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1. Introduction
In this contribution, in order to improve the coding efficiency of H.264 intra frame, an Edge-based Adaptive Directional Intra Prediction (EADIP) is proposed. This scheme is added in Intra_16x16 macroblock type. RDO is used to determine whether the original Intra_16x16 prediction mode or the proposed EADIP mode is used. The experimental results shows that the proposed method achieves 0.36%BD[1] bitrate reduction for VCEG sequences using CAVLC.
2. Edge-based Adaptive Directional Intra Prediction
Sometimes, a block can contain one or more edges and different content orientations in different partitions. In such cases, traditional intra prediction cannot predict well, leaving large residue especially along the edge. When an edge crosses a block, it can split the block into at least two parts. For simplicity, we assume only one edge crosses a 16x16 Macroblock (MB). And the edge is a straight line shown in Fig1. The straight line splits the current MB into two regions. Each region corresponds to an object with its own content orientation property.  

Now the problem can be formulated as how to represent the edge and how to perform prediction.
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Fig 1. Edge-based Adaptive Directional Intra Prediction model

2.1 Edge Representation

In EADIP, we construct a coordinate system with its origin at the center of the current MB. The vertical axis is y and the horizontal axis is x. For each line, we use two parameter to describe it:
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and 
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. The distance
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is defined as the perpendicular distance from the origin to the edge. The angle 
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 is the angle in the range of 
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 between the positive horizontal axis and the perpendicular line of the edge. Given these two parameters, the edge is fixed and can be expressed in a first order way as follows:
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Consider any position (x, y) in the block. If it is on the line, then
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.  If
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, the pixel is defined to be in Region 1.  If
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, the pixel is defined to be in Region 2.  According to this, we can distinguish whether each pixel belongs to edge, Region 1 or Region 2.  However, for real applications, the pixel locations are discrete, which means the vertical position y and horizontal position x are both discrete numbers. And the edge may cut through the pixel anywhere within the pixel. Due to this, in implementation, we define a threshold as follows:
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Position (x, y) belongs to Region 1   if
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Position(x, y) belongs to Region 2    if                                                (2)                                           
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The threshold can be any value, which controls the edge width. In our implementation, the threshold is set to be 0.5. 
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is set to be discrete numbers in the range of [1,7] with precision  
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 is in the range of 
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2.2 Edge-based Intra Prediction

After defining the edge region, Region 1 and Region 2, prediction is performed for edge pixels and region pixels separately as follows.

2.2.1 Edge Pixel Prediction

When an edge is extended beyond the current block, it will intersect the neighboring blocks at the top and on the left. Given the mathematical expression of the edge, we can derive the position of the point crossing the reconstructed neighboring boundary. The two crossing points are 
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. The predicted values for the pixels in the edge region would depend on the two crossing points 
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 and their neighbors.

If both 
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 are available before intra prediction is performed, the average of 
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 is used as the prediction value for all the edge pixels. If only one of 
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 or 
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 (but not both) is available, this point is used as prediction for all the edge pixels. If neither point is available, the linear average of the nearest available points are used as prediction. 

2.2.2 Partitioned Region Prediction

After the partitioning mentioned above, Region 1 and Region 2 are defined based on (2). Each region corresponds to an object. Each object can have its own orientation. Therefore, we allow two prediction directions in EADIP. For each region, the prediction is performed as follows.

When the prediction direction is 
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, the prediction value for each pixel in that region is obtained by constructing a line through the pixel in direction 
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 to find the intersection points with the reconstructed boundaries. For example, in Fig. 2, for the pixel (x, y) in Region 1, a line is drawn along direction 
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. This line crosses the reconstructed boundaries at two points, 
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. We restrict 
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 to be within a certain distance from the current block. If it is too far away, it is considered unavailable. Sometimes, only 1 point exists depending on the direction 
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. 

If two crossing points are available, the average of them is used as prediction value for (x, y). If only one point is available, this point is used as prediction value. If neither point is available, the average of the nearest available points are used as prediction value. 

