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Abstract: In computer vision, image fusion is the process of combining information from two or more 
images into a single composite image. The resultant image will be more informative and more suitable 
for visual perception or computer processing. In this study, the efficiency of different transforming 
techniques of wavelet resolution merge for fusion of ASTER-L1B and RADARSAT-1 SAR data has 
been investigated and compared.In doing so, the SB (Single Band), IHS (Intensity, Hue, Saturation) 
and PC (Principal Component) were applied as transforming techniques in order to merge the multi-
sensor images. For as much as the suitability of the fusion algorithms for various applications depends 
on  the quality of the fused images, several indicatorshave been used to evaluate the performance of the 
output images. Then the transforming techniques were ranked according to the conclusion of each 
indicator.Achieved results from the analyses of standard deviation difference, relative variation 
difference and root mean square error indicated advantage of the single band transforming technique 
than the PC and IHS, while the results of relative mean difference showed superiority of the PC 
technique. The resultsalso indicated that the IHS is the worst technique based on the analyses of standard 
deviation difference, relative variation difference and root mean square error, while the output of SB is 
the worst image based on the relative mean difference analysis. Based on the results of indicators, it can 
be said that the SB is the best, the PC is better and the IHS is the worst technique for fusion of the 
satellite images.Finally, according to the achieved results, it can be concluded that all three 
transforming techniques are good preserved spectral quality of the original multispectral image, but the 
output of SB technique indicated slightly advantage than the output of PC and IHS for ASTER and 
RADARSAT SAR data fusion. Furthermore, the results indicated capability of the wavelet resolution 
merge for multi-sensor data fusion. 
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INTRODUCTION 
 
 The concept of data fusion goes back to 1950’s and 1960’s, with searching for the realistic techniques of 
merging images from various sensors to generate a combined image which can be used to better identification of 
man-made and natural features (Wang et al., 2005). Image fusion can define as “the process of combining 
information from two or more images of a scene into a single composite image”.The resultant image is more 
informative and is more suitable for visual perception or computer processing (Goshtasby and Nikolov, 2007). 
Image fusion techniques are commonly used to improve interpretability of the images, increase spatial resolution, 
enhance the certain features that are not visible in either of the single data alone, improve classification accuracy 
by complement data sets and substitute missing information (Pohl and Van Genderen, 1998). Image fusion has 
been successfully applied in civilian, military, medicaland industrial applications (Goshtasby and Nikolov, 
2007). The techniques were applied in many fields such as: detecting underground coal fires (Zhang et al., 
1999), land use and land cover mapping (Haack and Bechdol, 2000; Zhu and Tateishi, 2006; Santos and 
Messina, 2008) and landslide inventory (Nichol and Wong, 2005).  
 Many fusion techniques have been developed such as: Intensity-Hue-Saturation  (IHS) Transform (Carper 
et al., 1990), Brovey Transform (Gillespie et al., 1987), Principal Component Analysis (PCA) (Chavez et al., 
1991), Wavelet Transform (Garguet-Duport et al., 1996; Zhou et al., 1998; Fanelli et al., 2001), Pansharp 
(Zhang, 2002), Multiplicative Transform (Crippen, 1989), High Pass Filters (HPF) (Schowengerdt, 1980) and 
Smoothing Filters (Liu, 2000). 
 According to Pohl and Van Genderen (1998), there are three levels to perform image fusion: (i) pixel-based; 
(ii) object/feature-based; and (iii) decision-based. In pixel level fusion, a new image is formed whose pixel values 
can acquire by combining the pixel values of multi-sensor data. The resultant image is then used for further 
processing. In addition, image fusion at pixel level means fusion at the lowest level referring to the merging of 
measured physical parameters. This level of fusion uses raster data that is recoded. In feature level fusion, the 
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features are extracted from different types of  images of  the same geographic area. The extracted features are 
then classified using statistical or other types of classifiers. In decision level fusion, the images are processed 
separately. The processed information is then refined by combining the information obtained from different 
sources. The differences in information are resolved based on certain decision rules. A visual interpretation of 
performing image fusion at different levels is shown in Figure 1. 

 
 
Fig. 1: Image fusion levels. 
 
