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Abstract: Fringe pattern analysis is an important content for optical measurement. The fringe pattern analysis
have been researched for a long time, which have introduced the Fourier transform, the windowed Fourier
transform, the wavelet transform, the S transform, the recent variable mode decomposition and empirical mode
decomposition (EMD) and etc. Compared with other methods, EMD has strong abilities being adaptive and
suitable for complex signals, so it gets more attentions in recent years. In this paper, combined with the key
contents of fringe pattern analysis, the EMD algorithms and their applications in fringe pattern processing were
reviewed. The remaining key issues and technical difficulties were concluded, which were expected to provide
some reference for future researches in relevant fields.
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y) HAHBLII A s b(x, y) T Fo . REHRBEIE
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W T A IMFs AU 23 18P A 330 T A PR A b e 22 19
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VU, —FhPss BEEMD 1Y J7 % FABEMD 1
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75 (Automated selective reconstruction and EFEMD,
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k k K
165, ¥)=EBIMF (. )+ SBIME (x, )| $BIMF,(x, )7 )
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Ix,y) = nxy) +
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1 BEMD 34t R 15 2 0B 73 B B X G R

Fig.1 Relationship between the deccomposition results of BEMD and the components of a fringe pattern

0303013-5



s E gk A2

% 34

www.irla.cn

% 49 %

AR08 32y AR, A58 T — B MR,
B2 1 T B Fl i FABEMD { EFEMD 3 it i 15 4778
B B 0, 4 480 ER 1) PMS B3 5t R 5 2%
BF, Jey i ) R 7 B Y 54 BE TR A PMS 1Y BIMF, BT
HATHKIFET AT REBRE A PMS 43, B30k [31]
$2 11 1) BSEMD fiff g T 8 201 B 0] B, I X 43 ik 1Y)
BIMF 3K 8 &, R 45 68 & (1 48 16 47 080 2 I 5 F A
key Jei DN 25 BRI R 41, AT, Xof f5e 28 72 119 PMS #F—
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2 Sk [44]. A [31] 19 J7 2 64T B 4% 2, BEEMD
T 1 S B0 B S 25 SCIR [24, 44] BT 48 G HE I,
ASR-EFEMD W %6 R 4f Wi ¢ F- 3 £ B BIMF ~BIMF,
Hl BIMF;~BIMFg 4 Ji5 P F 7 6 6 1 43 5 4, IR X
LA B 2 Mot IR, PR O R A A5 SR 4 T4 BIMF, Al
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Fig.2 A fringe pattern

MD

¥ 3 =Fh BEMD k50454 . (a) BEEMD-EFEMD #%; (b) ASR-EFEMD #; (c) BSEMD %

Fig.3 Decomposition results of three BEMD methods. (a) BEEMD-EFEMD; (b) ASR-EFEMD; (¢c) BSEMD
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Fig.4 Denoising results of three methods. (a) BEEMD-EFEMD; (b)

ASR-EFEMD; (c) BSEMD + post processing”™"!
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BIMF F#% k, £ EAREE N T80 2 55, b &
R4 H B ESR B, T IR IR A s It
W kye 2275 3CHR [56] F ] BIMF X 2 4 %)
f9RF 5L, TAC PMS 43 3t 6T I 9 BIMFs 3K Fl S i ol —
AR T 0 B BUE, 0T 553 5 X A BIMF AN
B AEGE , 3 BE — A A, K BIMFs iR F15 %
B EAT oA, RIaT R &y, PR, SXAS BB A
JRH O, MO RHSGEE . 27530k [57] 51 A MI
(Mutual information) 2 %i, i i #4148 BIMFs [ MI &
ARG fey o7 1R BRI 07, AR BB, XA ik A
EMD RA5 3 IR & I R PR 2% . A — Rl TIES
2FPERY BEMD HiE. 1 (Morphological operation-based
BEMD, MOBEMD), i i3 R =X I 125 A5 $8i 46 I % 8 (5114
IR BE SR (R A2k, DTRG0 1) B 265 1, SR 5
T ¥ ) T S5 0 i B 2R B Y AL 2 1T, e X 22 i
AR 43 5 B AR SURMB 53 il R PMS J3 RIS 5t

SR XFITEARE A, KK TR, [F
B, W AREERCR . H2, Bl 5 0, %07 R 2R
TSN SR B B SR P LA Ty 2 g, i A MR s
HERCWZ T IR R A L, Ak, A5 sotnR Ak
1l R RS PMS AR ARE S EOZ T
BIBOR B 2 Z B . 27 Sk [59] 2T —Fh 2k
2l EMD A9 J5) &8 ¥ 1 43 fi# (Local mean decomposition,
LMD) i, A HATIR I 22505 5ok it i R &
A/, I R T 56 T 20 ik 45 SR 0% I 0 25 AR ik o s {1
AR fb R Bk O N i T S . I AL
K J& R H T RPSEMD 1) 2k UG 43 fift 5 15 1Y, 7 1t
P QTR B () ALY 4R R, X6 it T A5 1 TMIFs 43+ J31)
SR B A C R, MR B A DG eR B R e SR A
B R LA S A L A5 2R B, KT I 4 R A AR
PG LT I E ke ROSREE o (5 55278 SCHR [41] 1Y
T FWTHEN , $£F BSEMD 1 45 80 UG o M i i 1 ik
— ekt B AR — 1 BIMF il 2R 3 4 o 3 2% K
R A 2R B AL I W — T 2 B T E ky, — Bk B,
Sy Sr RIS IR, LTS T BSEMD iz 7[R BY,

