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1. 	Introduction





A computationally efficient postprocessing technique to reduce compression artifacts in low-bit-rate video coding is proposed in this work. In H.263 coding, two major artifacts, i.e. blocking and ringing effects, are observed when coding at very low bit rates. Reduction of these artifacts can significantly improve the overall visual quality of decoded video. In this work, a new table-lookup method and a nonlinear filtering are proposed to remove the blocking and ringing effects respectively. We have performed our experiments on TMN 10 codec and H.263 anchor bitstream. It is shown by the results that the proposed approach can alleviate the compression artifacts efficiently with low computational complexity.


 


2. Overview of Fast Nonlinear Filtering based Artifact Reduction





The proposed postprocessing algorithm is inspired by the excellent artifact-reduction performance of MAP estimation (or more general Bayesian-based restoration) techniques. However, they are not practical for real-time applications due to the computational costs. To reduce the complexity, we introduce a non-iterative filtering method to obtain the sub-optimal solution. In this work, we first formulate the artifact reduction problem as a robust estimation problem. Under this framework, the artifact-free image is obtained by minimizing a cost function that accounts for smoothness constraints as well as image fidelity.  Instead of using the traditional approach that applies the gradient descent search for optimization, a set of nonlinear filters is proposed to approximate the global minimum. In the case of real-time postprocessing video, the time constraint is even more critical. A table-lookup approach is used for the deblocking purpose to further reduce the complexity. 





Basically, our approach includes three steps:





Derive a generic model that accounts for both distortion and image smoothness.


Identify the parameters of the model according to the severity of artifacts. 


Compute the solution using nonlinear filtering.





To reconstruct the artifact-free image u from a standard decompressed image d that contains compression artifacts. The standard decoded value d will be updated only if  |u - d| ( (, where ( serves as a control parameter. That is, we only search the estimates in the solution space US so that the MAP estimate of artifact reduction problem can be written as a constrained optimization problem


���





where US  = {u : |u - d| ( (}, S is the set of m x n sites (or pixels) in an image, and C is the clique that defines the neighbors of a site. ((x) is a potential function which can be selected from one of following functions:





�	�EMBED Equation.3���





The above potential functions differ in convexity, boundedness, differentiability, etc. and they are graphically depicted in Fig. 1.  It is important to choose the potential function so that the estimate will agree with the prior expectations and requirements. More detail about potential function and its relation with artifact reduction can be found in [1].
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Fig. 1 The shapes of potential functions.





The idea behind this approach is that although we do not know the exactly probabilistic model about compression noise, we can assume it is bounded within certain value, since lossy image compression intends to reduce the distortion as much as possible. With this assumption about noise, the average error energy introduced by the smoothing estimator is less than (2.  The value of ( determines the trade-off between the artifact smoothing and the distortion introduced by the estimator.





3. Detailed Descriptions on the Nonlinear Filtering 





This section describes how we apply table look-up and nonlinear filtering techniques to quickly approximate solution of constraint minimization in artifact reduction problem. The proposed scheme consists of three steps, classification, smoothing, and constraint.  The block diagram of proposed method is shown in Fig.2. The function of each block is detailed as below.
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Fig. 2 The block diagram of proposed method





A. Classification


The classification can be performed in either transform domain or spatial domain dependents on the applications. The transform domain classification needs slightly less computation. However, for some applications where postprocessing is implemented as an additional unit, DCT coefficients are not available. Then, a spatial domain classification technique is preferred. Here, we present a simple spatial domain classification. Pixels vi with 0 ( i ( 7 as shown in Fig.1 are used to determine whether it is a boundary located in a smooth region or not. The classification is done with the following procedure





count = ((v0- v1)+ ((v1- v2)+ ((v2- v3)+ ((v4- v5)+((v5- v6) + ((v6- v7)





where ((x)=1 if |x| < th1 and set to zero, otherwise.  If count is equal to th2, the boundary is in flat region,  otherwise, it belongs to a high activity area.  In our experiments, th1 and th2 are selected as 3 and 6 respectively.





�����������������������������������������������


























�

















Fig.1 Positions of filtered pixels for classification.








B. Smoothing


The proposed scheme consists of a deblocking filter and a deringing filter for reducing two major artifacts in low bit rate H.263 coding. 





