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1 Abstract

Spatial domain directional intra prediction has been shown to be very effective to remove the correlation between the pixels in the current block and the reconstructed neighbors. In AVC, 8 directional prediction modes (plus the DC prediction mode) are defined. The prediction direction is signaled to the decoder using a simple predictive coding method. The current intra prediction has two major disadvantages: 1) the small number of directions 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. Increasing the number of directions typically results in a lower residual energy, however, the cost for signaling the prediction mode may also increase significantly such that little gain is observed. This is especially the case for small block sizes such as 4x4 or 8x8. To address this problem, in this submission, we propose a new method to accurately predict the intra directions from the reconstructed neighboring pixels and differentially encode the intra directions. This allows a more precise directional prediction without significant increase in the cost for transmitting the side information. Simulation results show that the new intra prediction method can provide as much as 13% bitrate reduction compared to AVC intra prediction.
2 Introduction
The purpose of this document is to propose an edge-based adaptive direction estimation algorithm for improving intra-prediction and coding of the side information. 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 (b) additional directions around the neighbors' suggested directions.
3  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 for block's available neighboring pixels (as illustrated in Figure 1 (a)) to obtain the image gradient vectors. For each pixel, the edge direction is obtained by taking the perpendicular direction to its gradient vector. 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.

This work proposes a method to derive the best prediction direction with a high precision using the computed edge vectors. Let 
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 (i = 1, 2, … N) denote all of the considered edge vectors, and 
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 denote an arbitrary unit vector which makes an angle theta with the horizontal axis
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. We first define a function S(
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) as follows:
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where < , > denotes the inner product between two vectors. It can be seen that the S(
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) is the summation of the square of the projections of the direction vectors onto the unit vector 
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. Due to the continuity of the edges in most natural images, a good prediction direction is typically close to the neighboring edge directions. Therefore, we define the "neighbors' suggested prediction direction" 
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 as 
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To solve this equation, let 
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, then, the above optimization can be written as
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The solution to this optimization is one of the eigenvectors of the 2x2 matrix
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. More specifically, let the eigenvalues of 
[image: image18.wmf]T

AA

 be 
[image: image19.wmf]1

s

 and 
[image: image20.wmf]2

s

, with
[image: image21.wmf]12

ss

³

, then the eigenvector that corresponds to 
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 is the solution that maximizes the objective function. A look-up table can be made to convert the eigenvector to 
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 which is used for the prediction of the image sample values.

Instead of directly using 
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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. Therefore, the direction adjustment 
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 needs to be signaled to the decoder. For this purpose, 
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 is quantized into discrete values with a quantization step size of 
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, and the quantization index
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is signaled, where [(] denotes rounding to the nearest integer (as illustrated in Figure 1(b)). Upon receiving k, the decoder will use 
[image: image32.wmf]dq
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 for the directional direction. This can be seen as differential encoding of the intra directions with respect to a predicted direction 
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 which is acquired from the neighboring reconstructed blocks. Equation (0.2) shows one way to compute this predicted or suggested direction, however, the proposed signaling method will work efficiently with any accurate direction estimation method.
In order to determine the direction quantization step size 
[image: image34.wmf]dq

, the following "confidence" measure is also introduced


[image: image35.wmf](

)

2

1

1

1

2

*

s

s

s

a

S

s

N

i

i

+

=

=

å

=

r

q

.
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (0.4)

It is obvious that 
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 where 
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 represents a perfect edge vector alignment. Typically a large value of 
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 means higher confidence from neighbors, and we can use a smaller quantization step size. Therefore 
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 should be a decreasing function of s. In our current implementation, s is compared to a threshold to choose from two pre-defined step size values.

