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Introduction

The existing TML coder, TML-8, requires significant complexity due to 32-bit multiplications and intermediate memory access.  It is important to realize both the transform and quantization operations are sources of complexity.  Several contributions have addressed this problem.  Different techniques have been used to achieve the goal of reduced complexity.  Proposals modify the quantization and transform definitions.  All contributions appear to provide solutions to the major complexity problem in TML-8.  The group seeks to extract elements of the contributions to satisfy an additional set of goals now under investigation. 

Goals

We are motivated by conversational video over wireless applications (among others), which typically support 16-bit architectures, to consider ways to replace the current 32-bit architecture of H.26L with a 16-bit architecture.  The conversational video application entails consideration of both the encoding and decoding aspects of the problem. Our fundamental goal therefore is to define low complexity transform and quantization operations within a 16-bit framework (elaborated below) having coding performance equivalent to TML-8.  The primary objective of this work is to define a transform and quantization that will support 9-bit residual encoding and decoding with low complexity and equivalent performance to the existing TML-8.  Several ideas for achieving this goal were presented at the Santa Barbara meeting.  Interest has therefore shifted to supporting additional requirements on the transform to support anticipated functionality.  Specifically a low complexity solution for 11-bit residual coding is desired with interest in investigating up to 13-bit residual coding.  This is motivated by MPEG the digital cinema application.  The current requirements document N4331 requires support for 12-bit data although 10-bit support may be sufficient.  Another goal is to provide for a mathematically lossless transform for medical and other applications, which looks promising.  Two further considerations have arisen which may evolve into notes for an implementer’s guide.  The dynamic range requirements should be fully characterized.  And there is interest in how to implement transform-domain requantization.  

CORE GOAL: 

Leverage all proposals to define a low-complexity 16-bit architecture for transform and quantization, for both first and second level transforms, supporting 9-bit residuals as input, with equivalent performance to the TML-8 architecture.  The joint complexity of the transform and quantization must be considered.

ADDITIONAL GOALS: 

Support for 11-bit or even 13-bit residual coding relaxing the requirement on a 16-bit architecture if necessary.

Support for a mathematically lossless transform.

NOTES:

Describe transform domain requantization with the defined transform and quantization.

Describe dynamic range requirements of the transform and quantization.

Complexity

It is difficult to evaluate the performance of an algorithm over a range of potential hardware architectures.  To address complexity we have defined a minimal set of computational resources available for algorithm implementation.  To refine the algorithm development, the complexity of implementing the algorithm on different architectures will be evaluated.  The major complexity savings relative to TML-8 results from limiting our computational resources, i.e. no 32-bit multiply.  Given this reduction, additional complexity savings are expected to play a lesser role in the algorithm development.  In this regard, the trade-off between complexity reduction and coding efficiency must be evaluated. 

1.  Computational Resources

To evaluate these proposed techniques we list resources related to low complexity implementations.  These resources are considered available in planned hardware, DSPs and ASIC implementations.  

· 16-bit memory for input, intermediate and output.

· Arithmetic logic unit supporting 32-bit operations.

· 16-bit multiplier.

Only the requirements of 16-bit intermediate memory access and 16-bit multiplication are restrictive.  The input and final output will only require 16-bit memory accesses and the 32-bit ALU should not pose a limitation.  In considering higher bit-depth residuals, we may want to relax the requirement for 16-bit intermediate memory accesses.  The trade-off between complexity reduction and coding performance will govern this decision.  The restriction to 16-bit multiplications looks achievable.

2. Evaluation Criterion 

During development, an algorithm will be evaluated in three areas:

· Algorithm complexity, type and number of operations

· Implementation complexity, estimates of implementations on different hardware/software

· Memory demands
Coding performance

An important aspect of evaluating a proposal to modify the transform is the impact on coding performance.  This includes objective and subjective evaluations.  We extend the common test conditions VCEG-M75.doc

Our primary goal is 9-bit residuals.  Subjective analysis shall include a rate distortion analysis of all test sequences over the entire range of QP [0,31].  As mentioned in VCEG-M75.doc, this includes a separate analysis of the intra frames and examination of both luma and chroma components.  These results will be compared with TML-8.

Objective analysis shall include examination of the common testing conditions and the addition of additional source data and quantization levels as determined by the ad-hoc group.

Additional test conditions will be developed to evaluate alternate source data, 11-bit residuals, 13-bit residuals or lossless coding.
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