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Abstract— Images are often received in defective conditions 

due to imperfections of scanning and transmitting devices. It 

may create problems for the subsequent process to read and 

understand such images. It is necessary to detect and remove 

noises present in the images. Reserving the details of an 

image and removing the random noise as far as possible is the 

goal of image denoising approaches. A variety of techniques 

have been presented in the literature on denoising digital 

images and each technique has its own assumptions, merits 

and limitations. The purpose of this paper is to present a 

survey of the published literature in dealing with denoising 

methods for digital images utilizing inter-channel correlation. 

In this paper an overview of various methods is provided. The 

denoising method's advantages and limitations are also 

discussed. 
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I. INTRODUCTION 

Image Processing is considered to be one of the most rapidly 

evolving areas of information technology today. It is a 

fascinating area with many applications. The ability to send 

and receive complex data that transcends ordinary written 

text is one of the most interesting aspects of this information 

revolution. Visual information, transmitted in the form of 

digital images, has become a major method of 

communication for this century.  

Image processing is a form of signal processing for 

which the input is an image, such as photographs or frames 

of video and the output can be either an image or a set of 

characteristics or parameters related to the image. Most of the 

image processing techniques involve treating the image as a 

two-dimensional signal and applying standard signal-

processing techniques to it. 

Every image processing technique or algorithm 

takes an input, may be an image or a sequence of images and 

produces an output, which may be a modified image and/or a 

description of the input image contents. In Image Processing, 

information from images are extracted and integrated so that 

it can be used for several applications. There are several fields 

in which image processing applications are relevant like 

medical imaging, industrial applications, remote sensing 

applications, space applications, military applications, 

classification, target detection, spectral unmixing  etc. All 

these applications need accurate and detailed spectral 

information. But images are often corrupted with noise. The 

addition of noise may happen during acquisition, 

transmission or retrieval from storage devices. 

As Gonzalez and Woods [1] explain, image 

denoising is a subjective process. Image denoising is a 

restoration process, where attempts are made to recover an 

image that has been degraded by using prior knowledge of the 

degradation process. It is a very crucial step in the 

preprocessing step of all listed applications. 

It is beneficial for image denoising methods to 

exploit inter-channel correlation as well as spatial correlation. 

The existing channel-by-channel methods tend to produce an 

imbalance of colors. As a result, nowadays many smoothing 

as well as denoising methods take inter-channel correlation 

into account to avoid color deterioration. 

II. RELATED WORK 

Peter Blomgren and Tony F. Chan et al in Color TV: Total 

variation methods for restoration of vector-valued images [2] 

presents a novel description of the entire dissimilarity 

standard for vector-valued functions that can be applied to 

restore color and other vector-valued images. The total 

variation is a norm defined on the space of measures of 

bounded variation. The space of measures on a σ-algebra of 

sets is a Banach space, called the ca space, relative to this 

norm. It is contained in the larger Banach space, called the ba 

space, consisting of finitely additive (as opposed to countable 

additive) measures, also with the same norm. The distance 

function associated to the norm leads to the total variation 

distance between two measures μ and ν. The new Total 

Variation (TV) norm has the following desirable properties: 

1) It is not penalizing discontinuities or edges in the image. 

2) It is rotationally invariant in the image space. 

3) It reduces to the usual TV norm in the scalar case.  

  A new definition of the total variation norm, TV, for 

vector-valued functions has a number of properties that may 

be desirable in applications. Several reconstruction methods 

based on the total variation (TV) norm introduced in this 

paper can be used for applications like restoration of intensity 

images. 

In Total Variation Denoising and Enhancement of 

Color Images Based on the CB and HSV Color Models [3], 

Tony F. Chan and Sung Ha Kang et al improves the TV 

method for nonlinear color models with regard to the 

chromaticity-brightness (CB) and hue-saturation-value 

(HSV). These models are known to be much closer to human 

perception. The idea of the chromaticity and brightness 

approach is obtained from the RGB-represented image. In TV 

for the CB model, first the original image is separated it into 

brightness and 4 chromaticity components. Then the 

components are denoised independently using a gray-scale 

TV model for brightness and a non-flat TV model for the 

chromaticity component. Finally, the two components are 

combined to get the restored image. For HSV model, the hue 

H is a non-flat feature that lives on the unit circle S1, while 

the other two parameters, S and V, are both linear features. 

The scalar TV denoising model is applied for saturation S and 

value V. 
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In Color image denoising via sparse 3D 

collaborative filtering with grouping constraint in luminance 

chrominance space [4], K. Dabov et al presents an effective 

color image denoising method that exploits filtering in highly 

sparse local 3D transform domain in each channel of a 

luminance-chrominance color space. Here a nonlocal filtering 

approach, Colour BM3D (CBM3D) is explained. BM3D 

depends on the assumption that an image has a locally sparse 

representation in the transform domain. In BM3D the 

enhancement of sparsity is done by grouping similar 2D 

fragments into 3D data array which the authors called 

“groups”. As each block in the group is chosen according to 

some similarity measure with respect to a reference block, the 

use of a higher dimensional filtering of each group is possible. 

This exploits the potential similarity or correlation between 

grouped blocks to estimate the true signal in each of them by 

producing a highly sparse representation in 3D transform 

domain, so that the noise can be removed by wavelet 

shrinkage. Denoised image is produced by aggregating the 

filtered blocks to their original locations using weighted 

averaging. BM3D when extended to color images is called 

CBM3D.Here final image is formed by performing algorithm 

individually on each channel.  

