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ABSTRACT

RGB images from multispectral (TM) images will be lost some information, in this
paper proposes the method to solve that problem by using the principal component analysis
(PCA) transformed TM images into the principal component images (PCs) and high resolution
PAN data is decomposed by wavelet transform. Thus, RGB images are assigned by the first three
principal component images normally having information more than 95% of original images. The
intensity image from RGB to HIS transformation is replaced by the lower frequency coefficient of
wavelét transform of PAN data corresponding to multispectral images. After HIS to RGB

transformation is applied. The fused RGB image by using the proposed method can clearly obtain

more details.
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Fusion of Principal Component of Multispectral Bands with PAN'Band
Using HIS and Wavelet Transform

S. Chitwong, F. Cheevasuvit, and J. Homthong
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ABSTRACT

Since RGB images derived from multispectral (TM) images will lose some information, in this paper we present the method
to solve such problem by using principal component analysis (PCA) which transforms TM images into the principal
component images (PCs), while the high resolution PAN data is decomposed by wavelet transform. Thus, RGB images are
assigned by the first three principal component images which normally have approximately 95% of the information in the
original images. The intensity image from RGB to HIS transformation is replaced by the lower frequency coefficient of
wavelet transform of PAN data corresponding to multispectral images. HIS to RGB transformation is then applied. The
fused RGB image using our method can obtain more details.

Keyword: Data fusion, Principal Component Analysis, Hue-Intensity-Saturation transform, Wavelet transform.
1. INTRODUCTION

Recently, multi-sensor image fusion has been proposed by many researchers™**. All of the previous methods concemn with
images from different satellites—high spectral low spatial image from Landsat multispectral TM, and low 'spectral high
spatial image from SPOT PAN—in order to fully utilize cach of their advantages. Since both images from different
satellites must be registered to superimpose and importantly, these images must be provided 2t the same time or almost
simultanecusly. To solve such problems, we present fusion method by using images from the same satellite, that is, Landsat
7 consisting of six multispectral TM bands and PAN band. Principal component of multispectral bands and low frequency
wavelet coefficient of PAN band are fused by using HIS. Although the resolution of PAN image of Landsat 7 (15-m) is
lower than that of PAN image of SPOT (10-m), the cost of Landsat 7 data is lower than that of SPOT data. One of the
advantages of using data from a single satellite is that it avoids the unnecessary registration process and it does not take into
account the time problem. We, evalitate our fusion method by comparing the results between the first three component color
composite image and HIS color composite image, at which intensity () is replaced by low frequency wavelet coefficient.

This paper is organized as follows. In section 2, model and formulas used for RGB to HIS to RGB transformation arc
described while principal component analysis is jntroduced in section 3. Wavelet transform used is represented in section 4.
Fusion method is described in section 5. Results from the comparative experiment is discussed in section 6.

2. RGB-HIS-RGB TRANSFORMATION

In this paper, we use double cone model to conv‘crt RGB images into Hue-Intensity-Saturatuin (HIS) components and HIS

component into RGB images. The hue is represented as the angle varying from 0° to 360°. The saturation corresponds to

the radius varying from 0 to 1. The intensity varies along the z-axis with 0 being black and 1 being white. The formulas use
to convert RGB into HIS as follows )

) _R+G+B
3

I
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/ 2U(R-G)+(R-B)

H =cos™
J(R-G) +(R-BXG-B)

[max(R,G, B)]

3
(R+G+B)

If B is greater than G, then H =360° — H .

Because of using double cone model, the process to convert HIS to RGB depends on the angle of hue. Thus, formulas use to
convert HIS to RGB consisting of the three cases as follows

for 0° < H <120°
=g_l:;5‘l r=l 1+._S?ﬂ. g=1-(r+b)
3 3 cos(60° - H)
for 120" < H €240°
H=H-120" Z=lpeadeosH)
3 cos(60° -~ H)
r=g~;ﬂ b=1-(r+g)
for 240" < H <360°
=
H =H—-240" polfq,_Scos(H)
3{  cos(60"—H)
g =(1;3S)- r=1-(g+b)
The values of r, g, and b are normalized values of R, G, and B. Then values of R, G, and B are

R=3Ir G=3lg  B=3m

3. PRINCIPAL COMPONENT TRANSFORMATION

Principal component transformation can be accomplished by the following steps.
L. Calculate the covariance matrix Cy by

