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1. Introduction

The emergence of consumer HD applications, including HD-DVD and broadcast, cable, and satellite HD-TV, creates an excellent opportunity for H.264/MPEG-4 AVC adoption, replacing the eight year old technology of MPEG-2. However, these high definition applications, as the name implies, require image quality standards well above what’s typical in lower bit-rate applications. In particular, video codecs are evaluated on their preservation of fine detail and film grain, in addition to PSNR. 

This submission shows that when using an 8x8 transform in addition to the 4x4 transform in H.264/AVC a roughly 10 % BD bit-rate reduction can be achieved across a wide range of content and coding parameters. Moreover, the improved subjective quality (which is not only because of the bit-rate reduction) makes the presented 8x8 transform feature a critical coding tool for reaching these image quality requirements at acceptable bit rates.

2. Background

Significant compression performance gains were reported at Standard Definition (SD) and High Definition (HD) resolutions when larger than 4x4 transforms were used [1]. However, these gains came at the expense of much added complexity to the H.264/MPEG4 Part-10 compression standard. In [2], we proposed a simple way of incorporating an 8x8 transform into the compression standard. Document [3] is an update to this proposal, while [4] outlines the details of implementing the proposal in the JM7.3 code base. This document summarizes the coding gain results of using the modified JM code. Detailed results can be found in the companion spreadsheet JVT-I030.xls.

3. Test Conditions

The following test conditions were used throughout this study:

Software: JM7.3a (modified)

Entropy coding: CABAC
Search Range: +/-48
RDOpt: On
Hardamard: On

QP Settings: 20, 24, 28, 32 (QPI=QPP=QP, QPB=QP+2)

Frame Coding

Loop Filter Off (LoopFilterParameters=LoopFilterDisable=1)

GOP Structure: IPPP… or IBBP… as indicated

Frames Coded: 1 second for IPPP, 1 second less 2 frames for IBBP

I Frame Period: ½ second

Reference Frames: L0 Active=1 or 4 as indicated. L1 Active=1 (B frames only)

HD Test Sequences:

· Five film scans (1920x1080 @ 24P) of major release Hollywood movies (designated Movies 1-5)
.

· One film scan (1920x1080 @ 24P) from Crawford Communications, Atlanta, GA (designated Crawford)

· Riverbed Black – 1920x1080 @ 30P video. MPEG test sequence.

· City – 1280x720 @ 60P video. MPEG test sequence

· Crew – 1280x720 @ 60P video. MPEG test sequence

· Harbour – 1280x720 @ 60P video. MPEG test sequence

· Raven – 1280x720 @ 60P video. MPEG test sequence

4. RD Results

Summary

The eleven sequences were run in three different modes: IPPP with one reference frame, IPPP with four reference frames, and IBBP with one forward and one backward reference frame. The bit-rate reductions were measured using the Bjontegaard [5] technique (referred to as BD bit-rate reductions). The overall average BD bit-rate reduction when using 8x8 transforms in addition to 4x4 transforms is 10.20 %, with the gains being about 2 % higher on average for the film material over the video material.

At the Geneva JVT meeting in May 2003, concerns were raised that the gains associated with Adaptive Block Transforms (ABT) were noticeably diminished when using multiple reference frames and B slices. In private testing with the JM4.0d code, the latter claim was verified. This was particularly disappointing as IBBP is the standard GOP structure used in HD-DVD and HD broadcast environments. 

The current implementation with 8x8 transforms based on the JM7.3a code base does not exhibit these problems. The average BD bit-rate reduction when using four reference frames is 9.55 %, compared to a 10.13 % BD bit-rate reduction when using one reference frame. When using B frames, the average BD bit-rate reduction actually increases to 10.94 %.

IPPP – 1 Reference Frame

The BD bit-rate reductions using one reference frame are tabulated in Table 1. The average BD bit-rate reduction is 10.13%.

Table 1 – BD Bit-rate Reduction using 8x8 Transforms, IPPP, One Reference Frame

	Sequence
	% BD bit-rate reduction

	Movie 1
	9.99

	Movie 2
	15.41

	Movie 3
	11.95

	Movie 4
	9.91

	Movie 5
	12.31

	Crawford
	8.35

	Riverbed
	13.84

	City
	5.33

	Crew
	7.39

	Harbour
	7.83

	Raven
	9.08

	Film Average
	11.32

	Video Average
	8.69

	Overall Average
	10.13


IPPP – 4 Reference Frames

The BD bit-rate reductions using four reference frames are tabulated in Table 2. The average BD bit-rate reduction performance gain is 9.55 % (0.58 % reduced from the one reference frame case).

Table 2 – BD Bit-rate Reduction using 8x8 Transforms, IPPP, Four Reference Frames

	Sequence
	% BD bit-rate reduction

	Movie 1
	9.80

	Movie 2
	14.64

	Movie 3
	11.72

	Movie 4
	9.21

	Movie 5
	11.5

	Crawford
	7.32

	Riverbed
	13.72

	City
	4.77

	Crew
	6.27

	Harbour
	7.28

	Raven
	8.78

	Film Average
	10.70

	Video Average
	8.16

	Overall Average
	9.55


IBBP – 1 Forward and 1 Backward Reference Frame

The BD bit-rate reductions using four reference frames are tabulated in Table 3. The average BD bit-rate reduction is 10.94 %, (0.81 % better than the IPPP, one reference frame case).

Table 3 – BD Bit-rate Reduction using 8x8 Transforms, IBBP, One Forward Reference Frame, One Backward Reference Frame

	Sequence
	% BD bit-rate reduction

	Movie 1
	11.22

	Movie 2
	12.31

	Movie 3
	12.22

	Movie 4
	11.17

	Movie 5
	13.31

	Crawford
	11.14

	Riverbed
	15.65

	City
	4.42

	Crew
	9.21

	Harbour
	8.99

	Raven
	10.66

	Film Average
	11.89

	Video Average
	9.79

	Overall Average
	10.94
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