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Abstract

This contribution presents the summary of Samsung’s proposal to core experiment 8 (CE8) on Non-deblocking loop filtering, based on JCTVC-D221. Due to the mapping process involved in the directional filters, results that were originally proposed to CE8 Subtest 2 and Subtest 5 have been moved to Subtest 3 and reported altogether in this document. For pixel- or block-based filter adaptation, directional gradients are computed to classify pixels or blocks. Fixed number of 4 filters are utilized, each being a combination of a non-linear directional filter and a linear spatial filter. Experimental results under different settings, compared against HM 2.0 as anchor, are presented in this contribution along with cross-checker’s results.
1 Introduction

In the 4th JCT-VC meeting held at Daegu, Korea, it was agreed to formally evaluate Samsung’s loop-filtering proposal JCTVC-D221 [1] in CE 8 on Non-deblocking Loop Filtering [2]. To suppress ringing artifacts and to preserve edges, the filters exploit directional features in video frames and the mapping function avoids using pixels with large differences from the pixel to be filtered. The design combines linear spatial filter and directional similarity filter. Pixel- or block-based filter adaptation is achieved by classification using directional gradients (HM 2.0 ALF uses sum-modified Laplacian). This contribution uses a fixed number of 4 filters, while in HM 2.0 ALF the number of filters varies from frame to frame with up to 16 filters in a given frame. Furthermore, the filter size is either 7x7 or 5x5 diamond in this contribution, while the worse case in HM 2.0 is 7(V)x9(H). In the next section, the proposed “Loop filter with directional similarity mapping” will be described in detail. 
2 Loop filter with directional similarity mapping (DSM)
2.1 Filter adaptation base on directional of local gradients

In JCTVC-D221 [1], pixels X(i,j) in a video frame are classified into four classes based on the direction of local gradients, each class adapts to a directional filter. This will be denoted as “pixel-based filter adaptation”. In this contribution, 4x4 block-based filter adaptation is proposed: For each 4x4 block B(i,j), the pixel X(4i+1,4j+1) within is used to compute the four directional local gradients using [-1, 2, -1] weights as follows:
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Alternatively, the four directional local gradients can be computed using [1, -1] weights as follows:
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As can be seem, within the neighborhood of ±L pixels, grad_h measures the horizontal gradient, grad_v measures the vertical gradient, grad_d measures the gradient of 45 degree down, and grad_u measures the gradient of 45 degree up. Then all the pixel in block B(i,j) will be assigned as directional class D(i,j) according to the direction with minimum local gradient: min_g(i,j) = min{ grad_h(i,j), grad_v (i,j), grad_d(i,j), grad_u (i,j) }:

D(i,j) = 0 
if
 min_g(i,j) = grad_h(i,j)
D(i,j) = 1 
if
 min_g(i,j) = grad_v(i,j)
D(i,j) = 2 
if 
min_g(i,j) = grad_d(i,j)
D(i,j) = 3 
if 
min_g(i,j) = grad_u(i,j)
This will classify blocks into classes with similar edge and feature directions. In this contribution, L=1 is used. Thus the neighborhood of 3x3 (as in JCTVC-D119 [3]) is used to compute directional gradients.
2.2 Filter design combining linear spatial filter and directional filter
To consider the proximity between pixels as well as the pixel value similarity, filters in JCTVC-D221 [1] contain a spatial linear part (with coefficients ak) and another part with simple non-linear mapping (coefficients bk). For simplification in the presentation, here filters with 5x5 diamond shape are illustrated. 

Fig. 1 ~ Fig. 4 illustrate the symmetric constraints of the four filters  f_h, f_v, f_d, and f_u, corresponding to pixels in each of the directional class respectively. The directional filter coefficients bk exploit the characteristics of dominant edge / feature directions for pixels in each class. For example the directional filter in f_h, same coefficient is assigned only to pixels on the same horizontal line, while pixels on the same vertical line are all assigned to different coefficients. There is a total of 9 coefficients bk (bc ~ b7) in f_h. As for the spatial linear part with coefficients ak, the symmetric constraints are the same for all four filters: 5 coefficients ak (exclude the center). 
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Fig. 1: Filter coefficients of f_h for pixels in Directional Class 0
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Fig. 2: Filter coefficients of f_v for pixels in Directional Class 1
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Fig. 3: Filter coefficients of f_d for pixels in Directional Class 2
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Fig. 4: Filter coefficients of f_u for pixels in Directional Class 3

2.3 Mapping for pixels utilized in the directional similarity filter

This subsection explains the mapping function for pixels to be used in the directional similarity filter with coefficients bk. To better preserve edge sharpness, this non-linear mapping avoids using neighboring pixels Xn with large value differences from the pixel X(i,j) to be filtered, such that the design will not be filtering across edges. The non-linear mapping function is a hard-thresholding function as below:

