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hyperspectral anomaly detection
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Abstract; Objective Anomaly detection is a fundamental problem in hyperspectral remote sensing image processing, and it

attracts the interests of several researchers. The anomalies usually refer to the outliers with spectral and spatial signatures
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that differ from their surroundings. Compared with the background, the anomalies have two main characteristics. First,
their spectra are severely different from those of their surroundings, and this phenomenon is called the spectral difference.
Meanwhile, the anomalies are usually embedded into the local homogeneous background in a format of several pixels, and
this phenomenon is named the spatial difference. Hyperspectral anomaly detection has been widely used in military and
civilian applications, such as surveillance, disaster warning, and rescue. In most traditional approaches, anomalies are
directly derived from the original hyperspectral image (HSI) . However, the HSIs usually deviate from the real scene as
limited by the imagery process, such as the complexity of the imagery condition and the limited number of electrons caused
by the hundreds of bands. This deviation could reduce the anomaly detection precision. We propose a novel hyperspectral
anomaly detection method via the transformation of local gradient profiles to deal with the limitations caused by the low spa-
tial quality. The gradient profile is a 1D profile along the gradient direction of the edge pixel in the image and has been
introduced in natural image super resolution. Observations have demonstrated that the shape statistics of the gradient pro-
files in natural image is quite stable and invariant. In this way, the statistical relationship of the sharpness of the gradient
profile between the real scene and the input HSI can be utilized to transform the gradient profiles of the input HSI. Mean-
while, the transformation is applied locally to some probable anomalies to reduce the computational complexity and avoid the
disturbance of the background. These transformed gradient profiles are used to provide a constraint on the enhanced HSI.
Method A novel hyperspectral anomaly detection method is proposed in this study. Some probable anomalies are coarsely
selected via a threshold to reduce the computational complexity without affecting the detection performance. Specifically,
the original HSI is detected via the classical Global-RX (Reed Xiaoli) detector, and the responses in the map are sorted
and selected. Meanwhile, the gradient profiles of these coarsely selected anomalies are computed and transformed to obtain
the sharper versions. Specifically, the distribution of the gradient profile is fitted by a generalized Gaussian distribution.
The transformation from the input gradient profile to the desired one can be computed via a transformation formulation.
These transformed gradient profiles are closer to those of the real scene than the original gradient profiles. The original HSI
is enhanced with these transformed gradient profiles. Experimental data contain six real HSIs coming from four datasets.
The original six HSIs and their enhanced versions are detected via the Global-RX detector. Experimental results demon-
strate the necessity of the enhancement. Meanwhile, experimental results on detection accuracy superiority of the proposed
method over some other preprocessing techniques, such as the discrete wavelet transformation (DWT-RX), the spectral
derivatives (Deriv-RX) , and the fractional Fourier entropy ( FrFE-RX), further validate the effectiveness of our proposed
local gradient profile transformation strategy. We utilize the collaborative representation-based detector (CRD) to detect the
enhanced and original HSIs. The enhanced HSIs still achieve higher detection accuracy. Result We incorporate six HSIs
coming from four datasets, namely, San Diego, AVIRIS (airborne visible/infrared imaging spectrometer) -2, Airport,
and Beach, to validate the performance of the proposed method. The quantitative evaluation metrics include the receiver
operating curves and the area under the curve (AUC) value. We also exhibit the detection maps of each method for com-
parison. We validate the necessity of the enhancement. Thus, comparison of detection accuracy is made between the origi-
nal and enhanced HSIs via the Global-RX detector. AUC values for the six original HSIs are 0.940 2, 0.934 1, 0.840 3,
0.952'5, 0.980 6, and 0.953 8, respectively. The corresponding AUC values for the enhanced HSIs are 0.977 8, 0.984 9,
0.9835,0.9824, 0.998 6, and 0. 995 6. Notably, the enhanced HSI always achieves a higher detection accuracy than
the original HSI, which proves the necessity of the enhancement. We also compare our proposed method with three other
preprocessing techniques, namely, the DWT-RX, Deriv-RX, and the FrFE-RX, which have average AUC values of 0. 956 8,
0.957 9, and 0. 964 0, respectively. Our proposed method with an average AUC value of 0. 987 1 outperforms all the com-
parison methods. We also utilize the CRD to further validate the effectiveness of our proposed method. The AUC values for
the original HSIs detected by the CRD are 0. 977 4, 0.985 5, 0.983 6, 0.977 2, 0. 991 6, and 0. 939 3. The correspond-
ing AUC values for the enhanced HSIs also detected by the CRD are 0. 984 0, 0.987 7, 0.990 3, 0.988 8, 0.998 5, and
0.995 0. Notably, enhanced HSIs always outperform the original HSI via the CRD detector. Therefore, the gradient profile
transformation is not only effective in promoting the detection accuracy but also outperforms the other preprocessing tech-
niques. Comparing the time required by local and global gradient contour transforms shows that the former can reduce the

