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Abstract: This paper proposes a generic filtering approach to filter the various kinds of artefacts created by
Radiometric or color modifications. This approach uses streaming map regularization along histogram
equalization to perform the color and contrast enhancement of an image. The streaming map is defined as a
difference between the original and the corrected image. The proposed method relies on the nonlocal
Yaroslavsky filter to regularize the streaming map. In this paper, Adaptive Histogram equalization, jpeg
compression and decompression techniques are applied on digital image which leads to some visual
artefacts. Then Streaming map which is the difference between original image and transformed image is
calculated, then a generic filtering method also called (Recursive regularized filter) RRF filter which draws
on the nonlocal Yaroslavsky filter is used to regularize the streaming map so that artefacts are suppressed.
The performance of this method is evaluated through measures such as MSE, PSNR and Variance.
Performance measures such as MSE, PSNR and Variance are calculated over Transformed image and RRF
Filtered image and compared.
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I. Introduction
The principal objective of image enhancement [1] is to process a given image so that the result is more suitable
than the original image for a specific application. The color and contrast modifications [2] are elementary tools
for image enhancement. Such changes may be obtained by applying a prescribed function to the gray values of
images, as in contrast stretching or Gamma correction, or by prescribing the histogram [7] of the resulting
image, as in histogram equalization [8], [9] or specification. These techniques extend to color images by
considering a luminance channel, as in Gamma correction, or by working on each color channel separately.
Image compression is minimizing the size in bytes of a graphics file without degrading the quality of the image
to an unacceptable level. The reduction in file size allows more images to be stored in a given amount of disk or
memory space. It also reduces the time required for images to be sent over the Internet or downloaded from
Web pages. Image compression can be achieved by compression techniques such as GIF, PNG, JPEG and
Progressive JPEG.
The drawback of color and contrast modification techniques and compression techniques is to create visual
artifacts such as noise enhancement, detail loss, texture washing, color proportion inconsistencies [11] and
compression artifacts [12], [13]. Several methods have been proposed in last few years to remove artifacts from
color and contrast modification .The simplest one is proposed in [18] in the context of local histogram
modifications and amounts to limit the modification depending on gradient values. While improving the results
in some cases, this approach let most artifacts untouched. In [5], it is proposed to correct color transfer artifacts
by using variation regularization after the transfer. Still in a variation framework, the authors of [10] propose a
unified formulation containing both color transfer and regularity constraints in a single energy minimization. For
the problem of color proportion, a possible approach is to transfer color after having identified some
homogeneous regions, as proposed in [6] and [19]. A related class of works takes interest in the avoidance of
compression artifacts, usually using the properties of the compression scheme [20].
This paper proposes universal filtering called streaming map regularization (RRF) filtering technique to remove
the compression artifacts. The streaming map defined as the image of the differences between the original image
and the one after contrast or color modification. In order to regularize this map without introducing blur in the
final image, the proposed approach take inspiration from nonlocal methods that have been proposed for image
denoising and more precisely from the Yaroslavsky filter [21]. The streaming map is filtered by averaging pixel
values using weights that are computed on the original image, therefore adapting to the geometry of this initial
image. The complete artifacts are getting suppressed by iterating this filtering stage progressively Performance
measures such MSE, PSNR and Variance are calculated over transformed images and filtered images and

AIJRSTEM 15-400; © 2015, AIJRSTEM All Rights Reserved Page 277



Shaikh Afroz Fatima, American International Journal of Research in Science, Technology, Engineering & Mathematics, 10(3), March-May,
2015, pp. 277-283

compared those results separately for two transformed images. RRF filter gives better results compared to mean,
median and wiener filters.

The remainder of the paper is organized as follows: section Il gives the details about the histogram equalization
and adaptive histogram equalization methods. Section Il gives the details about the proposed RRF filter. The
experimental results are provided in section 1V and finally conclusions are given in section V.

Il. ADAPTIVE HISTOGRAM EQUALIZATION (AHE) [18]

The input image is preprocessed that is color image is separated into three planes and size will be changed to
256x256 image. Adaptive histogram equalization method is used to change contrast of an input image. Adaptive
Histogram Equalization [14] method is an extension to traditional Histogram Equalization technique. It
enhances the contrast of images by transforming the values in the intensity image. Unlike histogram
equalization, it operates on small data regions (tiles), rather than the entire image. Each tile's contrast is
enhanced, so that the histogram of the output region approximately matches the specified histogram. The
neighboring tiles are then combined using bilinear interpolation in order to eliminate artificially induced
boundaries. The contrast, especially in homogeneous areas, can be limited in order to avoid amplifying the noise
which might be present in the image. The transformation of an image can be using AHE after preprocessing.
The main steps of the methodology for removal of artefacts are the following: read the input image,
preprocessing of image, transformation of image, filtering of image by different methods, comparing
performance measures for all filter outputs.

