$37% W2 5= = 4 Vol. 37, No. 2
2017 4E 2 A ACTA OPTICA SINICA February, 2017

B e G Pt ek H bR 5 4y 3205 1k
K187 A iis

HE R R B S R A TR, st 100083

TE xR o0 B0 Elf%;&ﬁ@iﬁ”]ﬁr/l\ﬁ%(l(MV)&U”"ﬁ Gy RSV SR R A AT 18 A )

ML AE LCMV Rl 5 4y 8505 i e it 38 1 TR AT M SE i LCMV BRI 543285036 . i 8%t LCMV 57

AT T BURAL 3R T B AT AL H 0 SER R LCMV (CR-LCM V) A6 5 43 26 85 32, B A ] Woodbury 51 B, 4

T AT A A SN H PR LCMV(RCR-LCMVO Rl 5 43 88800k, SEgn 25 R0 5 LCMV # il 5 43 880k

AH b T o R SR AR 3k 249 BB R AN R MR A RS B A5 0 T S B A T B bR 5 % B BRIEAT 43 28, HLT R B M A %

25 [8) R KB 5 32 R 0 AL 3% S B LCMV 503 A L, T o 280 552 i 3503 0T 3K 45 LT 5 2 40 W) 9 4G I RS B, 1153
B 2% B ROR AL, 52 ik A A8 ) B, VR AE B A7 ik H] 1 EL A B i I ek

KEIR KBRAI; SO6E; M RE/N 2RISR B BT BT ; Woodbury 5|3

hESES TP751.1 XEEFRIRES A

doi: 10.3788/A0S201737.0230002

Novel Fast Real-Time Target Detection and Classification
Algorithms for Hyperspectral Imagery
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Abstract The real-time linearly constrained minimum variance (LCMV ) detection and classification method for
hyperspectral imagery is based on the pixel-by-pixel processing, which has the problems of large amount of
computation and slow running speed. Two novel real-time LCMYV detection and classification methods based on the
LCMV detection and classification method are proposed. Firstly, the LCMV algorithm is carried out causality, a
causal real-time LCMV (CR-LCMV) detection and classification method based on the line-by-line processing is
proposed. Then, by using Woodbury lemma, a recursive causal real-time LCMV (RCR-LCMV) detection and
classification method based on the line-by-line processing is derived. Experimental results show that compared with
the traditional LCMV detection and classification algorithm, the two novel real-time algorithms can detect and
classify targets in real-time without affecting the detection accuracy, and the required data storage space is greatly
reduced. Compared with the real-time LCMV algorithm based on the pixel-by-pixel processing, the real-time
processing ability of the two novel real-time algorithms is much strong without affecting the classification accuracy,
which has obvious superiority in running time.

Key words image processing; hyperspectral; linearly constrained minimum variance detection and classification
algorithm; pixel-by-pixel processing; line-by-line processing; Woodbury lemma
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Fig. 1 (a) Cuprite AVIRIS image data and spatial positions of five minerals A, B, C, K and M;
(b) spectral information of five minerals and background mean value;

(c) objects distribution in synthetic data; (d) synthetic image of 50™ band
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Fig. 2 Results of synthetic data detection and classification. (a) LCMV; (b) PCR-LCMV;
(¢) PRCR-LCMV; (d) LCR-LCMV; (e) LRCR-LCMV
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Fig. 3 Real-time detection and classification of the PCR-LCMV algorithm. (a) No targets detected; (b) A detected with red;
(¢) B detected with green; (d) C detected with blue; (e) K detected with dark red; (f) M not detected
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Fig. 4 Real-time detection and classification of the PRCR-LCMV algorithm. (a) No targets detected; (b) A detected with red;
(c) B detected with green; (d) C detected with blue; (e) K detected with dark red; (f) M not detected
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Fig. 5 Real-time detection and classification of the LCR-LCMV algorithm. (a) No targets detected; (b) A detected with red;
(c) B detected with green; (d) C detected with blue; (e) K detected with dark red; (f) M not detected
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Fig. 6 Real-time detection and classification of the LRCR-LCMV algorithm. (a) No targets detected; (b) A detected with red;