Within one MB, there are two regions with their prediction directions 
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 respectively. The allowable range of the prediction direction 
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. The precision 
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 can be controlled according to the users’ need, QP and bitrate. In the current implementation, the precision 
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 and thus the orientation range is 
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In H.264, for I16 MB type, SAD is used to choose the best intra prediction mode. In the proposed scheme, SAD is used in both choosing the best EADIP mode and the best H.264 16x16 prediction mode. Given the two best prediction modes, RDO is calculated in Equation (3) to further determine the final intra prediction mode for the current MB using I16 MB type. 
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3. Syntax Modification
In EADIP, four parameters 
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 should be encoded as side information. In H.264, I16 MB type is bundled together with prediction mode and luma and chroma cbp in I16offset. In order to be compatible with current H.264 syntax, the following scheme is used to encode the side information in macroblock level. Specifically, the following pseudo code represents a method for MB type and side information encoding in CAVLC. The concrete syntax description is shown in Annex A.
        If(I16MB && !EADIP_flag)
          {

             code currMBType value I16offset;

             code EADIP_flag;

          }

        Else if {I16MB && EADIP_flag}

          {

            code  
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;
           code  EADIP_flag;

            code  luma cbp;

            code  chroma cbp;
            code  
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,
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and
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;

         }
4. Experimental Results
The proposed scheme is implemented in JMKTA2.0[3] and tested under the VCEG common testing conditions[4]. BD-Bitrate and BD-PSNR is measured according to BJM add-in proposed by [2]. All frames in the testing sequences are coded as intra frame using the following encoder configurations. 

· High profile
· UseRDO_Q:     off

· MDDT:          off

· Entropy coding: CAVLC
· QPIslice={22,27,32,37}
Table 1: Bitrate reduction for High Profile
	High Profile I-Only 
	Proposal vs VCEG. 

	Size
	Test Sequence
	Frames 
	FrameRate
	ΔBitrate(%)
	ΔPSNR(dB)

	CIF
	Foreman_cif
	300
	30
	-1.251
	0.070

	
	Mobile_cif
	300
	30
	-0.001
	0.001

	
	Paris_cif
	300
	30
	-0.106
	0.011

	
	Tempete_cif
	260
	30
	0.029
	-0.002

	720p
	BigShips
	150 
	60
	-0.303
	0.011

	
	City
	150
	60
	-1.130
	0.081

	
	Crew
	150
	60
	0.345
	-0.013

	
	Night
	150
	60
	-0.717
	0.042

	
	Raven
	150
	60
	0.228
	-0.012

	
	Jets
	150*
	60
	-1.003
	0.057

	1080P
	CrowdRun
	125
	50
	0.031
	-0.002

	
	ParkJoy
	125
	50
	0.034
	-0.002

	
	Traffic
	125
	30
	-0.249
	0.017

	
	Toys_and_calendar
	125
	25
	-1.233
	0.043

	
	Sunflower
	125
	25
	-0.184
	0.006

	Average
	CIF
	-0.333
	0.016

	
	720P
	-0.430
	0.028

	
	1080P
	-0.320
	0.012

	
	Total Average
	-0.361
	0.020


     *Jets starts at Frame 300.
5. Conclusion
The edge-based adaptive directional intra prediction (EADIP) is proposed and added in Intra_16x16 macroblock type. The experimental results reveal that the bitrate reduction   is    achieved compared with H.264 intra prediction. 

Nowadays, the Intra_16x16 mb_type is used more frequently in HD sequences than in cif or qcif. The study of better Intra_16x16 prediction should be encouraged in order to further reduce the residue energy.
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Annex A

Syntax Specification of EADIP
A.1. Syntax
A.1.1. Macroblock layer syntax
Table A-1: Macroblock layer syntax

	macroblock_layer() {
	C
	Descriptor

	…
	
	

	
mb_type() {
	
	

	     If(mb_type == I_16x16 && ! EADIP_flag){
	
	

	      I16MB_type
	2
	ue (v)

	

   EADIP_flag
	2
	f(1) 

	    }
	
	

	

else if (mb_type ==I_16x16 && EADIP_flag){
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	2
	ue(v) 

	     EADIP_flag
	2
	f(1)
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	2
	f(4)

	     luma cbp
	2
	f(2)

	     chroma cbp
	2
	f(2)
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	2
	f(3)
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	2
	f(3)

	
}
	
	

	…
	
	

	}
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