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Dim moving target detection in multispectral IR image
sequence based on GLRT
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(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The scope of this paper addressed the problem of detecting a dim moving target from a sequence of multispectral
IR cubes. The detection problem was formulated in a general framework, assuming unknown target amplitude, position and
velocity. This composite hypothesis testing problem was approached by means of the generalized likelihood ratio test ( GL-
RT) theory. The detector structure and its actual implementation based on velocity filters were discussed in detail. Approx-
imated expressions of the false alarm and detection probabilities were obtained and validated by means of simulation. To test
the effectiveness of the detection algorithm, the detection results obtained on a set of synthetic multispectral IR image se-

quences were presented and discussed. These results indicate that the algorithm proposed can obtain a good performance on

dim target detection with low SNR.
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Fig.1 Pixels used for mean value estimation in space domain
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Table 1 Detection results of multispectral IR image sequences under different parameters

(K,L) (5,1) (9,1) (13,1) (5,10) (9,10)  (13,10)  (5,20) (9,20)  (13,20)

E TR AR 0.0066  0.0016  0.0017  0.0207  0.0250  0.0155  0.0470  0.0429 0.0301

FRBL SNR =1 0 Hy 14 3% 12.292  3.8613 18. 445 26.484 185.49  401.35 80.583 309.97 822.80
Loalllnesl] 5 w w & = = w = =
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A B SNR =2 {50 L 3 25 3. 0068 85.641 86.253 58.855 507.03 711.00 102.28 570.79 1022.9
Loall}nesl] i 2 b = = = 2 = =

AR E 0.0053  0.0121 0.0061 0.0497  0.0655  0.0377  0.0823 0.0920  0.0596

By BY SNR =3 {EME LI 4E 2.5321 72.262  78.938  50.741 417.37  580.78 84.181 457.90  781.81
i ) = & = = = & = = =




2 1] FWORAE BT GLRT ZLAM2 01855 /s 3l H brka il 155

O3 7R BRI B R RE S T 4 A9 F2 9 F AR I B TE A5
U7 ELASSR RT3 A9 56 T SCIUR HE RS 56 Y
LLAN 221 /N Bl HARK I Bk IR A AT AT, RS
PE— AR R IR W LE 26 4F T 55/ 80 H AR A
REST. T~ — 2B 09 AT Al LM F 5 Al oA 00 45 SR 45
o FARBOE G ST 50 AR A 5 Hl R ZH R 73, A
A 2 X 0 F A

REFERENCES

[1]Theodore A P. Explanation of why the sensor in the exoat-
mospheric kill vehicle (EKV) cannot reliably discriminate
decoys from warheads [ R/OL]. http://fas. org/spp/star-
wars/ program/news00/ postol_atta. pdf.

[2] Theodore A P. Technical discussion of the misinterpreted
results of the IFT-1A experiment due to tampering with the
data and analysis and errors in the interpretation of the data
[R/OL]. http://fas. org/spp/starwars/program/news00/
postol_atth. pdf.

[3]CAO Le-Lin, WU Chun-Feng, HOU Qing-Yu, et al. Sur-
vey of target recognition technology based on spectrum ima-
ging[ J]. Optical Technique( ¥R, M, G T2, 45,
BT R 0 H AR IR B AR LR A, e F R, A) L2010,
36(1):145—150.

[4 JHUANG Shi-Ke, ZHANG Tian-Xu, LI Li-Juan, et al. IR
guiding technology based on multispectral imaging for air to
air missile[ J]. Infrared and Laser Engineering ( #+#}, 5K
KIF,ZEWIH 45 2325 P O0IE LLAMSUR ) = BT

Y. TAN G5 T#2) ,2006,35(1) :16—20.

[5]Stein D W J, Beaven S G, Hoff L E, et al. Anomaly detec-
tion from hyperspectral imagery[ J]. IEEE Signal Process-
ing Magazine ,2002,19(1) ;58—69.

