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Abstract: Many image fusion algorithms and software tools have been developed for combining images of
different spectral and spatial resolution. The resultant color image is of high resolution and is used in different
remote sensing applications which involve wide range of spatial, spectral, radiometric and temporal resolutions.
This study presents a comparative study of the three fusion methods based on Improved Additive Wavelet
(IAW), Intensity-Hue Saturation (IHS) and High Pass Filtering (HPF). The fusion results for each method is
collected and evaluated, both visually and objectively. Experimental results prove that the additive wavelet
method outperforms the other two methods in terms of quality measures such as the universal image quality
index, spectral angle mapper, Erreur relative globale adimensionnellede synthese and correlation.

Keywords: A trous algorithm, High Pass Modulation (HPM), Intensity-Hue-Saturation (IHS), panchromatic
and multispectral images

INTRODUCTION

Pan sharpening, widely known as image fusion, is a
technique of combining images of different frequency
originating from different sources to obtain images of
better quality. The fused image is a multispectral image
with high spatial resolution obtained by integrating high
resolution panchromatic image which is monochrome and
the low resolution multispectral color image that consist
of the collection of RGB (Red, Green, Blue) bands. But
IKONOS and Quick Bird satellite images contain four
multispectral bands and one panchromatic band. The
resultant fused image is expected to have the best possible
resolution with minimum distortion so that the fine
features of the planet can be detected. A large collection
of fusion methods have been proposed to merge
panchromatic and multispectral images. Even software
like ERDAS and ENVI does the integration using
standard algorithms. Due to the emergence of sensors
based on the platform, the satellite imagery are widely
used in military applications, civilian applications, precise
agriculture, oceanography and urban development and
fusion process stands the critical element for each of these
applications.

Complementary features of panchromatic and
multispectral images are used by different pan sharpening
methods such as IHS, Brovey transform, PCA, HPF and
wavelet methods. To date, Components Substitution (CS)
methods are attractive because it is fast and easy to
implement. Even though it provides good visual
interpretation, it ignores the necessity of high quality
synthesis of spectral information which results in color
distortion. Among the CS methods IHS based methods are

well known and widely used El-Mezouar et al. (2011) and
Tu et al. (2004). Tu, propose a fast HIS (FIHS) transform
for three bands and a generalized IHS (GIHS) transform
which includes NIR band other than the three bands. Even
though FIHS and GIHS are appreciated for fast
computing, it is not free from color distortion. The
spectral adjusted IHS that makes use of spectral
characteristics of the sensors is defined in Tu et al. (2004)
helps to perk up the fusion. In vegetation visualization
and precise agriculture application vegetation index is
used for vegetation enhancement (El-Mezouar et al.,
2011; Malpica, 2007)

But in the case of High Pass Filtering (HPF) and
High Pass Modulation (HPM) (Lee and Lee, 2008) the
high quality synthesis of spectral information is
guaranteed. In these methods, the high frequency
component which is missing in multispectral is estimated
from the high frequency panchromatic images by making
use of filters. When post-processing (Lee and Lee, 2010)
is used in HPF method the peak noises at the edge regions
are removed and the resultant fused image shows a high
quality at the non edge regions. Wavelet based fusion
method is comprised of Mallat and à trous algorithm
(Kim et al., 2011). The Mallat algorithm is based on
dyadic wavelet transform which is not shift invariant but
use decimation, where latter is just the inverse (Audicana-
Gonzalez et al., 2005) Thus, the à trous algorithm works
better than the Mallat algorithm. The à trous algorithm
based image fusion is performed in two ways: Substitute
Wavelet (SW) method and Additive-Wavelet (AW)
method. Similar to HPF method, the AW method
safeguards the spectral information of low resolution
multispectral    image,   which   is not maintained in SW
method. The advantage in AW method is that it maintains



Res. J. Inform. Technol., 4(2): 71-78, 2012

72

 all the information of the LRM image and also it reduces
the redundant high frequency injection. In this streak, the
main objective of this study is to categorize, compare and
evaluate the existing image fusion methods.

