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Abstract— Image denoising is one of the most important and 

well known challenges in Computer Vision, Image and 

video processing fields. The objective of denoising process 

is to obtain noise free image from the noise-contaminated 

version of original image. Noise can be intrinsic or extrinsic. 

There are many reasons for presence of noise in the image. 

For example like Extrinsic noise contains environment 

variable and intrinsic noise contains hardware part like 

sensor of cameras. Nose can’t be avoided so it can be 

filtered out from the processed image. There are various 

application areas lik Image Restoration, Image Registration, 

Image Segmentation, Image Classification and others where 

the role of image denoising is important. Different types of 

images inherit different types of noise and so for these 

different types of noises there are different noise models are 

used. Denoising method tends to be problem specific and 

depends upon the type of image and noise model. In medical 

imaging the filtering of images is first and fundamental step 

so that final image is better and can be further processed for 

other purposes. The aim of this paper is to implement and 

compare various medical image denoising techniques such 

as Bilateral Filter (BF), Fast Bilateral Filter (FBF) and 

Guided Filter for denoising the images. Performance 

Parameters used for evaluation of gray scale images are 

Peak Signal to Noise Ratio (PSNR), Normalized Absolute 

Error (NAE), Entropy, Mean Square Error (MSE), 

Correlation and Visual Quality. 

Key words: Image denoising, spatial filtering, guided filter, 

bilateral filter, Gaussian noise 

I. INTRODUCTION 

Image Enhancement is amongst the simple and most 

dominant area of digital image and video processing. The 

logic behind image enhancement and restoration techniques 

is to bring out the detail that is observed or simply to 

highlight certain features of interest in an image. There are 

different image processing applications such as digitizing, 

transmitting, scanning etc where an image form is converted 

from one to another occurrence at the output. The image 

obtained is a form of degradation. These degraded images 

quality can be improved and achieved by the application of 

image enhancement techniques.  

By image enhancement, the appearance of an 

image is meant to be improvement of an image by 

increasing some dominant features or by decrement of 

ambiguity among different regions in the image. Remember 

that enhancement of some features can be gained but at the 

cost of suppressing others features in image.  

Image enhancement is mainly the advancement of 

quality of digital output image, without the knowledge of 

degradation source. But when the degradation source is 

known then it would be rather called Image Restoration 

process then Image Enhancement Process. 

Image enhancement techniques can be divided into two 

broad categories:  

1) Spatial domain methods, which operate directly on 

pixels  

2) Frequency domain methods, which operate on the 

Fourier transform of an image.  

II. IMAGE DENOISING 

Image noise is usually a form of electronic noise. It is 

random in nature, variation of color information or 

brightness in images. Various instrument like scanner or 

digital camera’s circuitry or sensor can produce different 

types of noise. Image noise is image capture by-product 

which is undesirable that adds extraneous and spurious 

information in the original image. 

Unwanted signals were the original meaning of 

noise. The unwanted electrical signals fluctuations received 

by FM/AM radios caused static acoustic audible noises. In 

case of image of course noises are inaudible but those are 

visible in nature. Image noise magnitude can range from 

almost from that are almost entirely noise optical and radio 

astronomical images from these only small amount of data 

or information can be retrieved after sophisticated 

processing to the imperceptible specks on a taken in good 

light digital photograph. 

A. Gaussian Noise 

Gaussian Noise is mainly caused during acquisition or 

capturing of an image when sensor noised is produced by 

high temperature, poor illumination or transmission for 

example electronic circuit noise.  

Gaussian Noise is typically Additive, Gaussian 

(Bell Shaped Hump), where each pixel is independent of 

intensity of signal, produced by Thermal Noise also known 

as Johnson–Nyquist noise and also includes the KTC noise 

which is caused by the reset noise of capacitors. Noise’s 

main part is amplifier noise of an image sensor which is a 

constant level of noise in the dark areas of an image. In case 

of color cameras in the blue color channel more 

amplification is used rather than in the red or green channel 

and there is possibility of having more noise in the blue 

color channel. Image shot noise is dominated by the shot 

noise at higher expose level which is not independent of 

signal intensity and also not Gaussian in nature. 

B. Salt-And-Pepper Noise 

Salt and pepper noise is also called Spike Noise, Impulsive     

noise and Fat-Tail distributed Noise. It is defined as 

presence of the dark pixels in bright part of an image and 

presence of bright pixels in dark part of an image. Bit errors 

in transmission and analog-to-digital converter errors are 

main causes of this noise. Interpolating dark/bright pixels 

around and using dark frame subtraction n easily eliminate 

these noises. 
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C. Shot Noise 

Shot noise is produced by statistical quantum fluctuations 

which means when at a particular exposure level he number 

of photons sensed varies. Lighter parts of Images are 

dominated by this type of noise. Photon Shot Noise is 

another name of this, its root-mean-square value is 

proportional to the image intensity’s square root. Poisson 

distribution which itself is not so different from Gaussian is 

followed by it. Noises at individual pixels are independent 

of each other. 

