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Hyperspectral Image Classification Based on Multi-scale Discriminative Spatial-spectral Features
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Abstract In order to cope with the unevenness of homogenous regions’ area in hyperspectral images, an algorithm
based on multi-scale discriminative spatial-spectral features was proposed. First,the image is processed with multi-scale
filters. Then discriminative spatial-spectral information is extracted from the filtered images before put into SVM classi-
fiers. At last,classification results of the filtered image are combined with decision fusion strategy. The experimental re-
sults on Indian Pines,Kennedy Space Center and University of Pavia indicate the effectiveness of the extracted spatial
information. The overall accuracy of this algorithm can reach up to 96% when 10 percent of samples are randomly se-

lected for training. What” s more, the classification accuracy and Kappa coefficient are higher than the comparative

algorithms,
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Cube structure of hyperspectral images
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Fig. 3 Flowchart of whole experiment
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Fig. 4 False-color composites and ground-truth maps of data sets
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Table 1 OA,AA.Per-Class Accuracy.« and standard deviation of seven methods (Indian Pines)
(AT )

Label RAW RAW+PCA RAW+LDA EMP+PCA nolL.SF MLRAL MultiLSF+2DLDA

1 78.27+2.22 60.47+4.76 79.15+1.77 84.42+2.04 92.50+1.49 90.11+1.99 95.36+1.21

2 66.79+4.16 55.07£3.91 69.34+3.48 91.56+2.99 94.73+2.62 91.13+£1.73 94.2841.78

3 89.25+3.50 80.53+4.49 88.8243.06 93.99+2.63 95.62+1.97 96.67+1.06 97.43%+1.77

4 95.89+1.27 93.25+2.74 95.81+1.54 98.97+0. 36 98.02+1.54 97.08+1.04 99.19+0.62

5 99.34+0.47 99.61+0. 30 99.41+0.39 99.76+0.29 98.81+1.11 100.00%0. 00 99.14+1.22

6 73.66+3.27 71.38+3.56 74.15+3.47 86.56+2.75 91.81+3.54 84.76+2.68 94.74+1.94

7 82.43+2.30 79.44+2.78 82.13+2.16 92.94+1.98 96.50+1.07 84.97+1.59 97.34%+1.22

8 72.40+£5.96 40.13£4.08 73.42+4.06 78.83+3.73 84.33+3.78 91.93+2.55 89.44+5.38

9 94.81+1.38 92.28+2.12 93.87+2.05 98.31%0.56 97.88+1.06 93.98+1.80 97.96+1.51

10 55.914£5.61 42.04£5.56 59.90+3.50 93.07+4.14 92.28+4.19 37.9943.10 95.40+3.82
OA 81.73+0.84 73.58+0.86 82.1340.58 91.60+0. 39 94.54+0.75 86.1240.59 96.27+0.55
AA 80.87+1.06 71.42+1.12 81.60+0.66 91.84+0.72 94.27+1.06 86.86+0.37 96.03+0.79

K 78.72+0.98 69.12+1.02 79.204+0. 67 90.23+0.46 93.89+0.96 83.924+0.67 95.67+0.64
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B3R P R 2R Kappa 22 500 /9 55 A 8 38 FH R 144 B .
N 2 PRl L& B T KSC 80 48 L B I A Zs s L
BB BB A A S5 R . H S AR SO R 43 4K R 6
— BB IR, - JOMET R SRR T
HEHI 3R A Kappa REUT I A SO R # R T — 2 M 1 i
M, 58 AR SO IR A R

[l RE M, & 6 IR T 7 FhARAESE BT ¥ 10 43 28 R
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Table 2 OA,AA,Per-Class Accuracy,x and standard deviation of seven methods (Kennedy Space Center)
CHLAL: 20)

