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Abstract
In the current AVC intra coding framework, intra prediction is performed to remove the correlation between the pixels in the current block and reconstructed neighbors. There are DC prediction plus 8 directional prediction modes defined. The prediction mode number is signaled to the decoder using predictive coding. The current intra prediction has two major disadvantages: 1) the 8 directional modes does not provide sufficient precision to cover arbitrary directional patterns; and 2) the mode number prediction from neighbors is not accurate enough to exploit the geometric dependency between blocks. In this submission, we propose to extend AVC based intra prediction to improve the visual quality as well the coding performance for next generation video codec. Our proposed method leverages the inter-block geometric dependency at the decoder side. More specifically, prediction direction detection is performed at the decoder-side, in the reconstructed neighborhood of the current block to get the a priori prediction direction. Then the encoder sends side-information to signal the decoder whether to use this new prediction direction or AVC based prediction direction. Since the prediction direction detection is conducted at the decoder side, a high direction resolution can be obtained without requiring additional overhead bits in signaling. Simulation results shows that the new intra prediction method can provide as much as 10% bitrate reduction compared to AVC intra prediction.
Introduction

The purpose of this document is to propose an edge-based adaptive direction estimation algorithm for improving intra-prediction. New adaptive intra-prediction modes and signaling methods are proposed to enhance the coding efficiency as well as the visual quality of AVC intra coding. Details of the proposed algorithm are described below.
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Figure 1.  An illustration of the construction of the new modes (a) computation of the neighbors' suggested direction 
Algorithm Description

The proposed method has been designed to take advantage of the available edge information in the reconstructed neighborhood of the block to be coded. 

To encode an image block, the well-know Sobel operators 
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are first applied to its (available) neighboring pixels (as illustrated in Figure 1) to obtain the image gradient vectors. For each pixel, the edge direction is obtained by taking the perpendicular direction to its gradient vector. Then, the edge directions that do not cross the boundary of the block to be coded are discarded as non-relevant edges (see also Figure 1). The decision whether an edge goes across the block is efficiently made by exploiting a lookup table. This look-up table contains the minimum and maximum possible slopes for each neighboring pixel as shown in Figure 1 for one location. Moreover, the norms of the gradient vectors are computed and compared to a threshold. Weak gradients are considered as noise and do not contribute to the direction detection.

Edge direction vectors commonly are not perfectly aligned. Therefore, finding the best prediction direction with a high precision using the edge direction vectors is not a trivial task. Simple averaging of the vectors performs poorly. An analytical method has been developed to derive the dominant edge direction with low complexity and high accuracy. The derived dominant edge direction is denoted in 
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as the prediction direction for the current block, 
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 is allowed to be adjusted by an angle of 
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 is used as the true prediction direction. The amount of direction adjustment 
[image: image9.wmf]q

D

 is determined by the encoder and signaled to the decoder as side information.
Image signal prediction in an arbitrary direction is a necessary tool for the new modes. The algorithm is described as follows: 1) for each pixel, draw a straight line along the prediction direction; 2) in a pre-defined neighborhood, find the reconstructed pixels that are close to the line; and 3) compute the prediction of the pixel by using an interpolation of the selected neighbors. Note that step 2) and the coefficients of the interpolation filter can be efficiently obtained by using another lookup table. 

On top of the new directional prediction modes, a one bit flag is signaled to the decoder to identify whether it should use the new prediction or keep the AVC prediction modes for the current block. In the case of AVC mode no change has been made in signaling of the modes. Nonetheless, the computation of the most probable mode may be different as the neighboring blocks may be predicted using one of the new modes.
Since the decoder can derive the dominant edge direction from the reconstructed neighbors, it can obtain the same prediction as the encoder and hence stays in synchronization with the encoder.

Experiments

The proposed algorithm has been implemented in the KTA 2.6r1 software for 4x4 and 8x8 blocks (although this method can be directly applied to arbitrary block sizes to improve the coding efficiency, especially for high resolution sequences). All frames (entire sequence) are intra-coded using the high profile. 5 different QPs (23, 27, 31, 35, 39) are considered to compute the average bitrate reduction for both low (largest 4 QPs) and high (smallest 4 QPs) bitrate ranges. Table 1 lists these bitrate reductions for various resolutions and test sequences.

Table 1. Average bitrate reduction for low and high bitrate ranges of various test sequences/resolutions.

	Sequence/Resolution
	Low Bitrate %
	High Bitrate %

	CIF
	Foreman (300 frames)
	-5.85
	-5.18

	CIF average
	-5.85
	-5.18

	Class D
	Basketball Pass
	-3.13
	-3.27

	
	Blowing Bubbles
	-2.70
	-2.66

	
	Race Horse
	-3.54
	-3.34

	
	BQ Square
	-3.28
	-3.30

	Class D average
	-3.16
	-3.14

	Class C
	Basketball Drill
	-9.38
	-9.97

	
	BQ Mall
	-3.06
	-3.18

	
	Party Scene
	-1.56
	-1.54

	
	Race Horse
	-3.28
	-2.87

	Class C average
	-4.32
	-4.39

	Class B
	BQ Terrace
	-5.83
	-4.45

	
	Park Scene
	-0.75
	-0.78

	
	Kimono
	-0.95
	-1.26

	
	Basketball Drive
	-4.86
	-4.63

	
	Cactus
	-4.26
	-3.98

	Class B average
	-3.33
	-3.02

	AVERAGE
	-3.75
	-3.60


Conclusions 

Due to its accurate prediction direction estimation and low signaling overhead, the proposed technique significantly improved the coding efficiency of the intra-coding of. In addition, the proposed technique provides decoded images with better subjective quality. This is because the edges in the proposed technique tend to produce less visible artifacts especially at low bitrates due to better prediction.
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