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Assessing stripe noise of multispectral remote sensing image based

on phase congruency

Wang Lin, Zhang Shaohui, Li Xiao, Shao Xiaopeng
(School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710071, China)

Abstract: Stripe noise is one of the important factors affecting the quality of multispectral remote sensing
image, seriously influencing the interpretation of remote sensing data and information extraction. A
multispectral remote sensing image quality assessment method aimed at stripe noise based on phase
congruency was proposed. This method, which extracts phase congruency point in the frequency domain
as the image feature, is not affected by image brightness or contrast, and can objectively evaluate the
stripe noise existing in the multispectral remote sensing image by considering the number, length, width,
and the intensity of the stripe noise in the image. The experiments show that the proposed algorithm
correlates well with subjective quality evaluations.
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Fig.1 Images with stripe noise
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Fig.2 Stripe noise classification
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Tab.1 Comparison of evaluation results

Image
evaluation Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
criterion

Band Band Band Band Band Band Band

Band8 Band 9 0"y 13 4 15 16

Subjective
score

0.1453 0.1488 0.1532 0.1777 0.2061 0.2091 0.2388

PC  0.0099 0.0098 0.0102 0.0100 0.0100 0.0073 0.0074
Information £ .20 63610 63814 64600 6.5566 65222 6.5302
entropy
Average
. 42026 4.1283 41227 4.3208 44145 3.6469 3.7249
gradient
Image o o5 54636 54613 57561 59280 4.6508 4.8129
sharpness

0.2430 0.2568 0.4141 04718 04981 0.5723 0.7185 0.8194 0.9818

0.0114 0.0100 0.0120 0.0141 0.0112 0.0122 0.0131 0.0257 0.0606

6.3646 6.3260 6.3888 6.4680 6.3709 6.2772 6.2056 6.1412 6.4977

3.8605 3.2117 3.3997 4.1876 3.6516 3.4650 3.6774 3.3206 4.08836

5.1352 4.1885 4.5505 5.8868 5.0420 4.9746 54782 4.7820 5.5843

X DA S 6 B804 AT I — b Ak 3R 22w ) il 2
I 5 Fros B E 5(b) SR AT UL #1565 457 e s
(1) 22 61 18 B EMR, B 05 B 7 S48 B2 AN IR 80
Ui ve = S TN C Il = aa i RS T S
B 5 EWPPH a5 R HANT A R I BT R

TR I DO B AR B, KB A
Po JRBZ RO (R T 2 TR Y
b JBE 0 P57 WA B2 ) 9 77 06 DU A A R A 3 3R
R JREAEL 14 22 S MR, D0 L B A g, 30 5% BB AT, B
W EUG A N A SO AR AL ST BT X



% 10 48

IR 8 A A AL — BUR IR B Ok i K B AR &

i

7 3153

Ei
U

BEPPAN bR AETE RS AF AR ™ 5 25 R 7 B0 O T AN
W, DR 2R M R T A A S BN 2 7 T AL
IRV B X R BT IR AR PR £
B ELIRER

i 5(b) Rl UL, SCH T R H A9 EE T PC BYREH 7
AP SR IEAR 5 EUIEHr 25 R/ — 2, n AR
e 5 IR P NS PR 5 e 1 0L, (ELIRT vt A 4 )
a5 FWHEA BUMEA, REE T30 RE R R
AT G b 26l M S R S, JF N R Al R
e RGP L H T M S 255 25 IR A
B2 | R S WS 2 N R 4 R 2R B T
PEU R, DG, B A TP 35 250 R P 14 22 0 1% 1 JR%
SEEDie WA is A N SRS D E 2 S e v 2
BRI,
1.0
0.9r  —— Subjective score
0.8 — PC
0.7f
0.6
0.5¢
0.4
0.3
0.2f
0.1F
0

]

Normalized evaluation valud

1 3 5 7 9 1 13 15
Band1-Band16

(a) SCHBE S EUTHr X L

(a) Comparison of PC and subjective score

—=— Information entropy
—e— Average gradient
——Image sharpness
—v— Subjective score

Normalized evaluation value
(=3
W

1 3 5 7 9 1 13 15
Band1-Band16

(b) HAWI L 5 3 W IFA %] LA
(b) Comparison of evaluation results of other algorithems
& 5 PEH 45 R0 L A

