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Abstract To investigate the fusion application based on multi-band wavelet transformation for remote sensing imagery, this
paper presents an introduction to m-band wavelet transformation theory and a typical case in image fusion. Meanwhile,
results from dyadic wavelet, dyadic wavelet packet and m-band wavelet transformation are compared; and the experimental
results from different image fusion schemes are compared, including substitutive, addictive, as well as weighted models. Tt
has been found that, m-band wavelet-based schemes perform better than dyadic schemes. In a word, it is the only scheme,
not the best scheme. That is to say, the results from wavelet-based fusion methods can be improved by choosing more
appropriate wavelet bases and more sophisticated models for injecting detailed information; however, there is still a long
way to go.
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discrete wavelet transform

EH U8 0 A% 2H 00 4 3 1 A 52 2%, Vaidyanathan 1l
Eﬁﬂ%i{@ﬁ%*ﬁu S AR T Koilpullai % F
G0 1 45 AT 42 3% 8 i PR-QMF ( porfect
reconstruction-quadrature mirror filter) J5 ¥ f4 1 1 4>
B UEPEAe B M - 1 A mod g o™, #ak N, B
TN RN MOk 22 53 B S Mo A O R
T E ST T IR/ Mk ) 1E 52 /N %
AT BE /N, V48 1 /N P2 0 B 4 R & 5
PN G o N8 i ) 1 R Lk (R T
TEATAT S5O0 A, AR SE 5 51 1 By B R AL

ST 55 NA 48 0 T A 5% 08 o 1% 22 32 1 /)N A 3 O
e v 2 58 BUAR 5 O 20 g AL, LR SRk 1

2.2 INES
PRI A 35358 19 /0N 0 50, 4 7 /N 3 BT — R R

FH Mallet $2 i e ARE . /NEEERITFZ/D
WRB R A . WA REE o, (x),ne Nt ,
AR T XR:
= thw”(Zx—k) (6)
= ngw"(Zx—k) (7)
TN AL o iR A E A A A
sz:vl,l = th—ZIS{:,m (8>
S/z 1+1/ = zgm—ZlSj;t,m (9)
HAFEMALNT .

S{Lk S zpkfzzsé;l,/ + qulesjz;il,z (10)
7 7
) = T S, -, (Pn - k) R
T

Oy RN 20 B/ NI IR R .
2.3 Xttko

T AETF UL R B i/ e BRI /N
Z W INE B TE 2 4E VBB il 45 R R AT X A

AIf (i) 2R 2 dEzs ), A KRR &, D Ron s
Bior s, MR IURS MR (L=1), EAR{UERTT
(an v, d o AR AR A K S B L XA T D) .
Kl 3(a) s M =2 /N5, 3(b) o M =2 /hifl
Fon B 3(e) g M =4 FEHI/NFERIR

M =2 /NP L =1 B 50 fif A2 B — A~ IR 40
B A, 3 ANTE T 4 DY, DY DY H SRR
oy AT B Y R, N 3 (a) BT o

M =2 /)N £ 78 e, o R o R R 0y )
I AT B G o ik, o3 i 7 10 [R] L, & 3 (b) i o



5 8 X

I5 45 « 2 HE /NI Y 1 gk

AR R A R A 1483

=4 BEH /NP AR e 5 R P E AN R R, — Ik
"’“?ﬁ&Tﬂi’rl’ﬂ%{é LR EN M ox M A GE Rl
T8 53 0 B Wy E 75 1 B A A R P s — A IR
SR A MY - 1 AN Ay o A EG T D AR
ey 2 x 2 JEIE AT, M N AR R 8 o B R
an, B SR 7 1) e B, SRR T A A S gt

17 MG R AE SR B, a8 3 (e) Fm o
cc, | D'

alCNC G
[ T T ]

(a) M=2/ NP AR R R

cc, | p'c,| cpy | p'DY f(r/)

NERCRE

D'D; |D°D; [D'DS DD} |(( |m |/>< |/)( |(I) |mi,|/)/ ,|/)/){||( I,|I>I)|I>I),|I)/)‘||(I) |/)/5|/)/)|/)/)|

D¢, | p'c,|p'Dt (DDt

cp; [p'py| by | D'DS

(b) M=2/NE AR R ZE A

cc, | p'c,| oy | p'pt

D'C, | pic,|p'D" | pD"

coy [p'py| cpf [ DD I I ' '

