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Hyperspectral image coding with band ordering and 3D hybrid tree

Wang Xianghai'”, Xie Tian', Song Chuanming', Zhang Zhidi'
1. College of Computer and Information Technology, Liaoning Normal University, Dalian 116029, China;
2. Liaoning Key Laboratory of Physical Geography and Geomatics, Liaoig Normal University, Dalian 116029, China

Abstract: Objective The key technology in hyperspectral remote sensing image compressiom is to get rid of the spatial cor-
relation and spectral correlation. According to the characteristics of the structure of data of hyperspectral remote sensing im-
age, how to effectively remove the spatial correlation and spectral correlation in hyperspectral image compression is a crucial
problem. For hyperspectral remote sensing image, in the image coding, wavelet transform is a very effective method to re-
move redundancy. 3D wavelet transform can effectively remove the spatial correlation and spectral correlation of hyperspec-
tral image. Therefore, this paper proposes a coding algorithm based on band ordering and 3D hybrid tree. Method First,

the hyperspectral remote sensing image is divided into groups based on natural spectral order, each group contains 16 con-
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tinuous spectral bands. Second, in each band group, the sum of the spectral correlation of all the adjacent bands is calcu-

lated. If the correlation value is less than a given threshold, a complete graph is structured on the basis of the group of

bands. In the complete graph, each apex represents a band, so there are 16 apexes in the graph, and each side of the com-

plete graph represents the spectral correlation value of two bands in the group. Then, the max Hamilton loop of the com-

plete graph is searched for, and the group of bangs is reorderd based on the max Hamilton order to improve the correlation

value of the band group. On the basis of the above, the reordered group of bands is given a 3D wavelet transform, and 3D hy-

brid tree coding algorithm is used to encoded the 3D wavelet transform coefficients. As to those band groups whose sum corre-

lation values are greater than the given threshold, their band order does not have to be reordered. 3D wavelet transform will

be given to these band groups directly, and then wavelet transform coefficients will be encoded by the 3D hybrid tree coding

algorithm. Result First, reordering the band groups with a relatively small correlation value can improve the efficiency of 3D

wavelet transform in removing the spectral correlation and spatial correlation of hyperspectral image. By reordering, 3D

wavelet can more effectively remove the redundancy. Second, the use of 3D hybrid tree coding algorithm can produce more

effective zero trees because the group of band with a weak correlation value is reordered to improve the correlation value.

Based on the algorithm above, the coding efficiency improves to a certain extent. Conclusion AVIRIS hyperspectral images

are used in the simulation experiment to verify the validity of the algorithm. Given the adoption of a reordering mechanism

on the band groups that have weak spectral correlation values, the hybrid tree structure of the 3D zero tree coding algorithm

appears more effective and to a certain extent, improve the coding efficiency. From the experimental data we can see that,

compared with the use of wavelet transform only, joined band ordering and the hybrid tree structure coding algorithm im-

proves the peak signal-to-noise ratio of the decoded image to some extent.

Key words: hyerspectral image coding; spectral correlation; band ordering; Hamilton loop; 3D wavelet transform
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Fig. 2 Hyperspectral image spectral correlation
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Tablel Band grouping correlation statistics

GOB FHAR B BAR O 2 K R A

1(1~16 ) 13.641 9
2(17 ~32 JHE) 15.8777
3(33 ~ 48 ) 14. 665 2
4(49 ~ 64 HEY) 15.9750
5(65 ~ 80 ) 15.986 8
6(81 ~ 96 P Ft) 15.929 3
7(97 ~ 112 P B) 14. 056 5
8(113 ~ 128 JHEL) 15.8579
9(129 ~ 144 JHE}) 15.990 9
10(145 ~ 160 JE¢) 11.824 6
11(161 ~ 176 W E) 12.3196
12(177 ~ 192 W E) 15.953 2
13(193 ~208 J%Ft) 15.916 5
14(209 ~ 224 W E) 14. 836 6

1
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WY i, Sy a0 I B e 2R AT R HE B
S5G AT o B, FOBHE R S B9 GOB A BT A
AHAR I B AG 1 1% [B) A S P A F IR 3 e KAE . 3%
BT GOB AH M /)N 1 2 238 3k — 4> F 1 [
1B TR A2 1, FLH Y /Nl ge 3 R 09, L
TNET X} JasperRidge98 AR B 1K L, AT e 4% T 19 K
M5,

2) J R DU Rt [ e gl B d . SR B R
DU JR M 5 K T8 6 s X AH DG MR/ GOB iR 47 5
HELLSRAF B HESI . LA 1 v GOBIT (8 Bk
161 ~ 176 ) K B3I HES 1 72 -