Label RAW RAW+PCA RAW-+ LDA EMP+PCA nolL.SF MLRAL MultiLSF+2DLDA

1 94.80£2.06 90.16£2.75 95.30£1.75 94.09+£2.11 98.80+1.96 95.63+£3.25 99.75+0.37

2 88.74+2.90 80.57=5.01 89.18+3.43 72.10+5.86 90.39+6.85 97.32+3.88 96.30+3.19

3 91.13+2.49 50.89=%7.54 89.50+2.70 67.88+6.89 81.26+5.41 93.40%+3.73 92.12+4.69

4 75.20£4.65 39.9316.67 76.52+6.80 47.44+8.97 52.82+8.62 90.00+5.58 79.25+6.65

5 61.31+5.68 45.00=5.10 63.07+6.91 64.93+7.61 62.17+11. 37 92.23+5.26 73.454+10.07

6 65.29+6.35 24.08=*4.53 64.81+6.99 62.75+9.60 84.73+6.73 94.43+2.14 92.80+3.40

7 85.37£7.72 64.11£12.57 83.63+£8.06 80.8410.50 93.68+7.70 88.63+E12.41 99.79+0. 44

8 92.91+2.02 74.94=+4. 60 93.13+1.80 81.96+3.08 91.31+3.82 85.99+3.59 97.86*+1.20

9 97.38+1.16 85.71+4.81 97.19+1.38 92.40+3.68 99.21+1.26 96.94+2.54 99.98+0.07

10 95.03£2.06 77.10£4. 30 94.82+£3.40 73.30£7.41 95.05+4.17 99.11+£1.06 100.00%0.00
11 97.79+1.83 96.47+1.68 97.47+1.26 95.19+2,28 98.41+1.45 98.88+1.06 99.76*0.36

12 94.19+2.71 72.56+4. 86 93.65+3.76 73.65+4,71 94.68+2.47 96.61+2.81 99.27+0.90

13 99.80£0. 28 98.71+£0.76 99.754£0.43 97.81£1.74 99.99+0.03 93.37+2.89 100.00%0.00
OA 92.05+0. 64 78.13=+0.89 92.03+0.70 82.96+1.09 92.38+0.90 94.35+0.75 96.99+0.34
AA 87.6140.97 69.25+1.55 87.54+0.93 77.26+1.80 87.89+1.47 94.04+0.89 94.64*0.64

K 91.15£0.71 75.5620.99 91.124£0.78 81.01+£1.22 91.5241.00 94.04+0.89 96.65+0.38

(a)RAW () RAW+PCA (0)RAWHLDA  (DRAW+EMP

(e)noLSF

(DHMLRAR

(g) MultiLSF+2DLDA

El 6
Fig. 6

Kennedy Space Center & 7 5256 5 v2: 19 43 25 B 1%
Classification images of seven methods on Kennedy

Space Center

5 KSC 1 3y 4 2L 52 G0 H 7T R & 80, 0 B A S0 vk
S3 A B G R 3 28 SR X B b 5 TR Y ) LS
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4,5 SLI§ 3.University of Pavia #{#E &

5 RSB A B SE AR ] L PaviaU Bodfs 88 N4 — 2814 &
FEEH 10 %0 9REAS UM ZR 8 T T i PE S a4 . S50
B X R AT IH — A b B ST S H L AL L 435 61 R
Tow N T,

PaviaU B30 4 19 52 36 45 SR Wk 3 91, 76 B R o R |
Kappa F 5077 T, A SCT5 6 10 43 R G5 R =R et i, 1B 7 &
R T T FRRIE 5 BT 43 25 R A B Y 43 2 IR . X H PaviaU
Hy ) B S R T DU R B A ST B B i E R S B
SR AR B A — B, U T AT A 4 BROCR UEW] T A X
Gy FTTIE B

F3 TR A BARER R O ER R — 28 MER SR e AR UE DR 22 (University of Pavia)
Table 3 OA,AA,Per-Class Accuracy,x and standard deviation of seven methods (University of Pavia)
(AL 20

Label RAW RAW-+PCA RAW-+LDA EMP+PCA nol.SF MLRAL MultiLSF+2DLDA

1 94.23+0.51 84.87+1.19 94.29+0.62 97.72%+0. 38 94.04+0.74 96.15+0. 44 98.40+0.57

