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Abstract— There are many noise reduction techniques have 

been developed for removing noise and retaining edge 

details in images.Each technique has its own assumptions, 

advantages and limitations. The idea behind using noise 

removal techniques is to give better results in terms of 

quality and in removal of different noises.Wavelet approach 

for noise removal has been successfully exploited by several 

in the past few decades.Wavelets successfully removes 

noise while preserving the signal characteristics, regardless 

of its frequency content.Image denoising is one of the 

fundamental challenges in the field of image processing and 

computer vision, where the underlying goal is to estimate 

the original image by suppressing noise from a noise-

contaminated version of the image. Principal component 

analysis (PCA) is an orthogonal transformation that seeks 

the Directions of maximum variance in the data and is 

commonly used to reduce the dimensionality of the 

data.This disseratation proposes a denoising technique by 

using a new statistical approach,principal component 

analysis (PCA) with Local Pixel Grouping.This procedure is 

iterated second time to further improve the denoising 

performance and the noise level is adjusted in second stage. 

Abbreviations-  Princial Component Analysis(PCA);Local 

Pixel Grouping(LPG);Mean Squre Error(MSE);Peak Signal 

to Noise Ratio(PSNR);Discrete Cosine Transform 

(DCT);Discrete Wavelet Transform(DWT);Non- Local 

Means (NLM),Aditive White Gaussian Noise(AWGN). 

Key words:  Denoising, Gaussian Noise, Image Noise, Salt 

And Pepper Noise, Brownian Noise.           

I. INTRODUCTION 

Digital images plays an important role both in daily life 

applications such as satellite television, magnetic resonance 

imaging, computer tomography as well as in the areas of 

research and technology such as geographical information 

systems and astronomy. Data sets collected by image 

sensors are generally infected by noise. Imperfect 

instruments, problems with the data acquisition process, and 

interfering natural phenomena can all degrade the data of 

interest. in addition, noise can be introduced by transmission 

errors and compression. Thus, denoising is often a necessary 

and the first step to be taken before the images data is 

analyzed. It is necessary to apply an efficient denoising 

technique to balance for such data corruption (14). Digital 

images may be infected by different sources of noise. Noise 

may be generated due to imperfect instruments used in 

image processing, problems with the data acquisition 

process, and interference, all of which can degrade the data 

of interest. Furthermore, noise can be introduced by 

transmission errors and compression also. Different types of 

noises are introduced by different noise sources like dark 

current noise is due to the thermally generated electrons at 

sensor sites. It is proportional to the exposure time and 

highly dependent on the sensor temperature. Shot noise, 

which has the characteristics of Poisson distribution, is due 

to the quantum uncertainty in photoelectron generation. 

Amplifier noise and quantization noise occur during the 

conversion of number of electrons to pixel intensities[15]. 

Digital imaging or digital image acquisition is the 

creation of digital images, typically from a physical scene. A 

digital image is a numeric representation (normally binary) 

of a two-dimensional image. And Digital image processing 

is the use of computer algorithms to perform image 

processing on digital images. It allows a much wider range 

of algorithms to be applied to the input data and can avoid 

problems such as the build-up of noise and signal distortion 

during processing. Since images are defined over two 

dimensions (perhaps more) digital image processing may be 

modeled in the form of multidimensional systems(13). 

There are various methods to help restore an 

image.from noisy distortions. Selecting the appropriate 

method plays a major role in getting the desired image. The 

denoising methods tend to be problem specific. For 

example, a method that is used to denoise satellite images 

may not be suitable for denoising medical images. In order 

to compute the performance of the various denoising 

algorithms, a high quality image is taken and some known 

noise is added to it. This would then be given as input to the 

denoising algorithm, which produces an image close to the 

original high quality image. In case of image denoising 

methods, the characteristics of the degrading system and the 

noises are assumed to be known in advance. The image 

s(x,y) is blurred by a linear operation and noise n(x,y) is 

added to form the degraded image w(x,y). This is convolved 

with the restoration procedure g(x,y) to produce the restored 

image z(x,y)(1). 

 
Fig. 1: Denoising Concept 

The “Linear operation”shown in Figure 1.1 is 

the addition or multiplication of the noise n(x,y) to the signal 

s(x,y) . Once the corrupted image w(x,y) is obtained, it is 

subjected to the denoising technique to get the denoised 

image z(x,y). The point of focus in this thesis is comparing 

and contrasting several“denoising techniques”(Figure 1). 

