,Ef%5ﬁ

”’rﬁﬁ Sy R — %%%YiTﬁ@@fﬁﬁ?ﬁ,@ﬁE%’%
A5 IR IR A3 38 23 A1 PR T 75 032 JR R X 18] (a2 ) 1Y 1Bk

Hﬂﬁiéy\ﬁ‘ﬁ%lﬁ HEAT AR BT AR 7 (e ) =0 L3

hx, .
oh(x,y) =0 ffy=s
ox —

R R 3T AT AE 1o JEE A AR e 114 Jrg 38 XS ) I I

(b) Local minimum

Local height distributions

[l 5.



10 39 B0F + 45 - BUR 2% 0 P AT it 381 B /NI 20 A v 1213

W G A Rl R B IO 5 5 O L R X e
O A BRI AL m=2 1T DL
D) o J2 JR ¥ DX 3 A v 2 AR R (LA 2 D92 4

- h(x, . T

BRI 0 e A 485

Ew >0 M <0, R
X <z, ox >z,

(10) "] A1 M6 J5 DKW BE B OB R 4x A W R
Faa) [ oes, < f o) [, = fo Sy | o, M
I3 M e 2 U R AR 3 R (s y) [, 00T
A BE RS () [, > 0.7 20 A
I Cay) [ame, =0 0BT 4R 1 B 551 26 55 F 2 2 JE 400450
RN E o BRI S8 () o, =0 2
We/IME.

DA oo S Jr IS DX I g AR /ML L U3 R

o Oh (s . .

WO 0 e A 455

Eah(al‘,y) <0 ﬂlah(l“,y) ~ 0, f
x ey ox e

(100 AT A1 L Jmy &% DX B BE WO R 2 A i 2
Faa) [ en, >y [, = o> F o) | o, M
I3 b o 220 B AR RSB (s y) | Lo, <20 T
A BE RSB () e, <00 FE 20 A
P Coay) | o =00 U AR BRI 4515 25 T 5 % S 45050
WL 20 BRI HR SRS (e |, =0 1
e RAE.
1.3 Gabor /v T #R50 Z ff it

I Gabor /)N B 728 $ 451 38 Ak T 52 IO JE 5% 2
25 A 25 (6] 5 R BE I3 2. Gabor /) i A2 4 1 GE X
%:10]

W, (ab)= | g(o)g, (o) da (12)
KW, a0 IR B g (o) R REAT S50 IR FE 4
i (o) = g [T TR AR B 0 f RE A

F b SR E . BN R B R

1 27 Qr/yiat .
() ==,/ —exp [—7+]2n1}
Y 2
J Ve (13)
1 __ |2
=T A 2

INE BB W, Ca s b) 5 B R 7 52 S )

Ala,b)=/{Re[W,(a,b) |}’ +{Im[W, (a,b) ]}’

(14

¢(a,b) =arctan [%J (15)
¥ ’

T 3 I A 2 ) AN ) RUBE PR 7 /0N i A8 4 R AR
T KR BV /N 0L AT LR A5 32 A5 W AT R
o FIFEAL @ Ca, (D) b)) s 53 9 3R h

fi=1/a, (b (16)

ola, () D) =2nfb+g, (17
KPR a, (D)2 5 /NBAE R R REER F ¢ 2
WG AR

I FH /N3 AG T 48 BRUAR TE 2% SO — 17 1k B A5
RO ARYE /(o y) =0, 1] LU 5 B B 45 5% 55 F
52 FEAF AR (14 23 1] 55, o= b, B2 IRURH I 1 9% I 450 %
fo=fo FAHNL , F AL 275 FL 00K

e (s ) =A(zsy)exp {j[2nfoxte, ]} (18)
N 18) L (4) L (7)o AT D430 A 00 o a3 114 90 i
AHA.
2 HEBANEETSR

Zig 102 1.3 T IR L AR AR I Ak SO AT IBE I
WA A R b FARIEAS A ) A 2o 14 B B3 58 0l
B [, y) = fo BEPEIRATLAIH N

1) 56 /N U8 28 46 Xof 728 JB 2% S0 B AT HE AT 1% B A3
B RAT B A3 0 A1 4K

2) T Ik I A3 238 43 A il 2 b 3 R 00 6 4 T 4 K 5
BTN 1 SRy B X TH] 5

3) 7% 3 Ik I A0 8 (0 AN 3 22 Mk AT R 5 4 JR)
DX R] [ o 431 38 3 A 4T 22 AU G R F X 22 X
] R R PR e 7 (s ) =0 B8 ) A5, 3%
23 (6] ) B IR AR — i Wl 1 f (s ) = fo. $RIBUZ AT
1) 45 58 FURE 67 5

4) F 2 2 WO 5 A8 B 4k 80— 15 I
AHAL.