DD} |D°Dy [D'DS DD} |('('||/)'k'||/)‘(',|/)"(',||('/),"|/)"/)’,'|/)‘/)’,'|/)“/)’,"('/); |/)"/)‘I|/)‘/)“|/)“/)“||('/)j'|/)"/)‘I'Il)‘/)‘l'|/)"/)‘,'|

(c) M=4 /NP AR I

K3 MR B R

Fig. 3 Wavelet transform chart

FESEBris F R, Mk /N A8 O R 1R AR
OrRRI M x M Aoy aE R — A SRR i, H AR
Mx (M = 1) A& e o, i 3(c) fiam, M=
4 1, B — i AR 0 R 16 Ao i, R 2 b A
SRS, A 1S DRSBTS R AR
AT o R /0N A 8 i A 0 A B [ R SR
(4 738, EE AL I BB B 23 A Al sk S iy 5 %, an &l 3 (b)
FiR .

3 REEAE
3.1 AW ARE

B 22 63 M2 S QBT /N B i ) 5 3 Bl AL
AT Rl o B o B SROR o BN A, 15

PR A LR . T LR R BT S R R 9 ROR
S AT L, Zliﬁfimﬁmﬁiﬁmi/*m%ﬁﬁ%%ﬁﬁ
BB G, T O il 5 2 (9 i — A Ak PR AL T

T 15 B

FEMEEREBMT,

(1) FifE . SR W N AE 7 2, iR B AR 3
BAEIE

(2) R A, KA IHS R A
(3) EITEVCEE . 23 AR 0 1 3 Beiy K
JE o3 A1 5 4 052 AR IR 23 A AR AR 5
(4)@1%6}% Xt B AT 22 BE il /N O3 A% 5
(5)RlE . RS EF# o BELMRM o5
AL 3 %ﬂPﬁLﬂ?M’Ejﬂ%i%%W%o
(6) KEEEITHr o WAR A 4 fros .

| zxmpg | | 2ewpg |

| zutw |
i
| wanm |

| zim gy |

RS GR

K4 ZHEH/NE(R) Bla 5k AR
Fig. 4 M-band wavelet( packet) -based fusion diagram

3.2 EFMMNE(M=2)@EHEE
3.2.1  gpa 4 AL/ N i Rl B

LR FLERARWT .

(L)X MS & 47 THS A8 4, ;=4 1 434

(2) X%} PAN #4721 43 5 09 B 7 I DE AL

(3)%F T 434t F1 PAN 5245 3F 47 DO i 1 /N 3 43
fiff, 430N Az B 16 A4

(4) FH Z 615 AR A 43 et 8 6 it 4 00 1) IR 030 350
45 BIEERR 1 AR A0 15 B M PAN 3 & 19 @ Ml s 8,
AT E A

(5)1HS i35 e

ik BB ME S R



1484 ] &1 5 B R 24 4

%14 %

PAN PAN*

@ o |

A EPANIE IS &
- -
MSRGB || MSII]S
(1) IHS (3) 7N it
R A PAN'FII

FlS ot s e B0/IN Rl 5 0 1  A IE

Fig. 5 Substitutive wavelet fusion diagram

3.2.2 RSN BN R L
Tk EERRT
(1) X MS FARAT THS B4, 7= A 1434t
(2) % PAN #4735 F 1 705 59 H 7 B DL C 5
(3) X 1 3 A1 PAN 5248 9 47 74 3k i /N ¢ 43
figt, o0 5 A 16 A o3 i
(4) e G R A i, R A T A0 PAN AR50 73 4
WMEAE Rl & Z )5 B AR 0t A% e A0 i Ak 2k
VR Bl 2 )5 B oy i, R AT A
(5) AT THS W28 e
3.2.3  SrE AN RS AR A
EARRS K B AR R A — R RN T R R
2O AR  JF B AT BE 2 HE 0 B ARR S B Rl 5 3
B o LA PR BN fE 5 4 TR X R ASCR 1K
WP S A RSB B AR
P;EW =aP,L,AN +bPLMS,L =C,Di =23, M
Hop Py R RlA 4521, Pry 226 PAN i T4 f5
B PR ZIGIE MS I FAIER LR A, Di 55
FARM = W45 T7 R B ot o O KL Level = 1 Y,
R4S 1, AT 1)l M7 -1 R 3%
BRI ARZ /LU a,b FRom AL T, A Bk
IO B e T R B0 R, BT R B X E R R,
BT 1B R BOMAL, A T8 0 BCR B, dn
x1 ZHENESEHE
Tab.1 N level M-band wavelet: the number of