METHODOLOGY

Principles of image fusion methods:
Pan sharpening based on IHS: IHS fusion, the most
commonly used fusion technique transforms RGB image
bands to IHS space and the intensity component is
replaced by PAN and is transformed back to original RGB
space. The IHS fusion for each pixel is discussed in study
(El-Mezouar et al., 2011; Tu et al., 2004).The IHS fusion
consists of the following steps:

C Resize the MS images to the PAN pixel size and
then, convert to IHS components. 

C Substitute the intensity component I with the co-
registered PAN image.

C Transform the H, S and substituted PAN image back
to the RGB space by the inverse IHS transform.

R’, G’ an B’ are the corresponding values to RGB in
the fused images.

If the I component and PAN image has high
correlation, the results will be free from distortion, but in
satellite images the similarly is less. Equation (1)
describes  fast  HIS  (FIHS)  (El-Mezouar  et al., 2011; Tu
et al., 2004). is a computationally efficient method which
calculates the difference (*) between PAN and I: 
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Even though FIHS fusion provides the full details of
PAN, it introduces certain distortion due to the difference
in PAN and Intensity (I). This difference can be nullified
by  generating  I  component close to PAN (El-Mezouar
et al., 2011) by including the Near Infra Red (NIR)
component and the methods are termed as Generalized
IHS (GIHS) and spectral adjustment IHS (SAIHS). In the
former intensity value is calculated by:

I = (R+G+B+NIR) / 4 (2)

And in latter weighting coefficient is included which
is related to the spectral characteristics of the sensors.
The intensity calculation for SAIHS is given by:

I = (R+aG+bB+NIR) / 3 (3)

where, 0.75 and 0.25 corresponds to a and b, respectively,
are found to be suitable for fusion. In vegetation detection
and enhancement is done by making use of vegetation
index. 

Pan sharpening based on HPF: The High Pass Filtering
method that is based on approximating the missing high
frequency components of high resolution multispectral
images from high resolution panchromatic images:
 

High Resolution Image = High Frequency
Components + Low Frequency Components

IMAGE S =IMAGE S L +IMAGE S H (4)
 

IMAGE S represents an Image with resolution Index
S , {LR, HR} The notion of HPF (High pass filtering) is
to combine the high-frequency components from the High
Resolution Panchromatic Image (HRPI) to the Low
Resolution Multispectral Images (LRMI) to obtain the
High resolution Multispectral Images. 

The high-frequency components are obtained by
filtering the HRPI. The mathematical model is:

(5)MS MS PAN PANHR LR HR LR  ( )

Wang et al. (2005) have introduced modulation
coefficient as in Lee and Lee (2008) and is termed as
High Pass Modulation (HPM) in which coefficient is
equal to the ratio between LRMI and LRPI. The
correspondent mathematical model is:

(6)MS MS PAN PAN
MS

PAN
HR LR HR LR

LR

LR  ( )

In Lee and Lee (2010) an efficient pan sharpening
method is described which estimates the missing high
frequency components of the high resolution multispectral
image using Gaussian low pass filter. The difference of
high frequency panchromatic image and the Gaussian
filter output gives the high frequency which is down
sampled so that it could be modulated with low frequency
multispectral image. Then the absolute Multispectral
image is predictable by modifying the mean values. The
post processing technique (Lee and Lee, 2010) is applied
to remove the peak noise at the edge regions of a high
resolution multispectral image. The phases involved are:

C Using a conventional high pass filter to get an edge
image.

C Producing an edge mask using Thresholding.
C Getting the final Multispectral images with removal

of noise.

This method will be used to upgrade the performance
of other panchromatic sharpening methods.

