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1． Introduction

Intra prediction is introduced in H.264[1] to reduce the spatial redundancy and make the coding of intra block more efficiency. H.264 supports two types of intra coding: Intra_4×4 and Intra_16×16. 

Intra_16×16 is introduced into H.264 to code very smooth areas. To further improve the coding efficiency, a 4×4 Hadamard transform is applied to the 4x4 DC coefficients when Intra_16×16 is used. The Hadamard transform and reordering of the transform coefficients increases the complexity of both encoder and decoder. Additionally, the Intra_16x16_Plane mode is extremely complicated. If Intra_16x16 is not supported, averagely 0.08dB lose of AVSNR is introduced in all–I sequences. (QP=22, 24, 28, 32)
	Sequence
	All-I without 16x16_intra AVSNR gain to H.264 (dB)

	Bus_cif
	-0.03408

	Bus_qcif
	-0.01572

	Football_cif
	-0.05862

	Football_qcif
	-0.04257

	Foreman_cif
	-0.14076

	Foreman_qcif
	-0.05215

	Mobile_cif
	-0.00986

	Mobile_qcif
	-0.0016

	News_cif
	-0.39686

	News_qcif
	-0.09538

	Paris_cif
	-0.06128

	Paris_qcif
	-0.00447

	Tempete_cif
	-0.09517

	Tempete_qicf
	-0.0425

	Average
	-0.07507


The reason is that Intra_4×4 is not efficient enough in coding areas with similar texture. At least 16 bits per macroblock are required to code the mode information of 16 4×4 blocks, when the intra prediction modes of all 4x4 blocks are Most_Probable_Mode. 

IPPP result without Intra_16x16 is shown in the following table. (QP= 28, 32, 36, 40)
	Sequence
	IPPP without 16x16_intra AVSNR gain to H.264 (dB)

	Bus_cif
	-0.03868

	Football_cif
	-0.12082

	Tempete_cif
	-0.03089

	Average
	-0.06346


2. Proposed Method: Direct Intra Prediction (DIP)

Based on the analysis above, we propose a simple but efficient intra prediction mode, i.e., Direct Intra Prediction (DIP) to replace the conventional Intra_16×16 intra prediction in H.264. Compared to Intra_16×16, DIP has greatly lower implementation complexity of both encoder and decoder with no significant loss in coding efficiency. 
In Direct Intra Prediction, all modes of the 4×4 blocks in an intra macroblock are their Most_Probable_Mode. In this situation, no mode information needs to be coded and transmitted except a DIP flag. This intra prediction mode is called Direct Mode and uses to replace all Intra_16x16 modes. 
On encoder side, if current macroblock is intra, the encoder decides whether Direct_Mode or Intra_4×4 is used to this macroblock. There is a macroblock type to indicate it. Similar to method in H.264, macroblock type 0 is used to indicate the macroblock is Intra_4×4, and the CBP information is combined in macroblock type when Direct_Mode is used. In which, the code_number of the macroblock type is the value of CBP after mapping plus 1. 

On decoder side, decoder first reads macroblock type, then decide the macroblock is Direct_Mode or Intra_4×4, and then decodes the macroblock with Direct_Mode or Intra_4×4.

We propose Intra_16x16 is no longer used in fast profile. In both I-Slice and P-Slice, DIP and normal Intra_4x4 are used for intra prediction.

3. Complexity analysis

DIP is much simpler than Intra_16×16, for at least three reasons.

First, all modules of Intra_4×4 prediction can be used for DIP, thus the architectural complexity is reduced more than 50%. 
Second, when using DIP, encoder has no need to search for the best mode of Intra_16×16 any more, which generally costs much time in H.264 encoder. The computational complexity can be reduced at least 3/(9+4)=23.1% (Only 9 Intra_4×4 modes and DIP mode in the proposed method, while 9 Intra_4×4 modes and 4 Intra_16×16 modes in H.264). 
Third, no DC hadamard transform, coefficients reordering and relative entropy coding is required. 

4. Experiment result 

Less than 0.01dB average AVSNR lose is introduced by replacing Intra_16x16 with DIP in all-I sequences. More details can be seen in the following table. (QP=22, 24, 28, 32)

	Sequence
	AVSNR gain of proposed method to H.264 (dB)

	Bus_cif
	0.015129

	Bus_qcif
	0.019771

	Football_cif
	0.014785

	Football_qcif
	0.000586

	Foreman_cif
	-0.06576

	Foreman_qcif
	-0.02338

	Mobile_cif
	-0.0046

	Mobile_qcif
	0.000489

	News_cif
	-0.11106

	News_qcif
	0.048747

	Paris_cif
	0.00637

	Paris_qcif
	0.009375

	Tempete_cif
	-0.02235

	Tempete_qicf
	-0.00304

	Average
	-0.00821


Less than 0.01dB average AVSNR lose is introduced by replacing Intra_16x16 with DIP in IPPP sequences. More details can be seen in the following table. (QP=22, 24, 28, 32)
	Sequence
	AVSNR gain of proposed method to H.264 (dB)

	Bus_cif
	-0.00752

	Bus_qcif
	-0.00933

	Football_cif
	-0.01087

	Football_qcif
	-0.01004

	Foreman_cif
	-0.02453

	Foreman_qcif
	-0.00871

	Mobile_cif
	-0.00048

	Mobile_qcif
	-0.00549

	News_cif
	-0.04149

	News_qcif
	-0.01754

	Paris_cif
	-0.01036

	Paris_qcif
	0.026033

	Tempete_cif
	-0.00487

	Tempete_qicf
	0.004358

	Average
	-0.00863



5. Conclusion

We propose DIP to replace Intra_16*16 in H.264 to simplify both encoder and decoder with no significant cost of compression efficiency.
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