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A joint bilateral filtering method based on adaptive reliable factor for
fringe patterns of electronic speckle pattern Interferometry

Wang Huifeng,He Zhucai,Li Yunmeng,Huang He ,Gao Rong

(School of Electronic and Control Engineering, Chang'an University ,Xi'an 710064, China)

Abstract: In the measurement of electronic speckle pattern interferometry, interference fringes contain much noise that affects the
subsequent phase extraction. To solve the problem that the bilateral filtering cannot effectively remove high noise, a joint bilateral
filtering combined with the windowed Fourier filtering is proposed to deal with electronic speckle pattern interferometry fringes with high
noise. In the method, an image after initial processing by the windowed Fourier filtering is introduced as the guiding map of the joint
bilateral filtering. Then, an improved similarity factor of pixel value is introduced to provide more reliable guiding information and better
filtering effect. The proposed method is applied to four different simulated electronic speckle pattern interferometry fringes with high,
medium, low and variable densities and the real electronic speckle pattern interferometry fringes with high noise. In addition, the
proposed method is compared with the bilateral filtering and the windowed Fourier filtering. Experimental results show that the fringe
obtained by joint bilateral filtering is smoothest, and the structure is the most complete. The peak signal to noise ratio of the simulated
fringe filtered by the new method is improved by 1.0~ 4.2 dB, the structural similarity index and edge preservation index are the
highest, and the mean square error of the phase is the smallest. In addition, the proposed method is more convenient to adjust, and the
calculation time for a 330x330 simulated fringe is only about 4 s.
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Fig. 1  Comparison of original bilateral filtering and joint

bilateral filtering
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Fig.2  Computer-simulated noisy and noiseless fringes
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Fig. 3  Filtered results of Fig. 2 by the three filters
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Table 1 The parameters used in the filtering method of Fig. 3
iSRS o B Tz i i AR
BF w=15,0, = 8,0, = 0.1 w= 15,0, = 8,0, = 0.1 w =150, = 8,0, = 0.2 w= 15,0, = 8,0, = 0.1
o, = 10,0, = 10,Thr =4 o, =20,0, = 20,Thr =3 o, = 10,0, = 10,Thr =3 o, = 10,0, = 10,Thr = 3
WFF & =-1,¢ =1,§ =01 & =-1¢, =1¢ =005 & =-1, =1,§ =01 & =-1,6 =1,§ =0.1
m=-1lm =1n =01 m=-1m =1n=00 n=-11,=1%=01 n =-1m, =17 =01
JBF w=15,0, = 8 w =150, = 8 w=15,0, = 8 w=15,0, = 8
Ideal w=150, = 8 w=15,0, =8 w=15,0, = 8 w=15,0, = 8
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Fig. 4 The profile of noise-free fringe, noise-added fringe and corresponding three kinds of filter method results
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Fig.5 Skeletons of filtered results of Fig. 3

T, B R BOA G AR P b SO (15) o

255

PSNR = 10 x lg (14)

1 M N o s
mz Z [1GiL) = 1,(iy) ]
e, LGy FICEL ) Gl s st g I Hi s B
MR EEAE ., M N R EURATECR %
EPI =

N

M

(IpGy) =pGi+ 1)) [+ |p (i) =p(iy+ D)D)

M

i=1

N

=

p,(ig) =p,(ij+1)])

(15)
s p, AERIEDS AR SRS  p, 7R TOMEFS 4540,

(Ip,Gig) =p,Gi+ 1) |+

i=1 j=1

KH BF \WFF JBF 3 Fhig I 77 1% Jin g 2 2 itk 47 b
e Ayt o AR AT AR 4 R EE SR S0 PSNR |
SSIM \EPL, W 2 Frsw, & AR, AT AR 25 B 2 80k H
JBF JEU% J5 PSNR {8 [t WFF UE 3 43 91 & 2,903 5,
1.546 8 4.232 5.1.049 9 dB;JBF JEJ J5 A SSIM F1 EPI
B =T WFF 3% F BF 383, SRH IBF UEUE 0 4 Fhs i
ZRBOTH 2 BORR 2 Fe A 19, 3 5 3 LA i JRR A7 BT — 3K
UL JBF U8 5 19 S5 S0 R 401 2 m e ) DS IR RE T |
ZERE SERE BEHRAL T BF FI WEF 1%, Ideal -4 JBF 3
W AR RCR B W2 IR SO e bt R WP 2=
b 3R — B, SR HE T R T IR S EL
3.3 HELIERAER

Ak PRI AFAS S0 2 E HORG B 3 o A AR B R 3, i
T ) A B Bk v fi e G O i 2 DU A RS k)
itk — A LA BF CWFF JBF TEAE 7 b 1 38 I S0R | 409
B 4 Fhis BE SR B0 DU 20 AH B8 N e 2% SO 5 25 A A, A+
BEAMNO, w2 m 3n/2, HTRIEIR, X1 HE
TN T R ARG, Hoh R R AR AR B NS
ZAANIUNEL 6 s

(a) OMIEE
(a) Phase shift of 0

(b) n2AH%
(b) Phase shift of /2

(c) nl%E

(c) Phase shift of ©

2 200
8
=2
& 100
&
z= 0
300 300
100 100 200
&% 5% /Pixels & 1% K /Pixels
(d) 32408 (e) ZHHAML

(d) Phase shift of 37/2

K6 BRI RS ALIA

Fig. 6 Simulated four-step phase shift fringe and reference phase

(e) Reference phase

S5 BF WEF JBF X 4 1@ 25 8083t , i % A )
4 T 2 SR FH AN =T 7 11 DU A5 AR RS 145 B ZE AR
—_ 12
- ]3) (16)
K. 1L L L, R E R IR AR RS 500 0, m/2
3m/2 EREL, o (x,y) NEEMA, KHZETE S A
DAL SRR o7 ff AL L ) T TR AR AR IR R 2l S
B (EAH Eb , AR e 2 SR o AR AR N ( 50) 2 9
HORRT IS 20 A (3 22 10 i e B AR, SR 58

I,

o(x,y) = ar(ztan(



512 3 TEAUg A SR TN FT AR DR T AT 5 U BIORE A% S0 I 5 v 25

®2 BE3REEEKENSH
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Table 3 Phase error and computational time of Fig. 7
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