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A blind restoration method for blurry images based on noise analysis
and sparsity regularization

KANG Zhi-Li, AN Bo-Wen", PAN Sheng-Da, ZHAO Ming
(Dept. of Information Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: In the course of maritime search and rescue, infrared image captured by helicopter airborne in-
frared camera has a poor image quality because of the helicopter vibration, air turbulence, high speed
flight and infrared camera sweeping. According to the imaging characteristics of the helicopter airborne
infrared camera, a blind restoration method for blurry images based on noise analysis and sparsity regu-
larization was proposed. Firstly, noise distribution in the imaging process is analyzed and the noise is
pre-processed. Then, according to the sparse representation theory, sparse prior information of the ed-
ges in the images is used to guide the restoration of PSF. After that, we can obtain the target image
through non-blind method. The target image will be used in the next iteration. The iteration will not
end until a clear image is obtained. Experiments were performed both on simulated blurry images and
real blurry images. Experimental results show that our method can effectively improve the image quali-
ty. Compared with other methods, our method has a better effect on real blurry images.

Key words: maritime search and rescue, infrared image; noise analysis, sparsity regularization, blind
restoration
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Fig.1 Diagram of sweeping platform

1.1 ZERBERTREHIES

AW B BUR R Gen 2 E A E 2 e, ot
RYGFERE R £ =70 mm, RITK/NHR 17 pm (50
OFE d =17 pum. 72 OG22 R G0 DA SR &2 00K/
AT AR R SR A3 I ) B A48 7 1) I
1 I s 37 57

0 = 2arctan( d

2(f+d/2)
BTG AT R, ' AT R H =150 m,

TRATHEE v =90 km/h, F B LL MR 5 B G I (] 2

10 ms, H bR SR LRIN &5 1 _E AOA5R8 BT 42 IR 22

K (2) 5

N o= o S/ ot 90 km/h - 10 ms -7

H d  Htan® 150 m - tan(0.014°)
. (2)

R, 76 R FE LT i3 sh M BN B L ’AT
J7 1A, SE A AR TS 15° 8 8RR 7 MR K.
1.2 EEZERERTREHESHT

IEFEAN AT, s sy w =18/
s, KU LLAMEI 25 BEYERT ] 28 ¢ = 10 ms, 76— Wi [&]
REEEETT P, H s 5t P e 3 00 251 T L I8 8% 4

):0.014 .1

AR AN(3) T
Wi _ 18°/s x 10 ms
M= = oo ~B &



378 i 5 2 K P i

36 &

K
Y

H

D
O
I
I
[
I
[
I
I
[
I
I
I
I

L

I—Ple
<

[

I

I
| -
A | i
o2

d=1Tum

17um

v d

K2 WBRRGRER
Fig.2 Diagram of ima-
ging system
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Fig.3 Diagram of forward sweeping
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Fig.4 Diagram of inverse sweeping
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Fig. 5 Sample data of helicopter hover gestures
with the standard normal distribution QQ plot
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Fig.6 (a) original image (b) simulated blurry image (c)
Wiener filter ( parameter estimation method) (d) Wiener
filter (autocorrelation method) (e) constrained least squares
method (f) RL method (g) parameter estimation blind res-
toration (h) our method
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Fig.7 PSF estimation of the simulated blur-
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Fig.8 (a) real blurry image without sweeping (b) Wiener
filter ( parameter estimation method) (c¢) Wiener filter (au-
tocorrelation method) (d) constrained least squares method
(e) RL method (f) parameter estimation blind restoration
(g) our method (h) PSF
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Fig.9 (a) real blurry image with forward sweeping (b)
Wiener filter ( parameter estimation method) (c) Wiener
filter (autocorrelation method) (d) constrained least squares
method (e) RL method (f) parameter estimation blind res-
toration (g) our method (h) PSF
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