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Abstract

This document reports the activities of the ad-hoc group on TMuC software development. Substantial progress has been achieved with respect to the defined mandates: a common base software was identified and further developed according to defined priorities. The software was made available to JCT-VC members through public SVN repositories and limited experiments were conducted with it. This report further sets forth recommendations to the JCT-VC for future software development activities.
1 Introduction
At the last JCT-VC meeting in Dresden a Test Model under Consideration (TMuC) was put together. An Ad-hoc Group (AhG) was created to develop a software implementation thereof. The mandates for this AhG were defined as follows:

1. Study the available software packages in terms of suitability for software integration
2. Establish a work plan for the development of the common software implementation of TMuC according to the priorities
3. Coordinate development of the software and its distribution to JCTVC members
4. Conduct experiments on the TMuC software to determine encoder settings
5. Provide performance information according to the feasible status
2 Summary of activities

Business of the ad-hoc group was conducted on the JCT-VC reflector (jct-vc@lists.rwth-aachen.de). The initial discussion focused on the various software packages available for TMuC development and their fitness for this purpose.
Suggestions were put forward to use one of the following software packages: A119 (Tandberg / Nokia / Ericsson), A121 (Qualcomm), or A124 (Samsung / BBC). After further discussion it was agreed to use a modified version of the software provided as A124. Modifications include various options to enable faster encoding time as well as a skeleton for low-complexity entropy coding (VLC). This software package was selected as it provides a good overlap with the tools defined in TMuC, good coding efficiency, and is also well structured. While there were also expressions in favor of other packages, a majority of voices were in favor of using A124. No objections to this choice were later recorded.
Tools already included in the initial software before integration are:

· Coding tree block (CTB) (Samsung, priority 1)

· Prediction unit (PU) (Samsung, 1)

· Asymmetric partitions for PU (Samsung, 2)
· Motion representation (Samsung, 1)

· Motion vector prediction: MV competition signal on the motion partition level (Samsung, 1)

· DCT-based interpolation filters (Samsung, 1)

· Directional intra prediction: ADI method (Samsung, 1)

· Combined Intra Prediction (CIP) (BBC, 1)

· Large transform (16x16, 32x32, 64x64) (Samsung, 1)

· Rotational transform (ROT) (Samsung, 2)

· Quantization (Samsung, 1)

The following tools have been integrated into the common software:

· Transform unit (TU) (HHI, 1)

· Block merging for Inter-Coded Block (on CU level) (HHI, 1)

· Motion vector prediction: using one dimension of MV to predict the other (HHI, 1)

· MOMS-based interpolation filters for motion compensation (HHI, 1)

· Directional interpolation filters (Tandberg, Nokia, Ericsson, 1)

· Single pass switched Interpolation Filters with offsets (single pass SIFO) (Qualcomm, 1)

· Directional interpolation filters (Tandberg, Nokia, Ericsson, 1)

· Adaptive Motion Vector Resolution (Qualcomm, 1)

· Adaptive reference sample smoothing (HHI, 2)

· Planar prediction (Tandberg, Nokia, Ericsson , 1)
· Directional intra prediction: angular method (Tandberg, Nokia, Ericsson , 1)

· Mode dependent directional transforms for intra-prediction residuals (Qualcomm, 1)

· Deblocking filter (Tandberg, Nokia, Ericsson , 1)

· Adaptive loop filter (HHI, Qualcomm 1)

· Improved Coding of Coefficients with VLC (Tandberg, Nokia, Ericsson , 1)

· High Coding Efficiency Entropy Coding with V2V codes (HHI, 1)

· Improved Transform Coefficient Coding with CABAC, V2VCodes (HHI, 1)

· High Coding Efficiency Entropy Coding with V2V codes: load balancing (RIM, 1)

· Conventional BAC (HHI, 2)

Two SVN servers have been set up at HHI and BBC to provide a repository from which members can access the software. Read access to the repositories is public and thus open to everyone. In the current setup code modifications are submitted to the HHI server and then automatically mirrored to the BBC server. The SVN servers can be accessed at:

· svn://hevc.kw.bbc.co.uk/svn/jctvc-tmuc/

· https://hevc.hhi.fraunhofer.de/svn/svn_TMuCSoftware/
Procedures used for submitting code to the SVN repository are further described in section 5.4 of this document.

