
             Digital images are noisy due to ecological disturbances and it is degrade the quality of images. Data sets 
            collected by image sensors are generally infected by noise and it is due to imperfect instruments. There is a wide 

variety of noise types while we focus on the most important types of noises and denoising techniques been developed to reduce 
noise from corrupted images to enhance image quality is discussed in this paper. This paper presents a review of some signi�cant 
work in the area of image denoising and advantages of digital smart cameras verses �lm cameras. The effective noise removal 
techniques are discussed for various types of images and from the introduction we can conclude that the SVD technique is the best 
technique for image denoising in terms of image quality improvement as per lots of literature review.
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  I.INTRODUCTION
IMAGE   denoising   is   still   remains   a challenge for 
researchers because noise removal introduces artifacts and 
causes blurring of the images. This paper describes different 
methodologies for noise reduction in terms of PSNR 
comparison giving an insight as to which technique should 
be used to �nd the most reliable estimate of the original 
image data given its degraded version. Noise modeling in 
images is greatly affected by capturing instruments, data 
transmission media and discrete sources of radiation such 
cameras. Depending on the type of the noise, the degrada-
tion of the image will vary. According to the percentage of 
image quality degradation, the noise removal techniques 
must be chosen. The wavelet transform, curve let transform 
and wave atom transform are the ef�cient transforms for 
image denoising algorithms.

A. Characteristics and Advantages of  Smart Cameras [18-
21]
Compared to normal cameras, such as CCTV cameras, web 
and IP (Internet Protocol) cameras, industrial video cameras, 
and other general-purpose cameras, smart cameras may 
look quite similar from the outside, but they have some 
distinct characteristics which make them smart and useful.

The de�ning component in a smart camera is its ASIP block, 
as shown in Fig. 1.1.

Fig.1.1: Functional block diagram of a smart Camera 

Currently, there are �ve commonly used high bandwidth 
camera interface standards. Table 1.1 shows the comparison 
of these standards.

Table 1.1: Speci�cation of Camera Interfaces

B. Noise Model and 
Characteristic [3-9, 21]
Different algorithms are used depending on the noise 
model. Most of the natural images are assumed to have 
additive random noise which is modeled as a Gaussian. The 
scope of the paper is to focus on noise removal techniques 
for natural images. Interference can be added to an image 
during transmission. We can consider a noisy image to be 
modeled as follows: g(x, y) = f(x, y) + η(x, y) Where f(x, y) is the 
original image pixel, η(x, y) is the noise term and g(x, y) is the 
resulting noisy pixel.

Fig.1.2 Noise Model

Gaussian noise - The standard model of ampli�er noise is 
additive, Gaussian, independent at each pixel and 
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independent of the signal intensity. 

Salt-and-pepper noise - Impulsive noise is sometimes called 
salt & pepper noise or spike noise. An image containing salt-
and-pepper noise will have dark pixels in bright regions and 
bright pixels in dark regions. 

Shot noise - The dominant noise in the lighter parts of an 
image from an image sensor is typically that caused by 
statistical quantum �uctuations, that is, variation in the 
number of photons sensed at a given exposure level; this 
noise is known as photon shot noise. 

II.EVOLUTION OF IMAGE DENOISING
RESEARCH [1-5, 7-17]
The image denoising schemes such as smoothing �lters and 
frequency domain denoising methods, wavelet based 
methods, curve let based methods, ridge let based 
methods, sparse representation method, shape-adaptive 
transform, bilateral �ltering, non-local mean based 
methods, non local collaborative �ltering, Bi-Shrink, SURE-
LET, Block-Shrink, Neigh-Shrink SURE, LPGPCA, NLM-SAP 
and non-linear fourth order partial differential equation are 
some of the major methods used for AWGN noise removal. 
In order to overcome the drawback of wavelet transform 
based denoising algorithm, spatially adaptive Principal 
Component Analysis (PCA) based denoising scheme is 
proposed. Sparse redundant representation and K-SVD 
based denoising algorithms are proposed for image 
denoising. 

III. CLASSIFICATION OF DENOISING
TECHNIQUES [6-9, 10-16]
As shown in Fig. 3.1, there are two basic approaches to 
image denoising, spatial �ltering methods and transform 
domain �ltering methods.
A. Spatial Filtering

A traditional way to remove noise from image data is to 
employ spatial �lters. Spatial �lters can be further classi�ed 
into non-linear and linear �lters.
Non-Linear Filters - With non-linear �lters, the noise is 
removed without any attempts to explicitly identify it. 
Linear Filters - A mean �lter is the optimal linear �lter for 
Gaussian noise in the sense of mean square error.
B. Transform Domain Filtering

The transform domain �ltering methods can be subdivided 
according to the choice of the basic functions. The basic 
functions can be further classi�ed as data adaptive and non-
adaptive.
Bayes-Shrink - The main objective of this algorithm is to 
minimize the Bayesian risk and hence its name, Bayes-Shrink. 
Its denoising performance is poor in high density additive 
white Gaussian noise.
Spatial-Frequency Filtering - Spatial-frequency �ltering 
refers use of low pass �lters using Fast Fourier Transform 
(FFT). 
Non-Linear Threshold Filtering - The most investigated 
domain in denoising using Wavelet Transform is the non-
linear coef�cient thresholding based methods. 