For X(i,j) to be filtered, map its neighboring pixels Xn to Xn’:






XN’ = XN    if  | XN -  X(i,j)| ≤ σ/2







   = X(i,j)  if
 | XN -  X(i,j)| > σ/2
In other words, for a neighboring pixel Xn with | XN -  X(i,j)| ≤ σ/2, its value will not be changed. However if | XN -  X(i,j)| > σ/2, it is determined that this pixel value should not be considered in the directional similarity filter. The threshold σ is computed according to the quantization parameter QP as: σ = [2^(QP/0.6)-1]*0.8, similar to the calculation of parameter α and β in H.264/AVC deblocking filter [4].
After the mapping, pixels XN’ are used to calculate filter coefficients bk. (Meanwhile, values XN are used to calculate filter coefficients ak. Please refer to Fig. 1 ~ Fig.4.)
3 Experimental results

Based on the common test conditions in JCTVC-D600 [5], CE8 specified test conditions as described in JCTVC-D608 [2]. Following the conditions, results of the Samsung’s proposal to CE8 based on JCTVC-D221 [1] are present as below. As for enc and dec time, the cross-checkers’s measurements are provided in parenthesis as supplementary data.
	
	CE8.3

Directional filter 7x7

Block-based adaptation

Gradient as [1, -1]
	
	Originally CE8.2

Directional filter 7x7

Block-based adaptation

Gradient as [-1, 2, -1]
	
	Originally CE8.5

Directional filter 5x5
Block-based adaptation

Gradient as [-1, 2, -1]

	
	( MediaTek E265 )
	
	( Toshiba E175 )
	
	( TI JCTVC-E234 )
( Qualcomm E327 )

	
	IO
	RA
	LD
	
	
	
	IO
	RA
	LD
	
	IO
	RA
	LD

	Class A
	-0.1
	-0.5
	
	
	
	
	0.0
	-0.4
	
	
	0.6
	0.6
	

	Class B
	0.0
	-0.3
	0.5
	
	
	
	0.0
	-0.2
	0.6
	
	0.3
	0.3
	1.4

	Class C
	-0.5
	-0.5
	-0.2
	
	
	
	-0.4
	-0.4
	-0.1
	
	0.0
	-0.1
	0.2

	Class D
	-0.3
	0.6
	0.2
	
	
	
	-0.3
	0.7
	0.3
	
	-0.2
	0.7
	0.2

	Class E
	-0.4
	
	0.9
	
	
	
	-0.4
	
	1.0
	
	0.2
	
	2.5

	BD-rate
	-0.2
	-0.2
	0.3
	
	
	
	-0.2
	-0.1
	0.4
	
	0.2
	0.4
	1.0

	Enc. Time
	217

(163)
	159

(125)
	144

(117)
	
	
	
	209

(158)
	156

(122)
	139

(115)
	
	126

(126)
(128)
	120

(112)
(114)
	109

(105)
(111)

	Dec. time
	171

(146)
	137

(130)
	133

(124)
	
	
	
	184

(178)
	145

(153)
	140

(146)
	
	138

(139)
(137)
	125

(131)
(135)
	112

(124)
(130)

	Vert. taps
	7
	
	7
	
	5

	# of coefs.
	25
	
	25
	
	14


4 Discussion on complexity and mapping operation
From the results in Section 3, notable increases in enc/dec time are observed. The reason is twofold:

1. First of all, filters in JCTVC-D221 utilize the surrounding pixels twice. An example is given below, where there are 25 coefficients for 7x7 horizontal directional filter f_h. This is even more than the worst-case 7x9 filter in HM 2.0 with 23 coefficients. Similarly for 5x5, horizontal filter f_h has 14 coefficients which is approaching the 7x7 filter in HM 2.0 with 15 coefficients.

2. Secondly is the mapping part in Section 2.3, which introduces additional operations. However, currently it is mathematically not possible to remove the mapping while keeping both spatial and directional filter parts. Take the same example as provided below: Without non-linear modification, coefficients 1 and 24 involve exactly the same pixels, similarly for coefficients 2 and 23. This leads to identical equations in the linear system when solving filter coefficients, resulting in not able to compute meaningful coefficients.
Int TComAdaptiveLoopFilter::DSM_pattern7x7Sym_h[49] = 

{

            14,

        12, 10, 12,

     8,  6,  4,  6,  8,

 3,  2,  1,  0,  1,  2,  3,

     9,  7,  5,  7,  9,

        13, 11, 13,

            15,

            16,

        17, 18, 17,

    19, 20, 21, 20, 19,

22, 23, 24,     24, 23, 22,

    19, 20, 21, 20, 19,

        17, 18, 17,

            16

};
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