[6]Yu XL, Hoff LE, Reed I S, et al. Automatic target detec-
tion and recognition in multiband imagery: a unified ML de-
tection and estimation approach[ J]. IEEE Trans. on Image
Processing ,1997 ,6 (1) ;143—156.

[7 ]Rallier G, Descombes X, Falzon F, et al. Texture feature
analysis using a Gauss-Markov model in hyperspectral image
classification[ J |. IEEE Trans. on Geoscience and Remote
Sensing ,2004 ,42(7) :1543—1551.

[8] Chang C 1. Hyperspectral imaging: techniques for spectral
detection and classification] M]. Kluwer Academic/Plenum
Publishers, 2003,13—102.

[9]Li N, Du P, Zhao H J. Independent component analysis
based on improved quantum genetic algorithm; application
in hyperspectral images [ J]. International Geoscience and
Remote Sensing Symposium ( IGARSS ) , 2005, 6 4323—
4326.

[ 10]XUN Li-Na, FANG Yong-Hua, LI Xin. A small target de-
tection approach based on endmember extraction in hyper-
spectral image[ J]. Acta Optica Sinica ( TR, J7 B AL,
2. LI G B T i T B IR /N B AG: I B 7
FFEH) ,2007,27(7) . 1178—1182.

[ 11 JHE Lin, PAN Quan, DI Wei, et al. A small-target detec-
tor based on single likelihood test for hyperspectral imagery
[J]. Acta Optica Sinica( BR 5%, 7% %, WO EE, 45, —Fp LT
BRI = LI BN H AR I &% e R FR)
2007,27(12) :2155—2162.

(k136 )

(TR B0 T TS REAT 2 IE B 45 2, X T SE PR A 5
HE RN TS PR DR B S, AT E
THABRAYZER,, BRSOk A R X T
PN R R 43

REFERENCES

[1] Chang C 1. Hyperspectral imaging: techniques for spectral
detection and classification [ M ].
2003.

[2] Winter M E. N-findr; an algorithm for fast autonomous

New York: Plenum,

spectral endmember determination in hyperspectral data
[J]. Proc. of the SPIE imaging spectrometry V, 1999,
3753 .266—275.

[ 3 ]Nascimento J, Bioucas-Dias J. Vertex component analysis
a fast algorithm to unmix hyperspectral data [ J]. [EEE
Trans. Geosci. Remote Sens. ,2002,43(4) :898—910.

[4]Chang C T, Wu C C, Liu W, et al. A new growing method
for simplex-based endmember extraction algorithm [ J ].
IEEE Trans. Geosci. Remote Sens. ,2006,44 (10) ;2804—
2819.

[5]Heinz D C, Chang C I. Fully constrained least squares line-

ar spectral mixture analysis method for material quantifica-
tion in hyperspectral imagery[ J]. IEEE Trans. Geosci. Re-
mote Sens. ,2001,39(3) :529—545.

[6 ] Hyvarinen A, Karhunen J, Oja E, Independent Component
Analysis| M]. New York: Wiley, 2001.

[7]Chang C T, Wang J. Applications of independent component
analysis in endmember extraction and abundance quantifica-
tion for hyperspectral imagery [ J]. [EEE Trans. Geosci.
Remote Sens. ,2006,44(9) :2601—2616.

[8]Lee T, Girolami M, Sejnowski T. Independent component
analysis using an extended infomax algorithm for mixed sub-
gaussian and supergaussian sources [ J]. Neural Computa-
tion,1999,11(2) :417—441.

[9]Lee D D, Seung H S. Learning the parts of objects by non-
negative matrix factorization[ J|. Nature,1999,401;788—
791.

[10 ] Miao L, Qi H. Endmember extraction from highly mixed
data using minimum volume constrained nonnegative matrix
factorization [ J |. IEEE Trans. Geosci. Remote Sens. ,
2007 ,45(3) :765—777.

[ 11 ] Landgrebe D. Multispectral data analysis: A signal theory

West Lafayette: School of Electrical &

Computer Engineering, Purdue University,1998.

perspective[ R ].