 Image fusion at pixel level is performed in this research. The pixel level fusion technique 
assumescorrespondence between pixels in the input images; therefore, it is critical to accurately co-register all 
input images (Pohl and Van Genderen, 1998; Goshtasby and Nikolov, 2007). In this study, different 
transforming techniques of wavelet resolution merge are applied to fuse the ASTER-L1B and RADARSAT-1 
SAR data. Forasmuch as the effectiveness of fusion techniques for various applications depends on the quality of 
the fused images, several indicators such as: Standard Deviation Difference (SDD), Relative Mean Difference 
(RMD), Relative Variation Difference (RVD) and Root Mean Square Error (RMSE) are used as quantitative 
analysis methods in order to examine the performance of the fused images.Finally, the transforming techniques 
are ranked according to the conclusion of evaluation criteria. 
 
Datasets: 
 The RADARSAT-1 SAR wide mode data with the pixel size of 12.5m×12.5macquired on 23/10/2007 and 
the VNIR Bands (1, 2 and 3N) of ASTER-L1B (Registered Radiance at the Sensor V003)data with 15m×15m 
pixel size acquired on 04/09/2002 are used as input data in this research. 
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Methodology: 
 The following steps are carried outto achieve the aims of this research: (1) datasets acquisition and bands 
selection; (2) pre-processing (noise reduction, co-registration and resampling); (3) implementation of the image 
fusion techniques; (4) quality assessment. 
 
Pre-processing: 
 Data pre-processing is divided into three parts: (i) speckle noise reduction;(ii) co-registration; and (iii) 
resampling. In order to reduce speckle effect and improve interpretation capabilities of radar imagery, Lee 
algorithm with kernel windows size of 7×7 pixels and lines is applied to RADARSAT-1 SAR data. The Lee filter 
is a standard deviation based (sigma) filter that filters data based on statistics determined within individual filter 
windows. Lee filter preservespixels boundaries while suppressing noise. The pixel being filtered is replaced by a 
value calculated using the surrounding pixels (Marghany and Hashim, 2010). 
 Accurate and precise co-registration of satellite images is the most important prerequisite for successful 
image fusion. To avoid the combination of unrelated data and achieve good result of fusion, the images should be 
precisely co-registered at the sub-pixel level. In this research, ASTER- L1B image is registered data, so used as 
the master for registration of RADARSAT-1 SAR data. By using image to image registration method, noise 
reduced RADARSAT SAR data with the root mean square error of less than one pixel is registered to the ASTER 
image while resampled to the pixel size of this image. Then, the datasets are resized to the same size using nearest 
neighbor method (Figure 2 and 3). 
 

 
 
Fig. 2:RADARSAT-1 SAR image. 
 

 
 
Fig. 3: ASTER-L1B image. 
 
Wavelet Resolution Merge: 
 In this study, the proposed technique is performed at the pixel level. Pixel-based fusion technique is a process 
to analysis the original information. This level of fusion losses the least information, so the accuracy is the 



Aust. J. Basic & Appl. Sci., 5(12): 991-998, 2011 

994 

highest, but the data transmission and processing is the largest (Ranchin and Wald, 2000). The result of pixel-
based fusion is primarily for presentation to a human analyst (Rockinger and Fechner, 1998). For further 
processing, it is vital that the technique preserves the spectral fidelity of the input dataset. 
 According to Daubechies (1992), Wavelet transform is defined as a tool that cuts up data or functions or 
operators into the components with different frequency and then studies each component with a resolution 
matched to its scale. This definition leads to a time-frequency representation of the data under investigation 
(Ranchin et al., 2001). Aside from traditional image fusion algorithms, wavelet transform can be used to fuse 
any two images. 
 In the Wavelet transform, short discrete wavelets are used as the basis. Thus, the transform is much more 
local (Karathanassi et al., 2007). An important element of using wavelets is selecting the base waveform to be 
used; the mother wavelet or basis. The basis is the basic waveform used to represent the image. The input image 
is broken down to successively smaller multiples of this basis. 
 
