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Abstract: As traditional Adaptive Direction Lifting based-Discrete Wavelet Transform (ADL-DWT)
has higher computational complexity in the compression of high-resolution remote sensing images,
this paper proposes a new lifting wavelet transform scheme based on Direction Prediction called DP-
LWT to implement the fast and efficient compression of high-resolution remote sensing images. The
new algorithm first divides a high-resolution remote sensing image into a number of non-overlapping
sub-blocks. Then, the gradient operator is used to predict the best lifting direction of every sub-block
in the remote sensing image quickly, and completes the direction lifting wavelet transform by the in-
terpolation along the best lifting direction. Finally, the remote sensing image is coded by Set Parti-
tioned in Hierarchical Tree(SPIHT). The experimental results show that the new algorithm effective-
ly weakens the high-frequency coefficients on the non-horizontal and non-vertical directions of every
image subband. Compared with the traditional ADL, the DP-LWT can effectively reduce the time

computational complexity of directional prediction in lifting wavelet transform, and keeps the Peak
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Signal to Noise Ratio (PSNR) of the reconstructed high-resolution remote sensing image to be the

same as that of the ADL basically.

Key words: remote sensing image processing; image compression; wavelet transform; adaptive direc-

tion lifting; direction prediction
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Fig. 1 Schemes of lifting-based wavelet transform
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Fig. 2 Results of direction detection

(b) BJPO4 & 45
(b)Result of BJP04

P 2 2 T SR T3 1) G A ) P 5 Bk e

DA 4 7 1] ) R RCR L TR 2 Cad 2 R AR S
P& B A A TN B3 AR A5 19 KR Barbara [ 1) Al
W DX I B D00 T 1y 9000 245 R s 4 X Al K
FHIEREFMBGS5aMERIERF5 . AKX
SR B0 5 v ARG 45 2R 5 sk S A LAY S B ] AR
W4 . B 2Ch) MR T %t i & &% BIPo4 Hi /A
%55 47 % DXl %) D A0 5 SR L AR SC AR A R
G I . AR il ARAT T e Al S W SE PR 1] . B
FAFHY 3R Ty mAE B A8 59,
M€ W DP-LWT,

3.3 % DP-LWT 1%

R TR A X B X R R
HRHEAT T 1) T WS X AR AT o AL B, 25 G
ML [A]AH OGP W 5 M bb DA SO FBR A 2R B = )
MR FR AR SCIE B K /Nl 16 X 16, X F 4
DP-LWT, & 58 3 B ER 20 16X 16 F A&
B MR P s FLUCOR) TR BE T 1) i 00 A 8 4% 31 e
A4 ] 5 BN R AT — i L DP-LWT 748
e X TR A B 2D R AR G A T
W s e e B 47 430 16 X 8 By IR He ik 15—
47K F DP-LWT 28 #

3.4 ADL-IWT 5 DP-LWT HitEE L E S

ADL-DWT F1 DP-LW'T (% I & () if 18] bt Ky

Ty
For s Tap, 1 Toe 20 590 00 XF AR £ 4T 1 48 1 2
ADL #1 DP-LW'T 2% # fir 35 B 18] , R A B [E] L, k
S ) PR JRE S R0 R Ay 77 1) TN 6 A B L 48

BB AT T7 18] /)N A BT AR 14 I 1] e
PR 3 DR o R s Wy o i (728 48 D 1) 199 10 1] 15 1]
ZINIBEZAE e B IR TR] DA

TapL = 6+ Ouan
, : (1)
Tre =06 dir T Guran
Horb: oy o ADL 72 6 8 5 di A 22 8 D5 1] 10 ]
o' DP-LW'T 78 4 i fe A2 46 75 16] B 1], 01y
T3 ) /NP AR A ]

R (13

4
= D ap(d) . (15)
i —1

A0 X G e AT 1 4k 1 G iy J5 1) /) P A
He I E] B GE T YR A DI AE D5 1) BEAT D5 1 A
RIS TL S p(Cdo) g BAGR Berp B A A2 607 16 O di 1Y
AR,

HEAT T3 18] /N A e (4 B[] Dy



55 8 1) ST AR L A5 L R Ty 1) T ) T A R S AR i 2099
G — D) D18, (16) 122 Ekp(d) (19)
B AHMRAR A6 . BRAD . DP-LWT ﬁﬁ%%?ﬁ%r;mh{wﬁﬂ%%
NoMo 4 % ADL i B E A Sk B s il
= SUS(S apd)) (17 5 @fﬁ/ﬂﬁ A -k B A AR e L D)