An issue tracker has been set up at BBC to enable the reporting and tracking of bugs. A dozen issues were submitted during the term of the AhG. The issue tracker can be accessed at:
· http://hevc.kw.bbc.co.uk/trac/
Based on available software 4 different configurations were suggested as a baseline for further testing of the common TMuC software:
· High-efficiency, random access

· High-efficiency, low delay

· Low-complexity, random access

· Low-complexity, low delay

These configurations are further detailed in section 5.1. For testing 5 rate points using quantization parameters defined in the batch files in the common software’s cfg/cfp-fast folder were used.
Results based on these configurations are provided in the attached Excel file. Note that only the “high efficiency” configurations have been tested due to the incomplete integration of “low-complexity” tools (see next section).
The Excel file contains two sheets: one for random access and one for low delay. The random access sheet contains results for:

· CfP alpha anchor (baseline for BD-rate calculations)
· A124 as submitted in response to CfP; average BD-rate gain is 39.5%

· A124-stripped corresponding to a modified version of A124 used as a starting point for further integration (TMuC 0.1) and using encoder settings similar to the previous case; average BD-rate gain is 37.1%

· TMuC software using revision 41 of the 0.4-bugfix branch and suggested configuration; average BD-rate gain is 35.0%

· TMuC software using revision 42 of the 0.4-bugfix branch, wherein the suggested configuration is slightly modified (tool macros HHI_IMVP, HHI_MRG, and HHI_ALF set to 0, and macro QC_ALF set to 1); BD-rate gain is 36.5%

· TMuC software 0.1 with suggested configuration (including a modification to disable early skip decision); average BD-rate gain is 34.3%
The low-delay sheet contains results for:

· CfP beta anchor (baseline for BD-rate calculations)

· A124 as submitted in response to CfP; average BD-rate gain is 39.5%

· A124-stripped corresponding to a modified version of A124 used as a starting point for further integration (TMuC 0.1) and using encoder settings similar to the previous case; average BD-rate gain is 37.5%

· TMuC software using revision 41 of the 0.4-bugfix branch and suggested configuration; average BD-rate gain is 22.5%

· TMuC software using revision 42 of the 0.4-bugfix branch, wherein the suggested configuration is slightly modified (tool macros HHI_IMVP, HHI_MRG, and HHI_ALF set to 0, and macro QC_ALF set to 1); BD-rate gain is 24.7%

· TMuC software 0.1 with suggested configuration (including a modification to disable early skip decision); average BD-rate gain is 21.6%

It should be noted that the suggested configuration uses a simpler IPPP coding structure whereas other results for low-delay use more complex coding structures. It should therefore not be inferred that TMuC has worse performance than A124.
3 Open issues
The following tools have not been fully integrated into the TMuC software due to lack of time:

· Event-based VLC coding (Tandberg, Nokia, Ericsson, 1)

· Improved context adaptivity for VLC (Tandberg, Nokia, Ericsson, 1)

· Rate distortion optimizations for VLC (Tandberg, Nokia, Ericsson, 1)

· Block merging for Inter-Coded Block based on PU level (HHI, 1)

· Context Initialization for Improved Transform Coefficient Coding (HHI, 1)

· Motion vector prediction: scaling for prediction of MVs (Qualcomm, 1) 

The following tools have not been integrated into the TMuC software due to lack of time:

· Non-rectangular partitions for PU (Qualcomm, 2)

· Motion vector prediction for non-rectangular partitions (Qualcomm, 2)

· Edge-based intra prediction (Panasonic, 3)

· Adaptive-loop filter using prediction and residual data (Panasonic, 2)

· Switched KLT for inter blocks (Technicolor, 2)

· Block-based illumination compensation (DOCOMO, 3)

· Signaling of adaptive loop filter parameters in slice header (Toshiba, 2)

The JCT-VC should determine how to proceed with a possible integration of these tools in the future.

Several people expressed the desire to see better documentation of the software, and further indicated willingness to commit resources to develop such documentation. The JCT-VC should consider how to address this documentation issue such as to make use of the software more accessible.

Several people expressed concerns with the use of the C++ programming language, noting a preference for C. It was suggested that a conversion from C++ to C would be feasible, but was not undertaken given lack of time and overwhelming benefits. Nevertheless restrictions on the use of certain “complex” features of the C++ language should be further discussed such as to maximize code portability, readability and maintainability.
No in-depth analysis of the performance of individual tools was conducted. The JCT-VC should consider doing such an analysis to determine the best tool combinations.
4 Recommendations

Recommendations of this AhG are as follows. The JCT-VC should:
· Use the software developed in the context of the AhG for future experiments

· Continue using the SVN servers set up at HHI and BBC to maintain common software

