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Abstract— Satellite images are required to be of high quality 

since most of the databases created by different countries are 

using the images especially for Geographical Information System 

(GIS) applications and military purposes. Recently available high 

resolution multi spectral imaging sensors facilitate greatly the 

process of feature extraction which is given as the input to the 

database systems. But because of the sensor vibrations, different 

angle of inclinations, influence of clouds & shadows and many 

unwanted factors create noise in satellite images which ultimately 

affects the quality of feature extraction process. In this paper a 

novel method of multiresolution colour image denoising using 

bi-orthogonal wavelets is discussed. The method is compared with 

other orthogonal wavelet denoising schemes and existing 

techniques based on patch processing. Experimental analysis and 

visual inspection of images validates the superior performance of 

the proposed method. 

Index Terms— Multispectral, Biorthogonal, Daubechies, 

Decomposition, Multispec32, Quality Measures  

I. INTRODUCTION 

Image denoising is an important image processing task, 

both as a process itself, and as a component in other 

processes. Very many ways to denoise an image or a set of 

data exists. In earlier methods of image denoising, linear 

models have been used. The common approaches are to use a 

Median filter [1, 2], Gaussian filter [3], or a 2nd order [4] or 

4th order PDE [5] model. The methods are good for 

gray-scale images and especially being used for denoising 

MRI images [6]. The main property of a good image 

denoising model is that it will remove noise while preserving 

edges and important features. Over the past decades 

multiresolution image denoising is proposed using DCT [7] 

and DWT [8, 9] but still such schemes are not suitable for 

satellite images in which each and every pixel contain 

enormous information which should not be neglected like 

other images where we need only an overall clarity [10]. 

Recently many multiresolution wavelet denoising methods 

concentrate on satellite images. The work done by [11, 12] 

are providing very good results but only with satellite 

panchromatic images. The most effective works in this field 

are based on patch processing of images where patches are 

initially formed based on some local or nonlocal similarity 

pixels. BM3D method [13] and HOSVD method [14] are the 

well-known methods in patch based image denoising. Recent 

works for the denoising of satellite RGB images are by Kugu, 
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E [15] which uses bilateral filters with improved Strength 

Pareto Evolutionary Algorithm (SPEA2) and by T. Sree 

Sharmila [16] which uses Hybrid Directional Lifting (HDL) 

technique for image denoising that involves pixel 

classification and orientation estimation. But the methods are 

computationally complex and computation time is 

enormously large. In this work, we have developed an 

effective method for multispectral satellite image denoising 

using the unique properties of biorthogonal wavelets. The 

method proposed in this paper is computationally efficient 

than the existing time consuming algorithms. Also the 

algorithm is edge preserving with good visual quality images. 

Experimental results are provided with different evaluation 

methods like Peak Signal to Noise Ratio (PSNR), Correlation 

Coefficient (CC) and Structural Similarity (SSIM) Index to 

validate the superior quality of our algorithm compared to 

orthogonal discrete wavelet transform (DWT) based 

methods. The rest of the paper is organized as follows: The 

details of multiresolution analysis using orthogonal and 

biorthogonal wavelets are explained in Section 2. After 

discussing about the proposed method in section 3, 

experimental results are presented in section 4. Finally, a 

discussion about the work is given on section 5 and the paper 

is concluded on section 6. 

II. MULTIRESOLUTION ANALYSIS USING ORTHOGONAL 

AND BIORTHOGONAL WAVELETS 

The orthogonal discrete wavelet transform is an 

implementation of the wavelet transform using discrete set of 

wavelet scales and translations in which the scaling functions 

must be orthogonal to its discrete translations. This can be 

realized using digital FIR filters h [k] and g [k] that define the 

relationship of scaling and wavelet functions and their 

translations. The scaling and wavelet functions can be written 

respectively as given in eqns. (1) and (2) 

 

 
These FIR filters are also orthogonal. They are characterized 

by maximal number of vanishing moments for some given 

support. The wavelet function, as seen from the equation, 

strongly depends on scaling function. The scaling and 

wavelet functions must satisfy some necessary conditions 

such as orthogonality, smoothness, discrete decomposition, 

compact support and finite vanishing moments. Based on the 

constraints, Daubechies [17] derived equations for the filters 

h[k] and g[k].  
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Due to the stringent requirement of orthogonality and 

orthonormality the FIR filters used in daubechies (dbN) 

wavelets cannot be strictly symmetric. Hence the filters are 

not linear phase resulting in some visual artifacts. This can be 

rectified if the bases are biorthogonal [18]. i.e., when the 

filters are inverses but not necessarily transposes, the filter 

bank is said to be biorthogonal. In this case, FIR filters can be 

symmetrical giving rise to linear phase. Hence the processed 

signal has less visual artifacts. However, this result can only 

be realized using two scaling functions   &   and two 

wavelet functions   &  . When the same filters are used 

for decomposition and reconstruction, perfect reconstruction 

is incompatible with symmetry. This problem can be solved 

by using two filters instead of one which is the basic 

requirement of biorthogonal wavelets. The wavelet   is 

used for analysis and   is used for reconstruction. The 

wavelets   &   are related by duality relation (3). 

