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Method of Directional Adaptive Filter for Fringe Image

Guo Houkun' Luo Hui' Kevin Xi* Wu Feng'
<' School of Information Engineering., East China Jiaotong University ., Jiangxi, Nanchang 330013, China,>
* Kyoritsu Electric Corporation (Canada),Richmond Hill, Ontario, L4B 2N6, Canada

Abstract A novel method of directional adaptive filter for fringe image is proposed based on the investigation of
pretreatment method of fringe image on three-dimensional pattern profilometry technique. For a fringe image filter,
the direction and the size of filter window are quite sensitive characteristics. The gray values of the stripe image
change periodically in the normal direction, and keep almost the same values in the stripe direction. The fringe
direction is calculated by gravity method. The size of data window is automatically adjusted according to the linear
dependency to get the correct direction. The length and the width of the filter window are optimized based on the
filtering result checking. By this algorithm. it can get the correct stripe direction and the right size parameters of the
filter windows, as a result to get the qualified filtered image. This method is verified by the experiments.

Key words image processing; directional filtering; linear fitting; fringe pattern; three-dimensional measurement

OCIS codes 100.2000; 030.4280; 120.2440

1 5 75

TE B M = 4 58 B SR B o AT 38 52 £5 52 Sl 2 20 P 1520 B 0 1 vty 2 T ) 22 5 i D P 1R 5
T 40 4 S B T 3 A% TR it 9 b 9 ) T 5% 8 AR A2 A Al R 30 2% 0 T 5 8 R A5 7 A R AR 3 T e R Y LAY 5%
FAF B YRR T 10 BEAE L S B R S SR T I L AR T ORISR I = B e A O
A L0 1) T B 2% 5 TR S I T R 2 — o W ML IR B T R B B IR AR LRGBSy A
HAT T Tl P 0 R 2 BRIV PRUGOIK B B 45 007 1) 28 A G2 15 T 0 2% S0 3 107 ol #5420 E 3% FR 0 A2 A . Pt
JH3 86 7 3 0 T 5 2% SO AT 08 0 Ik 32 80 10 A 80 1) 3 L 5 16) K BE A A0 39 2% Al vy 5 ) o A T O vk
X 4 3 T o B AL /NI D 0 R AT R BOR o (EL N T A e MR R ORI AR BUIRT L 2 AR U
2 [B) AT R 55 MR P 0 A 5 O G Y AR T e ) g€ o e L Ak 14 208 98 T 9 TGk o LB I AT 5

SCHRLL0, 11 P48 B A IR B 07 H6 75 18 T A5 SURI B AR AIE , e P 7R 4 UM YT 2k 5 1) b B A7 g e 7E Dy

K EEF: 2010-07-20; YRR B HA: 2010-10-18
TEE® A SBIEM965—) A4, Bz, BT RS AL 5 P00 L = 2k 48 B A 00 LR 28 W0 45 T A F 5

E-mail: guohoukun@ yahoo. com. cn

011004-1



48,011004 MM SYBIZHRE www. opticsjournal. net

T 8 O R PR B B AELTR A o A A A MR A O3 AT AIE A . I ol Dk RE AR R IR R M T IR T T A 4 A%
SURFAE « DRI E 0 O T 95 4% S0P 8 B SOR B o AEURE S 8 IR I 5 1 O A7 A — B T — R DB B L %
T 84~ 16 ANESRUAY T [ » N L YT T5 1) AN 05 ER s — 02 & D0 1 B st UL 27 1 9 208l oK ¥4 05 22 (6 9 it
AT ECRIAH DR I 32 MR P ) 52 AR R 5 = 254 R 0 1) M P 7 P A g o o 0BRSS IR 7 1 A BE T Bk MR P
B AR B AR BOI  HRR]RE S R X A% SURFAE A9 50 . 3 T Rl R A9 5 08 L SCRRL 12, 13 3R T iy
TR B VI I 7 ¥k o %07 1 16 Je e i s 2k S0 B L o T 405 149 05 3 A B 25 S007 1) 18T L AR s DL R
O PN T AT R A5 B 2R SUAR(E 2K I LASF (A P 1] P 3™ J A5 31 i 1 K 2 11 5 28 A8 1 1 K 7
HABEAT MBI B . (A i TR 7 9 0 AOCR A 2 BOR 1 BGE

AR SO BUA [ B R U8 BT ik AT T o0 A AR L I AT X el A% SR AE 2 ST 1) KB {EL R A 18 1Y

PR R T T HOIER S [ A S NLIE T i o FRRZOT R IEAT T e RV SR T

2 jlﬁﬂﬁ/ﬁjlzl{% camera /
e 4 s EAR AT DL T HLRR R g ]t AT DA f computer /D_C ~ —

By FOUm g T A A 2. e 1 s —4 Jﬁii‘léﬁ i_,"' _.:7”“"1--.; dbect
HEMBRE R G . 2 B A SRR PR Py PR (S ag -
L oo =X B 4% 5 1%%‘%$znm7“r“ﬁﬁﬁ A % _:_7—..:» v ‘ ringe
ERIWEiS A b S ey 1 2R OB o o TR B projector
mﬁ%ﬂm$ﬁ@%%fﬁﬁﬁ St 25 6] bR i 1R R4
WETZ Ay AR W AR RG2S [ S5 R L R it AR e Fig.1 Grating projection system

1% 1A B P iR i T AR . R F d 1) )
WESZEM AN E 2 iR o OB ST R R

I.Cu,v) = a+bcos[0‘(u,v)],

& (uyv)] = Tu,
K (ws0) NG R ICH LR, L (usv) A (usv) 15

WO TR BEAEL v A1 0 53301 g GE 526 M 9 TR HE 50 00 BEANIR gy 2 cap i s e A0 P11 () A6 0T 07 1 A0 A