2 98.17+0.23 97.80+0.47 98.08+0.21 97.55+0.49 97.25=+0.68 98.74+0.10 99.27+0.23

3 80.10+2.11 61.85+4.08 79.58+2.08 92.42+1.45 84.42+2.32 93.17+1.82 94.88+0.99

4 94.56+0.99 82.31+1.63 94.55+1.07 99.0840. 32 98.46+0.59 99.59+0. 21 98.7440.62

5 99.24+£0.28 99.2240.45 99.25+0.39 99.5740. 22 99.68+£0.38 100.00%0.00 99.9940.03

6 89.26+1.06 32.12+2.08 89.83+1.03 87.74+1.54 80.41+2.82 97.20*0.88 96.0140.78

7 86.42+1.35 77.93+4.00 86.27+1.76 91.9541.64 83.66+2.72 98.35+0.32 87.4243.14

8 90.20+1. 14 82.74+2.48 90.38+1.34 96.66 = 0. 49 91.38=1.34 90.85+1.11 95.85+1.34

9 99.74+0. 21 99.78+0.16 99.84+0.16 99.3740. 64 95.46+2.30 95.64+0.94 96.72+2.12
OA 94.38+0.19 83.38+0.22 94.41+0.21 96.1340. 20 84.04+0. 31 97.22+0.14 98.40+0.57
AA 92.43+0. 37 79.85+0.41 92.45+0. 24 95.78+0.28 91.64=+0.58 96.63+0.25 96.36+0.51

K 92.53+0.26 77.22+0.33 92.56+0.28 94.8740. 27 91.13£0. 44 96.31+0.19 97.09%0. 45
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Classification images of seven methods on University of Pavia
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Fig. 7

(a) Ground-truth (b)s=3 (c)s=5 (ds=7
(e)s=9 (Ds=11 (g) MultiLSF+2DLDA

8 {li AR R JE LSF 3(45% 89 Indian Pines Js3# X 55 2 18 %
Fig. 8 Classification images of local regions in Indian Pines obtained

using different scales of LSF

(a) Ground-truth

(b)RAW
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B
L

(e)RAW+EMP (D noLL.SF (h) MultiLSF+
2DLDA

(D) RAW+LDA

(g) MLRAR

K9 AR 432507 %4k 43 19 Indian Pines J5)# X 35 43 25 Bl &
Fig. 9 Classification images of local regions in Indian Pines obtained

by using different classification methods
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MAIEL 9 AT LU L 28 (B4 B 60 00 BE A8 A B0 D ik 0 R R R
SMECH . AT X R 9(h) AT 9(b) — & 9() A LA R I,
i 1] 22 RUBE Y =5 35 45 5L BB % 1 — 20 2 W80 % b IX 19 43 268 Y
IR T £ RO 7S 3k S 0 RRAE A9 A R0TE .

AT 8 R 9 BT L A5 5, W A4S H 458« 6 F R T X
ST AR A AN S b XL 22 ROBE 8 1S R AR RE 6 A Rk 5 B —
OB R B, OF 3R A9 4 Nl R 0 3 2 5 31 . IRtk % i
Tk 1] 5 1] 5t DX 358 T AR 4 A S 35 09 ] A S T 2 RUBE 78 1 i)
AR B0 D 3R 57 SR R R R A R .
4.7 McNemar’s test

McNemar’s test — i F ok W3 70 25 45 S 2 1] ) 42 3 8
P MceNemar 1) 3 225 1E 68 & SCH -

_ (‘flz_fm ‘ —D?
f12+f21

Horr, fo R MR 43 25 4% 1 AR R REAR B, /0 SR W
AR YA 2 B IR AP AR A B . X L SRR BE X
HPAAE 2648 1 M2 2 BA MR /Y 58 i 42, B
fro=fau.