3 X

K 1H L=230 cm, d=24 cm H h<30 cm. %k
FHRGEAE—AJE IR 4 pixels A1) 1E 5% 5 80 5
PP AT S Bl CCD R LR 4 R
Sk 640 X480 pixels.

DR 1A 02— 5K A B I, 228 AR RS TE kL
Syl e 3L 4 iR, $E B 2 AR Bk D
e H YR Gabor /N 0 AR B 28 GUER 240 £
HEAT I I 350 38 43 BT 5 A4 Ik I 450 32 03 A G B 5 (4
KD 6 G 23D o 815 H A T A4S 41 48 328 i 48 R B0

B3 BH4EN
Fig. 3 Original fringe pattern



1214 o

¥ i 5

®

W4 ZEH %éx
Fig. 4 Deformed fringe pattern

0.13

Frequency/pixel
(=]

0.10

0.09 ; : i
0 200 400 600
x/pixel
5 BHAL 240N THEHHE A
Fig.5 Instantaneous frequency distribution of row 240

of deformed fringe pattern

0.12

0.11

Frequency/pixel

0.10

0.09 1 i i
0 100 200 300 400
x/pixel
He6 HS5HH
Fig. 6 Part of Fig. 5
5

7/ (x)=0 at the 41th pixel:
A41)=0.1055/pixel

Derivate frequency/(x10 “pixel)

0 20 40 60 80
x/pixel

7% 180~260 (6 % B 6 K BLA BOEE B9 B HOAE A
Fig. 7 Derivative frequency distribution based on the fitting
data from the 180™ pixel to the 260™ pixel

MG Z X (8] 45 180~260 pixels. 45 270~300 pixels.,
% 310~ 350 pixels, % 365~ 395 pixels, % 400 ~
465 pixels, 735X EATHEAT 2045 L LG £
PSR A0 3R T B0 A AR (s ) =0 PUIAS

B A S B (T
I 1R B 23 A AR AL A, o JELAS S 57 T Ik I 30 3 0 A1 T 2k
A JR B A (B ) 43 51 2R 0. 105 5/ pixel, 0. 108 1/pixel,
0.111 5/pixel 0. 112 3/pixel 0. 117 4/pixel, EATH
SEXY(E M 0. 110 96/pixel. B 7 /255 180~260 pixel
DX 11 4 T o A3 3 S o0 A [

I NEGEIN LR YRS S
FOAE SR FH /N 7R 6 93 A 2 2% 2% B0 00 I I 45 3% )
5 S22 558U 240 17 255 140~400 MR 1Y BRI
BRI AN A 8 (7 &k J& Gabor /)N 728 45 A Ak 3
12 18O TR 4t TR £ WU A B R R
RIEHE 2 )2 0. 002/ pixel . FR Z A G FEN 1S

LUK 0. 110 65/ pixel. 5 1k 19 - 2 {f 1R
. K9 2 AR B S5 SURNH 2 5 S U I
8 il A AL

0.112

o LT
T

0.109

X SR R TR

B SRR

Frequency/pixel

0.108 : :
0 100 200 300

x/pixel
8 H& &L 240" 4T B BT I 5 0 A
Fig. 8 Instantaneous frequency distribution of row 240"

row of original fringe pattern (thick line is the
fitting data, folding line the measuring data)

5,
g 0y
2 -5
-
ay

400 T 300 o
pixey 200 07600 i

M9 EIHEML
Fig. 9 Unwrapped phase distribution

XL 3 S 58 B T DL AR R % SR I R
(] 73 A rp 42 IR R 1 TS 225 L0 5 BB i B TR
PG I AT DLy M < BRI bS5 O ™ A%
HES% V-9 br -85 e 2 O 5 1 507 1 . it 5
XA, ﬂ?TH”‘Lﬂ'I?Xﬁ%%ﬁ%E’J%HH,
DB RN S TS AT P s R

JOE FH 7N U5 7 4R BORE A I@ﬁlﬂ’]ﬂﬁ‘aﬂﬁﬁ%ﬁﬂﬂ
it 2 AN ) ROBE X 12 i IR 5 A7 /N DA e, SR T