decomposition bands

I3 it R (iS5 ¢ o A3 R
1 1 M -1
2 1 2M* -2
N 1 NM? - N

:Ll
I* MS*RGB
@) IR 7
BR T ARAIAI (5) /NIEER)  (6) THSHAS
PAN"f) 4
T DX S A L 55

SIIEREL L =k B (k=1 N) B /N5 iR 15
B4y g 3R 1 kUL,
3.3 TWHERRBETEN
3.3.1 SLREER

S A SR FH AL 5 — 5 (BJ-1) #5747 09 1% SR 8%
R b PR TR EMGR , ELm g, 38 BJ-1 1
PAN AR MS 288 — i, Horh | 4 6,3 By 3 %
Fh 4 m, G HERR 32 m  IE I B2
18, B 6(a)fE 6(b) sl ks K& —
Y HER N 32 m (IR PERE N 4 m &
G . BG B s At s E AR AL 37 i o B 2k
i) Sk 2007 4F 12 2 K/ K 2 048 x 2 048,256 x
256 2R . K 6(c) ~ (e) EE T AR /NI IEAT I3
HEHRAM RS LA R, Hrh B 6(c)RHT
BT AW M =4 Z 3l /NI o i J5 ok o 2 26
PESR ARG HLE, B 6 (d) SR A9 52 2 T 3k il
e dbS” (Rl G 45 R, SR HI 4 & 4 M SR R R G AL
il , A HLE ] BT B 6 (o) SRR 2 T =
HEH /Nl A1 dbS T ) Rl 4 R, 2R B o R R
FFL A HLH
3.3.2  FWIEH

AL BEROR M EL I8 6 (b) s M =4 /NpEHE %
10 4ib 3R 45 2R 23 6] 43 PR R B OIS R AR B D, 4 N
EOW AL AT
3.3.3  BEWIFH

XoF T G o S DAl 38 R R B 48 AR R T 22
A R B CBCA R AR, 51 AT RS $8 R A
KHER., XEIIHLLE 6 FhiEM 845, L& UL H
W A S RS .



5 8 10 X 7 A 22 N IR 18 S AR RS X LA AT 1485

(0) M=4/ NI A R

(d) M=2/Np 2R EE R (e) M= AZERGES R
O B R R) (CASYIEE Y EN] O B R R)
K6 R Ex
Fig. 6 Fusion imagery comparison
(1) Bz % (HBRREFE
—— (903 T 15 A S V4 95 A 8 8 15 Tl
RSME = / NEZ(FU J) = F(i,j)? o I P BT B A LR BB, 3R R A B R Rl AT 1R 4k

Kof, M, N g EAR AT BB, F (i, ) WA 4
A Gy AR E IR BE F (i, ) N 5L PR 13 e
(i, j)hb 918 2 I BE A

(2) H

255

E(s) =- zpilogzpi
=0

5 R R ER T 05 B R A PR ARE  (EBOR,
For BB & BB (5 B, R B g

(3) B4

WR A D DA 8 i P A T 2 A AR ) 1) 22
S, A AR, 27 TR R 8] (Y 22 53 B/

255

EI,F(S) =- 2 Plog(P/Py)
i=0

AR A K% B {5 B & . MI( mutualinfo information )
BB, 30 B Rl & 5 RO & R IR 1 1R B
ﬁg o]

FI(L9])
2 th,(l])lnh ( )h (])

_ FB(L9])
<3 B healia g

A by, (3,0) APEMR F LI R 2418 R K B {H
i, j FIERE LA,
Xof Bl 45 SR B PR 8 b w] E SO
MI} =MI,, + MI,,
e IR B AR OC R BCHAE b E =
A Rk 2 s,