Wavelet Theory: 
 The basic theory of Wavelet Transform is that an image could be divided into various high and low 
frequency components using various high and low pass filters. For instance, a low pass filter can use to create a 
low frequency image. Dividing this low frequency image from the original image could produce the 
corresponding high frequency image. These two created images are containing all information of original image 
and if add them together the result will be the original image. The same procedure could be done by high pass 
filter to derive low frequency image and adding the two images together would result the original image. 
 The wavelet family could be thought of as a high pass filter. Thus, wavelet-based high and low frequency 
images can be generated from any input image. By definition, the low frequency image is of lower resolution 
and the high frequency image is consists of the image details. This process could be repeated recursively. The 
generated low frequency image could be processed again with the kernels to produce new images with even 
lower resolution. Thus, starting with a 5 meter imagewould create a 10 meter low pass image and the 
corresponding high pass image. A 20 meter low and, corresponding, high pass images could be created in 
second iteration. Third recursion could create a 40 meter low and, corresponding, high pass images, etc (Helmy 
et al., 2010). Figure 4 is a simple diagram to show the theory of wavelet transform. 
 

 
 
Fig. 4: Wavelet Resolution Merge theory. 
 
Wavelet Applications: 
 Applications of wavelet transform are covered wide range and the technique has been applied in different 
scientific fields with great success. Wavelet analysis has been successfully applied in the area of geospatial 
information, such as images texture analysis, generalization of digital elevation models, data fusion and 
compression and features detection. Actually, the applications of wavelet transform further contribute to the 
improvement of wavelet theory itself. Therefore, many new branches such as multi-band wavelet transform 
have appeared (Shi et al., 2005). 
 
Prerequisites and Limitations: 
 First prerequisite is that the two images should be precisely co-registered.In co-registration process, it is 
generally preferable to use the high resolution image as the reference image and register the lower resolution 
image to the higher resolution image. This will result the greatest accuracy of registration. Another, a basic 
assumption of resolution merge algorithms is that the images are spectrally identical. The spectral fidelity of the 
multi spectralimage will be lost, if the datasets are not spectrally identical.A trifling corollary is that the two 
images must not have temporally-induced differences. 
 
Spectral Transform: 
 Three transforming techniques have been used. The simplest oneis when the input low resolution image is 
only one band; for example, a single band of a multispectral image. This technique is known as SB (single 
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band). The IHS (intensity, hue, saturation) technique accepts only three input bands. It has been suggested for 
visual interpretation as the output image of this technique is the best for this purpose. Thus, the output of this 
technique could be appropriate for map production. The 3-band limitation of this technique can be resolved by 
sharpening the bands as separate groups of 3 and then layerstack back together the whole dataset. The PC 
(principal component) techniqueaccepts any number of input image layers. The output of this technique better 
preserves the spectral fidelity of the input datasets.Therefore, this techniquecould be most appropriate for further 
processing of the data (Lemeshewsky, 2002). 
 
Quality Assessment Methods: 
 The efficiency of the fusion techniques for various applications depends on the quality of the fused images 
and one of the major problems associated with data fusion techniques is how to assess the quality of the fused 
images. In this paper, performance of the fused images is evaluated using several indicators: 
 
Standard Deviation Difference: 
 The difference between standard deviation of the fused and original multispectral imagesis calculated. This 
difference indicates amount of variation due to fusion processing. The fused image with smallest possible shift 
in the standard deviation, best preserve the spectral information of the original image and indicates less 
distortion (Helmy et al., 2010). 
 
Relative Mean Difference: 
 The RMD is the calculation of relative difference of mean between the fused and original multispectral 
images. The fused image with the smallest possible relative mean difference best preserves the spectral 
information of the original multispectral image (Karathanassi et al., 2007). 
 
Relative Variation Difference: 
 The RVD is the calculation of relative difference of variation between the fused and original multispectral 
images. The fused image with the smallest possible relative variation difference best preserves the spectral 
information of the original multispectral image (Karathanassi et al., 2007). 
 
Root Mean Square Error: 
 The RMSE determines the spectral fidelity between the original image and the fused products. The RMSE 
measures the amount of changes per pixel due to the processing. Lower RMSE indicates lower distortion and 
better result of fusion (Kumar and Singh, 2010). 
 

RESULTS AND ANALYSIS 
 
Fused Images: 
 The outputs of wavelet resolution merge for ASTER and RADARSAT SAR data fusion are shown in Figure 
5, 6 and 7, respectively. Figure 5 is the output of principal component transforming technique, Figure 6 is the 
output of IHS and Figure 7 is the fused image of single band technique. 
 