10 4

B0 S5 < B A% SR L A7 U £ /N o0 A O

1215

TN A TR SRR O B RS R
A B PR AL S — T R A ) AL R O AR
AR ZE AT LA AT AR« 5256 v R A /N D R[]
PR A MBI 23 0] a5 I B AT 238 68 I fr) /0N e RU B 2
ao > LR PRI BB /DR E L a=a, = Aa, IR

R gy

a ay

Aa
~ 480
ayt+Aa T

Aa=0. 2. a2~ 10, [ Af~+%——_¢—0. 002/

pixel.
X5 2% TP 1) I I 30238 43 A s BT /N B RUEE
) RIS A S I 25 A 5 () A I I A0 38 J2 AN i 25
1 s W AHEAT 53 BEAL G A RE A B Il £ B Ik 1) 431 36
Gy A IR BN S B . TR TE 4 SUBE I R A
T2 7 HE M 23 ) s B R IR 4 BT 45 R AR
Gy y) =0 K922 1] A5 A0 T B R e b 1
HLIBR B HBETE /(2,0 b 4R
ZISSCHHMX%TXT}%iBmT“ﬁJ‘?ﬁﬁfT&ﬁmEI’JE
HETE 2 1 0 il e — U ok B8t 2 10 Jmy 8 v B2 40 AT
HIRATTE Bk y¢HTbFﬁ$$r?’%%%bFﬁE’JT&1EM(7@

MW |y R f (ry) =0, W T

ox 2=z,

ED . XTTE%E*M%..\Eﬁmrﬁ?ﬁvﬁn{ﬂg‘éﬂl

R B B — A8 T 2% B30 5 U AL A ) ik — 2t
5.
T

BT SRy B BE G A A AE A R AR TR AL 4R
/N 43 BT 55 0 8 5 BB A s DR T S S0 I A R
25 () 43 A Hp AR EUS 2 0, ITAR E B— AE TE AR L
S BUAH L. 25 AR Y 2 SUBE AR R Y B A A
PRI 56 7, 3R A5 VAR T 2% S0 IR 451 2% 43 i) 43 A o
FUGI 2 28 JEAT 1) 4 A S W P A3 R 3 0055 T . AR S
14 23 AT B AL % Jm) 30 e B2 AT AE AR AL 1) = 48T
%ﬁ‘%?ﬂ,Xﬁﬁﬁﬁﬁﬁ%mﬁﬁmfﬁfﬁ iy S AL
KA B — AR JY % B S A AL i O O8I B —
5.

S % ik

[1] TAKETA M, MUTOH K. Fourier transform profilometry for
the automatic measurement of 3-D object shapes[J]. Applied
Optics, 1983, 22(24); 3977-3982.

[2] LIU Da-hai; LIN Bin. Fourier transform profilometry using
zero frequency elimination based on gray modulation[ J]. Acta
Photonica Sinica, 2011, 40(11); 1697-1701.

SR S AR ) e B 81 4] T I S ¢ A L e A i s i
[J]. JeF2#4i. 2011, 40(11) . 1697-1701.

[3] YANG Chuping; WENG Jia-wen; WANG Jian-wei.
Distortion measurement and calibration technique based on
phase analysis for carrier-fringe pattern[J]. Acta Photonica
Sinica , 2010, 39(2) . 317-319.

[4]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

BT #5830 E AR, BT B SOM AL 4 BT 00 18 242 ) 4
FREIELT]. 6T 244, 2010, 39(2):317-319.
XUE Lian, SU Xian-yu.

frequency analysis for measurement of a complex object by the

Phase-unwraping algorithm based

phase measuring profolometry method[[J]. Applied Optics,
2001, 40(8): 1207-1215.
TAO SU Xian-yu.

sinusoidal  structure

Xian, Area modulation grating for
phase measuring
profilometry[J]. Applied Optics. 2001, 40(8): 1201-1206.
ZHENG Rui-hua, WANG Yu-xiao, ZHANG Xue-ru,
Two-dimensional phase-measuring profilometry[ J]. Applied
Optics, 2005, 44(6): 954-958.

YANG Fu-jun HE Xiao-yuan. Two-step phase-shifting fringe

illumination  on

et al.

intensity derivative approach [ J .
Applied Optics, 2007, 46(29) . 7172-7178.

HAO Yu-ding, ZHAO Yang, LI Da-sheng. Multifrequency
grating projection profilometry based on the nonlinear excess
fraction method[ J]. Applied Optics, 1999, 38(19) . 4106-
4110.