Pan sharpening based on wavelet method: Wavelet
based fusion methods usually comprise two algorithms
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(Audicana-Gonzalez et al., 2005): Mallat and à trous
algorithm. The Mallat is an orthogonal, dyadic, non-
symmetric, decimated, non-redundant Discrete Wavelet
Transform (DWT) algorithm. The à trous is a non-
orthogonal, shift-invariant, dyadic, symmetric,
undecimated, redundant DWT algorithm. The Mallat
algorithm based dyadic wavelet transform which use
decimation, is not shift invariant. Whereas the à trous
based dyadic wavelet transform which does not use
decimation, is shift invariant. Therefore, the à trous
algorithm works better than the Mallat algorithm. The key
is to choose decomposition level and the wavelet style
which affect the fusion results. 
Wavelet-based image merging can be performed in two
ways: 

C By replacing some wavelet coefficients of the
multispectral image by the corresponding coefficients
of the high resolution image 

C By adding high-resolution coefficients to the
multispectral data 

Here, we further explore the wavelet transform image
merging technique with special attention to the “additive”
merger. To decompose the data into wavelet coefficients,
we use the discrete wavelet transform algorithm known as
“`a trous”. There are several possible ways of using the à
trous algorithm in image fusion (Otazu et al., 2005;
Núnez et al., 1999) here, for the sake of clarity, we follow
the Additive Method (AW) described in Núnez et al.
(1999)

The à trous algorithm based image fusion is
performed in two ways: Substitute Wavelet (SW) method
and Additive-Wavelet (AW) method. In the former
method, the high frequency of PAN image substitutes the
low frequency of LRM image. Thus SW method
eliminates the frequency of LRM image and also there is
a loss of LRM information. While in the latter, the high
frequency of PAN image is added with LRM image. Thus
AW method maintains the frequency of LRM image and
its information. But there exist a redundancy of high
frequency in this method. In order to maintain the LRM
image information, it should not be decomposed. The
redundancy of high frequency can also be reduced by
introducing LRP image. The IAW method follows:

C Transformation of RGB to HSV color space of LRM
image.

C Histogram matching between HRP image and HSV
components of LRM image.

C LRP image is obtained using Gaussian Low Pass
Filter.

C Decompose the matched HRP and LR into wavelet
planes

C The IAW method is given by:

HRM LRM w HRP LRPi i
j

n
  


( )

1

where, n refers to the decomposition level.

Evaluation criteria: To provide quantitative comparison
of different fusion algorithms, the fused image is
evaluated spectrally and spatially. To measure the spectral
distortion each merged image has to be compared with
original multispectral images using quantitative
indicators. The correlation coefficient is most widely used
similarity metric and is insensitive to constant gain and
bias between two images. Another commonly used
assessment metric is the Root Mean Square Error
(RMSE). For each spectral band the variance, standard
deviation and Bias is calculated. Multimodal statistical
indices such as UIQI, ERGAS and SAM have been
calculated for three test patches.

Correlation coefficient: Correlation indicates the
similarity between the original and the fused image and
the CC for MXN image is calculated as follows where x
and y indicates original and fused images  stands forx y,

the mean value of the images: 
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The value ranges from -1 to 1 and the best
correspondence between fused and original image data
shows the highest correlation values.

RMSE: The RMS error was proposed by Wald (2002)
and it is the difference of standard deviation and the mean
of the fused and the original image. The best possible
value is zero: 
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ERGAS: ERGAS is the abbreviation of Erreur Relative
Globale Adimensionnelle de Synthèse (Relative global-
dimensional error) for comparison of different fusion
methods the spatial and spectral quality is taken into
account. Spatial quality is estimated by the sharpness of
the edges whereas the spectral quality estimation is done
with many matrices. ERGAS is one among that which
calculates the amount  of spectral distortion and the
formula is given by:
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(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 1: CARTOSAT, (a) Original resampled MS, (b) PAN, (c) Red, (d) Green. (e) Blue, fusion results of applying methods, (f) IHS,
(g) HPF, (h) IAW
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where, h is the resolution of the high resolution image, l
is the resolution of the low spatial resolution image and Mi

is the mean radiance of each spectral band involved in the
fusion, where, h/l is the ratio between the pixel size of
PAN and MS image.

UIQI: The Universal Image Quality Index (UIQI) (Wang
and Bovik, 2002) measures how much of the salient
information contained in reference image. UIQI is devised
by considering loss of correlation, luminance distortion
and contrast distortion. The range of this metrics varies
from -1 to +1 and the best value is 1: 
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where, F represents the standard deviation and :
represents  the  mean value. The first term in RHS is the

correlation coefficient, the second term represents the
mean luminance and the third measures the contrast
distortion UIQI is also used to similarity between the two
images.