BT FRXTE 2 SRS BRI LR ASUR , i L —
ST A R RBR, BR T IR =R Lk, i
T 22 30k [58] #9 MOBEMD 14 R % b 75 125, 4R
857 SCHK [58] R, 1 e Xt SR st EUG T —Fh i 75
1) 2 505 BM3DIY AT b B, SR J5 42 HE SCHiRk i 2RI
47 MOBEMD &40 & . & 5 W T I0Fp 5 ik
FBRME R RIS 50 15 A PMS sy 25 R, T WLJLAR
TR E IR T 5. O T IE A ASOR, WAL 5
B 45 B4 — F 2 2% ik [46] H Y HST(Hilbert spiral
transform) PF 17 I £, AT S5 B0 4% S0 [RIAG ) 38 5
I AZERANE 6 Fin . I BRI S a5 S n] I, 141 6
1 (a) A1 (b) W] W% B A Se oo, TR (d) 5 4
HY T B3 S B T RER, AR SR, [ 6(c) TCi A
FIMEA R AT S AR DR B R ULAT ] L A
Hhr, BEA MR, ZTREEEAYN., &1
LIS s S S B i o |51 A S i = S S
MTLAB #4 |-, ASR-EFEMD 3 & & fe Pt i T 1F
ZETBI AT, T BSEMD+5 Ab B i 7 ¥ & ASR-
EFEMD ¥ B [H] (4 29 B A%, 11 55 S0 PRI AR 5 ik 0 AE 2 T
B E] . PR, 2R A RERRBCR K, 3T BSEMD
1) 25 80 UG A B v 3568 T Bt
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Fig.5 PMS result of three methods. (a) BEEMD-EFEMD; (b) ASR-EFEMD; (c) BSEMD + post processing™®"!; (d) MOBEMD
N A\ 7\ 7\ )
(a) (b) (© (d)
%l 6 PMS #3550 . (a) BEEMD-EFEMD i%; (b) ASR-EFEMD 7%; (c) BSEMD+JF 4 FEE!; (d) MOBEMD %
Fig.6 Enhanced PMS of (a) BEEMD-EFEMD; (b) ASR-EFEMD; (c) BSEMD + post processing™"; (1) MOBEMD
F 1 MFFERISITRE
Tab.1 Time cost for the four methods
Method BEEMD-EFEMD ASR-EFEMD BSEMD-+post processing MOBEMD
Time/s 62.9 1.8 4.7 23.4
3 & i BSEMD {2 i Ji5 &b F £ 28 T L 52 30 Ja) 3 W 74 1) 25 I3

2R SR B ERAR SXTAR 2002 R Gk B2 L
HEAERTY, KW & R, B2 T EMD BE IR
JRIMANGT, FEAR SRR M K75 5 TR L IRIR
BT I T R AR T RS, Xk
L2 2 oy HL At AR 11 G/ 5 Ak L ) 8 R AR A (1)
Rl A S% o SCH X EMD BiEHEL T T R, 45
B2 K 7S (R 5047 T EMD BBk 1 5% [ R RIT
FE, I BEE T S Gl n) B B oY R B S, A5 A
EMD 5.3k H F 2 e G A BR 1) 222 TAE N 2%, E08T
T 5T EMD Bk ry MR LS s TAESERE, 23 5iE
I S T BT BT S AT R A T5 A LA EMD Bk, IF:
ST TEMS ALY . BRI TN R LES
M7 S TARARC U5 TRk R gs 5, (A
ATHSRFEAE — SE AT O Y 25 (]

KT EMD %M, R4 H Hij ASR-EFEMD F15& T

(LI B 422 )0 30 (9 A0 R 28 25 7 R IR L DR S IR
BRZEM/IMBIRZRAFAER, HI, 52T EMD fy M5 &
B, Jmy P M P g ) R AT 5 2 — 2B 05T, BRI 20T
(4 25 W J5 A BE, EMID 2 WA 75 T8 1 — 25 1 WF 58
%7,

% F EMD %75 5, BSEMD fi# e T 1 X IR & n]
B, 27 SCHR [31] B S R BR IR T — 2 L34
FIRE 7, AR E AT T 2 22 U o3 ik DRI 5 1 2 T 114
34 SR T ) SR 1 22 738 (1 SIE R g FH I AT AN 6 4
K, Gnfal e 98/ BSEMD 943 U B0 #2 fm Bik 1Y
EEVERNT IS M, T ARSI 55 T

A BRI B Ab SR f 28 AT 2 81 )3 SR AR 9 5K B,
I, 5T EMD i (1 2 20 B A PRATY R 1 5 A R 1A
P AR e BORH SCTHIRUR AT A AL BRI . SOOI R K
W HR Ay N2, AHIZ A 28 R A A3 58 AR 2 N
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