time complexity by approximately 37. 82% . Conclusion In this study, we propose a novel hyperspectral anomaly detection
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method that incorporates a local gradient profile transformation to enhance the spatial information of the HSIs before detec-

tion. The experiment is conducted on six HSIs from four datasets. Experimental results show that our method outperforms sev-

eral state-of-the-art anomaly detection approaches. The enhanced HSI and original HSI are detected by the Global-RX and the

CRD, respectively. The experimental data demonstrate that the enhanced HSI always achieves a superior detection accuracy.

Key words: hyperspectral ; remote sensing image; anomaly detection; gradient profiles; information enhancement
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Fig. 1  The architecture of the proposed method
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Fig.2  The ROC curves of different methods for San Diego data
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3 BB R AT
Fig.3 Gradient profile ( (a) original images;
(b) amplified region; (c) gradient maps;

(d) gradient profile of an edge pixel)
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San Diego BUHE4E - Z B4 5 & i AVIRIS (air-
borne visible/infrared imaging spectrometer ) 1% & ¥
(Green %, 1998 ) 7£ 3 [ fin 1 4 J& W M & Hb 37 HF HL
XB TR . 25 [ A3 HE 02 3.5 m, DT
MRS 370 nm BEZIAME 2 510 nm, S0 224 A4~
T, BRI AR I BS  R B KN
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AVIRIS-2 $ 45 4 . 12848 %2 1] San Diego %45
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Table 1 Information for the HSIs in
Airport and Beach datasets

WARSFR ARBUbA EEHER/m B AR TE]
airport-1 0L 7.1 AVIRIS 11/9/2011
airport2 &L 7.1 AVIRIS 11/9/2011
airport-3  IEAZHIL 7.1 AVIRIS 11/9/2011
airport4 1&/RKFHF 3.4 AVIRIS 7/7/2010
beach-1 FHE 17.2 AVIRIS 9/12/2010
beach2  San Diego 7.5 AVIRIS 11/16/2011

beach-3 Bay-champagne 4.4 AVIRIS  7/4/2010
e £ T ROSIS K%l

beach-4 1.
T L UKL AR e R AR S S 7 eGR4 T P B BGHIE

FE 1 AT LA H, Airport £ 5 340 F
4 WA, AR 3 MR R — 5w i AN ) 5 [ 23 1)
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2.2 ZHEE

T U SRy S R B AR X TR 25 1] 3
S AT R TR RE Y 2T, A SCE SR Global-RX
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Fig.4 The variations between k and the AUC values
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Fig.5 The false alarm rates with some given thresholds for

the detection map achieved by the Global-RX
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Table 2 The thresholds k for each HSI in the experiment

San Diego AVIRIS-2 airport-2 airport-4 beach-1 beach-4

k/% 4.4 2.5 0.5 2.0 0.1 0.9
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Fig. 6 ROC curves for these HSIs achieved by different methods
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Fig.7 Comparison results of the proposed method with other algorithms for anomaly detection using the six HSIs
((a) the 100th band of the original HSI; (b) reference detection maps; (¢) Global-RX;

(d) DWT-RX; (e) Deriv-RX; (f) FrFE-RX; (g) ours)

