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Abstract: Problem statement: Image fusion is a process by which multispectradl @anchromatic
images, or some of their features, are combinecth®y to form a high spatial/high spectral
resolutions image. The successful fusion of imagegiired from different modalities or instrumersts i
a great importance issue in remote sensing apigicatApproach: A new method of image fusion
was introduced. It was based on a hybrid transfavhich is an extension of Ridgelet transform. It
used the slantlet transform instead of waveletsfiaim in the final steps of Ridgelet transform. The
slantlet transform was an orthogonal discrete waviansform with two zero moments and with
improved time localizationResults: Since edges and noise played fundamental role imgém
understanding, this hybrid transform was provetidayood way to enhance the edges and reduce the
noise.Conclusion: The proposed method of fusion presented richerinétion in spatial and spectral
domains simultaneously as well as it had reachesbtimum fusion result.
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INTRODUCTION methods. The spatial information of fused imagars
important factor as much as the spectral infornmatio
Remote sensing and mapping are some of thenany remote sensing applications. In particulars th
application fields benefiting from the image fusion improves the efficiency of the image fusion appima,
Many image fusion techniques and software toolehavsuch as unsupervised image classification. In other
been developed. The well-known methods are, foiwords, it is necessary to develop advanced imasjeriu
example, Principle Component Analyses (PCA)method so that the fused images have the sameaipect
introduced by Chavé?, Intensity Hue Saturation (IHS) yesolution as the multispectral images and the same
transform performed by de Bethueteal.? and Brovey spatial resolution as the panchromatic image with
method proposed by Seetétzl.”. minimum artifacts Choét al.!l,

If the objective of image fusion is to construct In this study, firstly, a new Hybrid transform whi
synthetic images that are closer to the realityy the jg improvement from the Ridgelet transform is
represent, then, according to the criteria propdsed ron0sed. The Hybrid transform is based on reptacin
PCA, IHS and Brovey fusion methods meet thiSihe \wavelet transform in the Ridgelet transformhwit
objective. However, one drawback of such methods ighe gjantlet transform. This method provides richer
some distortion of spectral characteristics indhginal  jnformation in the spatial domains than Wavelets by
multispectral images Chet al.. _ represents better edges since edges play a funt@men

Recently, developments in wavelet analysisyye in image understanding. A good way to enhance
provide a potential solution to these drawbacksefd spatial resolution is to enhance the edges.

wavelet based techniques for fusion of 2-D imagesh Theoretical basis of the Hybrid transform is
been described in the literatlife. described next. Then, the new image fusion approach

Wavelet-based image fusion method provides highor panchromatic and multispectral images basethen
spectral quality of the fused satellite images. Ee&r,  Hybrid transform is presented, followed by discassi
the fused images by Wavelets have much less spatisaf the image fusing experiments. Next, the
information than those by the PCA, IHS and Broveyexperimental results are analyzed.
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The hybrid transform: To improve the performance ®)
of the individual transforms and to overcome their
weakness points, here another transform is proposeﬁ

Transform

. 2: Two-scale iterated filter bank and an eglént

which is named as Hybrid transform. structure

The main idea behind the Hybrid transform is.tfirs )
to apply the two dimensions Fast Fourier Transf(2sD @ o J Eol2)
FFT) to the two dimensions signal (image). Nexintap P
line sampling scheme into a point sampling scheme .
using the Radon transform. It is required to tdie dne @ 05 [, B@
dimension inverse Fast Fourier Transform (1-D IFFT) i Y S

for each column of the produced two dimensionsaign —

Finally, it is required to perform the Slantletrisform to 0_15 Ez@
each row of the resultant two dimensions signal. - ol 111 i F—
. . . . -0.5
It is expected that this new hybrid transfowiti
give a high performance and strong properties. his 015 @
because combines together the good propertieseof th @ 'u__n_[ _____________
0.5 I

local transforms. Particularly the Slantlet tramsfpthe
properties and performance of the Slantlet are drigh 4
even than that of the Wavelet transform. The stinect 3 \
2
1

n123456 7879

\/\

MATERIALSAND METHODS '/“’_,,‘_‘\ \,g
0 025 05 07=

of the Hybrid transform is given in Fig. 1.

