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Adaptive Picture Flipping Coding
1 Introduction

In this contribution we propose a new method to improve the coding efficiency of H.264 by utilizing the spatial direction dependency of images in intra/inter coding. In this method, the encoder encodes four directional patterns of every picture, which are normal, horizontally flipped, vertically flipped and horizontally and vertically flipped, and selects the best direction by rate-distortion optimization method. The encoder adds 2 bits “flip flag” to the stream so that the decoder can find the direction and decode the picture in right position as the original sequence.
This document shows the concept of the Adaptive Picture Flipping Coding and experimental results of our proposal.
2 Spatial Direction Dependency in Intra/Inter Coding
As reported in the VCEG-X03[1], it has been noted that the upside-down flipping of the input picture can improve the coding efficiency in intra coding for some sequences. This is mainly caused by the asymmetrical characteristics of the intra prediction in the H.264.

In intra 4x4 prediction mode, as shown in Fig.1, the accuracy of the prediction for each direction differs because of the scanning/encoding order of the blocks. In the prediction modes such as 0, 1, 4, 5 and 6, the pixels in the target block can be predicted by the nearest boundary pixels. But in the other modes, some of the nearest boundary pixels are not coded and not available. So in the prediction modes such as 3, 7 and 8, the accuracy of the prediction tends to be lower than that in the other modes.
[image: image1.wmf]1 : Horizontal

0 : Vertical

3 : Diagonal 

Down Left

4 : Diagonal Down Right

5 : Vertical Right

6 : Horizontal Down

7 : Vertical 

Left

8 : Horizontal Up

2 : DC

Scanning Order

of 4x4 blocks in MB

Prediction Direction

Pixels used for prediction

Pixels NOT

used for prediction

MB


Fig. 1 : Asymmetry of prediction direction in intra 4x4 prediction
We did a preliminary experiment to prove this characteristic by using two symmetric stripe images shown in Fig.2 and Fig.3. The Fig.3 image is made by flipping the Fig.2 image horizontally. We encoded these two images as intra pictures by JM 9.6[2] in fixed QP=30. The results are shown in Table 1.
As for the file size, the lower right stripe image (Fig.3) is about 9% smaller than the upper right stripe image (Fig.2) in both QCIF and CIF size. As for the PSNRs, although Fig.2 is about 0.2 dB higher in Y, Fig.3 is higher in U and V. This result shows the potentiality of the flipping coding in intra coding.
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Fig. 2 : Upper right stripe image       Fig. 3 : Lower right stripe image

Table 1 : Number of bytes and PSNRs of two stripe images
	
	Upper right stripe
	Lower right stripe

	QCIF
	Number of bytes
	15,508
	14,163

	
	PSNR Y
	32.25
	32.04

	
	PSNR U
	32.61
	32.72

	
	PSNR V
	32.61
	32.72

	CIF
	Number of bytes
	61,802
	56,095

	
	PSNR Y
	32.21
	32.00

	
	PSNR U
	32.63
	32.72

	
	PSNR V
	32.63
	32.72


Not only in intra coding, but also this kind of spatial direction dependency appears in inter coding. When the input pictures are coded after flipped horizontally and/or vertically, the conditions about motion vector prediction, context modeling and etc. are changed. So by flipping both input picture and reference pictures adaptively and selecting the best direction, the encoder can improve the coding efficiency.
3 Adaptive Picture Flipping Coding
By utilizing the above mentioned characteristics, we propose the Adaptive Picture Flipping Coding method. The concept of this method is shown in Fig. 4[3].
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Fig. 4 : Concept of the adaptive picture flipping coding
In this method, the encoder encode four directional patterns of every picture, which are normal, horizontally flipped, vertically flipped and horizontally and vertically flipped, and selects the best direction by rate-distortion optimization method. The cost is calculated by the equation shown in Eq.1.
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          Eq. 1
where 
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 is the sum of squared difference of one picture of four flipped patterns. 
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 is the Lagrangean parameter as same as that is used in the mode selection in the H.264. 
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 is the number of bits of a coded picture of four flipped patterns. 
In inter coding, the encoder flips both input picture and reference pictures to the same direction. The encoder and decoder model of this method is shown in Fig. 5.
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Fig. 5 : Encoder and Decoder model of the Adaptive Picture Flipping Coding

The encoder adds 2 bits “flip flag” to the stream so that the decoder can find the direction and decode the picture in right position as the original sequence. An example of “flip flag” is shown in Table 2. This flag specifies the flipped direction of the input picture and reference pictures at the encoder.
Table 2 : An example of “flip flag” syntax

	slice_header() {
	Descriptor

	    image_flip_flag
	u(2)

	}
	


	image_flip_flag
	flipped direction

	0
	0
	Normal (not flipped)

	0
	1
	Horizontally flipped

	1
	0
	Vertically flipped

	1
	1
	Horizontally and vertically flipped


As for the interval of “flip flag”, we tested both GOP unit adaptive flipping and frame unit adaptive flipping. In both intra and inter coding, GOP unit adaptive flipping has only a slight improvement. So we propose to set “flip flag” in every frame unit.
4 Experimental Results
The proposed method is integrated to the H.264 software (Not JM). We coded Coast Guard and Flower Garden sequences, QCIF and CIF size. All simulations were performed using the Baseline Profile, one reference frame, fixed QP, 10 frames for intra picture interval and total 200 frames. The rate-distortion curve for QCIF size is shown in Fig. 6 and CIF size is shown in Fig. 7.
The results show that the proposed method outperforms the conventional H.264. Performance gains of up to 0.7 dB for the same bitrates are achieved. Furthermore, the change of stream syntax for this method is only 2 bits “flip flag”.
Disadvantages are computational complexity and error resilience. However, by sharing the motion estimation for the flipped four patterns, the computational load can be reduced. Finding solutions for  these problems and applying this method to the Main and High profiles are future works.
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Fig. 6 : QCIF size Coast Guard and Flower Garden
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Fig. 7 : CIF size Coast Guard and Flower Garden
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