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Abstract: In order to further improve the speed and accuracy of hyperspectral abnormal target detection, a
fast anomaly target detection method based on extended multi-attribute profiles and improved Reed-Xiaoli
is proposed. Extended multi-attribute Profiles are extracted from the original hyperspectral images by
mathematical morphological transformations. Moreover, a novel fast local Reed-Xiao algorithm is also
proposed. Iteratively update inverse matrix of covariance using matrix inverse lemma, thereby reducing the
computational complexity of the Mahalanobis distance. The combination of extended multi-attribute
profiles and fast local Reed-Xiaoli detector effectively utilizes the spectral information and spatial
information of hyperspectral images, it greatly improves the detection accuracy and reduce the running
time. Experimental results on three real data sets show the AUC value of the algorithm in this paper is
0.996 7, 0.985 6 and 0.981 6 respectively. The operation time is 21.218 1 s, 15.192 8 s and 32.337 9 s
respectively. The proposed method has obvious advantages in detection accuracy and speed, and has good
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practical value.

Key words: Hyperspectral image; Anomaly detection; Fast local RX; Extended multi-attribute profiles;
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PCAroCRD)"™ 3% J5 1538 12 3 5043 43 BT 1 0 3 S 800l R AT oAb o L6 AS JEUREUR < i LA 38 046 5 T 43
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Fig. 1 Local dual-window and the undertest pixel
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1) AVIRIS-T: 3% & — ik 1 AVIRIS & 8858 FA 45 19 28 1o W 51 1 0L 3 09 i e ik % . J5as BHE K/ Ry
400 pixel X 400 pixel, #H A F A K 120 X 120 i 5 B T 9250 o T BR AR W2 b L 52 1% 5 i i b 52 ey 17K
ZR AW 1) D B L DR BR 189 AN i I B, A8 A1 43 JE R Ry 3.5 m/pixel B =28 RAHLBLAL N 5% H A5 -

2)abu-airport-2 : % £ K I F Airport-Beach-Urban (ABU) $t#iE 4™, ABU 5 S0 & =45t
L3735 50 MY S RO T Y5 . abu-airport-2 8 T AL Y5, B AVIRIS £ BERH1148 T 201, K/ A 100
pixel X 100 pixel, 23 [A] 72 BEF N 7.1 m/pixel , 0 205N B . 7E3% 3% 5 b, B2 LW o % H AR .

3)abu-beach—4: 1Z # 4 5 K U5 T ABU S48 4 (9 Wi 37 5. abu—beach—4 4 £ th ROSIS-03 4 & 4%
O TIALE. . R K /NN 150 pixel X 150 pixel, 25 [ 43 #E 3 Ky 1.3 m/pixel , & 102 M B, TRz 5,
W b 0 AR R S E R
32 iFMiRAE

ROC i € (Receiver Operating Characteristic Curve, ROC) 1 ROC iif & ' i £ AUC (Area under the
Curve of ROC, AUC){H H JH A PEAN K A AERA L . ROC J& i H FHAE R (TPR) A BH R (FPR) 76 A [A]
(B X618 5 T8 B9 % S22k . TPRAIFPR AR £ Ak
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33 XBELR

4T B UE EMAP-FLRX 89 i PEfE B 5 GRX \LRX ,CRD .LRaSMD . LSMAD 1 FLRX % 1 ¥ 17 1o
o X FEMAP-FLRX 5k, PR B T AT 54 E Wi (R saik % 95% LA L) o (T DU RR A [R5 0 & 1 8 %
[T AYER A Q=2 R N R N R (SR 7 B ek e R iR ol R K 6 = G 1 = L R =R G Y R = RN 7]
BB YA L9 MR IE R 15 B EMAP R8N Xpvar €ERY L, Hd =4 X 9 X 5=180, 4 Xpwap €RM "¢
£ FLRX &k 5 AAE , A R 46 1% . 1 F GRX .\LRX .CRD . FLRX .EMAP-FLRX 5 ¥ (% £ g %
XU B 16 20 AR AU, R I, 5852 P 7 UM Y0 I < 3~ 33, A1 7 B 91 il : 5~ 35, 7 IL 3 [l P 3 it S 38 Lh 35 K ) K
JN LB 19 AUC B 3k 6 6 55 15 10 B S o %P T CRD 885, iE 4L 2 %k A% % 2 10 °, LRaSMD 1 LS-
MAD B2 50% % 53cik[15] . [16]—3 . EMAP-FLRX & 5 HAb S F & B0 AUCTH , W 1,817
] D28 20 R T 3 A 3R G0 Ik i iR 2 6 S 00 45 SR 0 TP L SR TR 5 U I 45 R 1) S A (B S S0 i e R B . BT
S A B FL 5 I 55 %% (ecs.cBe.large) FiEAT,2 vCPU, 4GIB INAF, B F(# FH MATLAB 2019a.