A. Types of Noises 

Typical images are corrupted with additive noises modelled 

with either a Gaussian, uniform, or salt andpepper 

distribution. Another typical noise is a speckle noise, which 

is multiplicative in nature. Noise is present in an image 

either in an additive or multiplicative form.An additive noise 

follows the rule, 

 (   )   (   )   (   )                              (1) 
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While the multiplicative noise satisfies, 

 (   )   (   )   (   )                                               (2) 

Where s(x,y) is the original signal, n(x,y) denotes the noise 

introduced into the signal to produce the corrupted 

imagew(x,y), and (x,y) represents the pixel location. The 

above image algebra is done at pixel level. Image addition 

also finds applications in image morphing [16]. By image 

multiplication, we mean the brightness of the image is 

different(1). 

1) Gaussian Noise 

Gaussian noise is evenly distributed over the signal. This 

means that each pixel in the noisy image is the sum of the 

true pixel value and a random Gaussian distributed noise 

value. As the name indicates, this type of noise has a 

Gaussian distribution, which has a bell shaped probability 

distribution function given by, 

 ( )  
 

√    
 
 (   ) 

   
⁄

                                                (3) 

Where g represents the gray level, m is the mean or 

average of the function, and σis the standard deviation 

of the noise. Graphically, it is represented as shown in 

Figure 2(1). 

 
Fig. 2: Gaussian Distribution 

2) salt and pepper noise 

Salt and pepper noise (2) is an impulse type of noise, which 

is also referred to as intensity spikes. This is caused 

generally due to errors in data transmission. It has only two 

possible values, a andb.The probability of each is typically 

less than 0.1. The corrupted pixels are set alternatively to the 

minimum orto the maximum value, giving the image a “
salt and pepper”like appearance. Unaffected pixels remain 

unchanged. For an 8-bit image, the typical value for pepper 

noise is 0 and for salt noise 255. The salt and pepper noise is 

generally caused by faulty of pixel elements in the camera 

sensors, faulty memory locations, or timing errors in the 

digitization process. The probability density function for this 

type of noise is shown in Figure 3.Salt and pepper noise 

with a variance of 0.05 is shown in Figure 4. 

 
Fig. 3: PDF for salt and pepper noise 

 
Fig. 4: Salt and pepper noise 

3) Brownian noise 

Brownian noise (3) comes under the category of fractal or 

1/f noises. The mathematical model for 1/f noise is fractional 

Brownian motion. Fractal Brownian motion is a non-

stationary stochastic process that follows a normal 

distribution. Brownian noise is a special case of 1/f noise. It 

is obtained by integrating white noise. It can be graphically 

represented as shown in Figure 5. On an image, Brownian 

noise would look like Figure 6, which 

is developed from Fraclab (4). 

 
Fig. 5: Brownian noise distribution 

 
Fig. 6: Brownian noise 

II. RELATED WORK 

In 2009 Zuofeng Zhou, Jianzhong Cao, Weihua Liu(5) 

Contourlet is a new effective signal representationtool in 

many image applications. In this paper, a contourlet-based 

image-denoising algorithm using adaptive windows which 

utilizes both the captured directional information by the 

contourlet transform and the intrinsic geometric structure 

information of the image is proposed. The adaptive window 

in each of the contourlet sub band is first fixed by 

autocorrelation function of contourlet coefficients’ energy 

distribution, and then the local Wiener filtering is used to 

denoise the noisy image. Experiments show that the 

proposed algorithm achieves better performance than 

current subsampled contourlet based image denoising 

algorithms. 

In 2012 Joachimiak, M.; Rusanovskyy, 

D.;Hannuksela, M.M.; Gabbouj, M., (6) "Multiview 3D 

video denoising in sliding 3D DCT domain,".With the 

widespread interest in 3D technology areassuch as displays, 

cameras, and processing, the 3D video is becoming widely 

available. Due to correlation between views in multiview 3D 

video at the same temporal location, it is possible to perform 

video processing operations more efficiently comparing to 

regular 2D video. so as to improve denoising performance 

for multiview video, we propose an algorithm based on 

denoising in 3D DCT domain, which is competitive in 

performance with state-of-art denoising algorithms and it is 

suitable for real-time implementation. The proposed 

algorithm searches for corresponding image patches in 

temporal and inter-view directions, selects 8 patches with 
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lowest dissimilarity measure, and performs denoising in 3D 

DCT domain. The novel inter-view image patch search 

method brings up to 1.62dB gain in terms of average luma 

Peak Signal-to-Noise Ratio (PSNR), with average gain 0.6-

0.8 dB depending on the amount of noise present in test 

sequences. 