ADL ) % 5 {722 8 77 [ J2 %5 A4 4 16 77 17 (AN
B 1Ch) Bz ) A7 3 o 54K P45 B e 09 fE B #
ANEYTT AR R B A e T5 1k AT

Odir — l>< Otran « (18)
B ADRAKAS) 153
N M 1
JT;\DL = [2 2 (El\ip(di) )Jr

zlmll

o 3 H AL /N TF 5 ) AR e T I RE Y R (R] RT
DL g A R ) AR (13) .15

N M4 N M4
12320 C 20 Apld))+ 222 € 2 4pld))
=1ln=1 i= 4 n=lm=1 = 4

{Tnpf 1G> S prwz)

n=lm=1 i=
R~ -
M

l(l*k)”ﬁ]lmi]l(lilf\ip(d,))Jr’lg]l"g]](iillk,vp(d,v))
(23)
At
I+1
IA—k+1"
Hdr . ADL A1 DP-LWT ¥J2RBU 9 4~ 4 3k 77 1)
A 1=9., XH RS ST R HE.
T 24 W e i R R A IR L A kA0, 89,8 1 A
EfR AR (24) .18 R~5.03, Wi, DP-LWT ¥k
HF A 94 A8 K 290 ADL #9 20% . iy 28 (23) i 77
PR AUERAE , 76 52 50 25 R vh  DP-LWT 55032 (1 i
[a) 914 #E K29 4 ADL Y 20% ~30%.

Ra 24)

4 FBRERL S

S X 24 MR Quickbird F1HE (9 5 4 W R R
G AT IR, B3 DP-LWT HE 28 i A 21k
By EE P 25 512 pixel X512 pixel # BJPO1;

1 024 pixel X 1 024 pixel By BJP02 DA K 2 048
pixel X 2 048 pixel i) BJP03,BJP04 % 4 i EI{%
RO SO 25 S IR PR 3T AL B A8 O Intel (R)
Pentium(R) CPU G630 @ 2. 70 Hz 2. 70 GHz;

o s = 11— k) G+ 0 » (20)
Horpr, pXEXﬁXT*%EIT%«'&?%E%*%FE’Jﬁm
For iz B s B e KX AR A 20D L f

o = z<1—k>22 (Z)up(d,-))er, (21)
n 1T m 1 i —A
BXan.an.eHRRARAD . H

1

(Ekip(di))

+ZZ prw)

n 1 m 1

22

WAF 4. 00 GB; #:1E £ 4 & Windows 7 SP1 64;
& T.EHE H Microsoft Visual Studio 2010.

F14HT DP-LWT #il ADL-DWT % i Jg&
FARIEAT 3 AR AN 5 AR e BT 314 FE 1 [E] A L
B, PRIV FE R B Db9 /7, SEERE R 0 R
Bihy s AXMEFR 1,3 95 5 /N A8 I i H FE /Y
BF M B AR [R] 3 J2 BB O B 53 f 98 L w5
B3 it ) PR B A LA 48 BOE 208020 o PR e ] 3
AR

R1 HITIRMS FAEFENEE
Tab.1 Spend time for 3-level and
5-level wavelet transforms (s)
3-level decomposition 5-level decomposition
Image
ADL DP-LWT ADL DP-LWT
BJP01(512X512) 0. 84 0. 25 0. 86 0. 27

BJP02(1 024 X1 024) 3.49 1.03 3.59 1. 04

BJP03(2 048X 2 048) 14. 32 3.89 14.59 3.96

BJP04(2 048X 2 048) 14. 31 3.92 14. 60 3.96

#*& 2 I H Db9/7 #3& DP-LWT #1 ADL-
DWT JfFiAT 5 A4, 7 46 %% 4 0. 5 bpp BT,
XA ENERBRNZ AN E S 5 H
(SPTHT) 51k F 4 4 1R 38 J&% 52 A5 T I #E 1) B[]
AT AL,



2100

521 &

x2 RASHETHRIINERHKA SPIHT
ERREAN N EEEEITIER
Tab. 2 Spend time for 5 level wavelet transform and

coding the wavelet coefficients with SPTHT  (s)