W&, 6° Cusv) A I, Cuyo) XPRERARAL, T A B B, B — Fig. 2 (a) Sinusoidal grating image, (b) optical
A JE AT S B AR R AR intensity distribution perpendicular to grating {ringe

3 BT EIEI T M B IE N IR T
3.1 EgHmEE
D BHE R ILM N RN M XN H A ML N 53510 BSR4 R4 .
2) PRI AE BT B K/ m X n WAETEE T Whm n ], 0 3 X 3,5 X 5 45
3) MUCE B A B P BT R S PG FERAIE S AR 8 Tt Po[Cao ()5 30 GD L HFAIUE 11
(3 < 3) $udH
1G—1,j—1 IG—1,5) IG—1.+D
W{IG.j)[mn]} = | IG.j—1 1Giaj) G+ |, (3)
[G+1.—1 I1G+1.) IGH+1.5+1D
) PR ARR TR DR AT GE AT O AR BREMR IR EE R RN TG B H R A%
1O A7) B LA AR (o () o () AT TR K

xo(z)—Z[z*l(z,])]/ Ztm,])]} Yo () =i. G=1.2.m) 4)

5) MG i/ - RERKBITG = 1,2, ,m) BOMIRILE R EL ., I EHBR G5 Fbif
0Ci.5),

011004-2



48,011004 MM SYBIZHRE www. opticsjournal. net
i) S MEAH S A

:Z;(xl—x)iz;(yl—y)/[\/(z;(xl_x)z\/Z;(yl_yy}, (5)

Ap e = ZL/?n; y = Zy;/mﬁ%\r\—»l,x,yZI‘Eﬂ%’%‘ﬁB‘é%ﬁ%; | 7[> 0.2,y ZIA LR R A BA

ISy

F%

u)%ﬁwé
BB % X &8O AR HL :y = a+bx o a0 RRFESE 0 0 HLRNR MR R/ — ek
SEAR I AR AR s = D Ly — [0 = D Ly — (a+bx )T — min F A

%:*22[%*(61—.—/71[)]:0; %:—22[%.*(&_'_()11,)]:0 6)
!
a:(er,»y,El Zlyzx /[ 2?,.)2*77121?],
o ) . (7
b= (Z;I,Zl]yifmz;xiy,)/[(z;xiyfmz;x?],
i) HEAR RGL ) FUE 0G.))
0(i,j) = arctan[ k(z,7) ]. (9

3.2 BEMREEONEZE

D @7 g ey g (D AR B A 0G5 BRE .

2) B0 RN

i) MRAE G XL A KL r;

i AR - B IR/NREE R ORST G R/ . W r 3K 1 A 0S8 mon BN 1S - K
TBE M IRAA ro o TS AT RE U Jc R AH (G208 T 1) U AR 45 8007 ) o545 R 1 TE 5 1k

i I AR R A 0 A SR 4 A ) 3 A A 0 R i R R R A A T 22 . HAR B R

IR 1K UE D AT A RLA AR L (i) 3200 5% il 28 DLAT N BT 40U 45 AT B0 L A5 B B S i AR B0
Io(ivj)s

PR 2B IR BRI R pR AL [, G ) 5 E R IE R G GIR R AL T GL ) Ry 5 22 .

\/MXN 2[10(19]) If(>(ivj)]2§ (10)

i=1 j=1

IR 3K IR PG R L) ok = 1.2,k 4R IESE T2 LAAT g BAL L5 25 A7 Bt - 15 305 5 1Y 14
BEE 1 (i) s
AR AT EIE R ER R EHE R AR 1 G ) SE R Z A G IR R AT T Gaj) B 2.

U/\/MiNEZ[I/(Za]) I[[(lyj):|2§ (11)

=1 j=1

V) B HZE man PIRAL LI TT 2 00 Floo BIR/IN.E = 00 — 01 (k= 1,2, K) JF & AW /N
H AT R RGOS man LR B AR SO .

4 5C Lt
SZUSRE A 5% 4% . IR AH L. EPIX, Inc (% SILICON VIDEO 5C10;# 521% . NEC 2\ & ) NP 64 ; Telecentric

Lenses: 2= K #] Opto Engineering S. r. L. f) TC 23 64 ; 4k FF & F 6 :Matlab7. 0, & 3 ¥ — 312 VLT 40 5 00
IESZ e 52 2 R A R B ARG, BD g (R 3R w8 S 00 1 5% e . & 4 SR sl D e G K R A
Y A 2 WO KEE(E . B S B FR/INA 3X3 By E MU TS B 1 A U8 I SCR B o — IKBEEAE R = il

011004-3



48,011004 MM SYBIZHRE www. opticsjournal. net

YRR . NER ] DIE g AN T . 5 (b) Sy R AR SC AP R A 0k 0 D8 R . o R i ]
(B4 R BIEPBCRAEH W . 38 LA 5Ca)  (b) o AT LAWY 7 48 30 14 J 1) ) 35 07 108 I8 1 8 R00R

—‘ébo 1000

400 e o —"600
» i it
Fez 20070900 T pixel

3 B Ak 2 TR S 09 AR T e M Ak A B4R 4 VR G Ak S0 R R R = dEsioR
Fig. 3 Modulated grating image of subject surface Fig.4 3-D image of original modulated grating image
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Fig. 5 3-D image of modulated grating image filtered by regular filter window (a) and directional adaptive filter (b)
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