· Continue using the issue tracker set up at BBC to register known issues with the common software
· Further test individual tools included in the common software, possibly in the context of core experiments

· Determine appropriate course of action for integration of tools that have not been integrated so far due to lack of time
· Determine the best way for producing software documentation such as to make the common software more accessible
· Determine whether use of C++ as a programming language is adequate for future software development, and whether any restriction on language features should be enforced
· Define software coding guidelines to promote consistency, readability and maintainability of code
· Study text and software to identify and resolve any mismatches
5 Annexes

5.1 Configurations

Suggested configuration files for testing TMuC are described in the following sections. Note that sequence-dependent parameters have been limited to filenames, frame rates (FrameRate), frame sizes (SourceWidth, SourceHeight), frame counts (FrameToBeEncoded), intra refresh periods (IntraPeriod), and quantization parameters (QP).
5.1.1 High coding efficiency, random access
#======== File I/O =====================

InputFile                     : d:\test\origcfp\RaceHorses_416x240_30.yuv

BitstreamFile                 : str.bin

ReconFile                     : rec.yuv

FrameRate                     : 30          # Frame Rate per second

FrameSkip                     : 0           # Number of frames to be skipped in input

SourceWidth                   : 416         # Input  frame width

SourceHeight                  : 240         # Input  frame height

FrameToBeEncoded              : 9           # Number of frames to be coded

#======== Unit definition ================

MaxCUWidth                    : 64          # Maximum coding unit width in pixel

MaxCUHeight                   : 64          # Maximum coding unit height in pixel

MaxPartitionDepth             : 4           # Maximum coding unit depth

QuadtreeTUFlag                : 1           # Use quadtree-based TU coding

QuadtreeTULog2MaxSize         : 6           # Log2 of maximum transform size for 

                                            # quadtree-based TU coding (2...6)

QuadtreeTULog2MinSize         : 2           # Log2 of minimum transform size for 

                                            # quadtree-based TU coding (2...6)

#======== Coding Structure =============

IntraPeriod                   : 32          # Period of I-Frame ( -1 = only first)

GOPSize                       : 8           # GOP Size (number of B slice = GOPSize-1)

RateGOPSize                   : 8           # GOP size used for QP assignment

NumOfReference                : 2           # Number of reference frames

NumOfReferenceB_L0            : 1           # Number of reference frames for L0 for B-slices

NumOfReferenceB_L1            : 1           # Number of reference frames for L1 for B-slices

HierarchicalCoding            : 1           # Hierarchical B coding ON/OFF

LowDelayCoding                : 0           # Low-delay coding structure

GPB                           : 0           # Replace P-slice by B-slice using two same directions

QBO                           : 0           # Reference reordering to make Skip refer 

                                            # better quality reference

NRF                           : 1           # Mark non-reference for highest temporal layer

BQP                           : 0           # Use hier-B style QP assignment for hier-P structure

#=========== Interpolation Filter =============

InterpFilterType              : 0           # 0: DCT-IF, 1: 4-tap MOMS, 2: 6-tap MOMS, 3: DIF

DIFTap                        : 12          # Number of filter taps for DCT-IF (4, 6, 8, 10, 12)

#=========== Motion Search =============

FastSearch                    : 1           # 0:Full search  1:EPZS 

SearchRange                   : 64          # (0: Search range is a Full frame)

HadamardME                    : 1           # Use of hadamard measure for fractional ME

FEN                           : 1           # Fast encoder decision

#======== Quantization =============

QP                            : 32          # Quantization parameter(0-51)

MaxDeltaQP                    : 0           # CU-based multi-QP optimization

DeltaQpRD                     : 0           # Slice-based multi-QP optimization

RDOQ                          : 1           # RDOQ

#=========== Entropy Coding ============

SymbolMode                    : 2           # 0:CAVLC, 1:CABAC, 2:PIPE, 3:V2V with load balancing 

                                            # (only 1..3 supported, CAVLC implementation is not completed)

MultiCodewordThreshold        : 96000       # Threshold for multi-codeword coding 

                                            #(for SymbolMode 0 and 1; 0->always single codeword)

MaxPIPEBufferDelay            : 4096        # max buffer delay in bits (0:no limit, >=64:down-rounded to 

                                            # next unit of 64 bits [8 Bytes], 0<x<64: NOT SUPPORTED)

                                            # only applies if (SymbolMode = 2 and MultiCodewordThreshold = 0)

BalancedCPUs                  : 8           # number of CPUs in V2V (SymbolMode = 3)

