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Abstract: A novel algorithm based on image quality assessment was proposed for a turbulence-degrad-
ed infrared image to deblur the fuzzy infrared image caused by a high-speed turbulent flow field. First-
ly,the degradation process was simplified as parameter-describing 2-D Gaussian function according to
the prior knowledge, the degraded image was segmented into edge region, texture region and plain re-
gion and the weighted average of those regional 2-D kurtosis were used as the image kurtosis. Then,
the kurtosis of restored image varying with the parameter under different support regions was calculat-
ed and the curvature-maximum criterion was used to estimate the corresponding parameter from the
“kurtosis-parameter” curve. After that, the Point Spread Function(PSF) determined by the support
domain and corresponding estimated parameter were used to restore the degraded image. Finally, a
no-reference image quality assessment was used to compare different restored images,and the PSF of

the recovered image with the highest quality was regarded as a final identification result. Experimental
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results show that the proposed algorithm can identify the parameter and support region of the blur

function well, and the maximum deviation of the estimated parameter and the real value is less than +
5% when the Signal to Noise Ratio(SNR) of the degraded image is larger than 30 dB. The identifica-

tion results can be used as an initial PSF estimation for other turbulence-degraded infrared image res-

toration algorithms.

Key words: aero-optical effect; turbulence degradation; infrared image; image quality assessment;

blur identification
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Fig. 7 Restored images in experiment 11

(e)Restored image 4 (f)Restored image 5
-3
(:0.110 7,D, :9X9) (a:0.130 3,D;, :11X11) 6><10 /
K5 5 —2H S R 5.5
Q
Fig.5 Restored images in experiment | E 5 / \
§ 45
0.05 g / \
3
0.045 Zim T / \
)
o 004 : g / \
S 0035 ¥ < )5 /
z 003 ) /
S 0.025 E DFTXT D=9%X9 DFIIX11 DFI3X13 D=15X15
3 i a=0.1398 0=0.108 7 0=0.146 9 o=0.0942 o=0.2100
% 002 :
g i S > = —
= 0.015 ; B8 4L ST 5 JRPELR 1Y I A A
000'81% . """" Fig. 8 Quality metric of restored images in experiment II
.005 L

Dy=3X3  D,=5X5 D=1X7 Dy=9X9 D=11X11
0=1.0670 0=02639 0=0.0862 0=0.1107 0=0.1303

1 S
B G A 25 1 0 R S B 5 % 4

Fig. 6 Quality metric of restored images in experiment |

AR SCEF X T S B 204 R
A B AHE S R EA R RMZE DT £ ST s i i 7B b F 5 4k o — 4 o5 7

5%. BRBOE X 3 1 T — b 3 T IR 5 A VR 1 i 9



520

Pl

e TR

%21 %

B AL S P AR I O o) KOBE R 0 . SR B 2R 3R
W 21 BE A 3t B TR BT o A2 BRI S5 08

2R AL LR (5 1 L K F 30 dB B, BEIR S 5L S
CEd ¢
(1] e Azt rmE[M] dtar. d EFEA 5K

(2]

(3]

[4]

(5]

[7]

#t,2003

YIN X L. Principle of Aero-Optics[ M]. Beijing:
China Astronautics Press, 2003. (in Chinese)
WARGEIA L RAR AL BT ORI AR Y i
5ot i N e AR A AT LT DL AL E & B, 2011
(6):54-58.

XU D,DUAN Y,CHEN K J. Analysis of the sta-
tistical properties of transmission effects in turbu-
lence based on the wind tunnel test images [ ] ].
Aero Weaponry, 2011(6) :54-58. (in Chinese)
FHEAKE RS F LT INEMLE Richard-
son-Lucy 559 B i B A G 5 R0 LT . #k
5ok d F et & .2011,48(8):104-111.

LI Y.FAN CH Y,SHID F, etal.. Turbulence-de-
graded image blind restoration method using acceler-
ated and damped Richardson-Lucy algorithm []].
Laser & Optoelectronics Progress, 2011, 48 (8):
104-111. (in Chinese)

KR, X EF. LT AR SO S R 3k )7 39 0 i
B AN R E Z L] L ¥ e T 4,2012,20
(9):2078-2086.

HUANG D T, WU ZH Y. Adaptive blind image
restoration based on NAS-RIF algorithm [J]. Opt.
Precision Eng. . 2012, 20(9):2078-2086. (in Chi-
nese)

FF L EAKE R RS LT N E N L RL 5360
KA MBLEGREZE T k] R wmi s
3R ,2011, 6(5):342-350.

LIY,FAN CH Y,SHI D F. Atmospheric turbu-
lence-degraded image blind restoration method using
the accelerated and regularized RL algorithm [J].
Journal of Atmospheric and Environmental Op-
tics, 2011,6(5) :342-350. (in Chinese)

R KR T &, —Fhke ik 19 848 0 1E WAL BHR H
SR JEL)]. #ok 4 &,2012,33(3):27-28.
ZHANG H M, CHENG Y S. A modified method
for total variational regularization blind image resto-
ration [J]. Laser Journal, 2012,33(3):27-28. (in
Chinese)