1) De-blocking filter


The proposed deblocking filter performs simple rules for the adaptation of local statistics and human visual system (HVS). To reduce the computational cost, the deblocking filter is performed on block boundaries only in the planar regions. This is based on the simple perceptual masking assumption that the blocking artifact is high frequency noise which is less visible in highly detail areas but very visible in the smooth region. At low bit rate, each DCT block in the flat region usually contains DC coefficients only, which results in a maximum smooth inside the blocks but a large discontinuity at block boundaries. Therefore, our deblocking filter is particularly designed to smooth this type of artifacts.





The proposed deblocking filter is a 1-D filter applied along both horizontal and vertical directions. The luminance as well as the chrominance components are filtered. If a boundary located in a smooth region, then the deblocking operation is done by updating the value of vi, 1 ( i ( 6 with





vi ' = vi + sign(v3 - v4) ( di,   if  1 ( i ( 3, 


vi ' = vi - sign(v3 - v4) ( di,    if  4 ( i ( 6,





where di is obtained by looking up the predefined table according to the offset between v3 and v4. An example of such a table is shown in Table 1. The table can be defined in more detail if | v3- v4 | > 23. However, it is observed that | v3 - v4 | is rarely over 20. Thus, for an error larger than values specified in table, we apply a linear interpolation to adjust the value of vi.
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d=|v3-v4|


v3>v4�
d1�
d2�
d3�
d4�
d5�
d6�
�
under 3�
0�
0�
0�
0�
0�
0�
�
3�
0�
0�
-1�
1�
0�
0�
�
4,5�
0�
-1�
-2�
2�
1�
0�
�
6,7,8�
0�
-2�
-3�
3�
2�
1�
�
9,10�
-1�
-2�
-4�
4�
2�
1�
�
11,12�
-1�
-3�
-5�
5�
3�
1�
�
13,14,15�
-1�
-4�
-6�
6�
4�
2�
�
16,17,18�
-2�
-4�
-7�
7�
4�
2�
�
19,20�
-2�
-5�
-8�
8�
5�
2�
�
21,22�
-2�
-5�
-9�
9�
5�
2�
�
23�
-3�
-6�
-10�
10�
6�
3�
�
above 23 �
-d/8�
-d/4�
-d/2�
d/2�
d/4�
d/8�
�



Table 1: A table for the deblocking filters.





The design of the above table is based on the fact that the quadratic function is most effective for smoothing. The quadratic function will minimize the difference between pixels. When the offset is evenly distributed between pixels, the result will be the best. Therefore, the fast way to achieve smoothness is the use of linear interpolation in the very smooth area. Interpolation does not introduce much distortion while greatly improve visual quality. However, for real-time applications, the filtering or interpolation operation is still expensive to perform due to the multiplication or the division operation. The approach proposed above is non-iterative. The use of the look-up table only requires integer-add and integer-subtract operations that speed up the computational speed  tremendously. In fact, the linear filtering, diffusion filtering, or the restoration-based method will all lead to similar results in the flat areas. However, they require several iterations to smooth out a large offset.





2) Deringing Filter


The robust nonlinear filtering technique in [2] is applied to the high activity blocks for de-ringing. The deringing filter is applied to the all non-flat blocks in the luminance picture. To smooth ringing noise without blurring the detail, the model in Eq. (1) is used. Instead of adopting the traditional approach that applies the gradient descent search to determine the optimal solution, we use the nonlinear filter to obtain the approximate result. The operation of the nonlinear filter is illustrated by the an example. Given a set of samples  x1, x2 , ... , xN and the potential function  ((x) as in Eq. (2), the filter output is 
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In our experiment, a 2-D 3x3 window is used for the de-ringing filter in our design, and the Huber function is used for the potential function. 





C. Constraints


The values specified in the table already made the distortion bounded, so there is no need to specified constraints for smooth blocks. The result of the nonlinear filtering is not used to replace the decoded value immediately. To ensure data fidelity, the following clipping process is applied:
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where x is the value o pixel to be filtered,  x^  is the output of (3), y is the final estimate to replace x and








  c(d,Th3)  =  sign(d) * Max(0, abs(d) - Max(0, 2*(abs(d) - Th3))) 





In other words, the non-linear filter is effective only when d is smaller than 2 x Th3, where parameter Th3 determines the amount of filtering and it should vary according to quantization. In our implementation, Th3 is set to be equal to the quantization parameter. The ( parameter in the Huber function is set to 1.


