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Infrared small target detection based on image sparse representation

ZHAO Jia-Jia', TANG Zheng-Yuan', YANG Jie', LIU Er-Qi’, ZHOU Yue'
(1. Institute of Image Processing and Pattern Recognition, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Institute of the Third Academy, CASIC, Beijing 100074 ,China)

Abstract: The sparse representation based on over-complete dictionary is a new image representation theory. The redun-
dancy of over-complete dictionary can enable it effectively to capture the geometrical characteristics of the images. In this
paper, a novel detection method based on image sparse representation was introduced. The over-complete target dictionary
is first constructed with atoms which are produced by two-dimensional Gaussian model. Then the sub-image blocks of the
test image are extracted successively and the corresponding coefficients are calculated with the constructed over-complete
target dictionary. There is a significant difference between the coefficients of objective and background. Whether the sub-
image block contains small target or not can be determined by the index of sparse concentration. Experimental results dem-
onstrated the effectiveness of the proposed method.
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Fig. 1 Diagram of the over-complete target dictionary (a)three-dimensional display of atom (b)the energy spectrum of atom

(¢) part of the over-complete dictionary
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Fig.2 The difference of representation coefficients (a) small
target in the dictionary, and (b)background in the dictionary
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Table 1 The values of all evaluation indexes
LSNR LSNRG
Target M-Med Top-Hat TDLMS PCA SR M-Med Top-Hat TDLMS PCA SR
1 1.3094 1.7073 1.3704 1.5263 4.3750 1.5114 1.9707 1.5818 1.7618 5.0500
2 1.1713 1.4715 1.2284 1.2632 3.1071 1.1004 1.3826 1.1541 1.1868 2.9193
3 1.0829 1.2846 1.1049 1.6015 1.9643 1.2428 1.4743 1.2682 1.8381 2.2545
4 1.2376 1.6829 1.2654 1.4962 3.5714 1.3812 1.8782 1.4123 1.6698 3.9858
5 1.2652 1.6016 1.3704 1.1504 3.7857 1.1359 1.4379 1.2303 1.0328 3.3987
6 1.2320 1.5528 1.3765 1.9173 2.2143 1.2444 1.5684 1.3903 1.9365 2.2364
7 1.2597 1.6016 1.3025 1.4361 2.6786 1.2059 1.5333 1.2469 1.3748 2.5643
8 1.2210 1.5528 1.2963 1.3534 2.6607 1.3050 1.6597 1.3855 1. 4465 2.8437
9 1.2762 1.8374 1.4321 1.4887 2.9464 1. 1064 1.5929 1.2416 1.2907 2.5544
10 1.4088 2.0732 1.5741 1.7143 4.5536 1.2373 1.8208 1.3824 1.5056 3.9992
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Fig.5 The ROC curves of all kinds of algorithms

A ARG E, RS R B E A R X — 5
e 5E B B ARSI AT 55 B Je B 2 Hh i B 5 HA
SRR Bk AT T LR, SR AE R B IE 1Ak
AR i T 30 BLHER A 1 -magic T HARROK
R AN R AL N, O 1 i — 2D R e Bk A St
Y 7SI R |7 SEN U REP/ S N (MR 6 54
/ML

REFERENCES

[1]Deshpande S D, Er M H, Venkateswarlu R, et al. Max-
mean and max-median filters for detection of small targets
[J]. Proc. SPIE,1999,3809.74—383.

[2]LiJ C, Shen Z K, Lan T. Detection of spot target in infra-
red clutter with morphological filter [ J |. IEEE Aerospace
and Electronics ,1996,1.168—172.

[3]Cao Y, Liu R M, Yang J. Small target detection using two-
dimensional least mean square ( TDLMS) filter based on
neighborhood analysis[ J]. International Journal of Infrared
and Millimeter Waves ,2008 ,29(2) .188—200.

[4]LiuZ]J, Chen CY, Shen X B, et al. Detection of small ob-
jects in image data based on the nonlinear principal compo-
nent analysis neural network [ J]. Optical Engineering,

2005,44(9)093604(19).

(F# 166 7)



166 4h 5 2 K F W 30 %

3 &

—
(o

T A S PRI R GE b ] B B =R R
TSR A2 WO 55 /1 HARAS I 1 BE A4 52 1), R
DU e R m Bt it 1 56T 87 U1l AR
e 30T RORE TR AR ) T S ) 5 3. R P TR
AESE B ERP 3 LA SR Bk 1 B4 05 3% 14
W VERE. SCYRAE R, T 5 7 ik nT B S BT 4L
B 25 B R e v AT e L B 2 2 AL CE SR T
FIE R IR A SN, 7R T T 0 DT e i e
W ROBER AR S — Mo i 2 ) LT 70 i TR
TELTHMAGAL 1 HR ) 17 9 3 A6 24019 R A B4 400
EATIANRELE AT, Anry a2 T R 5 P 1) 1) %
HHE N AR TR PRI A5 AR5 7 1),

REFERENCES

[1]Chen J Y, Reed I S. A detection algorithm for optical tar-
gets in clutter[ J]. IEEE Trans. on Aerospace and Electronic
Systems ,1987 ,23(1) :46—59.