QIN Ke-mao, WANG Hai-xia, GAO Wen-jing. Windowed
Fourier transform for fringe pattern analysis:
analyses[ J]. Applied Optics, 2008, 47(29) ; 5408-5419.
ZHONG Jin-gang, WENG Jia-wen. Phase retrieval of optical
fringe patterns from the ridge of a wavelet transform[ ] ].
Optics Letters , 2005, 30(19): 2560-2562.

QUAN Chen-gen, TAY Cho-Jui, CHEN Lu-jie.
density estimation by continuous wavelet transform [ ] ].
Applied Optics, 2005, 44(12): 2359-2365.

UPPUTURI Paul Kumar, NANDIGMA Krishna Mohan,
MAHENDA Prasad Kothiyal.
analysis using Hilbert transformation[J]. Applied Optics,
2010, 49(30): 5777-5786.
XIONG Liu-dong, JIA Shu-hai.

elimination for nonsinusoidal waveforms in Hilbert transform

projection profilometry:

theoretical

Fringe-

Time average vibration {ringe

Phase-error analysis and
digital-fringe projection profilometry [ J]. Optics Letters,
2009, 34(15): 2363-2365.

LI Si-kun, SU Xian-yu, CHEN Wen-jing. Wavelet ridge
techniques in optical fringe pattern analysis[J]. Journal of
Optical Society of America A, 2010, 27(6): 1245-1254.
ABID A Z, GDEISAT M A, BURDON D R, et al.

fringe pattern analysis using the two-dimensional continuous

Spatial

wavelet transform employing a cost function[J]. Applied
Optics, 2007, 46(24): 6120-6126.
GDEISAT M A, BURDON D R,

carrier fringe

LALOR M J.
pattern demodulation by wuse of a
Applied

Spatial
two-

dimensional continuous wavelet transform [ ] ].

Optics, 2006, 45(34) . 8722-8732.

YANG WENG

profilometry by original fringe reconstruction from deformed

fringe pattern[J]. Acta Optica Sinica, 2008, 28(7): 1287-

1290.

W) 55 5% 3C. kLA T A 4 L ot A2

4k, 2008, 28(7):1287-1290.

YANG Chu-ping, WENG Jia-wen, ZHAO Jing,

Extract original fringe information from deformed {ringe

pattern[ J]. Acta Optica Sinica, 2009, 29(11): 3078-3041.

oI 5 5 30, B # . AL AR TE 4% BUER IO HE R MHE B

[J]. Y622 42,2009, 29(11): 3078-3041.

WENG Jia-wen, ZHONG Jin-gang.

method for discrete grid gabor wavelet transform[J]. Journal

of Image and Graphics, 2006, 11(9) . 1266-1270.

Fw o0 HAEW. BRI Gabor /N 48 4 i RUE 2 8 BUE

Fl)]. PEESEIE ¥R, 2006, 11(9):1266-1270.

Chu-ping., Jia-wen. Fourier transform
RIEALIL St

et al.

Scale value decision



1216 T o 41 4

Phase Demodulation Using a Single Deformed Fringe
Pattern by Wavelet Analysis

YANG Chu-ping, WENG Jia-wen, LI Hai, TAN Sui-yan
(Department of Physicss South China Agricultural University » Guangzhou 510642, China)

Abstract: To realize phase demodulation using a single deformed fringe pattern in 3D fringe sensing, a
method is proposed. In the method, instantaneous frequency estimation of wavelet transform is applied to
the deformed fringe pattern, and derivative frequency is used to directly extract the fundamental spectrum
of the original fringe pattern from the instantaneous spectrum of its deformed fringe pattern. Firstly,
theoretical analysis shows that if the instantaneous frequency at a certain position of the deformed fringe
pattern is equal to the fundamental frequency of its original fringe pattern, the derivative frequency at such
position is zero. Secondly, the instantaneous spectrum of the deformed fringe pattern is experimentally
estimated by Gabor wavelet transform. Finally, the fundamental spectrum of the original fringe pattern is
identified and obtained from the above instantaneous spectrum. It means that a single deformed fringe
pattern is enough to realize phase demodulation. Experimental results of 3D shape measurement show the
good effect of the proposed method in phase modulation.

Key words: Optical measurement; Fringe sensing; Gabor wavelet transform; Instantaneous f{requency

estimation; Derivative frequency; Phase demodulation