PR AR Y



1486

SIS PP

%14 %

x2

BB BB AT R R

Tab.2 Evaluation indices of imagery fusion

AR B kS i 25 WA 132 [ i GfEE(LF)  BaWI,B)
ES N A 4.62 0. 90 3.04 0. 16 1.99 — —
Lo 1g 4.96 0. 82 2.84 0. 15 2.02 — —
M =4 /N 3.98 0. 84 3.26 0.36 1.93 1. 68 15.42
WEWG M=2 /8 0. 65 0.97 2.10 0.17 1.17 0.95 13.43
M =2 /N 112 0.11 3.23 0.33 1.36 1.30 13.78

MR 2 ATLLE Y, J7 22 02 I W OG5 A2 Ak R/ Y
GEHARIEAE o J7 25 80K, Ron il G 45 R i & OLI%
BB E . R 2 HEdl /N S PR Tk i 7 22
BR,GIEFEEEFRE.

4 ( skewness ) I AH ( kurtosis ) 42 2 Mt — 2
B 4R B 4R v ORI B HORE BE Y W S B 0 S0 A R
fiE, skewness Jz WERCHE 73 A A T AR O2 75 %) B, kurtosis
2 W53 TE 15 B B T W 91 O o skewness B, IS 4
BB A X FR ; kurtosis {8 80/)N , W B8R BE U , 250K %5
TrEMK ., NFE2 v LLFE R, 2386 /N kG 45
R i S /D, W E R

A B 2 S BRI P R B e B /N . AR R

BRI ECRR . SR 2 ATRLE W, iR 5215 1 RE B
R, 2 7 /N B B9 BE B S AR AR B E R AR
®iL,

AR B SRR G 45 R AR R R AR R B
GLitE . A3, A BAR B R W AR 3K JE {E 1)
AR R B, ISR 2 W] DU, 2 Bk /0 B Rl 45 45
R B BAEE T S PR IT K

WK 4 2 S W Tl 5 45 R R i e L BAH DG 14
o BRA MO, A, R 2 LA 2
T /N B A SR 55 A PN T 3R B BR B R

3 OAFET MM 3 RS HLHEO 1845

R3 3HMBANBNEEER

Tab.3 Evaluation indices for three wavelet fusion schemes

fili A AL S E ¥IE I 2 TR [£35° g P HFR AW
appro-detail ; MS-PAN 4.42 0.54 0.96 3.21 0.32 1.03 0.95 15. 81
G B e
appro-detail; PAN-MS 3.71 0.85 0.82 3.30 0.44 1.36 0.59 15. 65
T A max 4.49 0.56 0.77 3.48 0. 43 1.25 0.70 16. 06
SRk A F =
é}fjﬁﬁﬂ mean 4.38 1.12 0. 84 3.26 0.36 1.21 0. 95 15. 42
SR F = 1=0.3 4.29 0. 84 0.97 3.24 0.36 1.06 0. 60 14.80
txI+(1-t) xB 1=0.7 4.93 1.36 0.72 3.42 0. 49 1.44 1.53 15.87

TE:A,B ARFELG PR 4

4 #£ it

A SCHRTE T 20 1t i /N i 45 7 3 19 B2 FHZ80CR
K MPE /NP B o3 i 45 R 5 N A 2 R
SR EE KA AT TR AR 16 oy i EMZ S
S50 WoR AEDDRERAR G Y RTEE T, 22 R /N A9 il
BRI T /MR G ROk . HIR AT T2
BER /NG 3 A5 3R G -E L, X B s A
AT R I S M R A o
TR AR B 5 3k S IR i R B ROCR S R L, AR T

EIETERRY, — BT, 8 AR K,
EBRRYBHE, NI R ESRK,

22 R /N R AN AT E AN [ 9 3 LE Y
B Z MR REE, T HE 2R B TR AR
TR R XX TR B A A A 3 KA R A
B Lo B, H/N R RRE 2, AN KO — b
AR Tk

B OB AORMEBARAFEFRHETS
AGHFPRAILEHABRLTHRIFFAFY,
Rt 21 #n = B R p A Ay A TR 8




5 8 PUNNG R FE 413 Y 2:0

JEEAZ Bl AT B 1487

AFFAEBR LA RN REGILT —F &
BB AR

R34t http ://www. mathworks. com/matlabcentral/ ,

% 2% 3Lk ( References)