In [5], S. Ono and I. Yamada introduced local color 

nuclear norm (LCNN), which exploits the correlation among 

the channels using the low rank property. This paper proposes 

a novel convex regularizer, named local color nuclear norm 

(LCNN), for reducing artifact in color images. First a matrix 

is defined, which is called the local color matrix. It consists 

of the vectorized-and-horizontally-arranged RGB channel 

components of a local region of a color image (thus its 

column size is three). Then propose LCNN as the weighted 

sum of the singular values of each local color matrix of all 

regions. Since the column vectors (i.e., the RGB component 

vectors) of any local color matrix tend to be almost linearly 

dependent as long as the color line property is satisfied, the 

second and third singular values of the local color matrix are 

expected to be small. As a result, by choosing a small weight 

for the first singular value, suppressing LCNN promotes the 

color line property, yielding an efficient removal of color 

artifact. Moreover, the proximity operator of LCNN allows 

us to use LCNN as a building block for various color image 

recovery formulation, where the associated convex 

optimization problems can be solved using proximal splitting 

techniques. This method does not have noise removal 

capability in itself, and its main purpose is to remove color 

artifacts. This method outperforms other RGB denoising 

methods, but its superiority in hyperspectral denoising is 

limited. 

Omer et al in [6] introduces the concept of color line 

in the field of color image processing as an efficient feature 

to represent the inter-channel correlation of local regions. 

Most color models assume that real world colors form linear 

color clusters which intersect the origin in the RGB histogram 

domain. It is based on the fact that for lambertian objects, the 

emitted surface color is a multiplication of the surface albedo 

with the illumination. According to this assumption the 

R/G/B ratio of pixels having the same albedo color will be 

identical. But color clusters do not form straight lines. In this 

an image-specific color model is created which is aimed at 

providing a robust method for deciding whether two pixels 

share the same real world color or not and creating a better 

distance metric for the colors of an image. The color line is a 

linear cluster in the RGB color space which approximates the 

shape of color distribution in a local region. The feature is 

used to model the correlation among neighboring pixels as 

well as among the channels in many image processing 

applications. This paper precisely distinguishes one color 

from another by its color line. They also suggest that the idea 

of color line is applicable for segmentation, compression, 

color editing and saturated color correction. 

K. Shirai et al in [7] proposes how to use the color 

line property for denoising. The algorithm mainly consists of 

two steps: a color decomposition step and a filtering step. 

These steps are processed iteratively. The more detailed 

description of the procedure is given as follows:  

1) At each pixel, the local color distribution is estimated and 

set its principal axis to the cl vector by using principal 

component analysis (PCA). 

2) Each pixel color is decomposed into two components. 

The cl component along the cl vector and the residual 

component perpendicular to it. 

3) The decomposed color components are smoothed or 

denoised by an iterative filtering method (Sec. 5). 

4) Finally restore the color by the inverse color transform, 

then turned back to the step 1. 

In this way, the filtered colors vary along each cl axis 

and do not corrupt the shapes of color distributions. 

III. CONCLUSION 

Image denoising has been a permanent research topic for 

researchers and scientists and one reason for it is the lack of 

a single technique, which is able to achieve denoising for a 

wide class of images. This work was devoted to the review 

on the performances of image denoising algorithms for digital 

images utilizing inter-channel correlation. In this paper an 

overview of various methods is provided. Each method has 

its own merits and limitations. The accuracy of denoising 

methods is affected by factors like noise power, number of 

channels etc. These factors add to the computational 

complexity of algorithms. Future works may involve solving 

this type of computational complexity. 

REFERENCES 

[1] Gonzalez, R. C. and Woods, R. E. (2008). Digital Image 

Processing. Prentice-Hall Inc. 

[2] P. Blomgren and T. F. Chan, “Color TV: Total variation 

methods for restoration of vector-valued images,” IEEE 

Trans. Image Process, vol. 7, no. 3, pp. 304–309, Mar. 

1998.   

[3] T. F. Chan, S. H. Kang, and J. Shen, “Total variation 

denois- ing and enhancement of color images based on 

the CB and HSV color models,” J. Vis. Commun. Image 

Represent. vol. 12, no. 4, pp. 422–435, Dec. 2001. 

[4] K. Dabov, A. Foi, V. Katkovnik, and K. Egiazarian, 

“Color image denoising via sparse 3D collaborative 

filtering with grouping constraint in luminance-

chrominance space,” in Proc. IEEE Int. Conf. Image 

Process. (ICIP), vol. 1. Sep./Oct. 2007, pp. I-313–I-316. 

[5] S. Ono and I. Yamada, “A convex regularizer for 

reducing color artifact in color image recovery,” in Proc. 



A Survey on Noise Reduction Techniques Utilizing Inter-Channel Correlation for Digital Images 

 (IJSRD/Vol. 5/Issue 11/2018/191) 

 

 All rights reserved by www.ijsrd.com 776 

IEEE Conf. Comput. Vis. Pattern Recognit. (CVPR), 

Jun. 2013, pp. 1775–1781. 

[6] I. Omer and M. Werman, “Color lines: Image specific 

color represen- tation,” in Proc.IEEE Conf. Comput. Vis. 

Pattern. Recognit. (CVPR), vol. 2. Jun. 2004, pp. II-946–

II-953 

[7] K. Shirai, M. Okuda, and M. Ikehara, “Color-line vector 

field and local color component decomposition for 

smoothing and denoising of color images,” in Proc. 

IAPR 21st Int. Conf. Pattern Recognit. (ICPR), Nov. 

2012, pp. 3050–3053. 