SAM or SA: The Spectral Angle Mapper classification
(SAM) is widely used method comparing spectral
similarities of images. The SAM or SA for two given
spectral vectors v and w is defined as:
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where, vi and wi are the mean values of v and w.

EXPERIMENTAL RESULTS

In order to illustrate the comparison between different
fusion methods, we have selected different satellite
images from Cartosat, Quick  Bird and  IKONOS. Fig. 1
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Table 1: Objective indicators for fusing different visual images for
cartosat images

IHS Wavelet pen-sharpen
Relative Bias
R 0.167320 0.000001 0.001601
G 0.200327 0.000001 0.002579
B 0.141695 0.000001 0.39871

0.166428 0.000001 0.014365
Variance relative
R 0.026630 0.000001 0.060494
G 0.026630 0.010216 0.019522
B 0.013384 0.016141 0.20616

0.054081 0.012081 0.051254
Standard Deviation
R 0.011615 0.015657 0.017506
B 0.017474 0.009721 0.013437
G 0.007533 0.008272 0.029564

0.019982 0.009444 0.019452
Correlation coefficient
R 0.954901 0.9630212 0.952272
G 0.983994 0.985394 0.977856
B 0.978421 0.980488 0.876971

0.985339 0.987078 0.953135
SAM 1.969774 1.792514 4.588675
RMSE 19.988 3.8485 6.7689
ERGAS 20.0319 0.95854 6.6641
UIQI 0.986208 0.999982 0.998861

shows Trichy region obtained from Cartosat, which has
the clear view of Cauvery valley Srirangam temple and
the entire city. We used ERDAS software to obtain
different region of the city in panchromatic and
multispectral and the fusion algorithms were applied on it.
Again the comparison is carried on IKONOS and Quick
Bird imagery for a precisely vegetated area and urban
area, respectively. The reason for the choice of different
imagery is to analyze how each algorithm works in
different area and different satellite images.

Visual analysis: The fused image obtained by different
fusion methods can be judged visually. Even though
visual analysis is direct and simple, the images has to be
evaluated objectively and quantitatively as the judgment
depends upon individual perception. The output images
obtained is more or less the same. When vegetation
enhancement is applied to IHS based fusion, the visual
quality of vegetated area in the resultant image is
improved. But as our area of concern is not only in
vegetated area, the vegetation enhancement part in is
neglected.

(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 2: QuickBird, (a) Original resampled MS, (b) PAN, (c) Red, (d) Green, (e) Blue fusion results of applying methods, (f) IHS,
(g) HPF, (h) IAW
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Table 2: Objective indicators for fusing different visual images for
quickbird images

IHS Wavelet pen-sharpen
Relative Bias
R 0.148681 0.000031 0.018995
G 0.158822 0.000077 0.022587
B 0.181116 0.000394 0.019866

0.161796 0.000155 0.020476
Variance relative
R 0.053078 0.009391 0.041682
G 0.025567 0.010555 0.023602
B 0.036196 0.006942 0.005991

0.027498 0.008974 0.027726
Standard Deviation
R 0.029851 0.012567 0.026453
G 0.023246 0.014171 0.021130
B 0.030683 0.013417 0.012483

0.023532 0.013467 0.023630
Correlation coefficient
R 0.940787 0.995886 0.955405
G 0.921847 0.994681 0.953997
B 0.916820 0.994602 0.959921

0.928649 0.9995182 0.956499
SAM 15.038957 93.868149 10.525102
RMSE 19.988 3.8485 6.7689
ERGAS 20.0319 0.95854 6.6641
UIQI 0.986208 0.999990 0.999705

Fig. 3: Comparison of Fusion Image on Cartosat image

Fig. 4: Comparison of Fusion Effect on QuickBird image

(a) (b) (c)

(d) (c) (e)

(f) (g) (h)

