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Graph regularized adaptive joint collaborative representation for
hyperspectral image classification

LI Dong-qing, CHENG Yu-hu', WANG Xue-song
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In this paper, a graph regularized adaptive joint collaborative representation algorithm is proposed to overcome
a low classification accuracy problem caused by insufficient utilization of spatial information for hyperspectral image
classification. Firstly, the bilateral filter is adopted to extract spatial information for hyperspectral image to fully explore
the spatial information of each pixel. Then, a graph regularized term is introduced into the objective function of joint
collaborative representation to maintain the local manifold structure of hyperspectral image (HSI) data. On one hand, the
image segmentation is used to adjust the shape of the spatial neighborhood; on the other hand, an adaptive space-spectral
feature fusion strategy is proposed by assigning different weights to the spatial neighbors of the central pixels. Finally,
the label of each testing sample is determined by utilizing the least errors criterion. Experimental results on Indian Pines
and Pavia University datasets show that overall accuracies of the proposed algorithm can achieve 98.50 % and 97.30 %
respectively.
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(b) PaviaUniversity

6 B5OAZIERIXER
i &6 7] i.: 1) GCRT-BF. GICR-BF. GWJCR-BF
M GAJCR-BF VU F 5B & B 15 K, OA {H 2 Je PR FF
ARG T T, 2) 5 Al b B E LU 7E B X
f#1% %€ 2 J=, GAJCR-BF ] OA % /.

224 FEDGEPEL SN X ERKEm

{E Indian Pines fll Pavia University = )% it 235 1,
T X SIS A M, B OORNEE NS x 5, T IF]
REIEN S o = 1073, FHA R IENESE B =
1078, /N R EE T, BE 2 ) TR BE HLIE HL 50 /M FEAR
RENZR. 2 E-6iE P25 = [0,0.1,...,1].
745t T B SGEEAE BOP TS N OA Z A %
.

98.4
AR

98.2

98'0/\\(
978
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A
(a) Indian Pines

- AJCR
97.5} |=-GAICcR-BF

OA/%

OA /%

0 02 04 06 08 10
p

(b) PaviaUniversity
7 A50AZERIXER

B 7 77 ;1) 5 F Indian  Pines 5 0t 1% 2048
£ AJCR BEVERHAE A 38K, OAfE 23 5 1 798 5 W ol
R, AP S\ = 0.2; GAJCR-BF &
EBEE AR, OAE 20k BN E & T e, s fE
[B]- AP S5\ = 0.9. 2) X Pavia University =
J 1 #4542, ATCR A1 GAJCR-BF 5 Fit 52035 it 35 \ 1
K, QA H &5k ETHR A #a T Ha0e, S 1Al i F
S HEN = 0.5FN = 0.7.3) 5 AICR LL %,
75 NBUE % E 2 Ji5 , GAJCR-BF ] OA % /.

23 ZWBERRSH

AR LG, AR YR Ik S 5053 #r, B RGBSR
HR LR A S, WER 1 PR, 0 o, A S B 1)
1710 B A.

T %5, % T Indian Pines F1 Pavia University /4
P, 7 ) AR SIS H Ay AL 326 B 50 A 1 Dl 1 E s
VERUNZRFEA AT YIS, o) B FE A FH T-000K. 29 501 R
FI CRT. JCR. WICR. AJCR. GCRT-BF. GJCR-BF.
GWIJCR-BF 1 GAJCR-BF 3£ 8 #1577 X} Indian Pines
HlPavia University i G5 EUE 3T 7025, 84 H T
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% S5H
1 LWESHEE
Indian Pines Pavia University
a S B A a S B A
CRT 1072 — - - 1072 — - —
JCR 107% 5 - — 107* 7 — —
WICR 1074 5 — - 107 7 - -
AICR 107 3 — 02 107* 9 — 05
GCRT-BF 107*% — 107° — 107* — 107% -—
GICR-BR 107* 3 107° — 107* 7 1077 -—
GWICR-BF 107* 3 107° — 107* 7 1077 -—
GAJCR-BF 107% 3 107° 09 107* 7 107% 09
e ///;%A
o\c 80 —4CRT
~ -~ JCR
<OE WICR
60
== GICR-BF
=¥ GWICR-BF
40 ) ) TP-(}AJCRVBF
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FEARAN L
(a) IndianPines
100
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X ——CRT
2 80 - ICR
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(b) Pavia University

8 EBEMMENINGEHARNHS OA ZBRXHR
F2 S AMEEEITEE (Indian Pines)

RPN GRFEAN 25 OA K &, HIIEI 8 AT 45
1) AJCR 1 GAJCR-BF JJT 3} 43 ] OA i T- CRT. JCR.
WICR. GCRT-BF. GJCR-BF. GWJCR-BF, [A &4 AJCR
A GAJCR-BF F) 4% [A] 1 41 & H i B ve B, 11 HLJR)
A 4 AN L[] B 2 R T R RO R AE B, BB 08 3R AR
A R R B IR, I LASRAS [ B AR 43 8K B2 L CRT.
JCR. WICR. GCRT-BF. GJCR-BF #l GWJCR-BF %
. 2) 5 HAth o] b SR B, FEAE A AN HURUD 1 1
LT, AJCR Fll GAJCR-BF A A3 7355 5 1) OA. 3) il
BREARAN B G I, & 55T A 1 OA #i 2  #2
=P

