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Digital image processing is an important area of preservation and representation of cultural and historical objects. 

Part of it is the task of cleaning images corrupted by noise. Many different methods and approaches have been 

successfully implemented, but still filtering and denoising techniques are developing and improving intensively. Herein, 

we report numeric simulations of 2D image filtering. Effects of impulse noise are very efficiently reduced by adaptive 

median filtering. The situation of additive noise, which itself depends on the intensity of the original image, is more 

complicated. However, we demonstrate that in this case the use of wavelet transforms in the denoising procedure is very 

productive and promising..  
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INTRODUCTION 

One of the principle areas of digital image 

processing methods is related to an improvement of 

pictorial information for human interpretation [1]. It 

includes preservation and representation of cultural 

and historical objects. Image enhancement and 

image restoration no doubt are related to denoising 

images with certain degradation. Many different 

methods and techniques have been successfully 

implemented, but still filtering and denoising are 

developing and improving intensively. That is due 

to the fact that there is no such thing as the ‘best’ or 

the ‘ultimate’ filter. Restoration techniques are 

based on mathematical models of image 

degradation [1]. Thus denoising (a particular case 

of restoration) uses certain á priori knowledge of 

the degradation phenomena. It develops a 

probabilistic model of the noise and by a variety of 

numeric approaches, then solves the so-called 

inverse problem i.e. recovers the original. 

Herein, we report numeric simulations of 2D 

image filtering. The original image is assumed to be 

without noise, and then it is corrupted by certain 

degradation. In Section 1 we consider the so-called 

‘impulse noise’, which is widespread in many 

image deteriorations. In this case, we have 

implemented the adaptive median algorithm [1]. 

The denoising software is ‘friendly’ and effective, 

so it can be used by non-IT specialists. Section 2 is 

addressed to image processing specialists. There, 

the situation of additive noise, which itself depends 

on the intensity of the original image, is treated. We 

demonstrate that in this case the use of wavelet 

transforms [1, 2] in the denoising procedure is very 

productive and promising.  

IMPULSE NOISE: ADAPTIVE MEDIAN 

FILTERING 

Impulse noise is also called shot noise, binary 

noise or ‘salt and pepper’ noise. It is easily 

identified in grayscale images because its 

appearance has randomly scattered white (‘salt’) 

and black (‘pepper’) dots (pixels) over the image 

[1]. In color images, the noisy pixels bear no 

relation to the color of the surrounding pixels. It is 

known [1, 2, 3] that Median Filtering (MF) is 

effective and widely used technique for reducing 

such noise. The main idea of MF is to scan the 2D 

image with a window (mask) of smaller size, and 

replace the value of each pixel in the image by the 

median of the neighboring pixels. A significant 

drawback of this nonlinear filter is that it does not 

preserve all details (edges) while removing noise 

[1, 3, 4]. As a result, the denoised image appears 

blurred. That is why we implemented the so-called 

Adaptive Median Filter (AMF). ADF main feature 

is that the size of the mask is changing during the 

processing. The filter adapts its behavior on the 

characteristics of the image in the mask region [1, 
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4]. So, details are preserved and distortion is 

reduced. In our implementation there is one 

additional parameter: the size of the mask. In the 

modeling, we use another additional parameter: 

noise density. It gives the number of noise affected 

pixels (randomly selected over the image). 

 

Fig. 1. Original image. 

In Fig. 1 we present the original image that will 

be corrupted with impulse noise. It is a 19-th 

century icon and its grayscale image has 988 x 768 

pixels. We have affected 7% of pixels with impulse 

noise. In Fig. 2 a section of the ‘degraded’ image is 

shown, so that salt and pepper dots are clearly 

visible. 

 
Fig. 2. Section of the original image, contaminated with 

impulse ‘salt and pepper’ noise. 

The AMF used in the denoising procedure has 

maximum window size of 11 x 11 pixels. The 

processing is robust and effective. In fact, AFM can 

smooth other noises that may be not impulsive [1, 

4, 5].  

In practice, visual control of the AMF denoised 

images is quite enough. However, for evaluation of 

the denoising procedure, we apply the Figure of 

Merit (FM) criterion, defined below in Section 2. 