(D) ARG (L) 753 GOBIL AT 22 P B Be [|] Y
T [ADAH G 1 2R 8%, A DG M AR B 0 1 | = A
Wy

0.9485 0.6236 0.3158 0.2608 0.3499 0.2754 0.4555

1 0.6460 0.3518 0.2909 0.3841 0.3060 0.4797

1 0.4150 0.3688 0.4172 0.3897 0.4547

1 0.3349 0.3692 0.3393 0.3621

1 0.3387 0.3277 0.3216

1 0.3717 0.3993

1 0.3749

1

(2)

Jo, F I B R ol 173-171-176-172-170-175-169-

168-166-162-161-164-163-165-167-174 , )}, #H =44

FEUEAHA 12.597 9, fh HeR] UL, Xk AH DG PE 55 1)

GOB, ¢ Brd ko AT AE— e B b 3 m HAH G 1
2.3 ETF3IHREWELEHE GOB &g

FI R, 36T 3 4Ny e G (B 4 0 B

K B 28 4k 22 72 ) EZW ( embedded zerotree

wavelet) IR ARSI 45 5 SPIHT P54 1

RIRIE L0 R BT . DL EZW A% 45 4 R 4],

e 4 Fion . B4 Hrigi sk 22m 2 0 /N R B AL
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EBiE, BX, RIEL, KEHE / RERAIFINSER G 3 EREGMRIBE X

K4 EZW RIELEH
Fig. 4 EZW Tree structure
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o M4 E—ABE M, 25N RE WL (x| =
MW x ESCF M BB R 25 x| <M, 2 2
KT MMAEERE o RAEZERE, HH
AT IV RUER AT RN, W« TR T MY
TR, 45 v BAEEREHEMAEEE IR
B IWFR v BT M BIEE . EZW WHEZ5H 78
537 18T MG RUBE [a] /NI 22 800 A8 1) e s 1k, AR
IR T R/ R BP AT RS T R A
Z A ) 5 2% 5 T SPTH RS54 76 7% lEA 171 5 1

Tl R (RIS, 3R R 208 R KA AR S P s 25 pE
Ho BRI, RGBTSR 40 3 4/ NECEUS | Tei
T Sl 2 2 [ ek, HARAI -7 A1 28 R B [l 1547
TEFE B PR RH S, T v 0 28 S0 18] PRy A SR 1 D
55, BCHF# R AT EZW 1 3 AER2lHa , D02 22 i A
AW AT XA ARG, 2 S Z [R5 15 B R %
PEATERA ; T >R FHZE T SPIHT ) 3 eSS 4]
FIARE, SRR T AR BEARMEIE A S
NG N VAR - & ) |- A DT 5 s

XFF 2R 2.2 R IEA GOB #EAT 3 4E/NiKg
AR, MR 3 dE/ DR BCR LT 3 EIR G
ZERMIR AL TN o TS T GOB Hp 4 S 4k
B AR/ N AR B IR S W R 25 R 1], Fe 36
SRS ()R SR AT T 2 G0F0 1 SRag e, A1 i &=
TR A T B, A OB A R REAER
YL AR B WA ) RUBE T B AH TR PR AT R A
a5 3 AE /NP R I DTS AR i A P
JCHE AR 3, I 3 4ETR 5 W S5 A X TOL IR
PRy 2R i SPIHT B 2544, 1 X6 7 516 1% 4l e A9t
IR WIZR T EZW AR 4544, DT AT LA U 2
WG =S A R B e g i o EAt, T ]
R A P )22 [ g S 7 2 A B R AN TR ) )
GiAG S, MR G 0 (9 /1N 28 B0 R (L0 e K
KRR 3 HETR SRS AR e S m i 11 2 TR A1
LB ESPniite ST Tk DOIVES Ve SIS S W 4
TRHIL G R R AR B S R e 23R 5

>

ElS  GOB /]t 2284 3 4R G R RIZE )R B R
Fig. 5 GOB wavelet coefficient 3D hybrid tree structure
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&, EAIEA OIS B B AR B LR RRE . SEEG
R X285 Ay 2 R DU R HE I JE ) GOB,
173 de/ Nl An i JE R AT 1 4 573 /NI AR
ZEEAEFAT T 3 F O/7 ST/ N AR, SLImEs RS
RIATIBEHE s AT T . SR
STEHUE (E 75158 L PSNRAE g I 40 80 1) % AT A0 b
e, HoE R
B
PSNR = %Z PSNR () (3)

P, B 944> GOB AL (1 Il B, PSNR (i) 2y GOB
AR | AP ERIREL AR SC B 2 16,

i

Sl
Kl 6 AVIRIS %45 Jasper Ridge98 25 70 I B
Fig. 6 AVIRIS data JasperRidge98 band 17