Kong Ling. Researches and Applications of Image Fusion Methods-
taking SPOT and TM Imagery as An Example[ D]. Nanjing: Nanjing
University of Science and Technology,2002. [ fL¥ . & & &4 &
75 2k B 5T R, FH——LA SPOT B2 5 T™ % mt & [ D].
P T T At R 2 A e e 3, 2002, ]

Li Jiang, Liu Fu-bing. Remote sensing image merging based on the
wavelet packet algorithm [ J] . Geomatics & Spatial Information
Technology, 2007,30(5) :94-96. [ Z=7L, XIS . FEF/Nam
MRS A T ()], e 5 A b B L, 2007, 30(5)
94-96. ]

Yang Yun-lan, Zhang Bao-ming, Hu Hai-yan. The fusion of remote
sense images by the multi-band wavelet packet transform [ J] .
Hydrographic Surveying and Charting, 2007, 27 (4) ; 20-27. [#%#i
W SR ORI B R 2 R R /0N 6 A e AT 3 R AR R A
[J]. e 2y 2007, 27(4) : 20-27. ]

Jing Zhong-liang, Xiao Gang, Li Zhen-hua. Image Fusion: Theory

and Applications[ M]. Beijing: Higher Education Press, 2007 ; 194-

Bt % -

215 [HUE R, H W, ZHRAE . BBREEG—ie 5 HIM].
dent @ S 8F L, 2007 194-215. ]

Yocky D A. Tmage merging and data fusion by means of the discrete
two dimensional wavelet transform[ J]. Journal of the Optical Society
of America, 1995, 12(9) . 1834-1841.

Vaidyanathan P P, Ngnyen T Q, Doganata I, et al. Improved technique
for design of perfect reconstruction FIR QMF banks with loss-less
poly-phase matrices [ J]. IEEE Transactions on Signal Processing,
1989, 37(7) . 1057-1071.

Vmdyanathan P P. Multi-rate Systems and Filter Banks[ M ]. Englewood
Clifs, NJ, USA: Prentice Hall, 1993.

Koilpullai R D, Vaidyanathan P P. Cosine-modulated FIR filter banks
satisfying perfect reconstruction [ J]. IEEE Transactions on Signal
Processing, 1992, 40(4) .770-783.

Cheng Li-zhi, Wang Hong-xia, Luo Yong. Theory and Application of
Wavelets[ M]. Beijing: Science Press, 2004 . 133-178. [ AL %,
FLE, Bk AN BEE SR M. db st B4 AL,
2004 : 133-178. ]

10 Krista Amolins, Yun Zhang, Peter Dare. Wavelet based image fusion

techniques-an introduction, review and comparison [ J ] . ISPRS
Journal of Photogrammetry & Remote Sensing, 2007, 62 (4).
249-263.

Fz1 M=4AsHENEEERREY
Tab.1 Multi-band wavelet filter banks coefficients table

H, F, H, F, H, F, H, F,
0.068 75 0. 068 75 0.11 0.11 0.11 -0.11 0.068 75 -0.068 75
0. 131 25 0.131 25 -0.4617 -0.4617 0.461 7 -0.4617 -0.13125 0.131 25
0.187 5 0.187 5 0.3 0.3 0.3 -0.3 0.187 5 -0.187 5
0.3125 0.3125 -0.179 25 -0.179 25 0.179 25 -0.179 25 -0.3125 0.3125
0.3 0.3 0.230 94 0.230 94 0.230 94 -0.230 94 0.3 -0.3
0.3 0.3 0.230 94 0.230 94 -0.230 94 0.230 94 -0.3 0.3
0.3125 0.3128 -0.179 25 -0.179 25 -0.179 25 0.179 25 0.3125 -0.3125
0.187 5 0.187 5 0.3 0.3 -0.3 0.3 -0.187 5 0.187 5
0.131 25 0. 131 25 -0.4617 -0.4617 -0.4617 0.461 7 0. 131 25 -0.13125
0.068 75 0.068 75 0.11 0.11 -0.11 0.11 -0.068 75 0.068 75
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