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The method based on L1 norm optimization model
for stripe noise removal of remote sensing image

LI Kai"*?, LI Wen-Li"*?, HAN Chang-Pei"”

(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China;
2. Key Laboratory of Infrared Detection and Imaging Technology, Chinese Academy of Sciences, Shanghai
200083, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Structural properties of stripe noise are analyzed and the purpose of destriping is achieved by separating the
stripe components. In the proposed optimization model, the L1-norm-based is used to describe global sparse property of
stripes. In addition, difference-based constraints are adopted to describe the smoothness and discontinuity in the along-
stripe and across-stripe directions, respectively. In order to better protect the detailed information of an image, an edge
weighting factor is introduced in the constraints of across-stripe direction. Finally, the proposed model is solved and op-
timized by the alternating direction method of multipliers (ADMM ). The algorithm is verified by the in-orbit images ob-
tained by Advanced Geosynchronous Radiation Imager (AGRI) in comparison with typical destriping methods. Experi-
mental results show that the proposed algorithm completely eliminates the stripe noise and preserves more details, which
shows better qualitative and quantitative result.

Key words: L1 sparse optimization model, image destriping, edge weighting factor, alternating direction method of
multipliers, AGRI image
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Fig. 2
factor image in Eq. 8, (¢) the smooth part, (d) the high frequen-

(a) The original remote sensing image, (b) weighting

cy part, (e) weighting factor image in Eq. 9, (f) edge weighting
image in Eq. 10
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Table 1 The proposed destriping algorithm

1: Input: Stripe image f, parameters A, A,, B, B,, B;, 6 and S.
2: Initialize: Sets’ =0, 2°=V"=0,H =V f,p, =0,p, =0,
p;=0,ande = 1074,

3: Solve W, by (10)

(f—s")—(f—s"’l)||/|lf—sA||>8 andk < N, do
5: Solve Z" 71, V#* 1 H** ! using a thresholding method by (14),
(17), (19)

6: Solve s** ' using FFT by (21)

,paT! and pht by (22)
8: End while
9: Output: u**' =f — s+

4: While |

k+1

7: Update p)
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PEEWR IEMAEZ5A, = 0.001,A, €[0.005,0.01],
ESIZ8B, =B, =B, = 0.1, NJFHE 11 r=33, H{H S =
0.1, HFHES6 = 0.2, N 1T 1PN, A SCH i
HEBHAR AT T IH—b o A ST BT AL
iz17FE N : Intel (R) Core (TM) i5-7300HQ CPU @
2.50 GHz 1 8 GB RAM; ¥} iz 17°F- &5/ : MATLAB
(R2014a) .
3.1 HIER
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Table 2 Spectral parameters

SO BRI AR TG 710 b i 2(a) B
AGRIFEA 141U B, G [ 0. 45~13. 8 pum, LR
25 3k R ST S B RULE B G A, (R gl B
ATh 52 31| 5% SC M 7 5% ) 7 EE, AN K PR B 9 RN Bt 10
DA R AR P 20 AN B 14, e B & 2 iow o AR SCRr
FHEUE 50 FY-4A | AGRI T 20184E 12 H9 H
06:00:00( Universal Time Coordinated, UTC )4 i .
3.2 BAfEYREERR

AR AR, W — N B BON OGS — BT
— AN AZ B AL A% SO TR 5 ), FUAT B0V I I A%
80, LLAGRUVEBL 11 R, 47 NIA sk 80 (&0t
R =T AT R S a0 i B, anlE 3 (a) i
TN PR AR /N X B 11 RGO 2E AT 25 AR A
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e Ve O
K13 AGRIJEEL 11 7B 2 58045 R (a) R IEIR, (b)
WFAF J5i%, (¢)SLD J5 ik ,d)UTV J5ik, (e) AT ik
Fig. 3 Destriped results of AGRI band 11 subimage (a) origi-
nal image, (b) WFAF, (c) SLD, (d) UTV, (e) proposed method
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No. Central Band /pum Spectral Band /pm Spatial Resolution Number of pixels Main Application
9 6.25 5.80~6. 70 4 km 4% upper-level water vapor
10 7.10 6.90~7. 30 4 km 4% mid-level water vapor
11 8.50 8. 00~9. 00 4 km 4% integrated water vapor, cloud
14 13.50 13.20~13. 80 4 km 4*] cloud, water vapor
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Fig. 4 Mean line profiles for images shown in Fig. 3, (a)
WFAF, (b) SLD, (¢) UTV, (d) proposed method
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in Fig. 3 (a) original image, (b) WFAF, (¢) SLD, (d) UTV, (e)
proposed method

Column-averaged power spectrum for images shown
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BRFEARUNZR 3 FiTs .

D=1- (25)

F3 TEETMERSEITER(NR, MRDFIID)
Table 3 Qualitative results using NR, MRD and ID

Image Index WFAF SLD UTV Proposed
AGRIband 11 NR 10.06  10.78  12.93  13.67
Periodical ~ MRD(%) 1.7817 0.7342 4.0334 0.8751
stripes noise ID  0.9878 0.9999 0.8570 0.998 4
AGRIband 14 NR 7.8302 6.4005 5.3165 8.3659

MRD(%) 3.0862 3.3036 4.7782 3.0653

Random stripe

noise D

0.9455 0.9999 0.9851 0.9988
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WFAF 771, (¢)SLD 75, (d)UTV 77, (e) A ik
Fig. 6 Destriped results of AGRI band 11 subimage, (a) origi-
nal image, (b) WFAF, (c) SLD, (d) UTV, (e) proposed method
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