Fig. 5: IKONOS (a) Original resampled MS, (b) PAN, (c) Red, (d) Green, (e) Blue, fusion results of applying methods, (f) IHS,
(g) HPF, (h) IAW, (i) Vegetation Enhancement using IHS
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Table 3: Objective indicators for fusing different visual images for
IKONOS images

IHS Wavelet Pen-sharpen
Relative Bias
R 0.203237 0.000105 0.020217
G 0.251814 0.000234 0.021930
B 0.273252 0.000202 0.002475

0.203237 0.000174 0.015584
Variance relative
R 0.075862 0.000995 0.008336
G 0.315281 0.016712 0.030674
B 0.394858 0.030114 0.038471

0.207935 0.0098804 0.023944
Standard Deviation
R 0.037034 0.004242 0.012276
G 0.081929 0.018871 0.025555
B 0.091200 0.025191 0.028467

0.65327 0.014189 0.022168
Correlation coefficient
R 0.923618 0.993252 0.966980
G 0.907093 0.992239 0.973414
B 0.891108 0.991116 0.971905

0.911374 0.992544 0.971905
SAM 16.761747 4.599694 7.854314
RMSE 19.988 3.8485 6.7689
ERGAS 20.0319 0.95854 6.6641
UIQI 0.967196 0.999988 0.999927

Quantitative analysis: Apart from visual analysis, efforts
were taken for quantitative analysis. Figure 1 represents
the Cartosat satellite image. The Pixel size of
panchromatic image is 4 m whereas that of multispectral
image is 16 m. For this data set, the input LRM and HRP
image size is 1024X512. We  have evaluated the spatial
and spectral quality of the resulting images using metrics
such as bias, variance, SD, CC, ERGAS, UIQI, SAM and
RMSE. The values obtained are charted in Table 1.

The relative bias is less for IAW fusion method
where that of SAIHS is highest. Even though relative
variance and SD of IHS based and HPF based are nearer,
the IAWP method shows the best result. 

The spectral property for the entire image is
estimated using CC. Although CC for IHS based method
show better values than HPF based method the IAW
method has the highest value.

From Fig. 2 a it is evident that UIQI of IAW method
is nearer to maximum. RMSE and ERGAS are related and
lower the value higher the spectral quality. It is good for
IAW and HPF method but IHS based method shows error
value that cannot be ignored. Again SAM value is best for
IAW and it is shown in Fig. 2 b. 

Figure 3 shows an urban area from Quick Bird of
pixel size 2.4 m for MS and 0.6 m for PAN image. For
this data set, the LRM and HRP image size is 567X517.
The values obtained for each metric is shown in Table 2.
The results for relative Bias, variance and SD of Quick
Bird  image  shows   the   same   comparative   results  as

Fig. 6: Comparison of Fusion Effect on IKONOS image

Cartosat but for CC, HPF is better than IHS based
method. Figure 4 conveys excellent UIQI and SAM
values for IAW method.

Figure 5 shows an vegetated area from IKONOS
satellite of pixel size 4 m for MS and 1 m for PAN image
and Table 3 shows the quantitative measures. The results
for relative Bias, variance, SAM, ERGAS and SD of
IKONOS image shows that IAW method outperforms the
other two methods. Figure 6 shows that UIQI and SAM
values of HPF and IAW performs better than IHS.

CONCLUSION

The performance analysis of the three latest fusion
methods is conducted. For pan sharpening applications the
vital thing is to have the high quality fused image with
best trade off for spatial details and color distortion. All
the fusion method are good in improving the spatial
information and in preserving the spectral information.
But for a comparative analysis the experimental results
have to be reviewed critically. The IHS based vegetation
enhanced images are compared with fusion based on
wavelet and HPF. Even though IHS outperforms in
vegetated area subjectively there is not much difference in
quantitative measures. As the comparison is not focused
on vegetation area the vegetation enhancement is
neglected. In urban area HPF performs well by
eliminating peak noises but on comparison with wavelet
fusion and IHS based, the wavelet based shows excellent
results. 

We intend to extend our analysis on hundred more
images and will focus more on wavelet based fusion so
that we could improve the existing.
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