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Abstract — image fusion is a process of producing a single fused image from a set of input
images. The fused image has enhanced information more than any of the input images

In this paper a wavelet based image fusion experiments are carried out, and the impacts of
changing various wavelet parameters on the quality of the fused image are investigated.

The fusion of wavelet coefficients is done according to three agorithms. Fusion experiments are
performed on QuickBird panchromatic (PAN) and multispectral (MS) images. In order to
evaluate the quality of the fused images four quantitive measures of correlation coefficients, root
mean square error, information entropy, and standard deviation are used. Fusion methods like
IHS transform and brovey transform method are investigated, and their results are compared with
that of our experiments based on the using of wavelet transform.
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. Introduction

Image fusion is a technique of combining complementary information from multiple images
originated from different sources into a single image. The fusion process improves the quality of
the fused image compared to the origina input images. Image fusion has been used in many
fields such as machine vision, medical diagnosis, military applications, and remote sensing
applications.

In satellite remote sensing, the sensors provide us with two main types of images: panchromatic
image of high spatial resolution and low spectral resolution and multispectral image of high
spectral resolution and low spatial resolution. Image fusion can be employed as an effective and
inexpensive tool to merge those two main types producing a fused image of high spatial and
spectral resolution [1]

. There are many image data fusion methods[2],[3], including intensity-hue- saturation(IHS)
transform , principle component anaysis (PCA), Brovey transform (BT), two-dimensions
discrete wavelet transform(2D-DWT), etc.

Recent researches showed that the wavelet based image fusion techniques outperform the
standard image fusion methodg[4],[5] .
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In this paper the main objective is to apply 2D-DWT method in image fusion and study the
effects of changing some of the wavel et transform parameters on the quality of the fused image.
The fusion is aso performed using HIS d BT methods, and the obtained results are compared
with that of wavelet-based technique.
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II.  Theory of the two-dimensional discrete wavelet transform.

The wavelet decomposition of two-dimensional image commonly used discrete wavelet
transform. According to Mallat fast algorithm [6], alow pass filter(H) and a high pass filter(G)
are used to decompose the original two-dimensional image (A) on scale j-linto four sub-images
asfollows

A=H_HA
D;{ m G.“l H?:A;—l (1)
D‘,IE' = H.“'IG?!A" -1
Df" = G“.. GHHJ—I

Where
A D" DY and D° are the low-frequency components, vertical, horizontal, diagonal direction
high frequency components respectively.
Correspondingly, the wavelet reconstruction formulais as follows:
Cj_y =H,H,C,+ H,G.D + G, H.D; +G,G.D} 2
Where
C isthe reconstructed two-dimensional image
H ' G arethe conjugate transposed matrix of H, G.

Wavelet transform divides the original image into approximate and detail components through
different filters, namely, low-frequency part and high-frequency part. High-frequency
components are divided into horizontal, verticad and diagona three components. Further
decomposition of the image is done only for the low-frequency component and, if the image is
decomposed using N-layer wavelet decomposition, there will be (3N+1) different frequency
components, including the 3N high frequency components and a low frequency component.
Fig.1 shows 3 level of 2D-DWT.
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Figure 1 2D-DWT with three levels of decompositions
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As the decomposition levels increase, the frequency range is gradually reduced, and the
calculation amount of image fusion is aso greatly increased, so 1-5 levels of wavelet

decomposition were chosen to study in the experiment.

[11.  Wavelet Based Image Fusion

Fusion methods based on 2D-DWT are done by combine decomposition coefficients of two or
more source images using a certain fusion rule then a backward transform is performed on the
combined coefficients resulting in the fused image. A general scheme for 2D-DWT based fusion
methods is shown in Fig.2. In this paper three experiments are carried out to study the effects of
changing of various wavelet parameters on the quality of the fused image.
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Figure 2: general scheme of wavelet based image fusion
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In this experiment the input images to be fused named A & B, are transformed using the same
wavelet base (db2), and transformed to the same number of levels. Let The transformed
coefficient are fused according to three fusion rules then the fused image F is constructed
through the inverse transform.

For the all of the fusion rules, the approximation coefficients of the fused image are constructed
by averaging out the approximation coefficient of the sources images A & B, the details
coefficients are calculated as follows:

Fusion rule 1. Since large absolute values of transform coefficients corresponds to sharper
brightness changes [7], the details coefficients are constructed by comparing the details of the
source images and we select that has maximum absolute value [8].

Fusion rule 2: the details coefficients of fused details coefficient are constructed based on
maximum gradient of that of the sourcesimages[9].

The average gradient magnitude (&) is defined as:

6= ()" + (L)) ®

Where df(i,j)/dx and df(i,j)/dyv are one order differential of corresponding wavelet
coefficientsin x and y direction respectively.

The fused coefficients are obtained by setting each coefficient equal to the corresponding input
image wavel et coefficient that has the greatest average gradient.