Compared with previous post-filters, the proposed deblocking filter is more effective at the low bit rates. In our approach, debloking can be achieved in one iteration since each pixel in blocks belongs to smooth region is updated using the table look-up method.  On the contrary, the linear filtering techniques usually require more iterations to achieve same degree of smoothness. Furthermore, our deringing filter can smooth ringing noise without explicit edge extraction. This is another difference of our method in comparison with other previous work. Theoretically, the explicit edge extraction is equivalent to the use of the truncated quadratic potential function, which totally cuts off the influence from the outliers. It is known that the estimate of the truncated quadratic function is not stable around the point of the threshold (( parameter in the potential function).  In our case, the Huber function is used, because it does not cut off the influence from the outliers so it is more robust to the change of threshold values. From memory point of view, our deblocking and deringing filters do not use any information outside a small local window, so the processing can be done without buffering large images. This is important for many applications that have the memory constraint.








3. Experimental Results





The proposed nonlinear filter can be used as a pure postfilter or incorporated with motion estimation as a loop filter. In this work, we apply it as a pure post-filter and compare the result with the post-filter defined in H.263+. Throughout the test, the UBC H.263+ codec is used. The experiment is performed on TMN10 anchor bit streams. The average PSNR result of applying the deblocking filter alone, and with both filters applied are shown in Table 2. The result also compared with TMN10 decoder and decoder with post-filtering.  Fig. 2 and 3 show the subjective quality comparisons between the proposed filters and TMN10 deblocking filter. 





�
�
�
Average PSNR (Y)�
�
Sequence�
Fixed Q�
TMN10�
TMN10 �
Proposed�
�
�
�
�
+ deblocking�
deblocking�
deblocking & deriniging�
�
Hall QCIF 10Hz�
25�
28.169�
28.168�
28.173�
27.854�
�
�
15�
30.996�
31.004�
31.003�
30.665�
�
�
10�
33.404�
33.410�
33.409�
33.147�
�
Container QCIF 10Hz�
25�
27.165�
27.168�
27.170�
26.706�
�
�
15�
29.977�
29.987�
29.981�
29.592�
�
�
10�
32.345�
32.356�
32.347�
32.068�
�
�
7�
33.134�
33.139�
34.134�
33.936�
�
Foreman QCIF 10Hz�
25�
27.356�
27.334�
27.357�
27.244�
�
�
15�
29.927�
29.907�
29.927�
29.701�
�
�
10�
32.237�
32.227�
32.237�
31.940�
�
�
5�
35.985�
35.983�
35.982�
35.716�
�
News QCIF 10Hz�
25�
27.179�
27.172�
27.181�
26.849�
�
�
15�
30.024�
30.020�
30.023�
29.622�
�
�
10�
32.471�
32.471�
32.473�
32.126�
�
�
4�
38.258�
38.258�
38.255�
38.064�
�
Silent QCIF 15Hz�
25�
27.949�
27.920�
27.949�
27.834�
�
�
15�
30.303�
30.267�
30.306�
30.030�
�
�
10�
32.457�
32.439�
32.460�
32.047�
�
�
7�
34.243�
34.229�
34.243�
33.783�
�
Glasgow QCIF 30Hz�
25�
26.105�
26.101�
26.106�
24.298�
�
�
15�
28.639�
28.533�
28.540�
27.614�
�
�
10�
30.769�
30.767�
30.769�
29.906�
�
Irene CIF 7.5Hz�
25�
28.100�
28.100�
28.103�
28.133�
�
Table 2: PSNR Performance








4. Conclusion





A statistical model that characterizes both compression degradation and image smoothness is examined to remove the compression artifact. The model provides a unified framework for artifact reduction and image enhancement. To overcome the complexity of constrained optimization, efficient nonlinear filters are proposed to obtain an approximate minimum quickly. For debloking, a table look-up scheme is applied and the blocking artifact can be reduced in real time. For deringing, the non-linear filter can reduce ringing noise without blurring the image details. The new postprocessing algorithm can greatly enhance the visual quality of decoded video with a low computational cost. The real-time postprocessing is made possible due to the low complexity and the low memory bandwidth requirements of the proposed algorithm.
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Fig. 2 Example of artifact reduction on No. 17 frame of ``Hall Monitor'', Q=15, 10Hz: 


(a) decoded without postprocessing, 


(b) the result with TMN10 deblocking,


(c) the result with the proposed deblocking, and 


(d) the result with the proposed deblocking and deringing.
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Fig. 3 Example of artifact reduction on No.8  frame of ``Foreman'', O=15, 10Hz: 


(a) decoded without postprocessing, 


(b) the result with TMN10 deblocking,


(c) the result with the proposed deblocking, and 


(d) the result with the proposed deblocking and deringing.
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