#=========== Deblock Filter ============

LoopFilterDisable             : 0           # Disable loop filter in slice header (0=Filter, 1=No Filter)

LoopFilterAlphaC0Offset       : 0           # Range: -26 ~ 26

LoopFilterBetaOffset          : 0           # Range: -26 ~ 26

#=========== Misc. ============

BitDepth                      : 8           # Source bit-depth (should be 8 now)

BitIncrement                  : 4           # Increased bit-depth

#=========== Coding Tools =================

CIP                           : 1           # Combined intra prediction       (0: OFF, 1: ON)

ROT                           : 1           # Rotational transform            (0: OFF, 1: ON)

AIS                           : 1           # Adaptive intra smoothing        (0: OFF, 1: ON)

MRG                           : 1           # Merge mode                      (0: OFF, 1: ON)

IMP                           : 1           # Interleaved motion vector predictor

ALF                           : 1           # Adaptive loop filter  (0: OFF, 1: ON)

ALFSeparateTree               : 0           # Separate quadtree for ALF

ALFSymmetry                   : 1           # ALF symmetry (0:unsymmetric, 1:symmetric)

ALFMinLength                  : 7           # Min. ALF filter length (must be odd and >= 3)

ALFMaxLength                  : 9           # Max. ALF filter length (must be odd and > ALFMinLength)

#GRefMode                      : w           # generated reference mode (w = scale+offset, o=offset)

5.1.2 High coding efficiency, low delay
#======== File I/O =====================

InputFile                     : d:\test\origcfp\RaceHorses_416x240_30.yuv

BitstreamFile                 : str.bin

ReconFile                     : rec.yuv

FrameRate                     : 30          # Frame Rate per second

FrameSkip                     : 0           # Number of frames to be skipped in input

SourceWidth                   : 416         # Input  frame width

SourceHeight                  : 240         # Input  frame height

FrameToBeEncoded              : 9           # Number of frames to be coded

#======== Unit definition ================

MaxCUWidth                    : 64          # Maximum coding unit width in pixel

MaxCUHeight                   : 64          # Maximum coding unit height in pixel

MaxPartitionDepth             : 4           # Maximum coding unit depth

QuadtreeTUFlag                : 1           # Use quadtree-based TU coding

QuadtreeTULog2MaxSize         : 6           # Log2 of maximum transform size for 

                                            # quadtree-based TU coding (2...6)

QuadtreeTULog2MinSize         : 2           # Log2 of minimum transform size for 

                                            # quadtree-based TU coding (2...6)

#======== Coding Structure =============

IntraPeriod                   : -1          # Period of I-Frame ( -1 = only first)

GOPSize                       : 1           # GOP Size (number of B slice = GOPSize-1)

RateGOPSize                   : 1           # GOP size used for QP assignment

NumOfReference                : 2           # Number of reference frames

NumOfReferenceB_L0            : 1           # Number of reference frames for L0 for B-slices

NumOfReferenceB_L1            : 1           # Number of reference frames for L1 for B-slices

HierarchicalCoding            : 1           # Hierarchical B coding ON/OFF

LowDelayCoding                : 1           # Low-delay coding structure

GPB                           : 0           # Replace P-slice by B-slice using two same directions

QBO                           : 0           # Reference reordering to make Skip refer 

                                            # better quality reference

NRF                           : 1           # Mark non-reference for highest temporal layer

BQP                           : 0           # Use hier-B style QP assignment for hier-P structure

#=========== Interpolation Filter =============

InterpFilterType              : 0           # 0: DCT-IF, 1: 4-tap MOMS, 2: 6-tap MOMS, 3: DIF

DIFTap                        : 12          # Number of filter taps for DCT-IF (4, 6, 8, 10, 12)

#=========== Motion Search =============

FastSearch                    : 1           # 0:Full search  1:EPZS 

SearchRange                   : 64          # (0: Search range is a Full frame)

HadamardME                    : 1           # Use of hadamard measure for fractional ME

FEN                           : 1           # Fast encoder decision

#======== Quantization =============

QP                            : 32          # Quantization parameter(0-51)

MaxDeltaQP                    : 0           # CU-based multi-QP optimization

DeltaQpRD                     : 0           # Slice-based multi-QP optimization

RDOQ                          : 1           # RDOQ

#=========== Entropy Coding ============

SymbolMode                    : 2           # 0:CAVLC, 1:CABAC, 2:PIPE, 3:V2V with load balancing 

                                            # (only 1..3 supported, CAVLC implementation is not completed)

MultiCodewordThreshold        : 96000       # Threshold for multi-codeword coding 

