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Remote sensing image multi-scale deblurring based on regularization constraint

Tan Haipeng, Zeng Xuanjie, Niu Sijie, Chen Qiang, Sun Quansen
School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China

Abstract: Objective Image degradation during remote photography severely affects high-resolution imaging and high-accu-
racy detection. To improve the quality of remote sensing images, a multi-scale image deblurring method for remote sensing
viaregularization constraintsis proposed in this paper. Method At the beginning of deblurring, bilateral and shock filtersare
used to handle blurred images. Subsequently, a variational Bayesian iterative model is applied to determine the optimal so-
lution by considering prior knowledge of the sparsity feature of the blur kernel. Finally, the deblurring result can be ob-
tained by non-blind deconvolution based on gradient sparsity. In addition, the effect of scale information on the deblurring
result is studied for the case of a serious blur, and a multi-scale iterative method is proposed. Result Our algorithm is im-
plemented for deblurring numerous remote sensing images. Experimental results show that the proposed method can effec-
tively remove fuzzy sections, maintain edges, and recover details of blurred images. Other methods are compared with the
proposed algorithm. Indices such as entropy, contrast ratio (CR), edge strength level (ESL), and HSV (hue, satura-
tion, value) model are used in the objective evaluation. The ESL average of the images increases by 28. 7% , where as the

CR average increases by 17. 6% after using our method. Conclusion Subjective visual experience and objective evaluation
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indices show that the proposed method can effectively improve the quality of remote sensing images.

Key words: remote sensing image; deblurring; regularization; blur kernel; multi-scale
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Fig. 3 The restoration comparison for a GF-1 satellite image (500 x 500)
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Fig. 4 The restoration comparison for a ZY-3 satellite image (700 x 700)
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Fig. 5 The restoration comparison for a ZY-3 satellite image (800 x 800)
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3.2.1 G ER

{5 BV 0 RN e B T G A R B R £

Ao HBETEOT  BURE BRI , HAF B ik
(GRS
E(p) =- ;)pi + log p,

K, p FaRKEME N « BRSO BR BB R
SO e
3.2.2 KMGRTEEE

PGS b 3 2 — g I v B B DX 3l 2 1) 11
T 5 1) B 22 TS ) 58 B )2 2 i I, B s — il 144
TR JE L ZE TN

¢ - fsz > S (i) ~fkD T (15)

(14)

A, S=4x(m-2) x(n-2) +3x[2x(m-2) +
2x(n=2)] +4x2 FRRAACLS) PAR R J5 50
B FRAR R S (L)) IR BEARL (k) R R A
(i,7) VUK BEAE
3.2.3 KBhZE
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FEDUR P S 8RR o A RN H H
SRR B G R L B R R oA A R
A5 R L5 28 50 I8 AW H R — 2, T
ORI 5E (HVS) A5 7 5 34 97 3= 200 0] AR
1) S s B A B2 MR RV M RS B R . 1 f R R
REIE g R KGR, E SCPR T T PR I [ 4500
RAI=V]
(17)

K o, F o, 53000 fF g WX LG BE AR T,
KIS BRI k. n BUEREE (0.5,1),
BB R/ NG S R S RO BHR 22 B R, — 2
Y1 Tl AR A AR R
3.2.5  SCEERE

VEHL 8 41 IR R AT it /AT, X S R
JINGSSIHE: 500 x 500 800 x 800 .2 000 x 2 000 600 x
600 .2 000 x 2 000,700 x 700,500 x 500,700 x 700,

® 1=K 4G T RN SEL

0 =20, 0/ 4 )

x1 FERMExTLE

Table 1 - Comparison of entropy

Fik samplel sample2 sample3 sample4 sample5 sample6 sample7 sample8 -1y
Wiener 7.3969 7.2042 7.3289 7.2820 7.4203 7.5353 7.7173 7.7089  7.4492
SSR 7.4031 7.2035 7.3282 7.2576 7.4143 7.5352 7.7329 7.7121  7.4484
AR 7.3728 7.2002 7.3628 7.3235 7.4370 7.5214 7.740 3 7.6972  7.4569

x2 XLEEITLE
Table 2 Comparison of contrast

Tk samplel sample2 sample3 sample4 sample5 sample6 sample7 sample8 -y
Wiener 27.3218 20.904 5 13.9775 14.136 5 16.700 3 23.8543 27.681 4 18.1334 20.3387
SSR 23.6603 15. 863 8 11.178 6 11.2232 15.009 7 22.2002 25.202 8 16.3554  17.5867
AR 33.3020  22.4880 15.565 0 15.2902  23.1311 34.8650  40.2762 24.4857 26.1754
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Table 3 Comparison of ESL
Fk samplel sample2 sample3 sample4 sample5 sample6 sample7 sample8 -1
Wiener 49.5453 35.4022 26.4806 22.3903 30. 100 1 39.1410  41.4630 35.8477 35.0463
SSR 47.082 6 31.590 3 24.6609 21.6292  28.7819 37.4837 39.3548 34.0623 33.0807
V'8 54.558 4 37.719 4 29.8371 27.7612  36.4919 49.1333 51.8333 42.2631 41.1997
&4 HVS 3Lt
Table 4 Comparison of HSV index
Hk samplel sample2 sample3 sampled sample5 sample6 sample7 sample8 -1
Wiener 0.9398 0.8723 0.9315 0.9119 0.9562 0.9742 0.960 0 0.9562  0.9378
SSR 0.9779 0.967 4 0.9877 0.9793 0.9813 0.9877 0.9815 0.9807  0.9804
V'S 0.864 0 0.8400 0.8914 0.8808 0.8311 0.8393 0.8146 0.8427  0.8505
HiZ 1 A, 8 A SEm i, AR SO A 4 45 R
S T H A TR 22 B 72, OF LA B9 (5A3C 8% SOk  References)

7 i E i, BRI AS SO i SR L REE S v Ik 2
BIGRE, AR 5 B % 2 3R 3 v AR
IR SR T HAR P R 7 ik, BEWIA ST i
TEIBMC IR I GRS e e 1R 36 1 LE 53 AP RR 7 i
ARG 4,8 4l HSV X H s s A SO ki
fE /)N, UK R R SO PR 22 R, — T
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