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Abstract A new method based on non-negative matrix factorization (NMF) technique is presented for multi-spectral image and panchromatic

image fusion. Low resolution multi-spectral image and high resolution panchromatic image are taken as source data in NMF analysis , from which

feature bases containing global features of the original images can be extracted. The first feature base is replaced by the adjusted panchromatic

image, which is histogram matched to the raw first feature base. Inverse transform (reconstruction) is performed and the fusion image with higher

spatial resolution and spectral component is obtained. Visual results and statistical indexes demonstrate the advantage of the proposed NMF-based

image fusion method compared to common fusion approaches.

Key Words

PCA
[4 6]

[7 8]

image fusion; non-negative matrix factorization; feature base

0 [HS 2 3

(NMF)
[7]

NMF

W rxm
V W xH
r (n+m)r <mn

minimize F = Zn: i (Viu -(WH ).u)
i=lu=1

subject to W;, >0, H

iu = iu

>0, i=1--,nu

I

NMF

M

(2)

(3)

NMF
V NMF nxr

(1975 )

2006-11-09

E-mail

jiyan@ecust.edu.cn

—169—



Paatero  Tapper(1994)

@) H W
2 W H w
H 3 W
“ 6
Wi, =W, 2 V\X: au
“ ( )iﬂ (4)

2 NMF
M k P
k+1 Voxm m=k+1
n \Y
Vie Vi Vim
vV, V, .. V
[l U o (©)
VI'Il Vn2 vnm
V anr erm
v h V H (1)
v=Wh v
" %
V H \Y
W r m n W H
V \Y
1 k M P
\
@ 3 v
r=3 V=WH 3
W=[w;,W,,W;]
W k+1
3) W 3 W
— Y
4) P W
P W
©) W
V’=WH "
3
(k=3)
1(a) 1(b) 256x256
I(c)~ 1(D)

—170—

(@

(b)

©

IHS

Wia — Wia
2W,
]
H,, =H,,>W, Vi 5
au api ia(WH)iﬂ ( )
[8]

(¢)  IHS
1
(1)
2
(1)
(2)
pi
L-1
H=-Yphp
i=0
(3)
=1 2 2
9= (A1 +A17)/2
Al, Al
4
1 .
D= —ZZ‘V-- _Vii‘
ni jlu

()  NMF
(6]
{0, 1, , L-1}
L

(7)
(8)

n
©)



IHS

G 7
1
96.22 25.67 6.77  4.09
97.70 2645 670 13.69
IHS 9458 2622 672 11.58 831 0.09 0.84
PCA 93.74 2841 6.82 1348 985 0.10 0.85
THS
9539 2862 6.88 11.61 9.43 0.09 0.89
96.24 3072 696 15.03 992 0.10 0.88
IHS
PCA IHS

1 Ehlers M. Multisensor Image Fusion Techniques in Remote Sensing[J].
ISPRS Journal of Photogrammetry and Remote Sensing, 1991, 46(1):
19-30.

2 Jim V. Multispectral Imagery Band Sharpening Study[J]. Photograetric
Engineering and Remote Sensing, 1996, 62(9): 1075-1083.

3 , . [I1.

, 1997, 23(4): 44-48.

4 Li H, Manjunath B S, Mitra S K. Multisensor Image Fusion Using the
Wavelet Transform[J]. Graphical Models and Image Processing, 1995,
27(3): 235-244.

5 , . [J].

,2001, 23(1): 47-50.

6 , , . PCA

[9]. ,2003, 8(A- ): 893-895.

7 Lee DD, Seung HS Learning the Parts of Objects By Non-negative
Matrix Factorization[J]. Nature, 1999, 401(6755): 788-791.

8 Lee D D, Seung H S. Algorithms for Non-negative Matrix
Factorization[C]//Proc. of Advances in Neural and Information

Processing Systems, Denver. 2000: 556-562.

n , V.
ij U]
(i, D)
(5)
[ 0
-1
Dy = Ly sl
ni j |ij
(6)
. .Z,[(V'J 7ij(Vlj -V ﬂ
_\2 ;
fillo -7 el
vij_' v,
VARV
PCA
HS
PCA HS
1
(1) IHS PCA
HS
2) HS
HS
168
4)

<listAttribute>

<dataAttribute> 000000 </dataAttribute>
<dataAttribute> 000000 </dataAttribute>

</listAttribute>

(10)
(11)
(i, J)
IHS
1
PCA
PCA
PCA
4
IHS
3

XML
XML
XML
XML M
1 , , . M].
,2005-02.
2 Giarratano J, Riley G. [M]. N N
yo. , 2000-05.
3 . [R]. ,2006-06.

—171—






