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Abstract
This paper presents image denoising and Gaussian noise reduction 
model using different wavelets and combination of weiner filter 
along with deconvolution filters. Wavelets are the latest research 
area in the field of image processing and enhancement. The results 
show a comparison of Haar, Daubecheis and Bio-orthogonal 
Wavelets for Image denoising for biomedical images. The wavelet 
analysis represents a logical technique called as windowing 
technique with variable-sized regions. The wavelet analysis allows 
the use of shorter regions where high-frequency information is 
desired and the usage of shorter regions since in this domain the 
high-frequency information is required.. Generally biomedical 
image is corrupted by Gaussian noise. So image de-noising has 
become a very essential exercise all through the diagnosis. 2-D 
Discrete wavelet transform have been studied and an algorithm 
is developed to perform image denoising for Gaussian noise 
corrupted images using discrete wavelet transform. Results are 
both Qualitative and Quantitative analyses by obtaining the 
denoised version of the input image by DWT Technique and 
comparing it with the input image used. Quantitative analysis 
would be performed by checking attained Mean Square Error 
estimation of the denoised image. Also, estimated processing time 
for complete coding using different wavelets has been presented. 
Gaussian noise reduction is another main criterion for determining 
the image quality objectively. Also, another important parameter of 
PSF (Point Spread Function) of restored image is added to check 
the level of distortion in output image.  In the end, a comparison 
table has been formulated showing the performance analysis of 
Haar, Db2 and Bio-orthogonal wavelets for image denoising.

Keywords
Wavelet Transform, Additive Gaussian Noise, Image Denoising, 
Weiner Filter

I. Introduction
In this contemporary era of modernization though inventions, many 
approaches has been developed for the best image digitization, 
acquisition and processing. In this regard many studies have been 
made on the concepts of wavelets. The wavelets have bought to 
the world many applications of different fields like biomedical, 
wireless & mobile communications, computer graphics and 
the behavioral changes like turbulence [1]. Image compression 
is one of the most visible applications of wavelets. The rapid 
increase in the range and use of electronic imaging justifies 
attention for systematic design of an image compression and 
denoising system and for providing the image quality needed in 
different applications. The basic measure for the performance of 
an enhancement algorithm is PSNR, defined as a peak signal to 
noise ratio. Quality and compression can also vary according to 
input image characteristics and content. In medical imaging, such 
as MRI image is generated, but the basic problem in these images 
is the introduced Gaussian and speckle noise. 
Gaussian noise becomes a dominating factor in degrading the 
image visual quality and perception in many other images. Noise 

is introduced at all stages of image acquisition [3]. In the case of 
transducer probes and body, the noise may be due to the improper 
contact or air gap. The analysis has proved that the noise could 
be during the beam forming process or at the signal process level 
or stage. Even during scan conversion, there could be loss of 
information due to interpolation [4]. Speckle is a particular kind 
of noise which affects all coherent imaging systems including 
medical images and astronomical images. Gaussian noise in SAR 
is a multiplicative noise, i.e. it is in direct proportion to the local 
grey level in any area. It is known that the noise and signal are 
statistically independent. The mean and the local area variance 
are centered on the individual pixels. These variance and sample 
means are equal to the variance and the local area means. A vast 
literature has emerged recently on signal de-noising using nonlinear 
techniques, in the setting of speckle noise. The systematic study 
and analysis of images can be generally broken down into three 
preliminary stages called as pre-processing, data reduction and 
image features analysis. Removal of noise from an image is the 
one of the important tasks in image processing. Depending on 
nature of the noise, such as additive or multiplicative noise, there 
are several approaches for removal of noise from an image [1]-[2]. 
It is observed that the images are generally corrupted by noise 
during image acquisition and transmission through a channel. 
So, the prime objective of image denoising and processing could 
be the removal of this noise so that maximum image features are 
retained at the end. This analysis and processing has provided 
great scope in the field of digital image enhancement and noise 
reduction phenomenon.

