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Abstract— In this paper, we put forward a novel framework for the removal of artifacts on the enhanced video. The video which is 
enhanced using the gamma correction method is further filtered to remove the artifacts. A compression artifacts removal algorithm that is 
adaptive to the artifacts visibility level of the input video signal is used. The artifacts visibility is determined per frame by the ratio of the 
accumulated gradient on the block edges to that of the remaining area. The filtering of each video frame is optimized using a least mean 
square mechanism which trains on pairs of target images and decompressed images of similar quality as the input frame. 
 

Index Terms— Gamma correction, Adaptive filters, Compression artifacts removal, Least Mean Square Optimization 
 

I. INTRODUCTION 

   Video enhancement process consists of a collection of techniques that seek to improve the visual appearance of the 
video or to convert the video to a form better suited for analysis by a human or machine. Contrast Enhancement is essential 
to improve the quality of the videos that are captured in extreme lighting conditions, such as excessively bright or dark 
environments that produce low contrast, which produce normal global contrast videos with a low dynamic range in 
shadowed areas. 

The principal objective of video enhancement is to modify the attributes of the video to make it more suitable for a given 
task and a specific observer. During this process, one or more attributes of the video are modified.  

One of the most popular global contrast enhancement techniques is histogram equalization (HE) [1]. It flattens and 
stretches the dynamic range of the frames histogram and results in overall contrast improvement. Efficient contras t 
enhancement using adaptive Gamma correction with weighting distribution is an efficient method to modify the histograms 
and enhance contrast in videos. Gamma correction techniques make up a family of general HM techniques obtained simply 
by using a varying adaptive parameter .The simple form of the transform-based gamma correction (TGC) is derived by 
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where lmax is the maximum intensity of the input. The intensity l of each pixel in the input frame is transformed as T(l) after 
performing this. 

However, when the contrast is directly modified by gamma correction, different frames will exhibit the same changes in 
intensity as a result of the fixed parameter. Fortunately, the probability density of each intensity level in a frame can be 
calculated to solve this problem. The probability density function (pdf) can be approximated by 
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where nl is the number of pixels that have intensity l and MN is the total number of pixels in a frame. The cumulative 
distribution function (cdf) is based on pdf , and is formulated as: 
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After the cdf of the frame is obtained from equation (3), traditional Histogram Equalization (THE) directly uses cdf as a 
transformation curve expressed by 
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On compressing these enhanced videos some problems may arise. Coding/video compression standards have evolved 
from JPEG to MPEG-2/4 to the latest H.264/AVC. These block transform based codecs divide the image or video frame into 
non-overlapping blocks (usually with the size of 8 x 8 pixels), and apply discrete cosine transform (DCT) on them. At high 
or medium compression rates, the coarse quantization will result in various noticeable coding artifacts, such as blocking, 
ringing and mosquito artifacts. Among the coding artifacts, blockiness which appears as discontinuities along block 
boundaries is the most annoying. Elimination of coding artifacts in the enhanced video is still a critical and indispensable 
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solution. 
Most coding artifact reduction techniques based on postprocessing, e.g. [2, 3], are designed according to heuristic tuning 

and testing, which takes a lot of time and is not always effective. Recently, classification-based trained filters (TF) have 
been proposed for optimally removing digital coding artifacts [3, 4]. The local image characteristics can be classified using 
local structure or activity information. For each class, the optimized filter coefficients are obtained by an off-line training 
process, which trains on the combination of targeted images and the degraded versions thereof that act as source. The 
methods introduced in [3, 4] produce promising results, when the quality of the test sequence is similar to that of the source 
sequences used during training. It is because a fixed level of compression is adopted for degrading the target images. We 
propose to train the algorithm on a range of compression levels and to select the most suitable set of filter coefficients for the 
test sequence. To do that, a quality (or blockiness) metric is required to indicate the quality level of the test sequence. 

 
The rest of this paper is organized as follows. Section II describes the previous works.  Section III describes the proposed 

methodology in detail. Finally, conclusion is given in Section VI. 