AR,

XoF I B PEM 5 bR AUC (HAESR 3 Ha i,
HH AT I S DL SRR AL S804 53 50 TR R T )
LT ThRE, X 3R 3 HAY Global-RX 1 #11
ARSCEIEFN AT LU A SCR: 0 R RS B2 4f 24410
T E AN F AR A S G TR I RS B IR T
XA FAAG AT HE SR AL BR (A ke 85 % F AR S
B4 5 DWT-RX  Deriv-RX F FrFE-RX %1 7] LA &
BL,B% T San Diego X —KHs , T2 LT RE SR 14
TCHTERE T — e 1 I 4. 4% 3 BOHL R &R
L BCH AUC (IS T Deriv-RX B3k, XF T HoAth
FIGTERAR A SO S AR AL A AR 45 28 | T
UEBH T A SO H 1) Jmy 3 8 e A AR 4 i — Tl Ah 2

SRS DB

[RIE A 7 i — 20 B AR SCRR A R | 3B
*3 {BHEREEH AUC &

Table 3 AUC values of different methods

Global-RX DWT-RX Deriv-RX FrFE-RX 43¢
San Diego 0.9402 0.9605 0.9786 0.9745 0.9778
AVIRIS22 0.9341 0.9560 0-9764 (.9696 0.9849
airport-2  0.8403 0.9077 0.8839 0.9602 ¢ 9835
airport4  0.9525 0.9757 0.9672 0.9769 ¢.982 4
beach- ~ 0.9806 0.9752 0-9818 (.979 6 0.998 6
beach4  0.9538 0.9660 0-9594 (.9232 0.9956
T34 0.9336 0.9568 0.9579 0.-9640 ¢ 9871

TE IR A BT R U (e, B RIZ AR R (E
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FHEE T2 [a] 5 [5] 26718 F9 CRD A8 25 43+ 591 f 448 588 Ji5
AR R IR s R A TR, T 2L,
CRD W AP Z 4. W K/ (W, ) FAb g K/
(W, ) FEXE ISR AT R B, A S0 ] Li F
Du(2015) Frfifids iy ok w,, LA 2 Rlalbs, s 5 ~
21, MR H W, [RIAELL 2 Ry la) e, s 3 ~( W, -
2) LSRR W, W, (R R
% H RREER W, AW, i CRD K 25 0517
fr O, DL AT PEGE LL X, BT AR AUC A ik 4
FiR o

&4 CRD 553 FIA RS INIGR E R 50T
BUSHIX B AUC &
Table 4 AUC values for the original HSI and the
enhanced HSI respectively detected by the CRD

SRR AR A SR IR TR
San Diego 0.977 4 0.984 0
AVIRIS-2 0.9855 0.987 7
airport-2 0.983 6 0.990 3
airport4 0.977 2 0.988 8
beach-1 0.991 6 0.998 5
beach4 0.939 3 0.995 0
4 AUC 0.975 8 0.990 7

E O AR BT B A

SR 4 Al LUE th AR SCH SR R AR LK
5 TR -3 AUC {50 0.990 7, = T B2 X
SRR SAAZIEA TR Y 0. 975 8.,

LRG3 ML 4, T LA H AR SCHT 4R 19 =) 35
ol 0 AR A 480 14 1 D' T S R U A T A e 2
AL, A A 4 T S 5R B SR TC I8 2 1
HET GBS 2519 Global-RX #6435 v | 16 2 7]
FERI CRD Kl &5 , ¥ RE ARG B2 i 2

IR, S T 22 do 4 34 ) 3 e B A 4t X F 3
B 3RS TRl s T AR U
JIT R FH ) Jr B8 A6 B 2 e 73 4k T 4 S Ao B 0 o A 46 11
FERT X FLATHT

A 3 X AN [ 52 AR A T 4 s B 2 I 72 o () B I
SIHTAT LA 4 R FE AR e YRR I S5 AR KNV
IR IEA GG R, XFS2ih TG 6 5k
i, H & K9 & beach-1, H K /N 150 x 150 x
188, MUAIRAERT e b, 59 Ah , A SCT 4 o 1 sy
FERC R AR, A LU 4 R B AR R AR 4t | B R AT LAk /D>

x5 BEIMGERETIHRES2E%ERETIHRATER B
Table 5 Complexity comparison between the locally
gradient transformation and the globally

gradient transformation

JER AR /s AR/ s BRI AL %
San Diego 177. 49 262. 94 34.87
AVIRIS-2 172. 65 258.91 34.92
airport-2 185.50 284.79 42. 68
airport-4 171. 69 263. 80 41.17
beach-1 357.02 622. 80 32.50
beach4 200. 43 340.72 33.32
Sy 210. 80 338.99 37.82
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