The block diagrams for removing artefacts from AHE image and AHE plus JPEG Encoding [15] and Decoding
image using mean filter are shown in Fig 1 and Fig 2.In Fig 1, the input image is preprocessed that is color
image divided into three planes, and then Adaptive Histogram Equalization method is applied to change the
contrast. Visual artefacts such as Noise enhancement, detail loss, color proportion inconsistencies are
introduced. Mean filtering is applied to remove those artefacts and performance measures such as MSE, PSNR
and Variance are calculated. In Fig 2, the input image is preprocessed that is color image divided into three
planes, then Adaptive Histogram Equalization method is applied to change the contrast and then JPEG
Encoding& Decoding Technique is applied for compressing and decompressing. Visual artefacts such as Noise
enhancement, detail loss, color proportion inconsistencies, compression artefacts are introduced. Mean filtering
is applied to remove those artefacts and performance measures such as MSE, PSNR and Variance are
calculated.

Fig.1. Block diagram for removing artifacts using AHE using mean/ median filter
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Fig.2. Block diagram for removing artifacts using AHE plus JPEG coding using mean/median filter
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The block diagrams for removing artefacts from AHE image and AHE plus JPEG Encoding and Decoding
image using RRF filter are shown in Fig 3 and Fig 4.In Fig 3, the input image is preprocessed that is color image
divided into three planes, and then Adaptive Histogram Equalization method is applied to change the contrast.
Visual artefacts such as Noise enhancement, detail loss, color proportion inconsistencies are introduced. RRF
filtering is applied to remove those artefacts and performance measures such as MSE, PSNR and Variance are
calculated. In Fig 4, the input image is preprocessed that is color image divided into three planes, then Adaptive
Histogram Equalization method is applied to change the contrast and then JPEG Encoding& Decoding
Technique is applied for compressing and decompressing. Visual artefacts such as Noise enhancement, detail
loss, color proportion inconsistencies, compression artefacts are introduced. RRF filtering is applied to remove
those artefacts and performance measures such as MSE, PSNR and Variance are calculated.
Fig 3. Block diagram for removing artefacts from AHE image using RRF filter
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Fig 4: Block diagram for removing artefacts from AHE plus JPEG Encoding& Decoding image using

RRF filter
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I1l. RECURSIVE REGULARIZED FILTER (RRF)
The block diagram for RRF Filter is shown in Fig 5. The streaming map M (u) which is the difference between
transformed image and original image is applied to RRF Filter. In this, weighted factor is computed,
Regularization term is evaluated, finally stopping criterion is found out regularization process convergence.
Then enhanced image will be obtained by combining the regularized image with original image (u).
Fig 5: Block diagram of RRF Filter

Iputimage | Weithted Evaluation of Convaagence | Ouput Irrage
— o fator | regularization |y amalvssfor [
compitation factar stopping
criterion

All the artefacts mentioned above are removed by regularizing the streaming map, which is defined as the image
of the differences between the original image and the one after contrast or color modification. All these artefacts
may be interpreted as spatial irregularities of this streaming map. In order to regularize this map without
introducing blur in the final image, inspiration is taken from nonlocal methods that have been proposed for
image denoising and more precisely from the Yaroslavsky filter. The streaming map is filtered by averaging
pixel values using weights that are computed on the original image, therefore adapting to the geometry of this
initial image. It will be shown that artefacts are progressively suppressed by iterating this filtering stage.