Slantlet transform filter bank: The Slantlet uses a

special case of a class of bases describéd bthe Fig. 3: Two-scale filter bank structure using the

construction of which relies on Gram-Schmidt slantlet

orthogonalization. It is useful to consider firsetusual

two-scale iterated DWT filter bank and an equivalen filters of Fig. 2b are of lengths 10 and 4 but skentlet

form, which is shown in Fig. 2. The “slantlet” &it filter bank with K = 2 zero moments shown in Figh&s

bank described here is based on the second seuctufilter lengths of 8 and 4. Thus the two-scale $rititer

but it will be occupied by different filters thateanot  bank has a filter length which is two samples kbsm

products. With the extra degrees of freedom obthinethat of a two-scale iterated Daubechies-2 filterkod his

by giving up the product form, it is possible tosig  difference grows with the number of stages.

filters of shorter length while satisfying orthogdity Some characteristic features of the Slantletrfilte

and zero moment conditiofé. bank are orthogonal, having two zero moments asd ha
For the two-channel case, the shortest filters foioctave-band characteristic. Each filter bank hasade

which the filter bank is orthogonal and has K zerodilation factor of two and provides a multi-resadut

moments are the well known filters described bydecomposition. The slantlet filters are piecewiredr.

Daubechi¢é”. For K =2 zero moments the iterated Even though there is no tree structure for Slaittlean
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be efficiently implemented like an iterated DWTidil
bank?Y. Therefore, computational complexities of the
Slantlet are of the same order as that of the DWW
filter coefficients used in the slantlet filter baras
derived in by Selesni&! are:
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Fig. 4: Block diagram of image fusion based on fd/br
transform

Step 3: Fusion selection step: There are three
developed fusion rule schemes that can be useddrere
the proposed image fusion. The maximum selection
scheme just picks the coefficient in each subbaitid w
the largest magnitude. The weighted average scheme
developed by Kolczynsk? uses a normalized
correlation between the two images' subbands over a
small local area. The resultant coefficient for
reconstruction is calculated from this measure aia
weighted average of the two images' coefficients.

Finally, the window based verification scheme that
developed by creates a binary decision map to choose
between each pair of coefficients using a majdiiitgr.
Since the proposed method of fusion uses the one-
dimension multiwavelet then there will be two bands
rather than four bands which are low band (L) drel t
high band (H). Several experimental tests wereiethrr
out to test the fusion using the above three tgherses.

The proposed method of fusion consists ofit was found that using the weighted average isbtst
processing of the two images using the Hybridsy, fysion of the low band and the maximum selectio

transform as shown in Fig. 4. The two images arhef

scheme is the best among them for the band (H).

same scene, each with a different camera resolution
Usually the coefficients of each transform haveStep 4: Reconstruction or inverse Hybrid transform:

different magnitudes within the regions of diffetren
resolution.
Transform are:

Step 1: Image conversion: Convert the multispectral

The selection coefficients are reconstructed tothet

The steps of image fusion using Hybridnew Intensity component for multispectral imagethsy

Inverse Hybrid Transform.

Step 5: Inverse (IHS) to (RGB) image: Finally, we

image (RGB) to IHS space. The multispectral imageponvert the new Intensity component with the same H
converted from RGB (Red, Green and Blue) space tgnd S to the RGB component which represent the new

IHS (Intensity, Hue and Saturation).

Step 2 Transform computation: Computation of
slantlet transform of the two images. In this step

two images (the Pan Image and Intensity componknt o

multispectral image. The block diagram of the pismab
image fusion is shown in Fig. 4.

RESULTS

The IKONOS Panchromatic (1 m spatial resolution)

the RGB image) are decomposed using the Hybricand multispectral image (4 m spatial resolutiong slib-

transform.

urban area are shown in Fig. 5a and b resgdet
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@ (b)

Fig. 5: IKONOS Panchromatic image and
Multispectral image (x4 zoom). (a): PAN
image; (b): MS image

Different fusion methods applied to this data set t
produce the fused multispectral images in Fig. 6.

Since the Hybrid transform is well-adapted to
represent pan image containing edges and the
multiwavelet transform preserves spectral inforovati
of original multispectral images, the fused images h
high spatial and spectral resolution simultaneausly

From the fused image in Fig. 6, it should be noted
that both the spatial and the spectral resolutizase
been enhanced, in comparison to the original images
The spectral information in the original panchromat
image has been increased and the structural infamma
in the original multispectral images has also been
enriched. Hence, the fused image contains both the

structural details of the higher spatial resolution _.