1 & r
T 2 (X, —M)(X, - M)

i=]

Cy=

where X is a given N-dimensional variable, M is the mean vector and k is the number of pixels. The principal
component Y, can be denoted by

Y, =a,X, +a,X,a, X, +..4+a,X,
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' Y, =a/X
or

All transformed components can be written by
Y=ATX
where A is the eigenvector matrix. The covariance matrix of new Y covariance is obtained by
— T
C,=AC,A

The matrix C, is a diagonal matrix, which consists of cigenvalue of Cy, that is

(2, 0 0 ... 0]
0 4 0 0
Cy={0 0 4 ... 0
: 0
0 0 0 ... 2

where 4, >4, >..> 4,.

2. Project the original image onto the eigenvector. The principal component images of each eigenvalue can be obtained by
the projection of original images onto the corresponding eigenvector.

By applying the PCA process to the Landsat 7 multispectral TM images in Fig. 3, the first three principal component
images are shown in the Fig. 4. The color composite image in Fig. 7(a) is obtained by assigning the red, green and blue to
the first three higher eigenvalue images. In this paper, red is assigned by PC1, green by PC2, and blue by PC3.

4. WAVELET TRANSFORMATION

Multiresolution wavelet transform'? is used to decompose image into coarser resolution images which are called subbands
consisting of the low frequency approximation band and high frequency detail band. Fig. 1 shows the decomposition of the
original image into a number of subbands. In second level, subbands consisting of LL, HL, LH, and HH where LL is low
frequency subband image containing the most important feature (the highest energy subband). Others arc high frequency
subbands containing details such as the edge information. In Fig. 1, g and h are 1-D lowpass filter and 1-D highpass filter
respectivcly.

Level 0 Level 1

L Holw
g—@-{

h Hil e
e Lo m
n M- we

Fig. 1 The decomposition of image into LL, LH, HL, and HH.

image

The Daubechies wavelet algorithm is used for computing discrete WT (DWT) to generate coefficients. The FIR filter
transfer function of the four-tap Daubechies is

H(z)=hy+ bz + bz + iz

Proc. SPIE Vol. 4545
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0 0.482962913 14453 0.12940952255126
1 0.83651630373781 0.22414386804201
2 0.22414386804201 -0.83651630373781
3 -0.12940952255126 0.48296291314453

5. FUSION METHOD AND RESULTS

Since we use images for fusion method from the single satellite, Landsat 7, pixel-by-pixel position of both images is without
registration process. Fig. 2 shows the fusing scheme consisting of RGB to HIS to RGB transformation, principal component
transformation, wavelet transform, and brightness matching. In our experiment, we use image of 256-by-256 sizes for
multispectral TM images and 512-by-512 sizes for PAN image. PC images can be derived from the multispectral images
using PCA as described in Section 3. We selected the first three components, which had approximately 95% of information
in the original multispectral T™M images (all of six bands consisting of band 1, 2, 3,45, 7). In HIS transformation,
described in section 2, we assign red by PCI, green'by PC2, and blue by PC3 and transform them to HIS images. To
generate fused image from low spectral high spatial image (PAN image) and high spectral low spatial image (multispectral
TM images), we only use the low frequency wavelet coefficient (LL image) of 256-by-256 sizes from wavelet transform,
described in section 4. Its brightness is adjusted 10 correspond with that of intensity image, namely I* image. Intensity image
from the first three components is replaced by I’ image. Finally, fused color-composite image can be derived from HI'S to
RGB transformation shown jn Fig. 7(b).

6. CONCLUSIONS

composite image from HI'S-RGB image shown in Fig. 8(b) clearly has more detail than that of PC-RGB image shown in
Fig. 8(a). Therefore, the fused color-compoesite image of HI'S-RGB will be useful for terrain feature classification and
interpretation,
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Fig. 4 First three principal Component of Landsat 7 multispectral TM
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Fig. 8 Enlarged color composite images of (a) PC-RGB image (b) HI’S-RGB image.
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1. INTRODUCTION