 
The analysis and synthesis filters in biorthogonal wavelets 

are symmetric FIR filters leading to linear phase which 

cannot be obtained in orthogonal wavelets. Therefore, better 

reconstruction of the image is possible in biorthogonal 

wavelets. 

III. METHODOLOGY 

The methodology of implementation of the algorithm 

proposed in this paper for satellite image denoising is 

discussed in this section. The overall flow of the system is 

given in Fig.1. 

A. Image Pre-processing 

Multispectral high resolution satellite images have Red 

(R), Green (G), Blue (B) and Near Infrared (NIR) 

components in it. NIR band is used mostly for feature 

extraction applications. By discarding the NIR bands using 

multispec32 [19] which is a freeware multispectral image 

data analysis software from satellite images, RGB color 

images are obtained.  

There exist several successful denoising algorithms for 

one band gray scale images. Theoretically these algorithms 

can be straightforwardly extended to each of the planes of 

RGB for denoising. However in practice, results obtained are 

poor unless proper color space transformation is done from 

RGB. Some of the common color spaces are YUV, YCbCr, 

YIQ, HSV etc. Each of these has one luminance component 

and two color components. After conducting experiments 

with these color spaces, it is observed that the best color 

space for denoising application is YUV when processing is 

done on all three components [20].  

 

 

 

Fig.1 Overall Flow of the System 

    

       (a)                       (b) 

  Fig. 2 (a) RGB Satellite Image   (b) RGB Satellite Image 

with Gaussian Noise 

Fig.2(a) is an RGB satellite image obtained from Google 

Earth software. We have purposefully degraded the test 

image by adding Gaussian noise of 20% in all three 

components (Fig.2(b)). The corresponding YUV image is 

shown in Fig.3(a). The luminous (Fig.3(b)) and chrominance 

(Fig.4) components are also shown to see the effect  of noise. 

    

       (a)                       (b) 

Fig. 3 (a) YUV Image  (b) Luminous Image 

 

(3) 
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Fig. 4 Chrominance (U&V) Components 

B. Wavelet Decomposition 

In this work wavelet decomposition is done using 

biorthogonal wavelet 6.8 which has more smoothened filter 

coefficients for denoising the satellite images. The scaling 

and wavelet functions have more similarity with the 

orthogonal wavelet db10 [15]. Hence for comparison of the 

denoising performance of bior6.8, denoising using db10 is 

also carried out. Further, performance of wavelet analysis 

using Haar (db1) is done as it has unique properties of 

orthogonality and compact support.  
 

The wavelet decomposition is done on all three 

components separately since all the channels are affected by 

noise. One channel of the noisy image is decomposed to four 

bands (LL, LH, HL, HH) at the first level. How many levels 

of wavelet decomposition should be done for a particular 

image is always a problem, but obviously number of levels 

depends on resolution of the image. In order to automate the 

problem the following algorithm is chosen for our work: 

1. Choose the resolution level P for the wavelet 

decomposition of the image as 0 ≤ j ≤  , 

where M x N is the spatial resolution of the image. 

2. Select Y channel. 

3. Apply series of convolutions along rows and columns of 

image matrix using g[k] and h[k] of the biorthogonal 

filter (bior 6.8) respectively.  

4. Implementation proceeds with the suppression of noisy 

pixels from the smoothened image. The procedure is 

explained in section C. 

5. If j  P, go to step 3. Else go to step 5.  

6. Obtain the decomposed image at level P. 

7. Repeat steps 3 to 6 for U & V channels. 

       

         

 
 

 

 

 
 

 

Fig. 5 First Level Decomposition Results 

The noisy image shown in Fig.2 (b) has a spatial resolution 

of 128x128, and so the algorithm decomposes the image up to 

2nd level. The figures 5 & 6 show the results of first and 

second levels of decomposition for Y channel. 

    
 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

    
 

Fig. 6  Second Level Decomposition Results 

C. Wavelet Denoising 

The multiresolution analysis separated signal and noise 

components into different bands. The detailed bands LH, HL 

and HH which contain smaller magnitude coefficients as 

noise are shrunk towards zero to eliminate noise. 