II. Literature Review
Digital image acquisition and processing techniques play an 
important role in current day medical diagnosis. Images of living 
objects are taken using different modalities like X-ray, Ultrasound, 
Computed Tomography (CT), Medical Resonance Imaging (MRI) 
etc. [1] Highlights the importance of applying advanced digital 
image processing techniques for improving the quality by removing 
noise components present in the acquired image to have a better 
diagnosis. [1] Also shows a survey on different techniques used 
in ultrasound image denoising [2]. It has been observed that the 
use of wiener filtering in wavelet domain with soft thresholding 
is a comprehensive technique. Also, some comparison has been 
done on the efficiency of wavelet based thresholding technique 
in exploring the medical Ultrasound images with five other 
classical speckle reduction filters. The performance of these 
filters is determined using the statistical quantity measures such as 
Peak-Signal-to-Noise ratio (PSNR) and Root Mean Square Error 
(RMSE). Based on the statistical measures and visual quality of 
Ultrasound B-scan images the wiener filtering with Bayes shrink 
thresholding technique in the wavelet domain performed well 
over the other filter techniques [3]. The study has been done on 
different filtration techniques (wiener and median) and a proposed 
novel technique that extends the existing technique by improving 
the threshold function parameter K which produces results that 
are based on different noise levels. A signal to mean square error 
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as a measure of the quality of denoising was preferred [4]. Also 
some survey are made on different techniques used in ultrasound 
image denoising [5]. Some analysis in this regard has applauded 
the wiener filtering in wavelet domain with soft thresholding as a 
comprehensive technique. Also, some comparison is done for the 
efficiency of wavelet based thresholding technique in highlighting 
information of the medical Ultrasound images with five other 
classical speckle reduction filters [6]. The performance of these 
filters is determined using the statistical quantity measures such as 
Peak-Signal-to-Noise ratio (PSNR) and Root Mean Square Error 
(RMSE). Based on the statistical measures and visual quality of 
Ultrasound B-scan images the wiener filtering with Bayes shrink 
thresholding technique in the wavelet domain performed well over 
the other filter techniques [7]. It is observed that there is a great 
scope of different filtration techniques (wiener and median) and 
so in this regard many further novel approaches are proposed . 
These techniques extends the existing techniques by improving 
the threshold function parameters like K which produces results 
that are based on different noise levels [8]. A signal to mean square 
error as a measure of the quality of denoising was preferred [9]. 

III. Problem Formulation
To Design and implement a model for image noise reduction 
using discrete wavelet transform using multilevel decomposition 
approach. Quantitative analysis would be performed by checking 
attained Mean Square Error estimation of the denoised image. 
Gaussian noise reduction is another main criterion for determining 
the image quality objectively. Also, another important parameter of 
PSF (Point Spread Function) of restored image is added to check the 
level of distortion in output image.  In the end, a comparison table 
has been formulated showing the performance analysis of Haar, 
Db2 and Bio-orthogonal wavelets[10] for image denoising. 

IV. Research Methodology

A. Discrete Wavelet Transform
Wavelet analysis represents the next logical step: a windowing 
technique with variable-sized regions. Wavelet analysis allows 
the use of long time intervals where we want more precise low-
frequency information, and shorter regions [11] where we want 
high-frequency information. 

Fig. 1: Wavelet Transform on a Signal Wavelet Transform in 
contrast with the Time-Based, Frequency Based, and STFT Views 
of a Signal [12]

Fig. 2: Comparison of Various Trasform Techniques [13]

The Discrete Wavelet Transform (DWT) refers to wavelet 
transforms for which the wavelets are discretely sampled. A 
transform which localizes a function both in space and scaling and 
has some desirable properties compared to the Fourier transform 
[14]. The transform is based on a wavelet matrix, which can 
be computed more quickly than the analogous Fourier matrix. 
Most notably, the discrete wavelet transform is used for signal 
coding, where the properties of the transform are exploited to 
represent a discrete signal in a more redundant form, often as a 
preconditioning [15] for data compression. 

A. Multilevel Decomposition
The decomposition process can be iterated, with successive 
approximations being decomposed in turn, so that one signal is 
broken down into many lower resolution components. This is 
called the wavelet decomposition tree [16]. 

