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A real-time anomaly detection algorithm for hyperspectral imagery
based on causal processing
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Abstract: Anomaly detection is one of the most important applications in hyperspectral imagery. Real-time processing is
the main issue we are facing due to the large data set. Real time causal processing algorithms were developed to perform
anomaly detection. It is an innovational kalman filtering based processing by using Woodbury’s identity to update infor-
mation which provides the pixel currently being processed without re-processing previous pixels. Experimental results
demonstrated the proposed algorithm significantly improves processing efficiency in comparison with conventional anoma-
ly detection without real time causal processing.
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Fig.1 (a) Cuprite AVIRIS image scene. (b) Spatial
positions of five pure pixels corresponding to minerals
A, B, C, Kand M. (c¢) Reflectance spectra and back-
ground signature for the five mineral in (b)
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Fig. 2 Anomaly objects distribution in synthetic data
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Table 2  Subpixels in the 4™ and 5™ columns for simula-

tions
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Fig. 4 RTC-R-RXD detection results, (a) no panels detected, (b) row 1 panels detected, (c) row 2 panels detected, (d) row
3 panels detected, (e) row 4 panels detected, (f) row 5 panels detected, and (g) final detection results in gray scale
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Fig. 5 RTC-K-RXD detection results, (a) no panels detected, (b) row 1 panels detected, (c) row 2 panels detected, (d) row
3 panels detected, (e) row 4 panels detected, (f) row 5 panels detected, and (g) final detection results in gray scale
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Fig. 9 Detail detection results for RTC-R-RXD in gray scale
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Fig. 10 Detail detection results for RTC-K-RXD in gray scale
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Table 3 Computational complexity of matrix algebra

AR A i ik B
R PIANKANGBIA noxm Bl m x p AR — KN 0 p IERE Schoolbook matrix multiplication O(nmp)
Gauss-Jordan elimination o( n3)
R JoNA nxn RS JoNH 1 EAEPE Strassen dlgorithm o>
Coppersmith-Winograd algorithm 0(n*37%)
Williams algorithm 0(n?373)
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Table 4 Computing time complexity
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Fig. 11 Comparison of computation complexity

VAR AT . A OB B BE A A A
SRR R I 18] 52 2 B A3 A m] LU Y 4t R S 5
FAEPRIF TG 0 B 0 TR B, AT DA S 390 S s Ah 2L Y
R S8, B FHEIE R Woodbury 51 BEHE T3 4
BB I 75 i A7 3 i v 75 S A4
o 2 A DGR I 1) 390 R I ( BB 2 R £
SRR ) R4 TR A AR T AR U, T TG 5 47 it B A 1
LR CTERAE , KRR 1 Bt A 2 ).

Brigt

ABIFE S A 56 5] b HL 22 SR P R B BEAG X 2
AR I PRAL B 5 28 S8, S R AR 2 1 [ B
£ &L 5% Chein-1 Chang #4521 B4 5 1
R, HEEUME.

[1]Chang C-T, Hsueh M. Characterization of anomaly detection
for hyperspectral imagery [ J]. Sensor Review, 2006, 26
(2): 137 - 146.

[2]Reed I S,Yu X. Adaptive multiple-band CFAR detection of
an optical pattern with unknown spectral distribution [J].
IEEE Trans. on Acoustic, Speech and Signal Process. 1990,
38(10): 1760 — 1770.

[3]Tarabalka Y, Haavardsholm T V, Kasen I,et al. Real-time
anomaly detection in hyperspectral images using multivariate
normal mixture, pdels and GPU processing [ J]. J. Real
Time Image Processing ,2009 ,4(3) ; 287 —300.

[ 4 ]Haavardsholm T V, Arisholm G, Kavara A, et al. Architec-
ture of the real-time target detection processing in an air-
borne hyperspectral demonstrator system [ C]. 2010 2nd
Workshop on Hyperspectral Image and Signal Processing : E-
volution in Remote Sensing ( WHISPERS) , June 2010. 14 —
16.

[5]Skauli T, Haavardsholm T, Kasen I, et al. Hyperspectral
imaging technology and systems, exemplified by airborne re-
al-time target detection [ C]. 2011 Conference on Lasers and
Electro-Optics (CLEO) , May 2011.1 —6.

[6]Chang C-I Chiang S-S. Anomaly detection and classification
for hyperspectral imagery [ J]. IEEE Trans. on Geoscience
and Remote Sensing. 2002 ,40(2) ,1314 — 1325.

[ 7 ]Kailath T, Linear Systems [ M ], Prentice-Hall,1980. 655.

[8]Wang J,Chang C-I . Applications of independent component
analysis in endmember extraction and abundance quantifica-
tion for hyperspectral imagery [ J]. IEEE Trans. on Geosci-
ence and Remote Sensing ,2006,44(9) ,2601 —2616.

[9]Chang Y-C. Ren H, Chang, C-I, et al. How to design syn-
thetic images to validate and evaluate hyperspectral imaging
algorithms [ C], SPIE Conference on Algorithms and Tech-
nologies for Multispectral, Hyperspectral, and Ultraspectral
Imagery XIV, March 16 —20, Orlando, Florida, 2008.