 
 
Fig. 5: Fused image of PC.  
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Fig. 6: Fused image of IHS. 
 

 
 
Fig. 7: Fused image of SB. 
 
Quantitative Analysis: 
 In order to assess the quality of the fused images, several quantitative analysis methods such as:Standard 
Deviation Difference (SDD), Relative Mean Difference (RMD), Relative Variation Difference (RVD) and Root 
Mean Square Error (RMSE) have been used. These indicators are defined by comparing the fused images and 
original multispectral image. Then, the techniques are ranked from the best to the worst based on the conclusion 
of evaluation methods. The achieved results from the evaluation criteria are shown in Table 1, Table 2, Table 3 
and Table 4, respectively.The ideal value for all proposed indicators is zero. 
 
Table 1: Standard Deviation Difference. 

SD PC IHS SB 
Original MS 
Image 

Band 1 15.37 15.44 15.51 15.53 
Band 2 14.86 14.56 14.98 14.97 
Band 3 19.87 19.95 19.69 19.68 
Average 16.70 16.65 16.73 16.73 
Bias 0.03 0.08 0.00  

 
Table 2: Relative Mean Difference. 

Mean PC IHS SB 
Original MS 
Image 

Band 1 62.55 62.55 62.57 62.80 
Band 2 39.99 40.02 39.93 40.24 
Band 3 54.99 54.72 54.71 54.90 
Average 52.51 52.43 52.40 52.65 
RMD -0.0027 -0.0042 -0.0047  
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Table 3: Relative Variation Difference. 

SD PC IHS SB 
Original MS 
Image 

Band 1 15.37 15.44 15.51 15.53 
Band 2 14.86 14.56 14.98 14.97 
Band 3 19.87 19.95 19.69 19.68 
Average 16.70 16.65 16.73 16.73 
Variance 278.89 277.22 279.89 279.89 
RVD -0.004 -0.009 0.000  

 
Table 4: Root Mean Square Error. 

RMSE PC IHS SB 
Band 1 0.088 0.069 0.053 
Band 2 0.075 0.216 0.096 
Band 3 0.044 0.105 0.036 
Average 0.069 0.130 0.067 

 
Discussion: 
 According to the achieved results, the standard deviation differences of PC, IHS and SB techniques are 
0.03, 0.08 and 0 while the relative mean differences are obtained -0.0027, -0.0042 and -0.0047 for the 
techniques. Also the results indicate that the relative variation differences of -0.004, -0.009 and 0 are obtained 
for the PC, IHS and SB techniques while the values of 0.069, 0.13 and 0.067 are achieved for the techniques 
based on the calculation of root mean square errors. 
 Based on the results of each indicator, the transforming techniques are sorted from the best to the worst as 
follows: 
 Based on the standard deviation difference:  
SB> PC >IHS 
 Based on the relative mean difference:  
PC>IHS>SB 
 Based on the relative variation difference: 
SB>PC>IHS 
 Based on the root mean square error:  
SB>PC>IHS 
 
Conclusion: 
 In this study, different transforming techniques of wavelet resolution merge are applied to merge the 
ASTER-L1B and RADARSAT-1 SAR satellite data. Forasmuch as the effectiveness of the fusion techniques for 
various applications depends on the quality of the fused images, several indicators have been used to examine the 
performance of the fused images.Achieved results from the analyses of standard deviation difference, relative 
variation difference and root mean square error indicated advantage of the single band transforming technique 
than the PC and IHS, while the results of relative mean difference showed superiority of the PC technique. The 
results also indicated that the IHS is the worst technique based on the analyses of standard deviation difference, 
relative variation difference and root mean square error, while the output of SB is the worst based on the relative 
mean difference analysis. According to the resultsof indicators, it can be said that the SB is the best, the PC is 
better and the IHS is the worst technique for fusion of input images.Finally, based on the achieved results of 
statistical analysis methods, it can be concluded that all three transforming techniques are good preserved 
spectral quality of the original multispectral image, but the output of SB technique indicated slightly advantage 
than the output of PC and IHSfor ASTER-L1B and RADARSAT-1 SAR data fusion. 
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