Fig. 3: Multilevel Decomposition Approach adopted for Wavelet 
Analysis on Images

Mathematically the image noise can be represented with the help 
of these equations below:

  (1)

 (2)

  (3)
Here u(x, y) represents the objects (means the original image) and 
v(x, y) is the observed image. Here h (x, y; x’, y’) represents the 
impulse response of the image acquiring process. The term ŋ(x, 
y) represents the additive noise which has an image dependent 
random components f [g(w)] ŋ1 and an image independent random 
component ŋ2. Gaussian noise can be modeled as follow:
V(x, y) = u(x, y)s(x, y) + ŋ(x, y) (4)
Where the speckle noise intensity is given by s(x, y) and ŋ(x, y) 
is a white Gaussian noise [17]. The main objective of image-de-
noising techniques is to remove such noises while retaining as 
much as possible the important signal features. 

C. Weiner Filter 
Weiner filter was adopted for filtering in the spectral domain. Wiener 
filter (a type of linear filter) is applied to an image adaptively, 
tailoring itself to the local image variance. Where the variance is 
large, Wiener filter performs little smoothing. Where the variance 
is small, Wiener performs more smoothing [18]. This approach 
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often produces better results than linear filtering. The adaptive 
filter is more selective than a comparable linear filter, preserving 
edges and other high-frequency parts of an image. However, 
wiener filter require more computation time than linear filtering. 
The inverse filtering is a restoration technique for deconvolution, 
i.e., when the image is blurred by a known lowpass filter, it is 
possible to recover the image by inverse filtering or generalized 
inverse filtering. However, inverse filtering is very sensitive to 
additive noise. The approach of reducing one degradation [19] at 
a time allows us to develop a restoration algorithm for each type 
of degradation and simply combine them. The Wiener filtering 
executes an optimal tradeoff between inverse filtering and noise 
smoothing. It removes the additive noise and inverts the blurring 
simultaneously. The Wiener filtering is optimal in terms of the 
mean square error. In other words, it minimizes the overall mean 
square error in the process of inverse filtering and noise smoothing. 
The Wiener filtering is a linear estimation of the original image. 
The approach is based on a stochastic framework [20]. The 
orthogonality principle implies that the Wiener filter in Fourier 
domain can be expressed as follows:

where Sxx(f1,f2), Snn(f1,f2) are respectively power spectra of the 
original image and the additive noise, and H(f1,f2)  is the blurring 
filter [21]. It is easy to see that the Wiener filter has two separate 
part, an inverse filtering part and a noise smoothing part. It not 
only performs the deconvolution by inverse filtering (high pass 
filtering) but also removes the noise with a compression operation 
(low pass filtering). Recently there have been many challenges to 
reduce the additive white Gaussian noise using wavelet transform 
as a multi-resolution image-processing tool. Gaussian noise is a 
high-frequency component of the image and appears in wavelet 
coefficients. 

Fig. 4: Gaussian Noise can be Represented by a Distribution of 
Fluctuations About the Mean

Gaussian noise becomes a dominating factor in degrading the 
image visual quality and perception in many other images. 
Noise is introduced at all stages of image acquisition. There 
could be noises due to loss of proper contact or air gap between 
the transducer probe and body; there could be noise introduced 
during the beam forming process and also during the signal 
processing stage. Even during scan conversion, there could be 
loss of information due to interpolation. Speckle is a particular 
kind of noise which effects all coherent imaging systems including 
medical images and astronomical images. Gaussian noise in SAR 

is a multiplicative noise [22], i.e. it is in direct proportion to the 
local grey level in any area. The signal and the noise are statistically 
independent of each other. The sample mean and variance of a 
single pixel are equal to the mean and variance of the local area 
that is centered on that pixel. 

V. Type of Wavelets Used

A. Haar Wavelets
Haar wavelet is the first and simplest. Haar wavelet is discontinuous, 
and resembles a step function. It represents the same wavelet as 
Daubecheis db1. 

Fig. 5: Haar Wavelet Function Waveform

B. Daubecheis Wavelet
Ingrid Daubecheis, one of the brightest stars in the world of 
wavelet research, invented what are called compactly supported 
orthonormal wavelets -- thus making discrete wavelet analysis 
practicable. The names of the Daubecheis family wavelets are 
written dbN, where N is the order, and db the “surname” of the 
wavelet. The db1 wavelet, as mentioned above, is the same as 
Haar wavelet. 