III. LITERATURE SURVEY 

S. Paris et al. [1] studied the bilateral filter which is a non-

linear technique that can blur an image while respecting 

strong edges. Its ability to decompose an image into 

different scales without causing haloes after modification 

has made it ubiquitous in computational photography 

applications such as tone mapping, style transfer, relighting, 

and denoising. The bilateral filter can split an image into 

two parts: the filtered image and its “residual” image. The 

filtered image holds only the large-scale features, as the 

bilateral filter smoothed away local variations without 

affecting strong edges. The residual image, made by 

subtracting the filtered image from the original, holds only 

the image portions that the filter removed. Depending on the 

settings and the application, this removed small-scale 

component can be interpreted as noise or texture. For 

example Adobe Photoshop provides a fast and simple 

bilateral filter variant under the name “surface blur”. 

F. Durand et al. [2] presented a new technique for 

the display of high-dynamic-range images, which reduces 

the contrast while preserving detail. It is based on a two-

scale decomposition of the image into a base layer, encoding 

large-scale variations, and a detail layer. Only the base layer 

has its contrast reduced, thereby preserving detail. The base 

layer is obtained using an edge-preserving filter called the 

bilateral filter. This is a non-linear filter, where the weight 

of each pixel is computed using a Gaussian in the spatial 

domain multiplied by an influence function in the intensity 

domain that decreases the weight of pixels with large 

intensity differences. We express bilateral filtering in the 

framework of robust statistics and show how it relates to 

anisotropic diffusion. We then accelerate bilateral filtering 

by using a piecewise-linear approximation in the intensity 

domain and appropriate subsampling. This results in a 

speed-up of two orders of magnitude. The method is fast and 

requires no parameter setting and better preserve the overall 

photorealistic appearance. 

K. He et al. [3] propose a novel explicit image filter 

called guided filter. Derived from a local linear model, the 

guided filter computes the filtering output by considering 

the content of a guidance image, which can be the input 

image itself or another different image. The guided filter can 

be used as an edge-preserving smoothing operator like the 

popular bilateral filter [3], but it has better behaviors near 

edges. The guided filter is also a more generic concept 

beyond smoothing. It can transfer the structures of the 

guidance image to the filtering output, enabling new 

filtering applications like dehazing and guided feathering. 

Moreover, the guided filter naturally has a fast and 

nonapproximate linear time algorithm, regardless of the 

kernel size and the intensity range. Currently, it is one of the 

fastest edge-preserving filters. Experiments show that the 

guided filter is both effective and efficient in a great variety 

of computer vision and computer graphics applications, 

including edge-aware smoothing, detail enhancement, HDR 

compression, image matting/feathering, dehazing, joint 

upsampling. 

IV. FILTERS USED FOR DENOISING 

A. Bilateral Filter 

A bilateral filter works on the two principles. First it acts an 

edge-preserving and secondly it acts as a noise reducing 

smoothing filter. When filtering noise using a Gaussian filter 

there is a problem of edge blurring between areas of 

different colors. A bilateral filter is a combination of two 

filters, working both on the area and range of the function 

(image). 

The intensity value at each pixel in an image is 

replaced by a weighted average of intensity values from 

nearby pixels. This weight is based on a Gaussian 

distribution, but also on differences in the range, e.g. color 

intensity. This preserves sharp edges by systematically 

looping through each pixel and adjusting weights to the 

adjacent pixels accordingly. 

The bilateral filter is defined as 

 
Where the normalization term 

 

B. Fast Bilateral Filter 

High Dynamics range images can be displayed by use of 

this new technique known as fast bilateral filter. It preserves 

the details of the image while reducing the contrast. Two 

scale decomposition of an image into base layer, large scale 

variation encoding and an addition of detailed layer of an 

image is the base of this technique. Preservation is lead 

because only the base layer contrast is reduced. Bilateral 

filtering which is an edge preserving filter is used to obtain 

base layer, it is non linear in nature where in each pixels 

weight is calculated by the use of Gaussian in spatial 

domain by a function that decreases pixels weights with 

huge intensity differences in intensity domain. In robust 

statics and in relation to anisotropic diffusion bilateral 

filtering is used. In the intensity domain a piecewise-linear 

approximation can be used to accelerate bilateral filtering. 

Compute histogram and probabilities of each intensity level. 