II.  LITERATURE SURVEY 

Several methods for contrast enhancement have been proposed in the recent years. Arici. T et.al proposed a  histogram 
modification framework and its application for image contrast enhancement in 2009[1]. The presented framework employs 
carefully designed penalty terms to adjust the various aspects of contrast enhancement. Hence, the contrast of the image/ 
video can be improved without introducing visual artifacts that decrease the visual quality of an image and cause it to have 
an unnatural look. Even though it does not produce any artifacts as Histogram Equalization and weighted threshold HE its 
time complexity is worse. Kim. M et.al proposed a new histogram equalization method, called RSWHE (Recursively 
Separated and Weighted Histogram Equalization), for brightness preservation and image contrast enhancement[5]. The 
essential idea of RSWHE is to segment an input histogram into two or more sub histograms recursively, to modify the sub-
histograms by means of a weighting process based on a normalized power law function, and to perform histogram 
equalization on the weighted sub-histograms independently. This approach produce better image quality and displays more 
information the image holds but it shows some unnatural high intensity in some images. Later Lee.C et.al proposed A power 
constrained contrast-enhancement algorithm for emissive displays based on histogram equalization (HE) [6]. They first 
propose a log-based histogram modification scheme to reduce overstretching artifacts of the conventional HE technique. 
Then, they develop a power-consumption model for emissive displays and formulate an objective function that consists of 
the histogram-equalizing term and the power term. By minimizing the objective function based on the convex optimization 
theory, the proposed algorithm achieves contrast enhancement and power saving simultaneously. But this approach 
decreases the overall brightness of the input image. Also it reduces the contrast for infrequent input-pixel values and for 
some images it sacrifices the details. 
 Most coding artifact reduction techniques based on postprocessing, [2, 3], are designed according to heuristic tuning and 
testing, which takes a lot of time and is not always effective. Recently, classification-based trained filters (TF) have been 
proposed for optimally removing digital coding artifacts [3, 4]. The local image characteristics can be classified using local 
structure or activity information. For each class, the optimized filter coefficients are obtained by an off-line training process, 
which trains on the combination of targeted images and the degraded versions thereof that act as source. The methods 
introduced in [3, 4] produce promising results, when the quality of the test sequence is similar to that of the source sequences 
used during training. It is because a fixed level of compression is adopted for degrading the target images. We propose to 
train the algorithm on a range of compression levels and to select the most suitable set of filter coefficients for the test 
sequence. To do that, a quality (or blockiness) metric is required to indicate the quality level of the test sequence. 

In this work we put forward a novel framework for the removal of artifacts on the enhanced video. Here first we enhance 
the video using the gamma correction with weighting distribution [7] .Then we apply quality adaptive algorithm based on 
trained filters [8] to remove the artifacts. 

III.  PROPOSED METHODOLOGY 

To enhance the video sequence, our proposed method uses adaptive gamma correction. First, the video sequences are 
converted into frames. These frames are processed using AGCWD method[1].to remove the artifacts quality adaptive 
algorithm based on trained filters s applied. 

 
1. Proposed Algorithm 

 
1. The original input video is converted into frames. 
2. First incoming frame is directly stored in the frame  storage. 
3. Then this frame is used to generate a mapping curve for the AGCWD method. 
4. For subsequent incoming video frames, entropy model is used to measure the differences of the  information 

content between two successive frames. 
5. When the absolute difference between the current H and previous H exceeds threshold Th, the frame storage can be 

updated by the incoming frame, while the transformation curve is also modified. 
6. Modified frame is used to generate enhanced video. 
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7. To remove the artifacts quality adaptive algorithm based on trained filters is performed. 
8.  During training, multiple LUTs are obtained for different degradation levels. 
9. The quality of an input video frame is designated by a blockiness visibility metric. 
10. A most suitable LUT for that quality level is then chosen for filtering the input frame. 
11. Final video is generated using these frames. 

 
2. AGCWD method 

 
To enhance the video sequence, our proposed method uses adaptive gamma correction. In our method a hybrid HM method 
is used, which combines the Traditional Gamma Correction and THE (Traditional Histogram Equalisation) methods. The 
adaptive gamma correction (AGC) is formulated as follows: 
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The AGC method can progressively increase the low intensity and avoid the significant decrement of the high intensity. 
Furthermore, the weighting distribution (WD) function is also applied to slightly modify the statistical histogram and lessen 
the generation of adverse effects.  
 
The WD function is formulated as: 
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where α is the adjusted parameter, pdfmax is the maximum pd f of the statistical histogram, and pdfmin is the minimum pdf . 
The modified cdf is: 
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where the sum of pdfw is calculated as follows: 
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Finally, the gamma parameter based on cdf of Equation () is modified as follows: 
 

) � 1 + ���$���                                                (9) 
 
The method is applied to the video frames in HSV color model. In the HSV color model, the hue (H) and the saturation (S) 
can be used to represent the color content ,with the value (V) representing the luminance intensity. The color video frame 
can be enhanced by preserving H and S while enhancing only V. AGCWD method was applied to the V component for color 
contrast enhancement. Fig 1 shows the overall AGCWD method. 
 

 
 

Fig 1: Flowchart of the AGCWD method. 
 