Fig. 6: Daubecheis Wavelet Functions Waveform

C. Bio-orthogonal Wavelet
This family of wavelets exhibits the property of linear phase, 
which is needed for signal and image reconstruction. By using 
two wavelets, one for decomposition (on the left side) and the 
other for reconstruction (on the right side) instead of the same 
single one, interesting properties are derived.

Fig. 7: Bior1.5 Wavelet Function Waveform
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VI. Results

Fig. 8: Original Cell Image

Fig. 9: Approximation and Detail Coefficients After Wavelet 
Transform Have Been Applied to Input Image

A. Noisy Image After Adding Additive Gaussian Noise 
Using Gaussian Noise Model

Fig. 10: Blurred and Noisy Image with additive Gaussian Noise

B. Results Using Haar Wavelet And Weiner Filters

 
Fig. 10: Restored Image Using Weiner Filters and Haar Wavelet

Fig. 11: PSF of Final Image

Mean Square Error =  0.3015
Elapsed time = 5.415113 seconds

C. Results Using Daubecheis Wavelet And Weiner 
Filters

Fig. 12: Restored Image Using Weiner Filters and db2 wavelet
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Fig. 13: PSF of Final Image

Mean Square Error =  0.5154
Elapsed time = 5.346064 seconds

D. Results Using Biorthogonal Wavelet and Weiner 
Filters

Fig. 14: Restored Image with Bior1.5 Wavelet and Weiner Filter 
(Shows Ringing Effect)

Fig. 15: PSF of Final Image

Mean Square Error =  0.7363
Elapsed time = 7.619770 seconds

VII. Conclusion
Image denoising has been achieved using new technique of wavelet 
transform in combination with Weiner filters and results have 
been obtained that could be measured subjectively by viewing the 
pictures of restored image attained as above results and checking 
the PSF of final restored image that shows very less distortion 
parameter. Also, Image quality has been measured objectively 
using MSE value with different wavelets. Following table have 
been attained using different wavelets: Haar, Db2 and Bior1.5. 
2 parameters have been measured for checking the performance 
analysis of the results, MSE and Elapsed time for processing. 

Table 1:
Parameter Haar DB2 Bior1.5
MSE 0.3015 0.5154 0.7363
Processing 
Time 5.415113 5.346064 7.619770

From the above results, it has been concluded that Haar wavelet 
shows best results in terms of MSE, picture quality and processing 
time whereas db2 and Bior1.5 show lower results. Also, there is 
a problem of ringing effect introduced in bior wavelet that can 
be seen from fig. 14.

VIII. Future Scope
In future, work can be done to implement this algorithm of 
multiresolutional analysis presented in this thesis on other types 
of medical imaging like CT Scan, MRI and EEG images under 
various different kinds of noise like speckle noise, Gaussian 
noise, etc. Also, this work could be implemented on an FPGA 
to build an intelligent model that could be used for denoising in 
ultrasound images. Work could be done to minimize the constraints 
and resource utilization on FPGA implementation of this model. 
Also, with slight modifications in the code, efforts can be made 
to reduce the processing time of the model.

IX. Applications
The wavelets also have scale and time aspects; consequently 
every application has scale and time aspects. To clarify them 
we try to untangle the aspects somewhat arbitrarily. When the 
decomposition is taken as a whole, the de-noising and compression 
processes are center points. The common goals concern the 
signal or image clearance and simplification, which are parts 
of de-noising or compression. We can find studies on micro-
potential extraction in EKGs, on time localization of His bundle 
electrical heart activity, in ECG noise removal. In EEGs, a quick 
transitory signal is drowned in the usual one. The wavelets are 
able to determine if a quick signal exists, and if so, can localize 
it. There are attempts to enhance mammograms to discriminate 
tumors from calcifications. 
Another prototypical application is a classification of Magnetic 
Resonance Spectra. The study concerns the influence of the fat we 
eat on our body fat. The type of feeding is the basic information 
and the study is intended to avoid taking a sample of the body 
fat. Each Fourier spectrum is encoded by some of its wavelet 
coefficients.
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