FFXEARSC 5 R RUEE 9 43 25 2% . McNemar s test % i ok it
5 A RB A 2R, 3 A e o BOE & X 5
SR ERTER 4— K 6 T, A SOK AR R 43 28 4% Z [ Y
McNemar’s test BI{EE R 0,

M QY

2¢ 4 Indian Pines 1 5 4325889 McNemar’s test {H

Table 4 McNemar’s test values of five classifiers in Indian Pines

LSF 3 5 7 9 11
3 0.00 1.54 8.96 16. 26 3.95
5 1.54 0.00 3.15 10. 56 8.96
7 8.96 3.15 0.00 2.19 19. 20
9 16. 26 10. 56 2.19 0.00 31.21
11 3.95 8.96 19.20  31.21 0.00

%5 Kennedy Space Center H 5 4325889 McNemar’s test {H
Table 5 McNemar’s test values of five classifiers in

Kennedy Space Center

LSF 3 5 7 9 11
3 0.00 40.32  80.52 116.15 94.07
5 40. 32 0. 00 16.91  43.06  24.82
7 80.52 16.91 0.00 11.34 1.57
9 116.15  43.06 11.34 0.00 3.72
11 94.07  24.82 1.57 3.72 0.00

% 6 University of Pavia 1 5 143252819 McNemar’s test 8

Table 6 McNemar’s test values of five classifiers in
University of Pavia
LSF 3 5 7 9 11
3 0. 00 10. 69 80.17 229.15 321.91
5 10. 69 0.00 56.11 204.28 284.73
7 80. 17 56.11 0. 00 93.31 141.07
9 229.15 204.28 93.31 0.00 22.01

11 321.91 284.73 141.07 22.01 0.00

IR AT LA Y de KB 45 S SR g b A i 43 35 4 2 W)
W AE —E W 2 5 R IE TR i &Ltk . Sl W22
Indian Pines, Kennedy Space Center #ll University of Pavia 3
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Fig. 10 Results of grid search for parameter /, and [,

ZERIE B ROCIE MG AT LU SRS KR Ot 1
TR B AR PRS00 25 8] 4 6 TR RE S 2 0 B X i 3 o
] 5 8 B PR IBO7 5 X T R I 20 KA ¥4 . X T ot g
TG TR v B — Tl ) F) TR IR /R AT — S B 22 LAY
A7 T A — 14 2 ) R fe 48 M 5 3R A AR SRR AT AT R 23 3 I =S 1R
RE BB B TUAR . AR DRI — R L, AR S5 B4R A2 R
JEE R 25 3 2 B AT O SRR HEAT 202 . SERR BRI T 3 IR LY

R DG TR SRR HEAT I3 IR A T 4 R TN S 8 CED 2
R 2R 7 X A R LR R E B R A Kappa & 80 . Hodb . 3 i 1A
G0 AR AT S HE R R AR BE IR B 96 0 LA I, SLIR A R R L A
SCTT R X G BR BEAT A RN 432K

BRSSO 20 ROBE 25485 S0 R AR 1 A BE R 3 R 65
BHAT /BB T BAF M RBOR AR A IR R A S &S |, A
ST R Y A % AR DL B 0 AR X R AE A T R
[ 19 75 1) 45 5 e 2 A0 53 BE 7 S BE 2 B R B A 15 R 45 1]
A1 B A I A OIS RRAE . R R Y S 30 L AT DL R T &
RERRAE MY 25 50 Re 0 i k. S LRI EE, O T3 R e O 3%
15 25 0 i 0 B 4R 5 TT DATE AR SC A LRl b PR 2R 2 B A
KIT M.

£ % 3

[1] MIYOSHI G T,IMAI N N, TOMMASELLI A M G,et al. Ra-
diometric block adjustment of hyperspectral image blocks in the
Brazilian environment[ ] ]. International Journal of Remote Sen-
sing,2018,39(15-16) : 1-21.

[2] ZHANG Y X,GAO X Y.WANG T,et al. Background self-
learning framework for bio information extraction from hyperp-
sectral images [ C] // 2014 academic annual meeting of Hubei
Computer Society, 2014:292-296. (in Chinese)

KER . m B, EHE S R T R H ) i st R gk
YE AU :LC] /2014 #IAL B T B S R 4E £ 2014
292-296.