Here we use an adaptive soft thresholding function which 

has advantages of near-optimal minimax rate over a large 

range. The threshold varies for each band and each level 

automatically depending on the characteristics of the image 

which gives rise to good denoising performance. For the 

generalized guassian noise, it yields a smaller risk and it gives 

rise to more visually pleasant images [21]. A universal 

threshold estimate T for an image of size [M, N] and noise 

variance σ2 is (eqn.4): 

2
2 log[3 ( / 2) ( / 2) ]T M N=    

 

The variance σ2 of the noise is estimated on LH, HL and 

HH images by averaging the squares of the wavelet 

coefficients. After determining individual thresholds for the 

three detailed bands LH, HL and HH at each level, image 

denoising is done using soft thresholding techniques at each 

level. The noisy pixels are shrunk towards zero using the 

following equation: 

( ) sgn( ). max( , 0)x x x TT = −                            (5) 

Considering the fact that the wavelet transformed image 

has both positive and negative intensity values, the following 

algorithm is used for denoising (Table 1): 

 

 

 

 

 

 

 

 

 

 

 

(4) 
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TABLE I :  ALGORITHM FOR DENOISING 

 
 

If [each pixel of LH image < LH threshold 

     and each pixel of LH image > - (LH threshold)] 

        then [apply equation (5);] 

        else [ sustain the pixel value as such;] 

 

The same procedure is applied for HL and HH images 

using HL and HH thresholds. Using another set of thresholds, 

the algorithm is applied to next consecutive levels and U&V 

channels as well. Although other shrinkage techniques like 

Visu shrink, SURE shrink and Baye's shrink were used for 

denoising, for satellite colour images results were not better 

than that proposed in this paper. 

D. Wavelet Reconstruction 

The thresholded detailed bands and the low frequency 

approximation bands are synthesized to get the denoised 

output. Reconstructed image is obtained by performing the 

inverse wavelet transform on the wavelet decomposed & 

denoised image with the help of reconstruction filters (eqn.6).  

( ) ( , ) , ( )s t C j k j k x
j J k J

 =
 

 

where s (t) is the reconstructed image and (j,k) represent scale 

and position respectively. C (j, k) is the coefficient function 

and 
, ( )j k x

 is the wavelet function as used in DWT. 

In the case of biorthogonal wavelets, scaling function   is 

used for analysis and   for reconstruction. After 

reconstructing the denoised Y image (Fig.7(a)), the same 

process is done for other two chrominance components (U & 

V). The denoised Y image is then concatenated with the 

denoised chrominance components (Fig.8), to get the YUV 

image (Fig.9 (a)). Finally the YUV image is converted back 

to RGB image to get the denoised reconstructed satellite 

image (Fig.9(b)). The process was repeated with db10 and 

Haar wavelets. 

    

Fig. 7 Denoised Intensity Image of Fig.2 (b)  

     

Fig. 8 Denoised Chrominance Components
                      

 

IV. EXPERIMENTAL RESULTS 

The proposed method of multiresolution color denoising 

using biorthogonal wavelets is applied among a number of 

satellite images of different resolutions. The same algorithm 

is applied using db10 and Haar wavelets to validate the 

superior performance of biorthogonal wavelets for image 

denoising. 

    

       (a)                       (b) 

Fig. 9 (a) Denoised YUV Image (b) Denoised RGB 

Satellite Image 

Seeing the denoised images, we can understand that Haar 

wavelet is not much suitable for color image denoising since 

the scaling and wavelet functions are not smoothly 

truncating. Biorthogonal and db10 seems to have similar 

visual qualities but quantitative analysis given in table 2 

shows that biorthogonal wavelet have better result compared 

to the other one. Fig.10 shows the result of db10 and Haar 

wavelet denoised images respectively for the test image 

given in Fig.2(b). Fig. 11(a) and Fig. 14(a) are multispectral 

satellite images. We have added 15% speckle and impulse 

noise respectively to the images. Fig. 11(a) is an IKONOS 

level 3A 1m resolution images of Ankara city, Turkey, 

acquired in year 2007.  

The images are distributed by Space Imaging Middle East 

(SIME), Dubai, UAE (http://www.spaceimagingme.com), 

which is a regional affiliate of GeoEye providing 

high-resolution satellite imagery of Middle East region. Fig. 

14(a) is IKONOS image of 1-m resolution taken on 28th 

August 2004, obtained from Spatial Energy, Beijing, China 

(http://www.spatialenergy.com). 