FLIR, VRO % il 43 S8 BVEAE & % 1 B 5 Indian
Pines fll Pavia University I [] 73 & M g 48 A%, a0 54>
HH ) 73 2K T (%) T Y3 K% & (average accuracy, AA)
(%) FEAR 43 JKE B (overall accuracy, OA) (%) Fl1 Kappa
FH. 2 HIZK 3 F A 1) GAJCR-BF B> # ) L
FA SFVEACZ AN, BAS M) 1) 43 S B 2 T oA
%9, 2) GAJCR-BF T 3k 19 1] AA, OA il Kappa % %
v T Hoftn 7 B

& J&, 5 H % % 7k 1F Indian  Pines 1 Pavia
University 15 6 i 2088 45 2 28808, an & 9 FiT
10 fi7x. B B9 #1110 7T LA H, GAJCR-BF 1) 43 3
ROR B U, AJICR YK 2, CRT ¢ 2. [H] Ik, i it GAJCR-
BF 73 5 (U R IS IE M S A =

2551 1 % CRT!! JCRU! WICR!! AJCR GCRT-BF GJCR-BR GWICR-BF GAJCR-BF
Cl 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
c2 47.53 95.43 95.50 98.19 96.23 96.52 96.44 98.62
C3 59.23 95.51 95.38 95.51 95.38 96.15 96.15 96.03
c4 76.47 100.0 100.0 100.0 100.0 100.0 100.0 100.0
(¢5] 83.60 97.46 97.23 98.15 97.69 97.23 97.23 97.92
c6 94.56 99.56 99.41 99.85 99.56 99.26 99.26 99.85
c7 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
c8 94.39 100.0 100.0 100.0 100.0 100.0 100.0 100.0
9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
C10 64.86 96.20 96.10 97.18 96.10 96.20 96.20 98.16
Cll 4391 92.47 92.60 96.17 93.39 96.09 95.84 97.92
Ci12 62.62 95.58 95.76 96.50 96.13 97.24 96.87 97.05
C13 98.71 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Cl4 89.30 99.26 99.26 99.84 99.26 99.84 99.84 100.0
CI5 63.10 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Cl6 97.67 100.0 100.0 100.0 100.0 100.0 100.0 100.0

OA /% 64.76 96.20 96.21 97.81 96.57 97.46 97.37 98.50
AA /% 79.75 98.22 98.20 98.84 98.36 98.66 98.62 99.10
Kappa 0.603 0.956 0.957 0.975 0.961 0.971 0.970 0.983
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1070 # % 5 x K %35%
=3 PMEEITEL (Pavia University)

255/ % CRT!!7 JCRIM! WICR!! AICR GCRT-BF GICR-BR GWICR-BF GAJCR-BF
C1 40.95 87.36 87.83 94.26 84.59 88.88 89.01 93.12
2 715 98.91 98.88 98.17 96.25 99.63 99.63 99.76
c3 77.50 96.97 97.12 98.19 96.05 98.34 98.49 97.90
C4 95.55 92.90 93.13 94.19 93.20 92.34 92.63 90.78
cs 99.46 99.92 99.92 99.85 100.0 100.0 100.0 99.85
C6 72.89 99.18 99.16 99.46 97.41 99.38 99.32 100.0
c7 87.03 100.0 100.0 99.30 99.53 100.0 100.0 100.0
c8 4551 88.35 88.90 91.35 83.78 88.30 87.64 9243
9 90.75 94.87 95.54 97.21 93.42 92.75 92.53 94.87
OA /% 68.42 95.70 95.84 96.91 93.43 96.25 96.23 97.30
AA/% 75.68 95.38 95.61 96.52 93.80 95.51 95.47 96.89
Kappa 0.603 0.943 0.945 0.960 0.913 0.950 0.950 0.964

(a) CRT (b) JCR

(¢) GCRT-BF

&9

(f) GICR-BF

NRIE AR5 2R XTEE (Indian Pines)

(g) GWJCR-BF (h) GAJCR-BF

(c) WICR (d) AICR

(e) GCRT-BF  (f) GJCR-BF (g) GWICR-BF (h) GAJCR-BF
10 REEEHIS LR ITEL (Pavia University)
3 4 »

255 NUR PR PR S TR 28 B I 3, A3
SR T — Pl T R 0 S IR D R R R
W MR R, EE TR T D) BB R R A
% [A) QR A5 S e A5 LA DR K. I8 I X = e i B B 4
P BUHEAT XU UE B, RS AR U A P A5 2 L 11

A [AE R, PRI 75 0 G R A2 . 2) 38 M1 T —
Foft 3 8 2 ) - T AR A R SRS 1% SRS 3 N A
BUAE YA 5 T - T LB BRI A 1) AT SO AR K 3
S VR B AN AR A 1 B BB PR R AT A
(] SRR L 3 S B, A% Dl o Ak 2 T 4T 4k
A5 R RAR I T 90 3 BB (1 B & 5T
PAFE O R FF A B R I 2 L AR 2. 3) 4 il 17—
ol ] A D3R 5 W FR) 30 . R R W ) 3R s o 7
Iy B IR NI A, 0] AORRFAEAS 8] 53T 2B 45 4.
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