Image ADL~+SPIHT DP-LWT-+SPIHT
BJP01(512X512) 0.87 0.27
BJP02(1 024 X1 024) 3.76 1. 10
BJP03(2 048X2 048) 14. 95 4. 35
BJP04(2 048X2 048) 14. 90 4.35

M1 2 S RAMEE H, ADL-DWT
P R 22 AR GE &+ DP-LW T, 1 B b % 1%
TR 43 B R B B, ADL-DWT FF 114 £ 4 I 7]
TH I T DP-LW'T 7 1 #E i [] fit 38 K 33 38 4

%,

16
15 7
14
13 //
12 ~/
11 yd
10
9 /

< § / ——aADL
6 / —8—DP-LWT
5 4
4 -
2 e e
1 — P
o_g—n—"— "

256 512 768 1024 1280 1563 1792 2048
Size of image(N X N)

K3 BRI/ 5 BRI A il 22 14

Fig. 3 Spend time versus size of image curves

R3I FREBWETH 3 MELR TS EITER
EG =5 B I B RR L B b 52

Tab.3 Comparison of the PSNR of the remote sensing images

in three methods based on different decoding rates ~ (dB)

Image bpp CDF9/7 DP-LWT ADL
0.25 17. 06 17. 39 17.43

BJP01
. 18. 87 19. 22 19. 26

(512X512)

1.0 21.82 22.07 22,12
0.25 28.22 28.37 28.41

BJP02
31.51 31.62 31.68

(1 024X1024)

35.53 35.61 35. 66
0.25 34. 40 34. 50 34.59

BJP03
(2 048X2 048)

38. 14 38.18 38. 27
42.56 42.52 42.66
0.25 17.19 17. 30 17.32
19. 23 19. 31 19. 28
22.37 22.41 22.44

BJP04
(2 048X2 048)

& 3 3@ 3t J8r ADL 5 DP-LWT 4FXf A ]k
INTRIBSUAR HEAT 3 )2 40 i T AR B[] 2 Y XF
WL i — 28 T DP-LWT i&ft T ADL it %
R

3 4 Em PR ERERE
0.25 bpp.0.5 bpp LL& 1.0 bpp F A& G542 T+ /1
¥ ADL-DWT L)}z DP-LWT 2 F 4 (16 (8 5
I 1, (PSNR-Peak Signal to Noise Ratio) B H. 3%,
A W A /NI B BOR ) SPTHT 803k vE47 4 )

() J5 &
(a)Original image

(W LG TN I

(b) Traditional lifting wavelet

() J7 T) F5UIM £ 77N
(c)DP-LWT

B4 GBI ENR BIPO1 H 2 B X 40 A i 11 20 45 51

Fig. 4 Reconstructed results of highway part in BJP0O1

() 3 0 J5 1] 42 TN i
() ADL-DWT

M 3 A IFE L DP-LWT Hl ADL-DWT ()
JEAEPERE YL TA& Ge e TH /N A8 4 . T7E 34K
BF P AERE B R E TR B R EA
AT RE 5 5t FR e 0 Se A T 1) A — 250, AT 2L
DP-LWT 3k 15 ) PSNR 7£ — 8 fih 5% F g ik F
ADL-DWT,

&4 45 1T #5340, 5 bpp B BJP01 &4
O3 XS ) R A RCR AR . B S SR T RS R
0.5 bpp B BIPO4 PG 2 5704 DX 3 i ik A R0 e



SRALAR S TR T 1] TN A R 23 R B RO AR 4R

2101

(W SR TN

(b) Traditional lifting wavelet

o -"."'

e . o --'
ity e 4 ) el 2
(o) 77 1) LI 46 T /1N e () H 3 N 7 [ $E T /N

()DP-LWT (&) ADL-DWT

B 5 BIRENR BIPO4 Hhd SR DX I A A 1) 2 45
Fig.5 Reconstructed results of building part in BJP04

SE 3k

(1]

[2]

[3]

[4]

(5]

TAUBMAN D, ZAKHOR A. Orientation adaptive
subband coding of images [J]. TEEE Trans. Image
Processs 1994, 3(4):421-437.

DING W P. Adaptive directional lifting-based wave-
let transform for image coding [J]. IEEE Trans.
Image Process,2007,16(2) :416-427.

