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Saliency Fusion of Multispectral Images With Non-uniform
Texture and Complex Surface Defects

CHEN Haiyong, YANG Jiabo, CHEN Peng, LIU Kun
(School of Artificial Intelligence and Data Science, Hebei University of Technology, Tianjin 300130, China)

Abstract; To suppress the influence of the complex background of polysilicon solar cells on the reliable
extraction of surface defects and enhance the defect characteristics, a multi-spectral saliency fusion
algorithm based on empirical wavelet was proposed. A structure-texture image decomposition method was
used to suppress complex background. Through multi-scale decomposition of two-dimensional tensor
empirical wavelet with empirical information, the detail layer containing defect information was obtained.
The saliency analysis was carried out to enhance the contrast of the larger weight parts, and the strong
defect feature image was finally obtained. The four quality evaluation indexes of average gradient, edge
intensity, definition and standard deviation were compared. Results show that these indexes of the
proposed algorithm are improved by 0.01, 11.11, 0.48 and 2.33 than those of the classic fusion
algorithm, showing better performance.
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Fig.1  Overall algorithm architecture
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Fig.2 Common defects of solar cells
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Fig.3 Multispectral images of solar cell
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Fig.4 Results of structure-texture decomposition
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Fig.5 Results of anti-color processing of each structure-texture decomposition image
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Fig.6  Saliency map

2.3 EEH

AR SCAE 2855 /N e AR 45 U R o it i A2
TEUGSHT)ZFEUR. B2 5 R mEs, 18
T TR BRI EIAE B R Re R AL, AR

P75 55 A 5]

Fig.7 Defective intensity heat map
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Fig.8 Comparison of detail layer images before

and after logarithmic transformation
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Fig.9 Approximate layer and detail layer

images after fusion
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Table 1 Index of fusion images of different algorithms
Rk AVG EDG FIG STD
LP 0.93 7.01 1.81 20. 80
CBF 0. 81 8.25 1.01 40. 49
NSCT 0.72 7.26 0.90 40.23
SPD 0. 88 9.25 1.04 36.48
AICE 094 20.36 2,29 42.82
®2 MAEREEEMWHEER

Table 2 Results of fusion compared with the

original images

ESEES AVG  EDG FIG STD
& 3(a) 0.70  6.88  0.88  42.82
F3(b) 0.79 802 0.96 37.64
K3 (c) 0.68 7.18 0.78 12.92
& 3(d) 0.56 592  0.64 7.94
K3 (e) 0.53 565 0.60 3.59
A SCEE R 0.94 20.36  2.29  42.82
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Fig. 10  Comparison of five algorithms

4 g

1) ARSCH: 225638 UG USR] T R BH AE HEL Tt
Fr AR ) S 2R 3 1 BB ARG N L, M) R o A i 55 38
B oG R M T ok Fa (R, I HAE— @ Fe LAl

TE T S,

2) M &R SO 73 ik ) 7 3R A D Rl i 99
ARBE AT LA R L BRI T ST, AR T Bk
A XL

3) i ek AR/ NN E R R K
KBHAE R A o 4 SR AT R, I Z AR
TR AR R AL T BB (R i 2 U



16  w

T Wk K

S

2020 4F

OMRATTVE | PTAR S ke s B 5 S SRR

4) MPH 2 00 5 vk 1 5 e B i A X, 15
B0 ERCEE . ARG ASCER B AN TR X e B v 2
FIRF HEBESR T 358 1 R RFAIE.

SE Ak

(1] BRIESE, SRESIR, Bk, 4. T HLASLAE A9 B BE
P P R T R A A B R AR SBR[ ). b Tl ok
AR, 2017, 43(1) @ 76-85.

QIAN X L, ZHANG H Q, CHEN Y X, et al. Research
development and prospect of solar cells surface defects
detection based on machine vision[ J]. Joural of Beijing
University of Technology, 2017, 43 (1). 76-85.
Chinese )

RESE, XYL FETHLE LG A9 K FH BE L A S0
BREEGRIN[T]. LS AR RGN, 2015, 15
(2): 71-74.