    
       (a)                       (b) 

Fig.10 (a) Denoised Image using db10 (b) Denoised Image 

using Haar 

(6) 
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       (a)                       (b) 

Fig. 11 (a) Multispectral Satellite Image (b) Multispectral 

Satellite Image with 15% Speckle Noise 
 

The multispectral image is the Historic Centre of 

Warsaw which is the oldest historic district of   Poland 

located on the Vistula River. 

For both images, we have discarded the NIR band using 

multispec32 software [19]. Denoising of the images is done 

using the three wavelets with the proposed method. 

Emphasizing the results, the output images shown in Fig.12 

(a) & Fig.15 (a) proves that biorthogonal wavelets are very 

much suitable for colour image denoising compared to db10 

(Fig.  12(b) & Fig. 15(b)) and Haar wavelets (fig.13 & 

fig.16).  

Fig.17 (a) is a noisy random satellite image degraded due 

to various unknown factors. Though it is a panchromatic 

(grey scale) satellite image, we have selected it as one of the 

test image since the noise included in the image is unknown. 

By visual inspection itself, it is noticed that the denoised 

image using Haar wavelet (Fig.18(b)) is somewhat 

comparable with the other wavelet systems (Fig.17(b) & 

Fig.18(a)) for this case alone since it is a grey scale image. 

However the quantitative parameters listed in Table II show 

that Haar wavelet is not so good for denoising color images. 
 

    
(a)                       (b) 

Fig.12 (a) Denoised Image using bior 6.8 (b) Denoised 

Image using db10 

 
Fig.13  Denoised Image using Haar Wavelet 

    
       (a)                       (b) 

Fig. 14 (a) Multispectral Satellite Image (b) Multispectral 

Satellite Image with 15% Impulse Noise 

    
(a)                       (b) 

Fig.15 (a) Denoised Image using bior 6.8 (b) Denoised 

Image using db10 

 
Fig.16: Denoised Image using Haar Wavelet 

    
       (a)                       (b) 

Fig.17 (a) Degraded Panchromatic Satellite Image (b) 

Denoised Image using bior 6.8 
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       (a)                       (b) 

Fig.18 (a) Denoised Image using db10 (b) Denoised Image 

using Haar Wavelet 

For accuracy analysis and performance comparison we 

have used the well known quality measures used for denoised 

images like Peak Signal to Noise Ratio (PSNR), Correlation 

Coefficient (CC) and Structural Similarity (SSIM) Index 

[22]. The value of the above measures for the test images 

using all the three methods is given in table 2. It can be seen 

that image denoising using biorthogonal wavelet outperforms 

the other two wavelet denoising methods considering each of 

the quality measurements given in Table II.  
 

TABLE II:  ACCURACY ASSESSMENT 

 

V. DISCUSSIONS 

The accepted efficient denoising techniques based on patch 

processing [13, 14] are computationally complex and 

processing time is enormously large (it takes more than 10 

minutes to denoise a color image of size 128x128) [14]. But 

the method proposed in this paper is procedurally simple and 

computationally efficient, taking less than 2sec (table 2) for a 

noisy color image of the same size. One of the important and 

specific aspects of processing satellite images is that visual 

quality of the image should be of high standard for its 

application of object recognition and detection. It is this 

aspect which is considered in the choice of methodology of 

denoising in this paper. Although other recently developed 

tools such as Curvelet and Contourlet [23] are available for 

image denoising, which preserves edges and curves, their 

standalone denoising effect is not as good as that proposed in 

this paper. The choice of YUV colour space with 

biorthogonal wavelet analysis and soft thresholding is found 

to give better performance of noise reduction along with 

better visual quality and less visual artifacts.  In this work, we 

are using an adaptive thresholding scheme based on the 

statistical properties of the image. The method varies 

automatically for each band and each level which gives good 

PSNR, SSIM and CC values. As seen from the denoised 

reconstructed images, the method is edge preserving and 

results in good visual quality images. But the resultant 

images have a blurring effect if the image is affected with 

high density noise. 

VI. CONCLUSION 

A novel color image denoising method using biorthogonal 

wavelets especially meant for satellite images is proposed in 

this paper, consuming less time with good visual quality 

compared to existing effective methods based on patch 

processing. The method is also compared with db10 and haar 

wavelet systems. Experimental results prove that image 

denoising using biorthogonal wavelets have better 

performance than the orthogonal wavelet systems. Quality 

assessment of the method is done using various measures 

such as PSNR, CC and SSIM Index. The results of the quality 

of denoised images and quantitative analysis given in table 2, 

show that proposed method of denoising using biorthogonal 

wavelets is superior to the other two wavelet methods; 

namely the Haar and Db10. Future works concentrates on 

better thresholding methods for the images affected with high 

density noise. 
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