AR, EME. SET A IE N T ] 48 TR BN
DEAL B R F 2B S P R g i L) ). P B sk k., 2010, 37
225-228.

ZHANG L B, WANG P F. Remote sensing image
coding based on adaptive directional lifting integer
wavelet and optimal threshold [J]. Chinese J ournal
of Lasers, 2010, 37:225-228. (in Chinese)

LI B,YANG R,JIANG H X. Remote-sensing image
compression using two-dimensional oriented wavelet
transform [ J]. IEEE Transactions on Geoscience
and Remote Sensing, 2011, 49(1) . 236 -250.

T . T E R TE R RS ].
*F M E 142.2006,14(5):910-916.

DENG ] X. A remote-sensing image coding algo-
rithm based on significant coefficients lifting []].

Opt. Precision Eng. s 2006, 14 (5):236-250. (in

B, ATLLEH .DP-LWT fil ADL-DWT [ & &
A5 32 W A — L R I R 4T AT g AR TN B

A ICE X ADL-DWT 7 i 43 B % 38 J& 52 1R
45 v T B3 5 A PR ok oy i ] A B — BT )
F 07 ) WO A $E TN P AR e (DP-LWT) . Rk
AR T ADL-DW'T B4R s o 11 HL A 5% b J I
T ADL-DWT i35 52 2 B, i 1 o A 18 a5
B EW TS ADL-DWT JiF 1545 5 A — 5,
R SCIT I 5 0 P9 25 X6 7 1] 2 /0N I A d 7 i 43 B
T SR A4 T i N B B e S S BR
X

Chinese)

[6] FHm, 554 JETAF MY A 261 RS
R RG] &5 27,2012, 27(2):245-249.
YINC L, LI]J Q. Embedded hyper-spectral Image
compression system based on bit-plane [J]. Chinese
Journal of Liquid Crystals and Displays, 2012,
27(2) :245-249 . (in Chinese)

(7] MR, B 3%, 3T FPGA #2050 51 18114 3h 45 1 45

BR[J]. &5 2F,2011,26(4):551-554.
SUN H. FENG Q. Infrared sequence image dynam-
ic compression display based on FPGA [J]. Chinese
Journal of Liquid Crystals and Displayss 2011,
(4):551-554. (in Chinese)

[8] TAUBMAN D S.MARCELLIN M W. JPEG2000:
Image Compression Fundamentals, Standards and
Practice [M]. Norwell. MA: Kluwer, 2002.

[9] SWELDENS W. The lifting scheme: A custom-de-
sign construction of biorthogonal wavelets [J]. Ap-
pl. Comput. Harmon. Anal. , 1996, 3(2):186 -
200.

[10] DAUBECHIES I, SWELDENS W. Factoring wavelet

transform into lifting steps [J]. Fouwrier Anal. Ap-

pl,1998, 4(3):245-267.

[11] DONOHO D L. Wedgelets: Nearly minimax esti-



2102

ER %21 %

[12]

[13]

mation of edges [J]. Ann  Statist, 1999, 27(3);
859 -897.

VELISAVLJEVIC V, BEFERULL-LOZANO B,
et al. . Directionlets: Anisotropic multi-directional
representation with separable filtering [J]. IEEE
Trans. Image Process,2006, 15(7): 1916 -1933.
LU Y,DO M N. CRISP-Contourlet: A critically-
sampled directional multiresution image represen-

tation [C]. SPIE Conf. Wawvelet Appl. Signal

EE R

AT AR (1977 —) L B bR 2 AL 1
+, BI 7, 2002 4 F 35 MoK 223043 B
207, 2005 AF T i AROR S R4S 1
2, BN R TR 48 5 R 0 45
5% . E-mail: libaozhang@163. com

[14]

Image Processing ,2003.

MR A, X #e g, TR TS5 SPIHT 5k
SERATREGH RIS ]]. LF #HE L8,
2002,10(6) :564-568.

XIECHJ, LIUY Y, LI X ], etal.. Research on
the application of lifting scheme in image lossless
compression [J]. Opt. Precision Eng. » 2002,10
(6): 564-568. (in Chinese)

EEEQ989—) . B .o A AL+

- W5 A, 2012 4F T b 3 0 R 2= 3k 15
— et 2g i, B NF BRI S AL A
= 56 7 T B9 BF Y. E-mail: qiubeym @

-

163. com

(FRIERE REWWT FEEH)