In 2013 Kaimal, A.B.; Manimurugan, S.; Anitha, 

J.,(7)"A modified anti-forensic technique for 

removingdetectable traces from digital images,". The 

increasing magnetism and trust on digital photography has 

givenrise to new acceptability issues in the field of image 

forensics. There are many advantages to using digital 

images. Digital cameras produce immediate images, 

allowing the photographer to outlook the images and 

immediately decide whether the photographs are sufficient 

without the delay of waiting for the film and prints to be 

processed. It does not require external developing or 

reproduction. additionally, digital images are easily stored. 

No conventional "original image" is prepared here like 

traditional camera. thus, when forensic researchers analyze 

the images they don't have access to the original image to 

compare. Fraud by conventional photograph is relatively 

difficult, requiring technical expertise. Whereas significant 

features of digital photography is the ease and thedecreased 

cost in altering the image. Manipulation of digital images is 

simpler. With some fundamental software, a digitally 

recorded image can easily be edited. A number of 

techniques are available to verify the authenticity of images. 

But the fact is that number of image tampering is also 

increasing. For this purpose, they have to find the new anti-

forensic techniques and solutions for them.  

In 2013 Padmagireeshan, S.J.; Johnson, 

R.C.;Balakrishnan, A.A.; Paul, V.; Pillai, A.V.; Raheem, 

A.A., (8) "Performance Analysis of Magnetic Resonance 

Image Denoising Using Contourlet Transform,". A medical 

image denoising algorithm using contourlet transform is 

proposed and the performance of the proposed method is 

analysed with the existing methods. Noise in magnetic 

resonance imaging has a Rician distribution and unlike 

AWGN noise, Rician noise is signal dependent. Separating 

signal from Rician noise is a tedious task. The proposed 

approaches were compared with other transform methods 

such as wavelet thresholding and block DCT. Hard, soft and 

semi-soft thresholding techniques are described and applied 

to test images with threshold estimators like universal 

threshold. The results are compared based on the 

parameters: PSNR and MSE. Numerical results show that 

the contour let transform can obtained higher PSNR than 

wavelet  based and block DCT based denoising algorithms. 

In 2013 Fedak, V.; Nakonechny, A., (9) "Image 

dedenoising based on optimized NLM algorithm,". Images 

and video are often coded using block based discrete cosine 

transform (DCT) or discrete wavelet transform (DWT) that 

cause a great deal of visual distortions. Non- Local Means 

(NLM) algorithm is chosen through comparing complexity 

and quality of different algorithms and is considered to be 

the better algorithm for artifacts reduction. as well, 

implementation of this algorithm is computationally 

intensive. In this note, improvements to the non-local means 

introduced are presented and very effective performance 

optimization approach is presented. This approach is based 

on additional memory usage for caching pixels distance in 

the image. We present the underlying framework and 

experimental results for video that is processed by NLM 

with different parameters. 

Year Author Title 
Methodol

ogy 
Result 

2009 

Zuofeng 

Zhou, 

Jianzhong 

Cao, 

Weihua Liu 

Contourl

et-based 

Image 

Denoisin

g 

algorith

m using 

adaptive 

windows 

Contourle

t 

transform 

with 

adaptive 

windows. 

Achieved better 

performancetha

n current 

subsampledcont

ourlet based 

image 

denoising 

algorithms. 

2012 

Joachimiak, 

M.; 

Rusanovskyy

, D.; 

Hannuksela, 

M.M.; 

Gabbouj, M. 

Multivie

w 3D 

video 

denoisin

g in 

sliding3

D DCT 

domain. 

Denoisin

g in 3D 

DCT 

domain. 

Up to 1.62dB 

gain in terms of 

average luma 

Peak Signal-to-

Noise Ratio 

(PSNR) 

2013 

Kaimal, 

A.B.; 

Manimuruga

n, S.; 

Anitha, J. 

A 

modified 

anti-

forensic 

techniqu

e for 

removin

g 

detectabl

e traces 

from 

digital 

images. 

Anti-

forensic 

technique

. 

Remove the 

signature traces 

of filtering. 

2013 

Padmagirees

han,S.J.; 

Johnson, 

R.C.; 

Balakrishnan

, A.A.; 

Paul, V.; 

Pillai,A.V.; 

Raheem, 

A.A 

Performa

nce 

analysis 

of 

magnetic 

resonanc

e image 

denoisin

g using 

contourle

t 

transfor

m. 

Contourle

t 

transform

. 

The contour let 

transform can 

obtained higher 

PSNR than 

wavelet based 

and block DCT 

based denoising 

algorithms. 

2013 

Fedak, V.; 

Nakonechny, 

A. 

Image 

denoisin

g based 

on 

optimize

d NLM 

algorith

m. 

Optimize

d NLM 

algorithm

. 

Improvements 

to the nonlocal 

means 

introduced are 

presented. 

