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1 Introduction
The purpose of Tool Experiment 7 is to explore the performance and value of simplifying Mode-Dependent Directional Transforms (MDDT) within the HEVC Test Model under Consideration (TMuC) [1].
Five contributions to the 2nd JCT-VC meeting: B024, B039, B042, B073, and B102 were directly related to simplifying MDDT. Experiments for these contributions will be performed using a common TMuC platform and parameters, and the coding performance, complexity, and other characteristics of each technique will be reported.
In MDDT, separable transforms are used to approximate ideal non-separable directional transforms [2].  Specifically, if X is a N x N block of pixels, then its 2D transform coefficients are given by:
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The subscript m in Cm and Rm denotes the dependence of the column and row transforms on the intra prediction mode. Note that in H.264/AVC, Cm = Rm = M, where M is an integer Discrete Cosine Transform (DCT) transform matrix. In the MDDT scheme, Karhunen-Loève Transforms (KLT) are used for Cm and Rm. These KLTs are computed by performing Singular Value Decomposition (SVD) on intra prediction residual blocks corresponding to prediction mode m, collected from training video sequences. In TMuC, the intra prediction modes are mapped to a total of 9 modes to determine the set of transforms used. Therefore, MDDT needs to store 18 transform matrices. Furthermore, because a KLT, unlike a DCT, in general has no fast computation method, it is more complex than simply performing a DCT. In TMuC, MDDT is prescribed for computing the transform coefficients of 4x4 and 8x8 intra prediction residuals.
The five contributions described earlier simplify MDDT by doing some or all of the following:

· Reducing the number of transform matrices needed
· Reducing the number of operations needed to compute the transform coefficients
· Reducing the number of adaptive scanning orders
2 Tool Experiment Tasks

The following tasks shall be performed in this Tool Experiment:
· Ensure that the test conditions and tool configurations for these experiments are compatible, given the version of TMuC selected for this TE (TMuC 0.7).
· Evaluate compression and complexity performance of the MDDT-simplification tools from JCT-VC documents B024, B039, B042, B073, and B102 for coding intra prediction residuals of block sizes 4x4 and 8x8, on a common TMuC platform.
· Report the results and conclusions of these experiments
3 Tools under Test

The tools below will be tested for the MDDT Simplification experiment..

	Proponent
	Document
	Tool Abstract
	Crosscheckers

	I2R
	JCTVC-B024
	Mode-Dependent Directional Transform (MDDT) was previously introduced to improve transform coding of intra-predicted blocks, and is now a core component of the Test Model under Consideration (TMuC). This proposal presents a simplification of the MDDT scheme that requires only two transform matrices: a DCT and a derived KLT. The derived 4x4 KLT also has a structure that can be exploited to reduce the operation count of the transform operation. Derivation of the KLT is based on an assumed image correlation model. Experimental results show that the proposed technique matches the performance of MDDT even though the approach requires no training, and has significantly lower computation and storage costs.
	1. Peking Univ.

2. Zhejiang Univ.

	Huawei
	JCTVC-B039
	Directional textures exist in the residuals after directional intra predictions. Based on the symmetry of directions, the residual blocks of all directional prediction modes are classified into several groups, with the group number much less than the number of directional prediction modes. Then, separable KLT is obtained and applied to each group. Simulation results show that the proposed SMDDT (Simplified MDDT) can use less transform matrices to achieve the same or even slightly better coding performance than MDDT in KTA software.
	1. Beijing Univ. Tech.
2. Yonsei Univ.

	Toshiba
	JCTVC-B042
	1 Dimensional Directional Unified Transform (1DDUT) is a spatial transform scheme for intra coding.  1DDUT has additional two 1D directional transform matrices (type A and B) compared with AVC.  The transform matrices are pre-determined.  Three combinations of these two 1D directional transform matrices are also pre-determined each intra prediction mode.  After intra prediction, the residual signal is transformed using pre-determined set of 1D directional transform matrices each prediction mode.  And transform coefficients are converted into 1D signals from 2D signals according to the adaptive coding scan, which is a same as the scheme of MDDT.
	1. Huawei
2. MERL