HONG HY, LIL C, ZHANG T X. Blind restora-

FA M B R 25 /N F £5% . B EILTH AL

Z 5. A LS H B

P

SR T Sy A i 3 AR

DL S Pl 45 52 D B o 408 3 e A o IS B A 3

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

tion of real turbulence-degraded image with compli-
cated backgrounds using anisotropic regularization
[J]. Optics Communications, 2012, 285(24): 4977
- 4986.
HAE RER. 8 . 5. T TS RARNE
IR G 2 R g [T ], osh ok A2,
2008,37(3) :538-541,560.
XIAO L P, CHEN A H, CAOJ, etal.. Fast res-
toration algorithm based on constraint of flight pa-
rameters for the turbulence-degraded images[]J].
Infrared and Laser Engineering ., 2008, 37 (3):
538-541,560. (in Chinese)
SHACHAM O, HAIK O, YITZHAKY Y. Blind
restoration of atmospherically degraded images by
automatic best step-edge detection [J]. Pattern
Recognition Letters, 2007, 28 2094-2103.
RH|, REAL, REE, FONOE R W R
PR S EGE L] & T %4, 2005,26(2);
188-191.
ZHAO Y., ZONG Y H, ZHANG SH J. etal.. I-
dentification of blurs for aero-optics effect coordi-
nate measuring machine [J]. Acta Armamentarii
2005,26(2):188-191. (in Chinese)
S K. RARFES L RIMI] dua: B Ll
i RAL L 2001,
ZOU M Y. Deconvolution and Signal Recovery
[M]. Beijing: National Defense Industry Press,
2001. (in Chinese)
FhL, Freg KFARLZEIM] JLa
Reg L 2007,
LIJ S, LI X H. Digital Image Processing [ M].
2007.

i 4

Beijing: Tsinghua University Press, (in
Chinese)

SUTTON G W, POND J E, SNOW R. et al..
Hypersonic interceptor aero-optics performance
predictions [J]. Journal of Spacer and Rockets ,
1994, 31(4): 592-599.

BANISH M R. A validated code to predict the
performance of broadband optical seekers through
a turbulent transonic flow [R]. 1992. AIAA-92-
2792.

B L. MEAT B R F RN A E[M] T

B VG 4 TR A A L 201,



LR

[ e I b R =k RA AN SR T R € S 521

[16]

(17]

[18]

[19]

[20]

GAO X B, LU W. Quality Assessment Methods
for Visual Information[ M]. Xi’an; Xidian Uni-
versity Press, 2011. (in Chinese)

TCARAE LA, R R B B TR LU R BURBE Y
S H UG W E AN L], % Mg £42,2011,19
(10) :2485-2493.

FAN Y Y, SHEN X H, SANG Y J. No reference
image sharpness assessment based on contrast sen-
sitivity [J]. Opt. Precision Eng. ., 2011,19(10)
2485-2493. (in Chinese)

LI D L, SIMSKE S. Atmospheric turbulence de-
graded-image restoration by kurtosis minimization
[J]1. IEEE Geoscience and Remote Sensing Let-
ters, 2009, 6(2):244-247.

CAVIEDES J, OBERTI F. A new sharpness met-
ric based on local kurtosis, edge and energy infor-
mation [J]. Signal Processing : Image Communi-
cation, 2004, 9:147-161.

MARDIA K V. Measures of multivariate skewness
and kurtosis with applications [J]. Biometrika,
1970, 57:519-530.

ZHANG N F, POSTEK M T, LARRABEE R D,
et al.. Image sharpness measurement in scanning
electron microscope -Part III [ J]. Scanning,

1999, 21. 246-252.

EER N

KA 981 —) R A T+
WFoEAE , TARIW . 2003 4 T B 4k K
2ARAG 2 b 2 7, 2006 4E TR A
TR R ARG EENES
BB S X A R W SER ALY S =R
JE MBS . E-mail:

yu@sina. com. cn

bei_ming_you_

Z4R (1956 —), LB 1k AL 2
WA, 1981 T [ B Bl 5 K2
AR E A, 1988 4E T4 R T

FEBE 3R A9 0 42 24 L, 2001 48 T 94 %
T ¥ AR BT BT AR A L2, %R
R R R AL #L5 H bR R S L
AR B A AL T XU S O B AR T
M ) WF 9%, E-mail: lijunshan403 @
163. com

[21]

[22]

(23]

[24]

[25]

RONY F, LAKSHMI G, WALID ST A. Efficient
implementation of kurtosis based on reference im-
age sharpness metric[C]. Proc. SPIE 7532, Im-
age Processing : Algorithms and Systems VIII,
San Jose, CA: SPIE-IS& T, 2010: 1-12.

I FR. AT A B B AN P e R LT ]
B k% .2011,4(5):531-536.

WANG Y Q. Application of local variance in im-
age quality assessment[J]. Chinese Optics,2011,4
(5):531-536. (in Chinese)

ER.FF.HFAL —METHEEHXEGEE
ek Gy E 7k LT JF?F*IL%#E,ZOIZ,
35(5):1067-1072.

WANG B, L1 J, GAO X B. A edge-and region-
based level set method with shape priors for image
segmentation[ J ]. Chinese Journal of Computers ,
2012,35(5):1067-1072. (in Chinese)
L1J L, CHEN G, CHI Z R, etal.. Image coding
quality assessment using fuzzy integrals with a
three-component image model[ J]. IEEE Trans.
on Fuzzy System, 2004, 1(12). 99-106.
GABARDA S,CRISTOAL G. Blind image quality

assessment through anisotropy[ J . Journal of the
Optical Society of America, 2007, 24(12) .
B51.

B42-

LR (1986 —), 55, [ pg AL 18 -
5T A, 2008 4F 2010 4F 43 51 745 — 4
I N 237 117 R ool e e DA
F TG AMER AL | EG  JE F E
TR AR 3 B BR 5 5 05 T 19 §F 98 . E-mail
13484468703@163. com

SR 1979 =), B I T N AL T
WEFELE YR . 2001 4E F R E(E B L
PR 3R AR 2 #2007 4F T b
Tolb K 2 AR A - 2 7, 32BN IR
b B e £ R I 3R S5 )y IET R BT 9T .

E-mail: zon_8986@163. com

(FRILERE REWWT FEEH)