T (u) is the image after color or contrast modification. In what follows, we write M(u):=T(u) - u for the
streaming map of image. We propose to regularize it thanks to the operator Yu, a weighted average with weights
depending on the similarity of pixels in the original image. The effect of this operator on an image v:Q— With n
> 1 which is defined as;

1
Y, (v):XeQ->—— v(y). wy (x, y)dy
4 .X') y=N(x)

_ 2
With weights w, (x, y) = L2207l

We calculate the streaming map which gives the difference between original image and transformed one. Yuis
the operator, a weighted average with weights depending on the similarity of pixels in the original image u. We
calculate the weights for each and every pixel leaving the first pixel; we start from second pixel .we take 8
neighbor hoods of each pixel. Where ||.|| stands for the Euclidean distance in Rn,where,

N(x) =x+ N(0) cQ
with N(0) a spatial neighborhood of 0, where ¢ is a tuning parameter C(x) of the method and is the
normalization constant.

c(x) = f W () dy
YEN (x)

We will add all the weights which are calculated for each and every pixel. Observe that if we apply to the image
u, we obtain the Yaroslavsky filter. If the weights also decrease as a function of the distance to x,Yu, becomes
similar to the cross bilateral filter introduced in [19] for flash photographic enhancement. The regularization of
the image T(u), referred to as streaming map regularization (RRF), is then defined as;

RRFu(T(u)) : = u+ YuM(u).
Now, observe that this formulation can be divided in two terms as of image;

RRFu(T(u)) = Yu(T(u)) + u - Yu(u).
First, the image T(u)is filtered by a nonlocal operator Y, following the regularity of the image . This operation
attenuates noise, compression, and color proportion artefacts but also the details of the image T(u). The second
operation performed by the RRF filter consists in adding the quantity,
Udetails=: U — Yu(U) )
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which can be considered as details of the original image (e.g., texture and fine structures).The previously
defined filter has several nice properties which enable us to reduce the visual artefacts. First, observe that this
filter leaves all the images, u + A, A € Rn, unchanged. Moreover, if the application consists of a multiplication by
a positive constant o, then o).
RRFu(ou) = au + (1 — o).

If o > 1, the transfer increases the contrast. In that case, the RRF filter reduces the noise contained in the image
difference . If o > 1 the transfer decreases the contrast and the RRF filter restores the lost details contained in u.
Finally, another interesting aspect of the RRF filter is that the discrete distribution of the regularized image
RRFu(T(u).This property somewhat prevents the creation of false colors which may be caused by the
regularization process. In practice, more than one iteration of the RRF filter is required to remove all the
aforementioned artefacts. The image T(u) after k iterations of the RRF filter can be written as follows,

RREF(T(W)) = Y#(T(w) —u) —u)
There Y,¥refers to the recursive use of the Yu filter. The question is then how to choose the right number of
iterations k and one may wonder what happens for large values. Studying the limit ¥;*of when k — coboils down
to the study of the limit of the powers of a matrix. Indeed, let us resize the discrete image into a column vector v
of size m. In this setting, the linear filter Yucan be written as an matrix, whose coefficients are;

4, = u@li=vg

b SR wa (L) le=n i)’

In this formulation, I is the index in the vector v of a pixel x in u, and N(i) is the set of indexes in corresponding
to the 2-D neighborhood N(x) in . If we resize the map T(u)-u into the vector w, then Y,* (T (u) — u)corresponds
to the vector Akw. Now, observe that the matrix A is stochastic,

i.e., that4; ; = 0, andZ}’;lAi,j =1.
If ,we assume that A is primitive, i.e.,that is strictly positive for some r € N+ and this is clearly true if the
neighborhoods N(x) are disks of radius p > 1 in , the Perron—Frobenius theorem permits to conclude that
Axtends toward a stochastic matrix A~ when k — +oo, and that all of the lines of A~ are equal This means that
the mapY*(T'(u) — ) tends toward a constant imageY,”>(T'(u) — w) In other words, the limit image is only a
shift of the image u by a constant color. The Perron-Frobenius theorem also gives information on the
convergence rate Arof towards Aw.
More precisely, we know that Ar- A-behaves asO (A" r™®~1) where A is the Eigen value of A with the second
largest modulus and where m(A)is the algebraic multiplicity of A. In practice ||A||, is generally close to 1 for a
similarity matrix A , and the resulting convergence rate is quite slow. In order to control the iterations of the
RRF filter, we compute at each iteration a convergence map, written and defined at each pixel as follows:

I<ij<m.

c(x) = ||YEM(u(x)) = YEr M (u@)||

Where ||.|| is the average Euclidean norm in Rns. We then consider that there is numerical convergence in pixel x
when, C(x) <t and the RRF filter is only applied to pixels for which the convergence map is greater than the
threshold t. In all experiments, the convergence threshold has been set equal to t = 1 (for n* 8 -bit images). In
practice, if x is the first pixel to attain this numerical convergence, this boils down to replace the line
corresponding to x in matrix A by the same line in the identity matrix. The new matrix is Aithen iterated until a
second pixel attains numerical convergence, and is then replaced by Az, etc. Observe that each matrix Ajis
stochastic and such that converges when k — +oo, which implies that a new pixel attains numerical convergence
after a finite number k; of iterations. The whole process hence stops once all pixels satisfy C(x) < t. At the end, if
is the vector corresponding to T(u)-u , we get v®° = A':li‘ll, ...,A’l‘l,A'g0 Observe that the proposed stopping
criterion permits also to save computation time since the iterations of the RRF filter concern fewer and fewer
pixels.