                                            #(for SymbolMode 0 and 1; 0->always single codeword)

MaxPIPEBufferDelay            : 4096        # max buffer delay in bits (0:no limit, >=64:down-rounded to 

                                            # next unit of 64 bits [8 Bytes], 0<x<64: NOT SUPPORTED)

                                            # only applies if (SymbolMode = 2 and MultiCodewordThreshold = 0)

BalancedCPUs                  : 8           # number of CPUs in V2V (SymbolMode = 3)

#=========== Deblock Filter ============

LoopFilterDisable             : 0           # Disable loop filter in slice header (0=Filter, 1=No Filter)

LoopFilterAlphaC0Offset       : 0           # Range: -26 ~ 26

LoopFilterBetaOffset          : 0           # Range: -26 ~ 26

#=========== Misc. ============

BitDepth                      : 8           # Source bit-depth (should be 8 now)

BitIncrement                  : 4           # Increased bit-depth

#=========== Coding Tools =================

CIP                           : 1           # Combined intra prediction       (0: OFF, 1: ON)

ROT                           : 1           # Rotational transform            (0: OFF, 1: ON)

AIS                           : 1           # Adaptive intra smoothing        (0: OFF, 1: ON)

MRG                           : 1           # Merge mode                      (0: OFF, 1: ON)

IMP                           : 1           # Interleaved motion vector predictor

ALF                           : 1           # Adaptive loop filter  (0: OFF, 1: ON)

ALFSeparateTree               : 0           # Separate quadtree for ALF

ALFSymmetry                   : 1           # ALF symmetry (0:unsymmetric, 1:symmetric)

ALFMinLength                  : 7           # Min. ALF filter length (must be odd and >= 3)

ALFMaxLength                  : 9           # Max. ALF filter length (must be odd and > ALFMinLength)

#GRefMode                      : w           # generated reference mode (w = scale+offset, o=offset)

5.1.3 Low complexity, random access

#======== File I/O =====================

InputFile                     : d:\test\origcfp\RaceHorses_416x240_30.yuv

BitstreamFile                 : str.bin

ReconFile                     : rec.yuv

FrameRate                     : 30          # Frame Rate per second

FrameSkip                     : 0           # Number of frames to be skipped in input

SourceWidth                   : 416         # Input  frame width

SourceHeight                  : 240         # Input  frame height

FrameToBeEncoded              : 9           # Number of frames to be coded

#======== Unit definition ================

MaxCUWidth                    : 64          # Maximum coding unit width in pixel

MaxCUHeight                   : 64          # Maximum coding unit height in pixel

MaxPartitionDepth             : 4           # Maximum coding unit depth

QuadtreeTUFlag                : 1           # Use quadtree-based TU coding

QuadtreeTULog2MaxSize         : 6           # Log2 of maximum transform size for 

                                            # quadtree-based TU coding (2...6)

QuadtreeTULog2MinSize         : 2           # Log2 of minimum transform size for 

                                            # quadtree-based TU coding (2...6)

#======== Coding Structure =============

IntraPeriod                   : 32          # Period of I-Frame ( -1 = only first)

GOPSize                       : 8           # GOP Size (number of B slice = GOPSize-1)

RateGOPSize                   : 8           # GOP size used for QP assignment

NumOfReference                : 2           # Number of reference frames

NumOfReferenceB_L0            : 1           # Number of reference frames for L0 for B-slices

NumOfReferenceB_L1            : 1           # Number of reference frames for L1 for B-slices

HierarchicalCoding            : 1           # Hierarchical B coding ON/OFF

LowDelayCoding                : 0           # Low-delay coding structure

GPB                           : 0           # Replace P-slice by B-slice using two same directions

QBO                           : 0           # Reference reordering to make Skip refer 

                                            # better quality reference

NRF                           : 1           # Mark non-reference for highest temporal layer

BQP                           : 0           # Use hier-B style QP assignment for hier-P structure

#=========== Interpolation Filter =============

InterpFilterType              : 3           # 0: DCT-IF, 1: 4-tap MOMS, 2: 6-tap MOMS, 3: DIF

DIFTap                        : 12          # Number of filter taps for DCT-IF (4, 6, 8, 10, 12)

#=========== Motion Search =============

FastSearch                    : 1           # 0:Full search  1:EPZS 

SearchRange                   : 64          # (0: Search range is a Full frame)

HadamardME                    : 1           # Use of hadamard measure for fractional ME

FEN                           : 1           # Fast encoder decision

#======== Quantization =============

QP                            : 32          # Quantization parameter(0-51)