(¢) B detected with green; (d) C detected with blue; (e) K detected with dark red; ({) M not detected
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Table 1 Timeliness analysis for four real-time algorithms
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Entire image scene /s 1839.9985 1796.9879 9.9878 9.7895
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Fig. 7 (a) Objects distribution in pseudo-color image; (b) 25" band image and spatial positions of desired targets d1, d2, d3;
(c) spectra signatures of d1, d2, d3

SR T G b I B S A A RO L AR R Ok B SR HARER DN L A H AR D=[d, .d..d; ], 3L
W d o USSR H AR X d1 H Y (19.48) ,(23,48) . (22,5003 AN HIAEAR IC s d, 2 BURK SR H bR X 3 d2
9(42,127) . (56,131) ,(47,136),(52,138) 4 NIRRT d; VEHUR IS B bR X B d3 H i (79,12) (82,
15).(78,19)3 AN HUARIZ G, PEHL(96,116),(4,55),(23,89),(103,11),(132,68),(131,136) 6 4~k HAH %
TG ANERBEHR U, LR =4 Ml m=3, ARHEC=[c .co.c; ] HH ¢, =[1,0,0,0]",¢, =
[0,1,0,0]",¢;=[0,0,1,0]" AHHEMIA HIr D L) &, £0 LR HE — R B 53 51 R bR 1 8% R B
FRIXIR d1.d2.d3, B 8 4k T 144 LCMV ,PCR-LCMV,PRCR-LCMV ,LCR-LCMV #l LRCR-LCMV &
HHBRE S 0204 7K, K’ 9~10 8 T PCR-LCMV ,PRCR-LCMV,LCR-LCMV Hil LRCR-LCMV

0230002-6



ot % % i1

B HAR AT SEEHG I 5 4 K Bk B . R 8~ 10 BoR AY 45 R T, Fr R B A R S B SR AR
LCMV il 43 28 550k HA LT A [R] 1 B ARG I 5 43 28 R0CR 1 338 05 507 T A9 552 1 Bk A A 0 280 23 s 22
— 28 OR G B AT A B S I 3 A AR B L B AR T AL PR Y B R A I R ROCR g A — 2, R B Y4
S SR AE JLF- AN S H ARG I 5 2 SR ETER R S B S p S A B S i O 1 IR T K
B G ORI TSR B, 2 B2 TR Dy B 92 v O 1 TRLAORS JE ORI N e S A B T B R AU
20 mX20 m,

8 LRI ER I S AR E . () LCMV; (b) PCR-LCMV; (¢) PRCR-LCMV;
(d) LCR-LCMV; (e) LRCR-LCMV
Fig. 8 Detection and classification results for real hyperspectral data. (a) LCMV; (b) PCR-LCMV;
(c) PRCR-LCMV; (d) LCR-LCMV; (e) LRCR-LCMV
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Fig. 9 Real-time detection and classification of the pixel-by-pixel processing. (a) PCR-LCMV; (b) PRCR-LCMV
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Fig. 10 Real-time detection and classification of the line-by-line processing. (a) LCR-LCMV; (b) LRCR-LCMV
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Fig. 11 (a) 3D ROC curves of (¢, P, Pp); (b) 2D curves of (Pr, Pp);
(¢) 2D curves of (¢, Pp); (d) 2D curves of (¢, Pr)
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Table 2 AUC under three 2D ROC curves produced by different algorithms

) Algorithm
Evaluation parameter
LCMV PCR-LCMV PRCR-LCMV LCR-LCMV LRCR-LCMV
AUC of (Pr, Pp) 0.9807 0.9818 0.9217 0.9717 0.9865
AUC of (¢, Pp) 0.6080 0.6092 0.7292 0.5971 0.7588
AUC of (¢, P) 0.3482 0.3232 0.5062 0.3213 0.4531
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Table 3 Timeliness analysis for four real-time algorithms

Algorithm
PCR-LCMV PRCR-LCMV LCR-LCMV LRCR-LCMV

Entire image scene /s 1079.0963 1035.4255 6.4435 6.4215

Processing time
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