The lower FM value, the better - when FM = 0, the 

denoised image is ‘equal’ to the original. The FM 

before the processing of the degraded image gives 

the starting point of the filtering. In this case FM = 

0.036. After AMF processing, FM = 0.002 and we 

can consider the denoising as very effective. We 

have compared this result to the ‘classical’ median 

filtering, which results in FM = 0.02. Section of the 

denoised image is shown in Fig. 3. 

 
Fig. 3. Section of the denoised image. 

INTENSITY DEPENDENT NOISE: WAVELET 

TRANSFORM FILTERING 

In digital image processing Wavelet Transforms 

(WT) are successfully used for edge detection, 

image enhancement and restoration, signal 

compression, denoising, etc. [1, 6, 7]. WT are often 

compared to the Fourier transform. WT have the 

advantage over Fourier transform because they 

provide insight into both image spatial and 

frequency characteristics [7, 8]. That is why WT 

are more efficient in image restoration. However, 

WT efficiency in denoising depends on the type of 

disturbance in the image. If we have in the 

preprocessing activity some information on the type 

of noise, which is to be expected, we can choose 

the most appropriate denoising method. If no such 

information is available, several WT should be 

explored [1, 7]. For 2D images usually discrete 
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wavelet transformations are applied and the wavelet 

is discretely sampled. 

In general, the procedure includes several steps: 

1) Compute signal WT. 2) Alter the transform 

coefficients. 3) Compute the inverse transform. 4) 

Evaluate the result. 

In what follows we consider an image model 

(O) with additive intensity dependent noise. The 

‘degraded’ image (J) can be described by the 

equation: J = O + N*O, where N is uniformly 

distributed random noise with zero mean and 

certain variance V. In the numeric modeling we 

have chosen the variance to be V = 0.02.  

 
Fig. 4. Section of the original image, contaminated with 

intensity dependent noise 

 
Fig. 5. Section of the denoised image.  

In Fig. 4 we present a section of the model 

(original) image from Fig. 1, contaminated with 

intensity dependent noise. We have tried to denoise 

the image J by the adaptive median filtering, but the 

results were not satisfactory. Much better results 

were obtained when the denoising was performed 

with orthonormal wavelet “db4-2” (Daubechies 

wavelet of order 4, level of decomposition - 2).  

In order to evaluate the efficiency of the 

filtering, we define a Figure of Merit (FM) as the 

ratio of the Euclidean norm of the difference 

between the original image and the processed 

image, to the Euclidean norm the original image. 

The norm of the difference between the original 

and the noisy image gives the starting point of the 

processing. In this case FM = 0.0612.  

After the denoising, the FM is equal to 0.0087. 

This is a 7 fold improvement, even without 

optimization of the process. We continue the 

investigations in this field and results will be 

published elsewhere. Section of the denoised image 

with “db4-2” wavelet is shown in Fig. 5. 

CONCLUSIONS 

We have demonstrated that 2D images can be 

efficiently denoised by the help of adaptive median 

filtering and wavelet transforms. In the numeric 

modeling presented here, only the case of additive 

noise was considered. The impulse noise is cleared 

by AMF, while intensity dependent noise is better 

removed by WT. Both filtering approaches are 

found to be very robust and effective. The 

correlation between noise and filter characteristics 

indicates that we need a variety of filtering 

procedures and that the filtering process should be 

optimized over several different approaches. We 

intend to develop a set of diverse filters in order to 

attack the problem of multiplicative noise, which is 

of high practical importance. 
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 (Резюме) 

Обработването на цифрови изображения е важна част от съхраняването и предс-тавянето на културни и 

исторически обекти. Част от задачите са свързани с из-чистването на шума, насложен в изображенията. Много 

различни методи и под-ходи са успешно прилагани, но техниките за филтриране и изчистване на шума все по–

интензивно се развиват и подобряват. В тази статия се докладва числена симулация за филтриране на двумерни 

изображения. Влиянията на импулсния шум  са много ефикасно редуцирани чрез филтриране с адаптивен 

медианен филтър. При адитивен шум, който зависи от интензитета на оригиналното изображение, ситуацията е 

по-сложна. Въпреки това, ние показваме, че в този случай използване на трансформацията по метода на 

вълничките за премахването на шума е с добри резултати и е много обещаващо.  