MaxDeltaQP                    : 0           # CU-based multi-QP optimization

DeltaQpRD                     : 0           # Slice-based multi-QP optimization

RDOQ                          : 1           # RDOQ

#=========== Entropy Coding ============

SymbolMode                    : 0           # 0:CAVLC, 1:CABAC, 2:PIPE, 3:V2V with load balancing 

                                            # (only 1..3 supported, CAVLC implementation is not completed)

MultiCodewordThreshold        : 96000       # Threshold for multi-codeword coding 

                                            #(for SymbolMode 0 and 1; 0->always single codeword)

MaxPIPEBufferDelay            : 4096        # max buffer delay in bits (0:no limit, >=64:down-rounded to 

                                            # next unit of 64 bits [8 Bytes], 0<x<64: NOT SUPPORTED)

                                            # only applies if (SymbolMode = 2 and MultiCodewordThreshold = 0)

BalancedCPUs                  : 8           # number of CPUs in V2V (SymbolMode = 3)

#=========== Deblock Filter ============

LoopFilterDisable             : 0           # Disable loop filter in slice header (0=Filter, 1=No Filter)

LoopFilterAlphaC0Offset       : 0           # Range: -26 ~ 26

LoopFilterBetaOffset          : 0           # Range: -26 ~ 26

#=========== Misc. ============

BitDepth                      : 8           # Source bit-depth (should be 8 now)

BitIncrement                  : 0           # Increased bit-depth

#=========== Coding Tools =================

CIP                           : 1           # Combined intra prediction       (0: OFF, 1: ON)

ROT                           : 1           # Rotational transform            (0: OFF, 1: ON)

AIS                           : 1           # Adaptive intra smoothing        (0: OFF, 1: ON)

MRG                           : 1           # Merge mode                      (0: OFF, 1: ON)

IMP                           : 1           # Interleaved motion vector predictor

ALF                           : 0           # Adaptive loop filter  (0: OFF, 1: ON)

ALFSeparateTree               : 0           # Separate quadtree for ALF

ALFSymmetry                   : 1           # ALF symmetry (0:unsymmetric, 1:symmetric)

ALFMinLength                  : 7           # Min. ALF filter length (must be odd and >= 3)

ALFMaxLength                  : 9           # Max. ALF filter length (must be odd and > ALFMinLength)

#GRefMode                      : w           # generated reference mode (w = scale+offset, o=offset)

5.1.4 Low complexity, low delay

#======== File I/O =====================

InputFile                     : d:\test\origcfp\RaceHorses_416x240_30.yuv

BitstreamFile                 : str.bin

ReconFile                     : rec.yuv

FrameRate                     : 30          # Frame Rate per second

FrameSkip                     : 0           # Number of frames to be skipped in input

SourceWidth                   : 416         # Input  frame width

SourceHeight                  : 240         # Input  frame height

FrameToBeEncoded              : 9           # Number of frames to be coded

#======== Unit definition ================

MaxCUWidth                    : 64          # Maximum coding unit width in pixel

MaxCUHeight                   : 64          # Maximum coding unit height in pixel

MaxPartitionDepth             : 4           # Maximum coding unit depth

QuadtreeTUFlag                : 1           # Use quadtree-based TU coding

QuadtreeTULog2MaxSize         : 6           # Log2 of maximum transform size for 

                                            # quadtree-based TU coding (2...6)

QuadtreeTULog2MinSize         : 2           # Log2 of minimum transform size for 

                                            # quadtree-based TU coding (2...6)

#======== Coding Structure =============

IntraPeriod                   : -1          # Period of I-Frame ( -1 = only first)

GOPSize                       : 1           # GOP Size (number of B slice = GOPSize-1)

RateGOPSize                   : 1           # GOP size used for QP assignment

NumOfReference                : 2           # Number of reference frames

NumOfReferenceB_L0            : 1           # Number of reference frames for L0 for B-slices

NumOfReferenceB_L1            : 1           # Number of reference frames for L1 for B-slices

HierarchicalCoding            : 1           # Hierarchical B coding ON/OFF

LowDelayCoding                : 1           # Low-delay coding structure

GPB                           : 0           # Replace P-slice by B-slice using two same directions

QBO                           : 0           # Reference reordering to make Skip refer 

                                            # better quality reference

NRF                           : 1           # Mark non-reference for highest temporal layer

BQP                           : 0           # Use hier-B style QP assignment for hier-P structure