g : . . Fig. 6: PCA, Brovey, WLT, DRGT and HYBRID
anchromatic image and the rich spectral infornmatio .
P 9 P fused Images. (a): Fused IHS image; (b):

from the multispectral images. Compared with the . } i
fused result by the wavelet, the fused result by th I(:hu;aer()j f’é%‘é?{ '(rg)"’lggus(gé gkj/\?'?'dbg:g ?ng;j
Hybrid has a better visual effect in IKONOS image Image: () FL,Jsed DRGT based (haar) image:

fusion in Fig. 6. i ) i
Assessing image fusion performance in a real (@): Fused_D_RGT based (Db4) Image; (h):
Fused hybrid image

application is a complicated issue. In particular,
objective quality measures of image fusion have not
received much attention. Some techniques to blindly DISCUSSION

estimate image quality are used in this researabh S

quality measures are used to guide the fusion an@he root mean square error: The Root Mean Square
improve the fusion performance. Error (RMSE) is found by tacking the square roothef
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error squared divided by the total number of pixaels Table 1: Training and testing times for the network

the image: Fusion Rand Gand Band PANand PANand PAN and
method newR newG newB newR new G new B
(Idealvalue) (0) (0)  (0)  (41.62) (42.83) (48.97)
1 &N HIS method 4361 4361 4361 11.18  3.63 10.97
RMSE= [—>">"[I(r,c)- F(r,c)f (5)  Brovery 4705 4542 3904 1470 656 1520
N™ == method
DWT based 2681 26.81 26.81 70.66 7350  78.20
. (haar)
Where: _ _ DWT based 2674 2674 2674 2561 2556  31.45
I (r, c) = the ideal image (Db4)
F (r, c) = the fused image DhRG')I' based 24.67 2467 2467 2372 2363  29.89
. . . . . aar
NxN =the image size. This measure is USsed ithrgTpased 2421 2421 2421 2349 2340 2974
Cartef’ (Db4)
Hybrid method _21.86 21.86 21.86 21.31 21.19 27.98

The experimental result was analyzed basethen

root mean square error (RMSE) in (Table 1): Table 2: Training and testing times for the network

Fusion Rand Gand Band PANand PANand PAN and
. method newR newG newB newR newG newB

» The RMSE values between the fused image bandgdeal value) (0) (0) (0) (41.62) (42.83) (48.97)
with their corresponding MS image bands indicateHIS method ~ 0.7205 0.6944 0.6798 0.9858 0.9975  G.987
that the pixel values are less distorted in the o 0.6871 06720 0.7351 09767 0.9920  0.9750
Hybrid method compared to the IHS, Brovey, pwTbased 08871 0.8766 0.8727 0.8695 0.8758 0.8493
DWT and DRGT methods (haar)

«  The RMSE values between the fused images ban Vk\)/;ll')based 0.8877 0.8772 0.8733 0.8705 0.8763  0.8492
with the original PAN image indicate that the pixel DRGT based 0.9063 0.8975 0.8947 0.8865 0.8946 D.868
values are less distorted in the Hybrid method(gsgqb 4 09101 09018 08991 08884 08968 8870
compared to DWT based fusion. But its more g ased  © : ' ' ' '
distorted compared to HIS, Brovey, DWT and Hybrid method 0.93090.9246 0.9233 0.9058 0.9165 0.8907

DRGT methods

The correlation coefficient values between each

Correlation coefficient: The closeness between two . . - )
new image band with the original panchromatic

images can be quantified in terms of the corretatio

function. The correlation coefficient ranges frointe
+1 Cartef!. The correlation coefficient is computed
from:

I(r,c)-1)(F(r,c)- F
Seo-reod

(F(r,c)—F)zj

>
Corr(l,F)= =1
(I(r,c)—l)zJ(Zi

{;

N
c=

N N
22
=1 c=1
Where:
| (r, c) = The ideal image
F(r, ¢) = The fused image
landF = Stand for the mean

values of

image indicate that the Hybrid fused method
produces the closest correlation with the
panchromatic bands compared to IHS, Brovey,
DWT and DRGT methods

Based on the experimental results obtained from
this study, the Hybrid-based image fusion method
is very efficient for fusing IKONOS images. Thus,
this new method has reached an optimum fusion
result

CONCLUSION

This study presented a newly developed method

the based on the Hybrid transform for fusing IKONOS
images. The experimental study was conducted by
applying the proposed method and compared withrothe
image fusion methods, namely IHS, Brovey, wavelet
and Ridgelet transform methods.
Based on the experimental results using the RMSE
The correlation coefficient values between eachend the correlation coefficient, the proposed metho
new image band with its original MS band indicateProvides a good result, both visually and quanmviédy,
that the Hybrid fusion method produce the besffor remote sensing fusion. This due to the propsrtif
correlation result the Hybrid transform in providing the alleviatiofi the
267
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NxN = The image size

Table 2 shows that:
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noise resulting from the fusion process due tougeeof 9.
the Slantlet is well representing images containing
edges.
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