Fig.5 Comparison of evaluation results

5 4 &

SCHR BT AR — B AR S BSREAE 1 A 7A2 2
i, MIIEURE (37 B BE T 220 1 o SRR Y 2% T

FORFIESEIOGEAT TR, FE AL — ZrE T ik 41 2
AR RS 19 S PR 206 R AT T RS R % L
PSR, SRR, 5 A 2 WIS 5 0 T A AR
Lo, AR —BOrETR R % v A 42 IR 5 Y 2l 1k
FORHIE , I HAS 32 IR 5% B A HE AR A Y52, Xof
PG 26l R P 3 e DL AT Z UL, PO 4 2R
5N WA SEAARRF T — L A b7 % Bt
SEH USRS R T RE AE DN R B R AR, ST
PR FEAR IO ER S PPN, T 5 AR IR 1Y
2O i IR G T

SE

[1] Gao Xiaohui, Xu Guanghui, Yu Tao, et al. The generating
mechanism of strips and destriping algorithm of HJ —1A
hyperspectral image [C]//Proceedings of the SPIE, 2013,
8910: 89101U7.

[2]  Marouan Bouali, Sad Ladial. Toward optimal destriping of
MODIS data using a unidirectional variational model [J].
IEEE Transactions on Geoscience and Remote Sensing,
2011, 49(8): 2924-2935.

[3] Wang Z, Bovik A C, Evans B L. Blind measurement of
blocking artifacts in images [C]//IEEE International
Conference on Image Processing, 2003, 3: 981-984.

[4] Rony Ferzli, Lina J Karam. A no-reference objective image
sharpness metric based on the notion of just noticeable blur
(JNB) [J]. IEEE Transactions on Image Processing, 2009,
18(4): 717-728.

[5] Erez Cohen, Yitzhak Yitzhaky. No —reference assessment of
blur and noise impacts on image quality [J]. Signal, Image
and Video Processing, 2010, 4(3): 289-302.

[6] Morrone M C, Owens R A. Feature detection from local
energy[J]. Pattern Recognition Letters, 1987, 6(5): 303-313.

[7] Lin Zhang, Lei Zhang, Xuanqin Mou, et al. FSIM: a feature
similarity index for image quality assessment [J]. IEEE
Transactions on Image Processing, 2011, 20(8): 2378-86.

[8] Liu Zheng,Laganiere Robert. Phase congruence measurement
for image similarity assessment [J]. Pattern Recognition
Letters, 2007, 28(1): 166—-172.

[9] Hassen R, Zhou Wang, Salama M. No-reference image
sharpness assessment based on local phase coherence
measurement [C]//Processing of the IEEE International

Conference on Acoustics, Speech and Signal Processing,

2010: 2434-2437.



3154 LIl Rt TAR % 44 %

[10] Zhang Chaofeng, Tang Guofeng, Wu Xiaojun, et al. No - [C]//International Conference on Image Processing, 1989
reference image quality assessment with learning phase (S): 553-557.
congruency feature [J]. Journal of Electronics Infromation [14] Rafael C Gonzales, Richard E Woods. Digital Image
Technology, 2013, 35(2): 484—488. (in Chinese) Processing[M]. 3rd ed, Pearson Education, 2008: 39-41.
Wemie  BEERL, MR 2 3 A — SO S [15] Field D J. Relations between the statistics of natural images
B R EN (7], W 505 52240, 2013, 35 (2): 484— and the response properties of cortical cells [J]. Journal of
488, the Optical Society of America A, 1987, 4(12): 2379-2394.

[11] Oppenheim A V. Lim I S. The importance of phase in [16] Peter Kovesi. Image features from phase congruency. videre:

a journal of computer vision research [J]. MIT Press, 1999,
signals[J]. Proceedings of the IEEE, 1981, 69(s): 529-541. 13,

[12] Morrone M C, Burr D C. Feature detection in human vision: [17] Kovesi P D. A dimensionless measure of edge significance
a phase-dependent energy model [J]. Proceedings of the from phase congruency calculated via wavelets[C]//The First
Royal Society, 1988, 234: 221-245. New Zealand Conference on Image and Vision Computing,

[13] Venkatesh S, Owens R. Anenergy feature detection scheme 1993: 87—-94.