#=========== Interpolation Filter =============

InterpFilterType              : 3           # 0: DCT-IF, 1: 4-tap MOMS, 2: 6-tap MOMS, 3: DIF

DIFTap                        : 12          # Number of filter taps for DCT-IF (4, 6, 8, 10, 12)

#=========== Motion Search =============

FastSearch                    : 1           # 0:Full search  1:EPZS 

SearchRange                   : 64          # (0: Search range is a Full frame)

HadamardME                    : 1           # Use of hadamard measure for fractional ME

FEN                           : 1           # Fast encoder decision

#======== Quantization =============

QP                            : 32          # Quantization parameter(0-51)

MaxDeltaQP                    : 0           # CU-based multi-QP optimization

DeltaQpRD                     : 0           # Slice-based multi-QP optimization

RDOQ                          : 1           # RDOQ

#=========== Entropy Coding ============

SymbolMode                    : 0           # 0:CAVLC, 1:CABAC, 2:PIPE, 3:V2V with load balancing 

                                            # (only 1..3 supported, CAVLC implementation is not completed)

MultiCodewordThreshold        : 96000       # Threshold for multi-codeword coding 

                                            #(for SymbolMode 0 and 1; 0->always single codeword)

MaxPIPEBufferDelay            : 4096        # max buffer delay in bits (0:no limit, >=64:down-rounded to 

                                            # next unit of 64 bits [8 Bytes], 0<x<64: NOT SUPPORTED)

                                            # only applies if (SymbolMode = 2 and MultiCodewordThreshold = 0)

BalancedCPUs                  : 8           # number of CPUs in V2V (SymbolMode = 3)

#=========== Deblock Filter ============

LoopFilterDisable             : 0           # Disable loop filter in slice header (0=Filter, 1=No Filter)

LoopFilterAlphaC0Offset       : 0           # Range: -26 ~ 26

LoopFilterBetaOffset          : 0           # Range: -26 ~ 26

#=========== Misc. ============

BitDepth                      : 8           # Source bit-depth (should be 8 now)

BitIncrement                  : 0           # Increased bit-depth

#=========== Coding Tools =================

CIP                           : 1           # Combined intra prediction       (0: OFF, 1: ON)

ROT                           : 1           # Rotational transform            (0: OFF, 1: ON)

AIS                           : 1           # Adaptive intra smoothing        (0: OFF, 1: ON)

MRG                           : 1           # Merge mode                      (0: OFF, 1: ON)

IMP                           : 1           # Interleaved motion vector predictor

ALF                           : 0           # Adaptive loop filter  (0: OFF, 1: ON)

ALFSeparateTree               : 0           # Separate quadtree for ALF

ALFSymmetry                   : 1           # ALF symmetry (0:unsymmetric, 1:symmetric)

ALFMinLength                  : 7           # Min. ALF filter length (must be odd and >= 3)

ALFMaxLength                  : 9           # Max. ALF filter length (must be odd and > ALFMinLength)

#GRefMode                      : w           # generated reference mode (w = scale+offset, o=offset)

5.2 Tools and priorities
The list of tools and their priorities guiding the TMuC software development were defined at the 1st JCT-VC meeting as follows:

	Design Element
	Priority
	To be confirmed

	Coding Tree Block (CTB)
	1
	

	Prediction unit (PU)
	1
	

	· Asymetric Partitions
	2
	

	· Non-rectangular Partitions
	2
	

	Transform unit (TU)
	1
	

	Motion representation

	1
	

	Motion vector prediction
	1
	

	· scaling for prediction of MVs 
	1
	

	· MV competition signal on the motion partition level
	1
	

	· Using one dimension of MV to predict the other
	1
	

	Motion vector prediction for non-rectangular partitions
	2
	

	3.3
Interpolation Methods

	
	

	3.3.1
Single pass switched Interpolation Filters with offsets (single pass SIFO)
	1
	

	
Block Based Illumination Compensation (SW2wks)
	3
	

	3.4
Adaptive Motion Vector Resolution
	1
	

	4
Intra-frame prediction

	1
	

	4.1
Adaptive reference sample smoothing
	2
	

	4.2
Planar prediction
	1
	

	4.3
Multidirectional intra pred up to 33 directions
	1
	

	
Edge Detection (SW2wks)
	3
	

	4.5
Combined Intra Prediction (CIP)
	1
	

	5
Spatial transforms
	1
	

	5.1
Large transform (16x16, 32x32, 64x64)
	1
	

	5.2
Rotational transform (ROT)
	2
	

	5.3
Mode dependent directional transforms for intra-prediction residuals
	1
	

	
Switched KLT for Inter ? (SW2wks)
	2
	

	5.4
Quantization – as in AVC
	1
	

	6
Deblocking filter
	1
	

	

Luma & chroma filtering
	1
	

	

Planar mode filtering
	1
	

	7
In-loop filtering
	1
	

	

Augment prediction and residual signal as input to the filter.
	2
	

	8
Entropy Coding
	1
	

	8.1
Low-Complexity Entropy Coding with VLC
	1
	

	8.2
High Coding Efficiency Entropy Coding with V2V codes
	1
	


Note: For High Coding Efficiency Entropy Coding, HHI/RIM commits to provide a conventional BAC as well (priority 2).