Fusion rule 3: in this rule we replace all of the MS image with that of the panchromatic image
[10], so we select all the panchromatic details as a details coefficients of the fused image.

B. Study the effect of the number of levels of decomposition:

In this experiment the input images A & B are transformed using the same wavelet base (db2),
the of decompositions increases from just single level up to five level of decomposition. Fusion
rule 3 is used to synthesi ze the coefficient of the fused image at al levels of decomposition.

C. Study the effect of the selection of wavelet base:

The effect of changing the wavelet base is studied by transforming the input images using
different wavelet basis (db2, db5, dbl, sym2, biorl.l and coif2) with three levels of
decomposition and then Fusion rule 3 is used to synthesize the coefficients of the fused image.

V. Quality evaluation of the fused images

For assessing the quality of the obtained fused images we measure the information entropy (EN)
and standard deviation (STD) of each band of the fused image and the gray scale version of the
fused image (GF). Correlation coefficients (CC) between fused image and PAN image, and
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between the PAN image and gray scale version of the fused image are calculated. Finally we
calculate the root mean square error (RMSE) between fused image and original MS image, and
between the PAN image and gray scale version of the fused image.

The information entropy (EN) can be cal culated according to the following equation [11]:

EN =5 p(g)log, pl(g). 4

where p(g) is the probability of gray level g, and the range of g is [0,...,L-1]. And L is the

maximum value of the gray levels.
The standard deviation of the image A is one of the important measures, and it can be calcul ated

according to the following equation [11]:

STD:E%_li@A—Agg, )

where A denotes the mean of image pixels, A; denotes the pixel of image, and n is the total
number of the image pixels. Generaly large value of the STD denotes that information content

of the image are high, and more information are gained.

The correlation coefficients between two images measure the closeness or similarity between
two images. It can vary between [-1 : 1]. A vaue close to +1 indicates that the two images are
very similar, while a value close to -1 indicates that they are highly dissimilar. The formula to
compute the correlation between two images A & B isgiven by [11]:

(A, - A)(B,, -B)
> Z ©)

JZZ(AJ N33, 5

The root mean square error measures the difference between two images, smal amount of
RMSE means the images are closed to each other. The formula for computing RMSE between

two images A & B isgiven by[11]:

Corr (A/B) =

RMSE = \—Z‘_l_-_llA( J) —B(iL.)I? (1)
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Where (i,j) denotes a given pixel, and NxM isthe size of the image.

V. Experimental resultsand discussion

Two subsets of 400x400 pixels of the QuickBird PAN and MS images of a city Musrate in North
West of Libya are used to conducts the image fusion experiments explained in section |11 and
shownin Fig.3.

Fig.4 shows the obtained fused images corresponding to the use of different levels of wavelet
decomposition in the transformation of the input images. The resultant fused image of using
different fusion rules explained in section |11 are shown in Fig.5. Fig.6 shows the obtained fused
images when we change the wavelet function. Fig.7 shows the fused images of IHS transform
method, brovey transform method and that of wavelet-based method.

Tablel presents the results of the objective evaluation of the fused images resulted from different
levels of wavelet decomposition, and the result of the objective evaluation of fused images
produced by using different fusion rules are given in table.2. Table.3 presents the results of the
objective evaluation of the fused images resultant from the use of different wavelet base
functions. Table.4 gives the results that compare wavelet-based method with HIS, PCA and
brovey transform methods.

It is clear from table.1 that the quality of the fused image is improved as we increase the level of
decomposition at the expense of calculation complexity, and the results of table.2 shows the
better quality is achieved when we use fusion rule3 in synthesizing the wavelet coefficients of
the fused image. Since the results of table.3 are much closed to each other, we can say that no
matter what kinds of wavelet function are used. Finally the results of table.4 show that the
wavelet-based image fusion method has a better performance than IHS and brovey transform
methods.

VI. Conclusion

In this paper three wavelet-based experiments of merging a remotely sensed digital satellite
images are conducted. The objective of those experiments is to study the effect of changing
various wavelet transform parameters on the quality of the fused image. We conclude that the
fused image quality is improved as we increase the number of the levels of wavelet
decompositions while the computer calculations are significant increase. More over the using of
fusion rule in which al of details of the MS image are replaced with that of PAN image gives
better result than the other tested fusion rules and we can a so conclude that no matter what kinds
of wavelet function are used to perform the experiments. Finally the use of wavelet-based image
fusion method of proper choices of wavelet parameters give better result than standard image
fusion methods like IHS and brovey transform methods.
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> “Figure 3: a,b Original (input) PAN and MS images respectively.
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Figure 7: a,b Original (input) PAN and MS images respectively. c,d,e Fused images
using DWT, HIS, and brovey transform method respectively.
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Table 1: statistical indicators of CC, EN, RM SE, STD for fused imagesresulted from changing level
of Decompositions