3. Quality Adaptive Trained Filters 
 
The algorithm is composed of two parts: the offline training process and the run-time filtering process. Fig. 1 shows the 
proposed training process. Uncompressed images are used as target images. The target images are degraded with different 
degradation levels. For coding artifacts reduction, the degradation is compression. The compressed images is referred as 
degraded images. For each degradation level, each pixel in the degraded images is then classified on that pixel’s 
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neighborhood using a classification method. The classification method used here is Adaptive Dynamic Range Coding 
(ADRC), which represents the structure information of a local region, coupled with a complexity measure. 
 
 

 
Fig. 2: The training process of the proposed method. 

 
The ADRC code of each pixel i x in an observation aperture is defined as: 
 

,-./��0� 	� 0; if		V��0� 7 8�9 
                                      = 1; otherwise                   (10) 

 
where V��0� is the value of pixel �0 and  8�9 is the average of all the pixel values in the aperture. The ADRC code of an 
image kernel is the concatenation of the ADRC codes of all the pixels in that kernel. All the pixels and their neighborhoods 
belonging to a specific class and their corresponding pixels in the target images are accumulated, and the optimal 
coefficients per class are obtained by making the Mean Square Error (MSE) minimized statistically. 
The Least Mean Square (LMS) optimization for a certain degradation level is discussed below. Let :;,=,	:>,=  be the apertures 
of the degraded images and the target images for a particular class c, respectively. Then the filtered pixel :?,= can be 
obtained by the desired optimal coefficients as follows: 
 

:?,= �@ A=�B�			:;,=
	�B, C�

D

0 �
                                    (11) 

 
where A=�B�, B ∈ F1, . . �H	are the desired coefficients, and n is the number of pixels in the aperture. 
The summed square error between the filtered pixels and 
the target pixels is: 
 

                             (12) 
where �= 		represents the number of pixels belonging to 
class c.  
To minimize IJ, 
 

(13) 
 
By solving the above equation using Gaussian elimination, we will get the optimal coefficients as follows: 
 

                      (14) 
 
 
Where 
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The LMS optimized coefficients for each class are then stored in a look-up table (LUT) for future use. For different 
degradation levels, several LUTs are obtained after training. Fig. 3 shows the filtering process of the algorithm.  
 

 
Fig. 3: The filtering process of the proposed method. 

 
The quality of each input image is first evaluated using a quality metric. Then, the most suitable LUT is selected for that 
image according to its quality score. The optimized coefficients are retrieved from that LUT to filter the image based on 
pixel classification. 
 
4. Artifact Visibility Metric 
 
For an input video frame, a quality metric is required to indicate which LUT is the most appropriate. For  compression 
artifacts removal, an artifact strength measure can be used as the quality metric. Since blocking artifacts are the most 
noticeable, a blockiness metric, introduced in [2], is adopted to measure the artifact level of a video frame. 
                   The visibility of a block edge is determined by the contrast between the local gradient and the average gradient 
of the adjacent pixels. Efficient algorithm for detection of the grid position and estimation of a block edge visibility is 
applied since block discontinuities can be spotted as edges that stand out from the spatial activity in their vicinity. The 
detection of vertical block edges and horizontal is similar. To express the similarity between the local gradient and its spatial 
neighbors, we introduce the normalized horizontal gradient -K,DLM�	  as the ratio of the 
absolute gradient and the average gradient calculated over 
N adjacent pixels to the left and to the right: 

  (15) 
 

i and j denote the pixel and line position, respectively. The presence of blocking artifacts will result in pronounced maxima 
in NK. 
 

                           (16) 
The visual strength of the blocking artifacts can be determined by averaging NK over the block edge and  intermediate 
positions.  
The Blocking Strength (BS) for the whole frame is then defined as: 
 

                                    (17) 
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Where NK̅�P�Q��� and NK̅��Q� + P�Q��� denote the average value of NK at the block edge and intermediate positions, 
respectively. The BS parameter is defined for horizontal and vertical directions. The figure 4 (a) shows the image branch 
encoded at a bit-rate of 2Mb/s,and 4(b) shows the horizontal accumulator NK . 

 
Fig. 4: (a) shows the image branch encoded at a bit-rate of 2Mb/s, (b) shows the horizontal accumulator NK . 

IV.  CONCLUSION 

In this paper, we put forward a novel framework for the removal of artifacts on the enhanced video. The video which is 
enhanced using the gamma correction method is further filtered to remove the artifacts. A compression artifacts removal 
algorithm that is adaptive to the artifacts visibility level of the input video signal is used. The artifacts visibility is determined 
per frame by the ratio of the accumulated gradient on the block edges to that of the remaining area. The filtering of each 
video frame is optimized using a least mean square mechanism which trains on pairs of target images and decompressed 
images of similar quality as the input frame. 
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