&1 AUCHEXL

Table1 AUC values comparison
Dataset GRX LRX CRD LRaSMD LSMAD FLRX EMAP—FLRX
AVIRIS-T 0.9111 0.962 3(31,13) 0.9925(17,15) 0.820 2 0.9772 0.9616(31,13) 0.996 7(23,15)
abu-airport-2 0.8404 0.976 7(21,17) 0.9805(19,17) 0.829 5 0.936 2 0.974 9(21,17) 0.9856(21,17)
abu-beach-4 0.9538 0.9810(35,25) 0.978 2(35,23) 0.758 7 0.9626 0.9810(35,25) 0.9816(31,3)

FPR (21)

F2 EITHEITE(F)

Table 2 Running time comparison (s)

Dataset GRX LRX CRD LRaSMD LSMAD FLRX EMAP—FLRX
AVIRIS-T 0.000 9 135.543 9 16.791 8 37.4530 37.5218 26.707 6 21.2181
abu-airport-2 0.000 9 63.306 0 14.7259 27.902 5 27.9984 20.476 3 15.192 8
abu-beach-4 0.005 0 60.0817 32443322 21.156 5 21.083 4 45.394 7 32.3379

TE AVIRIS-1%#E4E [, LRX.CRD .FLRX .EMAP-FLRX 5 ¥ X 3T K /NFUR, I, 3% E N 3 BUE
0 [l : 3~33, A0 BU(EL I [ : 5~ 35, 78 I3 B PN 38 2o 52 56 L AN [) R /I U 1) AU C B 3k 356 38 530 76 114 d5e A 3L
%l o S K LRX .CRD \FLRX .EMAP-FLRX XL K /N5 52 o~ (31,13) ((17,15) .(31,13) (23,
15). EFMBEEM AUC KB B M ROC M WA 4,454 & LAE 4(a) 7T, A SCH I EMAP-FLRX 5%
AUCHEH 0.996 7, i it K T HAB S 2, Br it Z 4b , 583k AUC B M R 2] /MR A CRD . LSMAD | LRX \FL-
RX.GRX.LRaSMD. & 4(b) ,FLRX I LRX () ROC th&k HA TS , /& FAMKA 25, 7 W FLRXE X
LRX 1 0E B 4 T IR AT PR IIORS B . B A b  EMAP -FLRX 5519 ROC #h 4k e #2385 42 1,
ML E HEROC T4 F 5 , (LI IE T EMAP -FLRX 83k @l & 8 S A R 10 5 S 00K 1 8 4R s . ERh s
BB IE AT I I AN 2% 2 B R : GRX 2 R B AE B 5 st Ge it i vH 5 8 2 BE A Gs A7 I ) g5, (HL 3295 5
S H R R, BRI B IR, AUC AL 2 0.911 1, FLRX B3 5o XUAT Wi B8 15 5 50, B AR T S 1% &0t
T S Ge a0 52 ) [R) BRI R A G SR g | 2R 30 BRI D 2 R I ) 3 A R TR MR R T B T
[CHE B85 A i B A T 53 4 3 i R) 8, FLRX B84k 1932 47 B 18] Ry 26.707 65, b T GRX 535 19 0.000 9s, H
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Fig. 4 Detection accuracy evaluation for the AVIRIS-I dataset
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Fig. 5 Detection maps obtained by different algorithms for the AVIRIS-I dataset
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Fig. 6 Detection accuracy evaluation for the abu-airport-2 dataset
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Fig. 7 Detection maps obtained by different algorithms for the abu-airport-2 dataset
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Fig. 9 Detection maps obtained by different algorithms for the abu—-beach-4 dataset
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