The encoding of the signaling k employs several new contexts in CABAC, with k binarized using a truncated unary code with sign. The proposed syntax changes are summarized in Table 1.
Image signal prediction in an arbitrary direction is a necessary tool for the new directions. 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 neighbors' suggested direction and differentially code the actual prediction direction or keep the signaling method of AVC (fixed length codes). 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 perform the edge detection operation and therefore has access to the neighbors' suggested direction 
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 as well as 
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, it can obtain the same prediction as the encoder and hence stays in synchronization with the encoder.
Table 1. Proposed syntax for Intra prediction  in tabular form.

	read_intra_pred_mode(){
	Descriptor

	    use_neighb_dir
	ae(v)

	    if (use_neighb_dir){
	

	        adjust_neighb_dir
	ae(v)



	    }else{
	

	    most_prob_mode
	ae(v)


	    if (!most_prob_mode)
	

	        rem_intra_pred_mode
	ae(v)

	    }
	

	}
	


4 Experiments

The proposed algorithm has been implemented in the KTA 2.6r1 software for 4x4, 8x8, and 16x16 blocks. 9 new modes are defined around the neighbors' suggested direction and are differentially coded (i.e., 
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 ). All frames (the entire sequence) are intra-coded using the high profile. 4 different QPs (26, 30, 34, 38) are considered to compute the average bit rate reduction. Approximately two seconds of video is considered for all CfP test sequences. The exact number of frames is reported in Table 2. Common test condition recommendation [1] is followed for all experiments. Mode-dependent transforms and Adaptive Loop Filter (ALF) are not used. Table 3 lists these bit rate reductions for various resolutions and test sequences.
Table 2. Sequences and frame numbers used in experiments.

	Class
	Sequence
	Start Frame
	Frames To Be Encoded

	A
	Traffic
	0
	65

	
	People on Street
	0
	65

	B1
	Kimono
	116
	49

	
	ParkScene
	0
	49

	B2
	Cactus
	0
	97

	
	BasketballDrive
	0
	97

	
	BQTerrace
	0
	129

	C
	BasketballDrill
	0
	97

	
	BQMall
	0
	129

	
	PartyScene
	0
	97

	
	RaceHorses
	0
	65

	D
	BasketballPass
	0
	97

	
	BQSquare
	0
	129

	
	BlowingBubbles
	0
	97

	
	RaceHorses
	0
	65

	E
	Vidyo1
	0
	129

	
	Vidyo3
	0
	129

	
	Vidyo4
	0
	129


Table 3. Average bit rate reduction of various test sequences/resolutions.

	Sequence/Resolution
	BD rate %

	Class A
	Traffic
	-3.84

	
	People on Street
	-6.41

	Class A Average
	-5.13

	Class B
	Basketball Drive
	-5.14

	
	BQ Terrace
	-5.47

	
	Cactus
	-5.90

	
	Kimono
	-2.02

	
	Park Scene
	-0.66

	Class B Average
	-3.84

	Class C
	Basketball Drill
	-13.01

	
	BQ Mall
	-4.70

	
	Party Scene
	-2.40

	
	Race Horse
	-3.78

	Class C Average
	-5.97

	Class D
	Basketball Pass
	-5.89

	
	Blowing Bubbles
	-4.17

	
	BQ Square
	-5.21

	
	Race Horse
	-4.97

	Class D Average
	-5.06

	Class E
	Vidyo1
	-9.16

	
	Vidyo3
	-8.63

	
	Vidyo4
	-6.24

	Class E Average
	-8.01

	AVERAGE
	-5.42


5 Conclusions
Due to its accurate prediction direction estimation and low signaling overhead, the proposed technique significantly improved the coding efficiency of Intra pictures in AVC. We observed that most of the gain obtained corresponds to 4x4 and 8x8 blocks since the proposed method allows them to have precise directional prediction with a much smaller overhead. 
In this document, the performance of DCIM is presented as an addition to AVC's Intra prediction and signaling scheme which supports 8 directions for 4x4 and 8x8 blocks. However, DCIM can be implemented for an arbitrary block size and number of directions as follows: if the direction to be coded is close to neighbors suggested direction, it is differentially coded with respect to neighbors' suggested direction. Otherwise, a simple fixed length code is used to signal the direction to the decoder. The decision whether to use neighbors' suggested direction is made by encoder in an RD optimized fashion and thus also transmitted in the bit stream. 
Finally, it should be noted that in addition to Intra prediction, other parts of the codec such as Transform or Adaptive Loop Filter (ALF), can also potentially benefit from the results of the edge detection algorithm described here. This enable efficient re-use of the computation to improve overall performance of the codec.
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