 

Table 1: Summary of literature survey 

III. PROPOSED METHOD 

The LPG-PCA denoising procedure is iterated one more 

time to further improve the denoising performance, and the 

noise level is adaptively adjusted in the second stage. 

A. LPG-PCA based Denoising Algorithm: 

Principal component analysis was developed by famous 

personalities the Pearson and the Hotelling(10). 
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PCA is a method of identifying patterns in data, 

and expressing the data in such a way as to highlight their 

similarities and differences. Since patterns in data can be 

hard to find in data of high dimension, where the luxury of 

graphical representation is not available(11). 

PCA is a powerful tool for analyzing data. The 

other main benefit of PCA is that once you have found these 

patterns in the data, and you compress the data, ie. by 

reducing the number of dimensions, without much loss of 

information(11). 

As shown in figure 7, the proposed algorithm has 

two stages, in the The first stage it gives an initial estimation 

of the image by removing most of the noise and the second 

stage will further refine the output of the first stage.The 

second stage has the same type of procedure except for the 

parameter of noise level. Since the noise in the first stage is 

significantly reduced, the LPG accuracy will be much 

improved in the second stage so that the final denoising 

result is visually much better. We added Gaussian white 

noise of different levels to the original image and use LPG-

PCA denoising algorithms for noise removal. 

In PCA domain the principle components are 

traced out in accordance with the largest variance of a data 

matrix. 

In the LPG procedure, only the pixels with similar 

gray level are modeled as a vector variable. The sample 

blocks are taken from the local window by grouping the 

similar pixels and the local structures. By using the LPG-

PCA method the local statistics of the variables can be 

computed accurately. 

Compared with WT that uses a fixed basis function 

to decompose the image, the proposed LPG-PCA method is 

a spatially adaptive image representation so that it can better 

characterize the image local structures. Thus we can 

implement the LPG-PCA denoising procedure for the 

second round to enhance the denoising results. 

Fig. 7: Flowchart of Proposed LPG-PCA Denoising Algorithm 

B. Performance Evaluation of Image Denoising: 

The performance of various schemes of denoising can be 

evaluated on the bases of some of the visual quality matrices 

given in equation.. (4)These values also give the idea of 

strength of the algorithm.All the sematrices depend on the 

difference created after adding & removing the noise 

information & modifying the original & noised images. 
    

         
    

   
                                                   ( ) 

The abbreviation PSNR (12), called peak signal-to-

noise ratio, is used to measure difference and also similarity 

between a signal in its original form and in its modified 

form. As per the equations it is observed that measurement 

of PSNR includes the measurement of MSE, Mean Square  

Error which actually finds the difference between 

the signal and modified version of the same.PSNRis 

measured in the logarithmic scale and MSE is measured in 

the general scale. 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

We used Matlab to implement our proposed approach.Here 

we compared different denoising technologies like discrete 

wavelet transform and principle component analysis. 

    
Fig. 8: The Test Images Parrot,Elaine 

It is clearly given that principle component analysis 

gives best PSNR value among all. The second stage got the 

better values compared to first stage. If the variance is high 

then second stage gives more signal-to-noise ratio values. 

For lower variance images first is sufficient to remove the 

noise. 

Table 3 shows the comparison of different 

denoising techniques for different test images. The two stage 

PSNR values have taken into consideration to compare. 
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For      Parrot Elaine Average 

Discrete Wavelet 

Transform 
32.2822 30.4422 32.1025 

LPG-PCA Algorithm(1
st
 

Stage) 
33.8213 30.6411 32.8573 

LPG-PCA Algorithm(2
nd

  

Stage) 
33.9143 30.7560 32.9531 

Table 2: Comparison Of PSNR Values With Other 

Denoising Techniques 

 
Table.3: Comparison of PSNR-1 & PSNR-2 Values for 

Different Test Images 

 
     a                                       b 

  
              c                                    d 

 
e 

Fig. 9:The Denoising Results of Parrot (A)Original 

Image(B)Noisy Image(    )(C)DWT Output 

Image(D)LPG-PCA 1
st
 Stage Output Image(E)LPG-PCA 2

nd
 

Stage Output Image. 

 
                   a                                      b 

 
                  c                                               d 

 
e 

Fig. 10:The denoising results of Elaine (a)original 

image(b)noisy image (    )(c)DWT output 

image(d)LPG-PCA 1
st
 stage output image(e)LPG-PCA 2

nd
 

stage output image. 

 

 

V. CONCLUSION 

One goal in image restoration is to remove the noise from 

the image in such way that the "original" image is clearly 

visible.From our work,we can conclude that for all types of 

images,the proposed LPG-PCA Based Denoising Algorithm 

works well than other approaches in terms of image 

denoising.It also gives the best PSNR values. 
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