[2]Silverman J, Caefer C E, Vickers V E. Temporal filtering
for point target detection in staring IR imagery; II. Recur-
sive variance filter[ J]. Proc. SPIE. 1998 ,3373.45—53.

[3]Lin J N, Nie X, Unbehauen R. Two-dimensional LMS a-
daptive filter incorporating a local-mean estimator for image
processing|[ J|. IEEE Transactions on Circuits and Systems ;
Analog and DigitalL Signal Processing ,1993.40(7) .417—
428.

[4]LiH, Wei YT, Li LQ , et al. Infrared moving target de-
tection and tracking based on tensor locality preserving pro-
jection[ J]. infrared physics & technology. 2010,53(2)
77—83.

[5]Porat B, Friedlander B. A frequency domain algorithm to

IEEE Trans. Pattern Anal. Mach. Intell. 1990,12 (4) .
398—401.

[ 6 ]DelMarco S, Agaian S. The design of wavelets for image en-
hancement and target detection [ J]. Proc. SPIE, 2009,
7351 .

[7]LI Hong, ZHENG Cheng-Yong, GAO Jing-Li. Weak and
small object detection based on wavelet multiscale analysis
and fisher algorithm[J]. J. Infrared Millim. Waves( 24T,
RIS, v L. BTN 2 R S & Fisher 4331
ZLAhss/N ARG L5 5 =K F R ) ,2003,22(5) -
353—356.

[8 ]LIU Ru-Ming, LIU Er-Qi, YANG Jie, et al. Detect infrared
point targets based on kernel fukunaga-Koontz transform
[J1. J. Infrared Millim. Waves ( X\ Fii B, X /R %, 7%,
% #% Karhunen-Loeve ZB#e 2L 4b /N BRI, A 5h 5=
KiEFH) ,2008,27(1) :47—50.

[9]Zhang BY, Zhang TX, Cao ZG, et al. Fast new small target
detection algorithm based on a modified partial differential
equation in infrared clutter[ J]. SPIE optical engineering.
2007,46(10) :106401—1 ~6.

[10]Guo K , Labate D. Optimally sparse multidimensional rep-
resentation using shearlets[ J|. SIAM J. Math Anal. 2008 ,
39(1).:298—318.

[11]Portilla J, Strela V, Wainwright M J, et al. Tmage denois-
ing using scale mixtures of gaussians in the wavelet domain
[J]. IEEE Transactions on Image Processing, 2003, 12
(11):1338—1351.

[12]BAI Jing, HOU Biao, WANG Shuang, et al. SAR image
denoising based on lifting directionlet domain Gaussian
scale mixtures model[ J]. Chinses journal of computers ( [
i Y, £, 45 SE T4 T Directionlet 3 7R A5 N
JERRLE SAR [ M M. 3T E LR ) , 2008, 31
(7) :1234—1241.

[13] QIN Han-Lin, LIU Shang-Qian, ZHOU Hui-Xin, et al.
Background suppression for dim small target with Gabor
kernel non-local means[ J]. Infrared and Laser Engineer-
ing (ZEIAK, X 14z, Ak 4%, 5. R Gabor &% J& &
YB3/ BAR T Sl 585 8eTH8) ,2009,38

multiframe detection and estimation of dim targets [ J ]. (4):737—741.
B o o e e T T I e o o e e e o o i i T i T e e o e e o o o o o i i i i S e S S o o e

(k4161 7)

[5]Cao Y, Liu R M, Yang J. Infrared Small Targets Detection
Using PPCA[J]. International Journal of Infrared and Mil-
limeter Waves ,2008 ,29 (4 ) :385—395.

[6]Plumbley M D, Abdallah S A, Blumensath T, et al. Musi-
cal audio analysis using sparse representations [ J]. Pro-
ceedings in Computational Statistics ,2006,2:104—117.

[7]Donoho D, Huo X. Uncertainty principles and ideal atomic
decomposition [ J]. IEEE Trans. on Information Theory,
2001,47(7) :2845—2862.

[8]Elad M, Aharon M. Image denoising via sparse and redun-
dant representation over learned dictionaries [ J]. [EEE
Trans. on Image Processing ,2006,15(12) :3736—3745.

[9]Wright J, Yang A Y, Ganesh A, et al. Robust Face Recog-
nition via Sparse Representation[ J]. [EEE Trans. on Pat-
tern Analysis and Machine Intelligence ,2009,31(2) :210—
227.

[10]Candes E J, Tao T. Decoding by linear programming|[ J].
IEEE Trans. on Information Theory,2005,51(12) :4203—
4215.