Onelevel Two Three Four Five
levels levels levels levels
(F4|PAN) 0.9878 0.9904 0.9931 0.9961 0.9977
cc (F2|PAN) 0.9905 0.9930 0.9954 0.9976 0.9988
(F3|PAN) 0.9911 0.9936 0.9958 0.9979 0.9969
(GF|PAN) 0.9902 0.9920 0.9937 0.9957 0.9969
(Fy) 7.77074 7.8011 7.8426 7.8408 7.8254
(F2) 7.7457 7.8249 7.8588 7.8582 7.8172
Entropy
(Fa) 7.7123 7.7300 7.7252 7.7063 7.6410
(GF) 7.7483 7.8262 7.8624 7.8643 7.8345
(FIMS)) 0.1073 0.1273 0.1460 0.1637 0.1728
RMSE (FMSy) 0.1002 0.1216 0.1393 0.1544 0.1615
(Fi MSs) 0.1095 0.1286 0.1436 0.1567 0.1629
(GF|PAN) 0.0802 0.0726 0.0644 0.0536 0.0454
(Fy) 0.2346 0.2424 0.2503 0.2546 0.2557
STD (F2) 0.2394 0.2471 0.2546 0.2579 0.2582
(Fa) 0.2466 0.2542 0.2620 0.2655 0.2657
(GF) 0.2382 0.2457 0.2535 0.2572 0.2580
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Table 2: statistical indicators of CC, EN, RM SE, STD for fused images
resulted through different fusion rules
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Se'is'%gl?ax Mg’r‘ 20 | Replace all MS details

(FPAN) 0.8963 0.9871 0.9933

e (F,PAN) 0.9836 0.9894 0.9953
(FoPAN) 0.9896 0.9801 0.9957

(GE[PAN) 0.9892 0.9893 0.9951

) 78418 77682 0.8227

N %) 7.8150 77689 0.7984
() 77128 7,685 0.6960

(GF) 7.8160 77649 0.8021

(FIMS) 01224 0.0950 0.1402

S FIMS) 0.1158 0.0987 0.1336
(Fo|MSy) 01225 0.0974 0.1362

(GFIPAN) 0.0849 0.0893 0.0573

@ 02493 0.2329 0.2427

. () 0.2509 0.2308 0.2461
) 0.2538 02340 0.2501

(GF) 0.2569 0.2383 0.2440
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Table 3: statistical indicators of CC, EN, RMSE, STD for fused images
resulted through different wavelet functions

Db2 Db10 | Sym2 | Biorll | Coif2
(FJPAN) | 0.9937 | 09932 | 09937 | 009939 | 0.9933

cc (FJPAN) | 0.9958 | 09954 | 09958 | 0.9959 | 0.9954
(FsPAN) | 09962 | 09958 | 09962 | 09963 | 0.9959

(GFIPAN) | 09941 | 009937 | 009941 | 09941 | 0.9938

(F1) 7.8307 | 7.8470 | 7.8307 | 7.8003 | 7.8430

N (F2) 78515 | 7.8621 | 7.8515 | 7.8184 | 7.8586
(Fa) 77167 | 7.7293 | 7.7167 | 7.6755 | 7.7246

(GF) 7.8575 | 7.8663 | 7.85/5 | 7.8333 | 7.8629

(FUMS) | 01494 | 01462 | 0.1494 | 0.1504 | 0.1466

AMSE (FJ/MS) | 01424 | 01394 | 0.1424 | 01428 | 0.1396
(FsMSs) | 01462 | 01436 | 0.1462 | 0.1470 | 0.1438

(GFIPAN) | 0.0624 | 00644 | 0.0624 | 00626 | 0.0641

(F) 02510 | 02504 | 02510 | 0.2504 | 0.2507

1D (F2) 0.2550 | 0.2547 | 02550 | 0.2547 | 0.2548
(Fs) 02624 | 02521 | 0.2524 | 02521 | 0.2522

(GF) 02540 | 02534 | 0.2540 | 02534 | 0.2536
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Table 4: statistical indicators of CC, EN, RMSE, STD for fused images resulted
of wavelet-base method, HIS method and brovey transform method.

EE238 -16

IHS Brovey DWT
(F4|PAN) 0.9918 0.9944 0.9931
cc (F2|PAN) 0.9963 0.9978 0.9954
(F5|PAN) 0.9955 0.9958 0.9958
(GF|PAN) 0.9971 0.9996 0.9937
(Fo) 7.5807 7.6716 7.8426
EN (F) 7.6263 7.6587 7.8588
(F3) 7.4984 7.5666 7.7252
(GF) 7.7141 7.6355 7.8624
(FIMS) 0.1580 0.1607 0.1460
RMSE (FJMS) 0.1619 0.1709 0.1393
(FiIMSy) 0.1613 0.1646 0.1436
(GF|PAN) 0.0439 0.0165 0.0644
(Fo) 0.2487 0.2383 0.2503
STD (Fo) 0.2537 0.2433 0.2546
(F3) 0.2625 0.2534 0.2620
(GF) 0.2505 0.2386 0.2533
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