The bilateral filtering of an image f (x) in the general setting 

is given by 

 
In this formula, w(x, y) measures the geometric 

proximity between the pixel of interest x and a nearby pixel 

y. Its role is to localize the averaging to a neighbourhood of 

x. On the other hand, the function (u, v) measures the 
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similarity between the intensity of the pixel of interest f(x) 

and its neighbour f(y). The normalizing factor is used to 

preserve constants, and in particular the local mean. 

C. Guided Filter 

It performs edge-preserving smoothing on an image, using 

the content of a second image, called a guidance image, to 

influence the filtering. The guidance image can be the image 

itself, a different version of the image, or a completely 

different image. Guided image filtering is a neighbourhood 

operation, like other filtering operations, but takes into 

account the statistics of a region in the corresponding spatial 

∑ 𝑊𝑖𝑗
𝑏𝑓

𝑗 = 1neighbourhood in the guidance image when 

calculating the value of the output pixel. 

We first define a general linear translation-variant 

filtering process, which involves a guidance image I, an 

input image p, and an output image q. Both I and p are given 

beforehand according to the application, and they can be 

identical. The filtering output at a pixel i is expressed as a 

weighted average: 

 
Where i and j are pixel indexes. The filter kernel 

Wij is a function of the guidance image I and independent of 

p. This filter is linear with respect to p. A concrete example 

of such a filter is the joint bilateral filter [3]. The bilateral 

filtering kernel Wbf is given by 

Where x is the pixel coordinate, and Ki is a normalizing 

parameter to ensure that . The parameters σs and σr adjust 

the spatial similarity and the range (intensity/colour) 

similarity respectively. The joint bilateral filter degrades to 

the original bilateral filter [3] when I and p are identical. 

V. PARAMETERS FOR EVALUATION 

A. Mean Square Error (Mse) 
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where, M and N are rows and columns, respectively of the 

image. xj,k is the original image and xʹj,k is the corresponding 

output image. The MSE should be less, which means that 

the pixel intensity of the input and output image should be 

as close as possible. 

B. Peak Signal To Noise Ratio (Psnr) 

PSNR= 
MSE

2

10

255
log10  

Peak Signal to Noise Ratio should be as large as possible 

which means that the content of signal in the output is large 

and the noise is less. Since it is peak signal to noise ratio 

that’s why the value of the signal is considered as maximum 

which is 255 (for gray scale images the gray scale ranges 

from 0 – 255).  

C. Normalized Absolute Error (Nae) 

NAE =  
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where xj,k is the original image and is the corresponding 

output image xʹj,k Normalized Absolute Error is the 

normalized absolute error, so it should be minimum showing 

that the difference between the input image and the output 

image is less. 

D. Correlation   

The value of each pixel in a correlation image is a measure 

of how well the target image matches the searched image at 

that point. 

E. Entropy 

Entropy =  




256

1

2
)(log)(

s

shsh  

Where, h(s) is the normalized histogram of the output 

image. Entropy has been used to measure the content of the 

image, with higher values indicating images that are richer 

in details. 

VI. RESULTS OF TECHNIQUES 

This section shows implementation results of image 

enhancement and denoising techniques for Gray Scale 

medical images, the results of different approaches and 

compares the quality of enhanced images. Following are the 

results of enhancement algorithms for the techniques 

discussed in previously. 

 
       (a) Original image                      (b) BF image 

 
(c) FBF image                             (d) GUF image 

Fig. 5.1 (a, b, c, d): Original, bilateral filtered, fast bilateral 

filtered and guided filtered image 
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(a) Original image                      (b) BF image 

  
(c) FBF image                             (d) GUF image 

Fig. 5.2 (a, b, c, d): Original, bilateral filtered, fast bilateral 

filtered and guided filtered image 

Parameter 

Technique 
MSE CORR Entropy 

PSNR 

(dB) 
NAE 

BF 1057.5 4.7628 7.0415 17.8882 0.1724 

FBF 2229.3 6.8701 3.5331 14.6492 0.2791 

GUF 708.19 5.7787 6.3992 19.62 0.0811 

Table 1: Comparison of Various Parameters for “CHEST” 

Image with Gaussian noise 

Parameter 

Technique 
MSE CORR Entropy 

PSNR 

(dB) 
NAE 

BF 839.22 1.1385 5.8955 18.8920 02962 

FBF 1017.5 283.85 5.9538 8.055 254.00 

GUF 412.90 1.1642 5.7524 21.97 0.1148 

Table 2: Comparison of Various Parameters for “KNEE” 

Image with Gaussian noise 

VII. CONCLUSION 

In this paper a new comparative study is done to denoise the 

gaussian noise containing medical Images. The results 

obtained are applied on more than 100 images of different 

types of medical imagery like MRI, Ultrasound and CT 

Scan etc. The results have shown us that the GUF i.e. guided 

filter technique is best in all parameters except for entropy. 

In future this work will be further extended to provide deep 

comparative study among these filters and other filters also.  
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