K7 AVIRIS 45 Cuprite 55 172 37 B¢
Fig. 7 AVIRIS data Cuprit band 172

%8  AVIRIS %4} Sandiego 5f 146 J% Bt
Fig. 8 AVIRIS data Sandiego band 146

2 FH T AVIRIS B & % 3% 5 1% Jasper-
Ridge98 /1 5II7EAS3R 128 kbit/s.256 kbit/s 5 512 kbit/s
TR 3 IR AR, Horh 3 A i B E HEIUY 4
3 P, GOB(EL 1 ~16) iR MR A P B Ak T
g G K ] gt A S B A 13, 641 95 4% it i
DU SRS AR M E-HE e AR DG PE S 13. 646 8
GOB (¢ Bt 97 ~ 112) 20 i BUA SC 5 W HE ¥ i 5 1
AHICAE BRI I35] 14. 056 5 5 14. 198 4 GOB (Bt
161 ~ 176) ZHRI P ME S )k 12.319 6 5 12.597 9,
I XS HE R 2 S s T LU X BRSOG4
AN B AT ERHR R , 4 v BB R A DG 1
J& a3 ARG WA AR T b, 48
ROREAR T R E W BT RCR

% 2 JasperRidge98 A~ [E 53R THIMEABRXTLL

Table 2 Comparision of different rate of decoding

} ey PSNR/dB
PRACOR i) e oo
ZEAEXL
128 29. 810 30. 443
1 ~16 # B 256 37. 640 38. 669
512 37.863 38.730
128 30. 366 30. 438
97 ~ 112 B 256 38. 669 38.863
512 38.677 38.913
128 29. 581 29. 866
161 ~ 176 Bt 256 37.283 37.818
512 37.584 38.047

3 AKXF7E JasperRidged8 i B K EHEITF
Table 3 Rearrangement order of GOB
WBIAL(GOB)  PWBEHER 5 (R DUR /R U AR T )

1~16 3B 4-6-8-9-7-10-13-16-15-14-12-11-5-3-1-2
101- 99- 97-102- 98-103-105-107-109-108-
110-111-112-106-104-100

173-171-176-172-170-175-169-168-166-162-
161-164-163-165-167-174

97 ~ 112 B

161 ~ 176 P B

F 45T AVIRIS B &% 24 Cuprite 5
Sandiego 43 I7EADZR 128 kbit/s 256 kbit/s 55 512 kbit/s
TAHLI G A5 R, P B E R K S s,
NIRRT LR By, A SO 25 0 e o i 5 ok 48
WP BAET Y 3 4ER-S MR LRI T

FEMH o

© [ K G BT AR AU A



$19% /58K /201458 8

EEiE, BX, RIENG, KEE / KERHIFNSEIEE S HiERSMEREGE

% 4 Cuprite Sandiego 7 [E] 53 % T AR AIBIR 3T b

Table 4 Comparision of different rate of decoding

i PSNR/dB
WBAL(GOB) :
W) REWBHY A
128 34.414 34. 660
Cuprite
256 35.588 35. 835
172 ~ 187 P Bk
512 35.871 36. 586
128 39.414 40. 245
Sandiego
256 39. 563 40.714
1 ~16 J B
512 40. 144 41.071

&5 2Tk Cuprite,Sandiego i B HHIEHE IR 7
Table 5 Rearrangement order of GOB

WBI(GOB) P B HET 5 (R R DUS /R BUSAR )
Cuprite 101- 99- 97-102- 98-103-105-107-109-108-

172 ~ 187 J Bt 110-111-112-106-104-100

Sandiego

; 4-6-8-9-7-10-13-16-15-14-12-11-5-3-1-2
1~6 P Bk

6 B TIRIGK 2 3 A SR A OC R O
5 R /RS A B A I e] o AT LA, BT g
B BHE P T4l 3 AR S S 14 T 4 575 DA
BNTRMCH 3R T RECR R T
x6 HLRAR

Table 6 Time-consuming of the algorithms

‘ Bk s
BB (GOB) ————— - — 5
SRAE R SR ERDUE R A%
1~16 P& 0.894 1 2.095 1
97 ~ 112 P Bt 0.6350 2.0347
161 ~ 176 J#: B¢ 0.6174 1.997 4

4 & it
1 G SR I A5 A R R DRE T R AR =S

AR PE AT AEIS AR G .y T AN TR BefR] — 1z
B I AR ] B, e E T O AR 18] ) A O
e, SRR TR DG R AR, BEARAT B ) 9 A 2
R, WIRFEIT % B E BRI AR BTG RIS . dE—2,
HI T 32 3R A58 USRI, miE 1%
FEAR BT A AR QT B 8] F9 R 5 1k A2 doe K, AR AH AR
e BElE) L n] REAF 1R 3 B AR Sk o T I, 34

— BT U BHE R RIS AR 3 SRR A T
T AEXT RTS8 3% IR B SR By BEAT 20 2 1Y
FER b 38 5 B I B 3 ] e T AR S A
B D ) AR S PR T 45855 4 e B4 e 5 xof Lk
A7 T B R DU I [ e 114 0 B HEA I A 5%
P s FESEER T, S XA SR i 1) I B A A T 2
T3 HEIR A AG AL 1 2 A%, A 280 R R R
P, NImTE—E R L L3 1w e 45 00 4
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