C. Wavelet Denoising
This  method produces excel lent  output  but  i s 
computationally much more complex and expensive. This 
approach focuses on some more interesting and appealing 
properties of the Wavelet Transform such as Multi scale 
correlation between the wavelet coef�cients, local 
correlation between neighborhood coef�cients etc. The 
term “wavelets” is used to refer to a set of orthonormal basis 

functions generated by dilation and translation of scaling 
function φ and a mother wavelet ψ.

D. Data-Adaptive Transforms
ICA - Independent Component Analysis has gained wide 
spread attention in recent research. The ICA method was 
successfully implemented in denoising Non-Gaussian data.
PCA - Principal Component Analysis is an exploratory tool 
designed by Karl Pearson in 1901 to identify unknown trends 
in a multidimensional data set X. However, today we know 
that implementing PCA is the equivalent of applying 
Singular Value Decomposition (SVD) on the covariance 
matrix of a data set. 

Fig.3.1 Classi�cation of denoising technique
 
Adaptive PCA - It is a second order statistical approach, 
which has been used to extract the features of data set or 
perform data reduction (compression). Specially, when data 
set is, redundant and overwhelming large, PCA is very 
effective linear technique as a preprocessing step to extract 
data features and to cluster data for classi�cation. 
.
IV. REVIEW OF SVD [1, 5-17]
MOD and MAP methods are involved in K SVD. MOD 
(method of direction) is similar to k-means clustering. N 
observations are partitioned to k clusters and each 
observation belongs to each cluster by its nearest mean 
value. MAP method is used for increasing the closeness to 
single value detection. It combines with MOD ef�ciency and 
recovers dictionary. PSNR is high for compression. In the 
theory part some important de�nitions related to the SVD 
and compare the SVD of a matrix A with the Eigen-value 
decomposition of ATA, which results in a degree of 
uniqueness for the SVD. The application part of how the SVD 
is used to calculate linear least squares, and how to compress 
data using reduced rank approximations.

Let A be an m by n matrix. Then the SVD of A is UΣVT where U 
is m by m, V is n by n, and Σ is an m by n diagonal matrix 
where the diagonal entries Σii = σi are nonnegative, and are 
arranged in non-increasing order. The positive diagonal 
entries are called the singular values of A. The columns of U 
are called the left singular vectors for A and the  columns of V 
are called the right singular values for A. The SVD and the 
eigen-value decomposition are similar and closely related. 
The SVD of A can be used to determine the Eigen-value 
decomposition of ATA. In particular, the right singular 
vectors of A are the eigenvectors of ATA, and the singular 
values of A are equal to the square roots of the eigenvalues 



of ATA. It also turns out that the left singular vectors of A are 
the eigenvectors of AAT. This shows that if the SVD of A is A = 
UΣVT, U and V are uniquely determined except for 
orthogonal basis transformations in the Eigen-spaces of ATA 
and AAT. 

V. RESULT AND DISCUSSION
Performance of denoising algorithms is measured using 
quantitative performance measures such as peak signal-to-
noise ratio (PSNR), structural similarity index (SSIM) as well as 
in terms of visual quality of the images. Many of the current 
techniques assume the noise model to be Gaussian. An ideal 
denoising procedure requires a priori knowledge of the 
noise, whereas a practical procedure may not have the 
required information about the variance of the noise or the 
noise model. Thus, most of the algorithms assume known 
variance of the noise and the noise model to compare the 
performance with different algorithms. 

Table 5.1 and Fig. 5.1 shows Comparison of different 
denoising techniques in terms of image assessment 
parameters and employed technique in reference 8 has 
been better PSNR values compared to other techniques. In 
reference 8 authors have been discussed MOD and MAP 
methods and MOD  (method of direction) is similar to k-
means clustering. N observations are partitioned to k 
clusters and each observation belongs to each cluster by its 
nearest mean value. 

A literature survey for different image denoising techniques 
was done. Proposed method can provide better results in 
terms of image quality and similarity measures. Future scope 
is to calculate the amount of noise added to the pixel, 
removal of noise and evaluating the signal to noise ratio. 

Table 5.1: PSNR Comparison of denoising techniques

Fig. 5.1: Comparison of image denoising method using 
graph
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Parameters Technique 
employed

Ef�ciency Measure

Reference 3 & 4 Three types of 
noises are removed 

by applying �ve 
algorithms. 

Modi�ed SMF is 
useful for different 

noise removal.

PSNR is high in 
MSMF �lter; MSE 
is low in median 

�lter.

Reference 4 &5 Different OCT 
images are 

extracted and 
tested with various 
�lters for checking 
visual effectiveness

PSNR is low for 
FBT compared to 

WGE.

Reference 7 Noisy image is sent 
to local pixel 

grouping and by 
PCA transform and 

inverse PCA 
denoised output 
obtained, BM3D 

algorithm 
Developed.

PSNR value is 
high, SSIM value is 
high compared to 
reference 3, 4 &5.

Reference 8 MOD works similar PSNR value is high 

clustering and MAP 
method increases 

closeness to K-SVD 
detection.

reference 7.

Reference 4 &11 Curvelet with 
ridgelet used to 
provide ef�cient 
work on digital 

inputs and denoised 
output. Curves are 
recovered sharply.

PSNR value is 
better in multi-

scale entropy with 
some few noises 

but low compared 
to reference 7&8.
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