SONG Y Q, LIU K K. Solar cell appearance defect
detection based on machine vision[ J].
Embedded Systems, 2015, 15(2) : 71-74. (in Chinese)
CHEN X Y, PEDERSEN A, HELLES@# O G, et al.

Electrical noise of laser diodes measured over a wide range

(in

(2]

Microcontrollers &

(3]

of hias currents [ J ]. Microelectronics Reliability, 2000,
40(11) ; 1925-1928.

DUENAS S, PEREZ E, CASTAN H, et al. The role of
defects in solar cells: control and detection defects in solar
cells [ C] // The Spanish 2013 Conference on Electron
Devices (CDE). New York: IEEE, 2013 . 301-304.

ISTRATOV A A, HIESLMAIR H, VYVENKO O F, et al.

[4]

[5]
Defect recognition and impurity detection techniques in
crystalline silicon for solar cells [ J ].

Materials & Solar Cells, 2002, 72(1) . 441-451.

Solar  Energy

[6] ANWAR S, ABDULLAH M. Micro-crack detection of
multicrystalline  solar cells featuring an  improved
anisotropic  diffusion filter and image segmentation

technique [ J ]. EURASIP Eurasip Journal on Image &
Video Processing, 2014(1): 1-17.
[7] AGROUI K, PELLEGRINO M, GIOVANNI F. Analysis
techniques for photovoltaic modules based on amorphous
solar cells [ J ]. Arabian
Engineering, 2017, 42(1); 1-7.
LI W C, TSAI D M. Wavelet-based defect detection in

Journal for Science &

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

solar wafer images with inhomogeneous texture[ J]. Pattern
Recognition, 2012, 45(2) . 742-756.
YIN W, GOLDFARB D, OSHER S. Total variation based
image cartoon-texture decomposition[ J].
Multiscale Modeling & Simulation, 2005, 31 (11); 742-
746.
GILLES J. IEEE
Transactions on Signal Processing, 2013, 61(16) ; 3999-
4010.
YIN W, GOLDFARB D, OSHER S. A comparison of

three total variation based texture extraction models[ J].

Siam Journal on

Empirical wavelet transform [ ] ].

Journal  of  Visual = Communication &  Image
Representation, 2007, 18(3) ; 240-252.
AUJOL J F, GILBOA G, CHAN T, et al. Structure-

texture image decomposition-modeling, algorithms, and
parameter selection[ J]. International Journal of Computer
Vision, 2006, 67(1) . 111-136.

GILLES J, TRAN G, OSHER S. 2D empirical
transforms. wavelets, ridgelets and curvelets revisited
[J]. Siam Journal on Imaging Sciences, 2014, 7(7):
157-186.

WAk, L T2 56/ AE ) Z B R Rl G Iy 2 i i
FELD]. KEF: HHR:, 2017,

CHEN L. Research of multi-exposure image fusion based
on empirical wavelet transform [ D ]. Changchun; Jilin
University, 2017. (in Chinese)
HOU X, HAREL J, KOCH C.

highlighting sparse salient regions[ J]. IEEE Transactions

Image signature:
on Pattern Analysis & Machine Intelligence, 2012, 34
(1) 194.

LIUY, LIU S, WANG Z. A general framework for image
fusion based transform  and

on multi-scale sparse

representation| J |. Information Fusion, 2015, 24. 147-
164.

KUMAR B K S. Image fusion based on pixel significance
using cross bilateral filter [ J]. Signal Image & Video
Processing, 2015, 9(5) : 1193-1204.

MA K, LI H, YONG H. Robust multi-exposure image
fusion; a structural patch decomposition approach [ J].
TEEE Transactions on Image Processing, 2017, 26(5) :

2519-2532.

(% R @)