IV. RESULTS
This section gives the details about the proposed approach. It also gives the results of the histogram equalization
and adaptive histogram equalization also for the purpose of comparison. To evaluate the performance in this
PSNR and MSE are evaluated and they are checked with earlier approaches. The measuring parameters are
defined as :
1. Mean squared error: The Mean squared error (MSE) of an estimator is one of the way to quantify the
amount by which an estimator differs from the true value of the quantity being estimated. As a loss function,
MSE is called squared error loss. MSE measures the average of the square of the error. The error is the amount
by which the estimator differs from the quantity to be estimated;

1 N2
MSE =—— > (f = f)

Where f is the original image and f is the recovered image after Decoding.
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2. PSNR : The PSNR is most commonly used as a measure of quality of reconstructed image .Peak signal-to-
noise ratio, defined as a ratio between the maximum possible power of a signal and the power of corrupting
noise that affects the fidelity of its representation. PSNR is usually expressed in terms of the logarithmic decibel
scale.

IZ
PSNR(dB) = 10log,, (A’/’Ie—sf‘]’:i>

Wherel s the peak values of the input signal.

Fig.5. a) Original image b) Image after AHE c) image after AHE plus JPEG coding d) image after RRF
filtering

sesa S

- — -
B T e

(© (d)
Error Index matching for Histogram-JPEG coding =2828.5124
Error Index matching for RRF-JPEG coding =854.4205

PSNR for Histogram-JPEG coding =31.3502
PSNR for RRF-JPEG coding =43.321

Fig.6. a) Original image b) Image after AHE c) image after AHE plus JPEG coding d) image after RRF
filtering

(© (d)

Error Index matching for Histogram-JPEG coding =1067.3816
Error Index matching for RRF-JPEG coding =736.8711
PSNR for Histogram-JPEG coding =41.0956
PSNR for RRF-JPEG coding =44.8011
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Fig.7. a) Original image b) Image after AHE c) image after AHE plus JPEG coding d) image after RRF
filtering

(© (d)
Error Index matching for Histogram-JPEG coding =1294.8835
Error Index matching for RRF-JPEG coding =240.6446
PSNR for Histogram-JPEG coding =39.1635
PSNR for RRF-JPEG coding =55.9921
Fig.8. a) Original image b) Image after AHE c) image after AHE plus JPEG coding d) image after RRF
filtering

(d)

Error Index matching for Histogram-JPEG coding =2087.9287
Error Index matching for RRF-JPEG coding =798.4254
PSNR for Histogram-JPEG coding =34.386
PSNR for RRF-JPEG coding =43.9989

V. CONCLUSIONS
In this paper a generic filtering procedure is used in order to remove the different kinds of artefacts created by
radiometric or color modifications. The ability of the proposed RRF filter to deal with these artefacts while
restoring the fine details of images has been demonstrated on various examples. This approach can be used as a
post processing for many classical image modification tasks, such as contrast and color transfer, movie
restoration, gamut mapping, or high-dynamic-range (HDR) image visualization. In this work, a generic filtering
method is proposed to suppress artifacts while preserving details. In this initially, a radiometric transformation is
applied to a digital image & Streaming map which is the difference between original image and radio metrically
transformed image is .Then the streaming map is regularized using a generic filter called RRF filter to remove
the artefacts from color contrast modified images. The proposed method draws on the nonlocal Yaroslavsky
filter to regularize the streaming map. The streaming map is filtered by averaging pixel values using weights
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that are computed on the original image, therefore adapting to the geometry of this initial image. It will be
shown that artefacts are progressively suppressed by iterating this filtering stage. The efficiency of the method
can be shown on various radiometric modifications: contrast equalization, JPEG Encoding & Decoding. The
visual artefacts can be minimized by using RRF filter compared to mean, median and wiener filter and it gives
better results.
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