[3] WENS X,LI S W,JIN X,et al. Research on Anthrax Disease
Classification of Dangshan Pear Based on Hyperspectral Imaging
Technology [J]. Computer Science, 2017, 44 (s1);216-219. (in
Chinese)

TR, 248, & 75, 45, T w6l 10 7 1L R B 5 A5 4
SrZEWEFELT]. IHFEHLRL . 2017, 44(s1) - 216-219.

[4] ZHANG X,PAN Z,LU X,et al. Hyperspectral image classifica-
tion based on joint spectrum of spatial space and spectral space
[J7]. Multimedia Tools & Applications,2018(3) :1-19.

[5] LI D,CHENG Y,WANG X,et al. Incremental Graph Embed-
ding Based on Spatial-Spectral Neighbors for Hyperspectral Ima-
ge Classification[ ] ]. IEEE Access,2018,6(99):10996-11006.

[6] YANG L,WANG M,YANG S,et al. Hybrid Probabilistic
Sparse Coding With Spatial Neighbor Tensor for Hyperspectral
Imagery Classification[ ] ]. IEEE Transactions on Geoscience &
Remote Sensing,2018,PP(99) :1-12.

[7] ZHONG Z,LI J. Generative Adversarial Networks and Probabi-
listic Graph Models for Hyperspectral Image Classification
[OL]. http://www. researchgate. net/publication/323076591 _
Generative_ Adversarial _Networks and _Probailistic _ Graph _
Models_for_Hyperspectral _Image_Classification.

[8] ZHANG B, LI S,JIA X,et al. Adaptive Markov Random Field
Approach for Classification of Hyperspectral Imagery[ ] ]. IEEE
Geoscience & Remote Sensing Letters,2011,8(5);973-977.

[9] LI W,PRASAD S,FOWLER ] E. Hyperspectral Image Classifi-
cation Using Gaussian Mixture Models and Markov Random

Fields[]J]. Geoscience &. Remote Sensing Letters IEEE,2014,



250

i BN R

2018 4F

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

11(1):153-157.

L1J,BIOUCAS-DIAS ] M,PLAZA A. Spectral-Spatial Hyper-
spectral Image Segmentation Using Subspace Multinomial Lo-
gistic Regression and Markov Random Fields[ J]. IEEE Transac-
tions on Geoscience & Remote Sensing,2012,50(3) :809-823.
XIA J,CHANUSSOT J,DU P,et al. Spectral—Spatial Classifi-
cation for Hyperspectral Data Using Rotation Forests With Lo-
cal Feature Extraction and Markov Random Fields[ ] ]. IEEE
Transactions on Geoscience & Remote Sensing, 2015,53(5):
2532-2546.

IORDACHE M D, BIOUCAS-DIAS ] M,PLAZA A. Total Varia-
tion Spatial Regularization for Sparse Hyperspectral Unmixing
[J]. IEEE Transactions on Geoscience & Remote Sensing,
2012,50(11) :4484-4502.

HUANG X,GUAN X,BENEDIKTSSON ] A,et al. Multiple
Morphological Profiles From Multicomponent-Base Images for
Hyperspectral Image Classification[ J]. IEEE Journal of Selected
Topics in Applied Earth Observations & Remote Sensing,2014 ,
7(12) :4653-4669.

FU W, LI S,FANG L. Spectral-spatial hyperspectral image clas-
sification via superpixel merging and sparse representation[ C]//
Geoscience and Remote Sensing Symposium. IEEE, 2015:4971-
4974,

WANG J,JIAO L,LIU H,et al. Hyperspectral Image Classifica-
tion by Spatial-Spectral Derivative-Aided Kernel Joint Sparse
Representation[ J ]. IEEE Journal of Selected Topics in Applied
Earth Observations & Remote Sensing,2015,8(6):1-16.

JI R,GAO Y.HONG R, et al. Spectral-Spatial Constraint Hy-
perspectral Image Classification[ J]. IEEE Transactions on Geo-
science & Remote Sensing,2014,52(3):1811-1824,

KANG X, LI S, BENEDIKTSSON J A. Spectral— Spatial Hy-
perspectral Image Classification With Edge-Preserving Filtering
[J]. IEEE Transactions on Geoscience & Remote Sensing.,
2014,52(5) :2666-2677.