In recently, multi-sensor ifnage fusion has been proposed by many researcher*’. All of
previous method concems with images from different satellite, that is, high spectral low spatial image
from Landsat multispectral TM and low spectral high spatial image from SPOT PAN in order to utilize
each advantage of them. Since both images from different satellite must be registered to
superimpose and importantly these images must be provided at the same time or most nearly. To
solve such problems, we present fusion method by using images from the same satellite, that is,
Landsat 7 consisting of six multispectral TM bands and PAN band. In order to utilize all of information
from Landsat multispectral TM, principal component of multispectral bands used, first three
component having informaiion inore than that of any three bands from six bands, and low frequency
wavelet coefficient of PAN band are fused by using HIS. Although resolution of PAN image of Landsat
7 (15-m) has lower than that of PAN image of SPOT (10-m), cost of Landsat 7 dgta is lower than that
of SPOT data together. One of advantage of our fusion method is without registration process and not
takes into account problem of the time. Result comparison of our fusion method is between first three
" component color composite image and HIS color composite image, at which intensity (1) is replaced
by low frequency wavelet coefficient.

This paper is organized as follows. In section 2, mode! and formulas used for RGB to HIS to RGB
transformation are described while principai component analysis is introduced in section 3. Wavelet
transform used is represented in section 4. Fusion method is described in section 5. Result

comnparative experiment is discussed in section 6.
2. RGB-HIS-RGB TRANSFORMATION

In this paper, we use double cone model to convert RGB images into Hue-Intensity-Saturatuin
{HIS) compenents and HIS.component into RGB images. The hue is represented as the angle varying
from 0" to 360°. The saturation corresponds to the radius varying from 0 to 1. The intensity varies

along the z-axis with 0 being black and 1 being white. The formulas use to convert RGB into HIS as

follows
j=R+G+B
3
1 -
5[(R—(7)+(R-B)]
. H =cos™
YJULR { 4 (R_G)2+(R—B)(G—B)
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If B is greater than G, the H =360"—-H .
Because of using double zone model, the process to convert HIS to RGB depends on the angle of

hue. Thus, formulas use i= convert HIS to RGB consisting of the three cases as follows

incase 0"<H <120

p=022). p=Lly, Soost) g=1-(r+b)
3 3 cos(60° — H)
in case 120" < H <240
H=H-120 S\ /LA
3 cos(60° — H)
r=(ljb) b=1-(r+g)
in case 240" < H <360
H = H - 240" po Ll ScostH)
/N cos(60° — H)
g =42 r=1-(g+b)

The values of r, g, and b z-e a normalized values o R, G, and B. Then values of R, G,and B s

R=3Ir G=3lg ~ B=3lb
3. PRINCIPAL COMPONENT TRANSFORMATION

Principal comporent transformation can be accomplished by the following steps.

1. Calculate the covarianzs matrix Cy by

C, —Z(x -MYX, -M)"

b=l

where X is a given N-di~ensional variables, M is the mean vecter and & is the numoer of pixels.
The principal component I, can be denoted by

Y, =a,X, +a,,X,a,X; +..+a, X,
or Y, =g X

All transformed components can be wiitten by

Y=A'X
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where A is the eigenvector matrix. The covariance matrix of new Y covariance is obtained by
Cy, =AC,A”

The matrix Cy is a diagonal matrix, which consists of eigenvalue of Cy. thatis

(2, 0 0 K 0]
0 4, 0 K 0
Cy=|0 0 A4 K 0
M 0
0 0 0 K 4]

where 4, >4, >..>4,. '

2. Project the original image onto the eigenvector. The principal component images of each

eigenvalue can be obtained by the. projection of original images onto the corresponding eigenvector.
By applying the PCA process to the Landsat 7 multispectral TM images of Fig. 3, first three

principal component images are shown in the Fig. 4. The color composite image in Fig. 7(a) is

obtained by assigning the red, green and blue to the first three higher eigenvaiue images. In this

paper, red is assigned by PC1, green by PC2, and blue by PC3.
4. WAVELET TRANSFORMATION

Mutiiresolution wavelet transform'? is used to decompose image into the coarser resolution
images which are called subbands consisting of the low frequency approximation band and high
frequency dstail band. Fig. 1 shows tha decemposition of original image into a number of subbands.
In secono level, subbands consist'of L L, HL, LH, and HH where LL is low frequency subband image
presenting most important feature (the highest energy subband), others are high frequency subbahds

containing a detail such as the edge information. In Fig. 1, g and h are 1-D lowpass filter and 1-D

highpass filter respectively.