	Beijing Univ. Tech.
	JCTVC-B073
	Mode Dependent Directional Transform (MDDT) can improve the coding efficiency of H.264/AVC but it also brings high computation complexity. In this contribution, a new design for implementing fast MDDT transform through integer lifting steps is presented.  First, MDDT is approximated by a proper transform matrix that can be implemented with butterfly-style operation. Then the butterfly-style transform is factored into a series of integer lifting steps to eliminate the need of multiplications. Experimental results show that the proposed fast MDDT can significantly reduce the computation complexity while introducing negligible loss in the coding efficiency. Due to the merit of integer lifting steps, the proposed fast MDDT is reversible and can be implemented on hardware very easily.
	1. I2R
2. Qualcomm

	Peking Univ.
	JCTVC-B102
	To further simplify the mode-dependent directional transform (MDDT), a mode-dependent residual reordering (MDRR) method is proposed. In the proposed MDRR, between the prediction and transform stages, a certain kind of reordering is implemented on the residual samples for each mode in spatial. The reordering is manipulated in a way that the distribution statistics of reordered residual samples present less mode-dependent characteristic. After the reordering, the nine Intra modes in I4MB and I8MB modes will be assigned into three groups, and only one transform matrix is assigned for each group. With the proposed MDRR, the number of transform matrices in MDDT is significantly reduced, while negligible coding performance difference is observed between the MDDT and proposed scheme.
	1. Toshiba
2. LG
3. ETRI
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5 Proposed Test Conditions
The following test conditions, adapted from the AHG report on Alternative Transforms [3] and modified to follow common TMuC configurations, shall be used for this tool experiment.

5.1 Software
Proponents shall implement their tools into TMuC Version 0.7 software from the SVN trunk, which was made available on 2010 Aug 11. No compiler flags for existing tools in the codebase, except those pertaining to MDDT, shall be modified. In particular, these tools will replace only intra prediction transform of block sizes 4x4 and 8x8, as is the case for the existing MDDT in TMuC.
5.2 Test Conditions

5.2.1 Random access, high efficiency
The tests for MDDT simplification tools will configured as specified by the “Random access, high efficiency” configuration as described in JCTVC-B300 [4], for which a hierarchical-B structure is used. 
5.2.2 Intra, high efficiency
These tests shall conform to the “Intra, high efficiency” conditions as described in JCTVC-B300.
5.3 Test Sequences

The test sequences used are the same as described in JCTVC-B300, corresponding to the test conditions described above.
5.4 Training of transforms (if applicable)

Test sequences specified in the testing conditions (Sec. 5.3) shall not be used to provide samples for the training of MDDT matrices.

6 Time-line and Responsibilities

T1: 2010-Aug-13:
Final TE description complete and uploaded
T2: 2010-Sep 7:
Tool integration and testing complete
T3: 2010-Sep-27: 
Cross-check complete
T4: 2010-Oct-1:
Input Document upload

7 Evaluation Criteria

7.1 Quantitative metrics
To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR [5] [6] shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well.
7.2 Qualitative evaluation
For the All-Intra configuration, for all sequences and QP values tested, proponents shall provide decoded frame 0
 in YUV420 format in an archive as an annex to the TE report. For the Kimono1 sequence, decoded frame 150 shall be used instead.

If proponents wish to describe any subjective improvements or artifacts that are observed when their MDDT simplification is used, clear examples of reconstructed still images and/or reconstructed videos shall be provided. The visual quality may be assessed by the involved experts.
7.3 Complexity metrics

For the understanding of complexity, the following shall be provided:

· Operations counts (e.g., number of multiplies and additions) for individual transforms

· Memory requirements for transforms and/or scanning orders

· Specify the minimum bit-precision required by the transforms

· Other operations and memory requirements relevant to the proposed tool, e.g., scaling matrix modification in quantization 

· Encoder and decoder times obtained on the same computing platform for both reference and proposed tools should be provided if there is a need to discuss any material differences in encoder and decoder times between the reference tool and the proposed tool. In this case, the generated reference bitstreams should also be checked to ensure they match the provided anchor bitstreams. Also in that case, BD-Rate and BD-PSNR measurements shall be made on the provided anchor bitstreams.
7.4 Training requirements

If training is used to design the transforms, a brief description of the training process shall be provided.
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