Priority column indicates the following:

· Priority of software development activity

· Degree to which inclusion is conditional and further evaluation is to be conducted
5.3 Subversion guide
The following contains the guidelines on SVN usage that have been provided to those integrating tools into the common software.
5.3.1 Before you begin

The software coordinators will assign you a repository URL (integration branch), username and password for the integration. Make sure you have this data available for the following steps.

Note: This data will change for every integration. Always use the latest assigned data.

Feel free to make as many check-ins as you like. It is even encouraged to split up large implementations into smaller check-ins to help people understand which change is related to a specific feature.

Note that all check-ins will immediately be publicly visible on the repository server. Don’t submit code that you don’t want to be public.

After the final check-in send an email to the software coordinators who will check the implementation. They will check the code and – after resolving any possible problems – merge it into the main branch (trunk).

We can only give support for the following subversion clients.

5.3.2 Command line Subversion (UN*X, MacOS)

On UNIX/Linux follow you user manual to install the subversion package or ask your system administrator. MacOS X should come with subversion pre-installed. Please use subversion version 1.5 or higher.

Add the following lines to your .subversion/config file (or create the file if it does not exist):
[miscellany]
enable-auto-props = yes
[auto-props]
*.c = svn:eol-style=native
*.cpp = svn:eol-style=native
*.h = svn:eol-style=native
*.sh = svn:eol-style=native
*.pl = svn:eol-style=native
*.txt = svn:eol-style=native
*.cfg = svn:eol-style=native
Makefile = svn:eol-style=native
makefile = svn:eol-style=native

To check out your local copy of the repository use the following command:

svn co <url> <localpath> --username <user>

<url> is the location on the server which should start with https://hevc.hhi.fraunhofer.de/svn/svn_TMuCSoftware/branches/...

<user> is the assigned username

<localpath> is the target directory to which you will check out (will be created if necessary)

You will be asked for your password.

To add files or directories go to the location of the file and type

svn add <filename(s)>

<filename(s)> one or more files or directories. Note that for non-empty directories also the content of the directory will be added

To ckeck-in the modified files, got to the path you used before as <localpath> and type

svn ci
You will see a list of changed files and you will be asked to provide a change log message. Please enter a useful message that describes your changes.

5.3.3 TortoiseSVN (Windows)

Download TortoiseSVN from http://tortoisesvn.tigris.org/
Make sure you select the right 32- or 64-bit version matching your operating system (otherwise the explorer extension won’t work). Install the software and reboot. Please use TortoiseSVN version 1.6 or higher. We suggest upgrading to the latest version when possible.

Add the following lines to your subversion config file:
[miscellany]
enable-auto-props = yes
[auto-props]
*.c = svn:eol-style=native
*.cpp = svn:eol-style=native
*.h = svn:eol-style=native
*.sh = svn:eol-style=native
*.pl = svn:eol-style=native
*.txt = svn:eol-style=native
*.cfg = svn:eol-style=native
Makefile = svn:eol-style=native
makefile = svn:eol-style=native

To open the file right-click into an empty area of an explorer window, you should notice the new TortoiseSVN menu entries. Select “TortoiseSVN->Settings”. Now click “Subversion configuration file: Edit” to open the configuration file:
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To check out the working copy of the repository right-click into an empty area of an explorer window and select “SVN Checkout...”
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Copy and paste the repository URL that has been provided by the software coordinators into the “URL of repository” field. It should start with https://hevc.hhi.fraunhofer.de/svn/svn_TMuCSoftware/branches/...
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Enter your local target directory into the “Checkout directory” field (or accept the default). After confirming with “OK” the repository should be checked out.

To add new files, right-click the new file and select “TortoiseSVN -> Add…”. 
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To check-in your changes right click on the main directory and select “SVN Commit…”
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Please provide a useful change log entry in the following dialogue.

You will be asked to provide your username and password to continue.
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