TARABALKA Y,BENEDIKTSSON ] A,CHANUSSOT J.
Spectral-Spatial Classification of Hyperspectral Imagery Based
on Partitional Clustering Techniques[]]. IEEE Transactions on

Geoscience & Remote Sensing,2009,47(8) :2973-2987.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

POMALAZA-RAEZ C,MCGILLEM C. An adaptative,nonli-
near edge-preserving filter [ J]. IEEE Transactions on Signal
Processing,1984,32(3) :571-576.

FAUVEL M,BENEDIKTSSON J A,CHANUSSOT J,et al.
Spectral and Spatial Classification of Hyperspectral Data Using
SVMs and Morphological Profiles[ ] ]. IEEE Transactions on
Geoscience & Remote Sensing,2007,46(11) ;3804-3814.
BAUER E, KOHAVI R. An Empirical Comparison of Voting
Classification Algorithms: Bagging, Boosting, and Variants[ ] ].
Machine Learning,1999,36(1):105-139.

JIMENEZ L O, MORALES-MORELL A,CREUS A. Classifica-
tion of hyperdimensional data based on feature and decision fu-
sion approaches using projection pursuit, majority voting, and
neural networks[ J ]. IEEE Transactions on Geoscience & Re-
mote Sensing,1999,37(3) :1360-1366.

PAL M. Ensemble of support vector machines for land cover
classification[ J]. International Journal of Remote Sensing,2008,
29(10) :3043-3049.

FAUVEL M,CHANUSSOT J,BENEDIKTSSON ] A,et al
Spectral and spatial classification of hyperspectral data using
SVMs and morphological profiles[]]. IEEE Transactions on Geo-
science and Remote Sensing,2008,46(11) :3804-3814.

IMANI M, GHASSEMIAN H. Discriminant analysis in morpho-
logical feature space for high-dimensional image spatial-spectral
classification[ ] ]. Journal of Applied Remote Sensing,2018,
12(1) . 1.

LI J, BIOUCAS-DIAS J] M,PLAZA A. Semisupervised Hyper-
spectral Image Segmentation Using Multinomial Logistic Re-
gression With Active Learning[ J]. IEEE Transactions on Geo-
science & Remote Sensing,2010,48(11):4085-4098

SOOMRO B N, XIAO L,HUANG L,et al. Bilayer Elastic Net
Regression Model for Supervised Spectral-Spatial Hyperspectral
Image Classification[ J]. IEEE Journal of Selected Topics in Ap-
plied Earth Observations & Remote Sensing,2017,9(9):4102-
4116.

DIETTERICH T G. Approximate Statistical Tests for Compa-
ring Supervised Classification Learning Algorithms[ J]. Neural

Computation,1998,10(7) :1895-1923.

(EBF 222 1)

[18]

[19]

[20]

ZHAN K,CAI J,LI Q Q.et al. A novel explicit multi - focus
image fusion method[J]. Joural of Information Hiding &. Multi-
media Signal Processing,2015,6(3) :600-612.

LI H.MANJUNATH B S.MITRA S K.et al. Multi-sensor
image fusion using the wavelet transform[ J]. IEEE Transac-
tions on Image Processing,2002,57(3) :235-245.

HE K M,SUN J, TANG X O. Guided image filtering [ ] ]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,

2013,35(6) :1397-1409.

[21]

[22]

LV L L. Research on image fusion algorithm based on Curvelet
transform[ D], Qingdao: Shandong University of Science and
Technology,2011. (in Chinese)

AR, HE T Curvelet 28 3 ¥y R Rl & BIEAFSE D], F & . 1
ARBHE R, 2011,

WANG S J.PAN J X,CHEN P. Image fusion on dual-tree com-
plex Wavelet transform[ J]. Nuclear Electronics & Detection
Technology.2015,35(7) :726-728. (in Chinese)

FEON B EFE T BT RN N P AR i R RS (] %
B F 2 SR A L 2015,35(7) 1 726-728.