Level ¢ Level1°
s HEkw
b Hizh o
image

Hle l: HL

h Hiz -
DL h..@ ‘HH

|

= KON :

;Fig. 1 The deCombos}tion of irﬁéée into LL, LH. L, and HH.
AU DA T WG i
The Daubechies wavelet algorithm is used for combt{gng dis

s e

~ - e .

The FIR filter transfer function of the four-tap !_)gubgjéglgg 15K

. VYT WT) to generate coefficients.
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H(2)=h +hz" +hz" +hz"
G(z)=g, "'8'|-"'_l "'gzz_l +g32—|
where H(z) is the dilation coefficients represented a highpass filter, G(z) represented a lowpass
fiter. b, and g, are filter coefficients shown in Table 1. Following as previous description, let PAN
image shown in Fig. 6 is the original image which is transformed into multiresolution images (LL, LH,
HL, and HH). The LL image shown in Fig. 6(a) is only used. In order to match brightness of intensity

image and LL image for reasoning HIS into RGB, brightness of LL image is adjusted. Adjusted

brightness LL image shown in Fig. 6(b) is the same brightness as that of intensity image.

Table 1 Filter Coefficients of the four-tap Daubechies wavelet,

N H G

0 0.48296291314453 0.12940952255126

1 0.83651630373781 0.22414386804201
Py 0.22414386804201 -0.82651630373781

3 -0.12940952255126 0.48296291314453

5. FUSION METHOD AND RESULTS

Since we uce images for fusion method from the single satellite, Landsat 7, pixel-by-pixel
position of both images is without registration process. Fig. 2 shows the fusing scheme consisting of
RGB to HIS to RGB transformation, principal component transformation, wavelet transform, and
brightness matching. In our experiment, we use image of 256-by-25€ sizes for multispectral TM
images and 512-by-512 sizes for PAN image. PC images, described in section 3, from multispectral
images result the first three component. All of them have information more than that of original
multispectral T:‘M images (all of six bands consisting of band 1, 2, 3, 4, 5, 7) of 95%. In HIS
transformation, described in section 2, we assign red by PC1, green by PC2, and blue by PC3 and
transform them to HIS images. To.generate fused image from low spectral high spatial image (PAN
image) and high spectral low spatial image (multispectral TM images) we only use the low frequency
wavelet coefficient (LL image) of 256-by-256 sizes from waveiat transfzim, described in section 4. lts
brightness is adjusted to correspond with that of intensity image, namely I' image. Intensity image

~ from first three component is replaced by I' image. Finally, fused color-composite image results from

HI'S to RGB transformation shown in Fig. 7(b).

N R - - o m~aarlage £ 2 2
ak R < OO0 GigvEw 2uiriaacunl ¢

ST AT o T YIS SEE
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6. CONCLUSIONS

In this paper, we present fusion method by fusing images from principal component images
(first three components) of Landsat 7 multispectral TM image transformed into HIS and low frequency
wavelet coefficient. One of advantage to fuse images from the single satellite is first no need to
registration process between multispectral TM images and PAN image and also not take into account
problem to select both images on the same time or most nearly. By visual experiment of enlarged
images shown in Fig. 8 see that color composite image from HI'S-RGB image shown in Fig. 8(b) have
clearly more detail than that from PC-RGB image shown in Fig. 8(a). Therefore, the fused color-

composite image of HI'S-RGB will te useful for terrain feature classification and interpretation.
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Landsat 7 Landsat 7
Multispectral
basids PAbijand
Principal Wavelet
Component Teanstorn
Transformation i
|PC1‘|—?C?—IlPC2||LL||LHI|HLI|HHI
RGB-HIS Brightr?ess
matching

RN

Fused colour composite image
Hi'S-RGB | —>

Fig. 2 Fusion scheme of Landsat 7 multispectral image and PAN data.

Band 5

Fig. 3 Original Landsat 7 multispectral TM images.
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PC 1 (Red) PC 2 (Green) PC 3 (Blue)

Fig. 4 First three prir.cipal Cornoorent of Landsat 7 muitispectral TM ‘mages.

@) b)

Fig. 6 Wavelet coefficient image of PAN

(a) Original coefficient imaga, LL (b) adjusted brightness image.
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Fig. 8:Enlarged color composite images of (a) PC-RGB image (b) HI'S-RGB image.
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