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1 Introduction

The tool experiment targets at exploring the performance and value of DMVD and at analyzing the interaction of DMVD with other tools under consideration for HEVC.

The basic principle for Decoder-side Motion Vector Derivation (DMVD) is the prediction technique to derive motion information on a set of motion candidates. The prediction technique such as template matching and motion estimation can be applied at video decoder side to improve the coding efficiency without the requirement of motion vector transmission from video encoder side to video decoder side. A motion candidate is composed of a 2D motion vector and the associated reference picture index. Skip modes and direct modes can be also regarded as DMVD since there is no transmitted motion information and the decoder has to derive the motion information from sets of motion candidates. The template matching cost of a candidate is obtained by calculating a cost criterion between the template region for the current picture and the template region referenced by the motion candidate. The template and the reference region in the reference picture are of identical shape; its position is offset by the displacement given by the 2D motion vector of the candidate.

The objectives of this TE include: 
1. Evaluating the performance of DMVD related tools in the new software environment, i.e. TMuC
2. Generating evidence towards future adoption of DMVD into the TM
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P/C = Proponent / Crosschecking TE partner

3 Tools under Test

List of proposals to be further evaluated in this TE, including reference to corresponding JCT-VC document and draft definition of sub experiments (list in order of doc-numbers)
3.1 Sub Experiment TE.1a: DMVD Inter Prediction

Definition: General performance evaluations of DMVD, the additional coding gain over other tools that are also designed to improve coding efficiency for inter frames, e.g. AMVP. 
· JCTVC-B032 [M. Ueda, S. Fukushima (JVC)] TE1: Refinement Motion Compensation using Decoder-side Motion Estimation
In this technique, decoder receives one motion to obtain other motion vectors for mixed prediction using DMVD approach. The reference block indicated by the received motion vector is used as template for DMVD.
· JCTVC-B037 [S. Lin, M. Yang, J. Zhou, J. Song, D. Wang, H. Yang, J. Fu, H. Yu (Huawei), W. Yue, L. Zhang, S. Ma, W. Gao (Peking Univ.)] TE1: Huawei report on DMVD improvements
A simplified DMVD approach where a bilinear filter is used in the process of determining the motion information for template. Compared with the general DMVD method, this approach has shown a potential for significant complexity reduction while maintaining the coding efficiency.
· JCTVC-B047 [Y.-Jen Chiu, L. Xu, W. Zhang, H. Jiang (Intel)] TE1: Fast techniques to improve self derivation of motion estimation
Two versions of DMVD capitalized on the SDME technique are proposed for the self derivation of motion vector at video decoder side where the issue of being parallel-friendly implementable is heavily weighted in the design.
· JCTVC-B076 [Y.-W. Huang, C.-Y. Chen, C.-W. Hsu, J.-L. Lin, Y.-P. Tsai, J. An, S. Lei (MediaTek)] TE1: Decoder-side motion vector derivation with switchable template matching
Two DMVD modes, DMVD_DIRECT and DMVD_TM, are proposed with MHP. New techniques in DMVD_TM include boundary weighting, adaptive template shape, and a fast search algorithm.
· JCTVC-B097 [W.-J. Chien, M. Karczewicz, P. Chen (Qualcomm)] TE1: Decoder-side motion vector derivation report from Qualcomm
A multihypothesis control flag is introduced to signal the selection of the number of hypotheses used in template matching motion prediction. The decoder may consider 2 or 8 hypotheses. This choice is signaled to the decoder for each partition.
3.2 Sub Experiment TE.1b: DMVD Direct Mode

Definition: performance evaluation of DMVD in Skip/Direct mode, comparing it with other techniques such as AMVP, MRG. 
· JCTVC-B047 [Y.-Jen Chiu, L. Xu, W. Zhang, H. Jiang (Intel)] TE1: Fast techniques to improve self derivation of motion estimation.
An enhanced technique utilizes the spatio-temporal corelation with the assumption of a consisite linear motion model in a short time interval to derive the direct/skip mode without side info from video encoder.
· JCTVC-B076 [Y.-W. Huang, C.-Y. Chen, C.-W. Hsu, J.-L. Lin, Y.-P. Tsai, J. An, S. Lei (MediaTek)] TE1: Decoder-side motion vector derivation with switchable template matching.
The proposed DMVD_DIRECT utilizes MHP for better coding efficiency. Some hints are sent to tell which candidates have higher correlation and are used in the MHP.
· JCTVC-B068 [S. Sekiguchi, Y. Itani (Mitsubishi)] Performance evaluation on implicit direct vector derivation.
This technique is a spatio-temporal adaptive direct vector derivation for B-skip/B-direct modes without explicit signaling, which do not require any side information for locally adaptive direct MV derivation relying on a simple decoder-side decision.
· JCTVC-B037 [S. Lin, M. Yang, J. Zhou, J. Song, D. Wang, H. Yang, J. Fu, H. Yu (Huawei), W. Yue, L. Zhang, S. Ma, W. Gao (Peking Univ.)] TE1: Huawei report on DMVD improvements.
An enhanced DMVD approach where both translational motion model and the DMVD technique are used jointly to obtain motion information.
4 Tool Experiment Tasks

The following tasks shall be performed in this core experiment. 

· Implementation of proposed tools into TMuC

· Analysis of DMVD performance in TMuC.
· Analyze DMVD interaction with tools listed in the TMuC

· Study potential combination of tool proposals in this TE

5 Test Sequences and Test Points

Testing in the TE shall be performed according to the coding conditions and test sequences specified in [JCTVC-B300].
All inputs the TE shall provide simulation results for the sequences specified above. The performance of the proposed tools shall be evaluated in comparison to competing tools. Participants are encouraged to provide additional results (more sequences, more tests configurations) on top of the proposed reference points. 

6 Time-line and Responsibilities

[SOM=Start of next meeting, numbers are counting weeks]
T1: Fri. Aug. 13th:
Final CE-description 
T2: SOM-3: 
Completion of tool integration, start of testing

T3: SOM-3: 
Cross-check 
T4: SOM-1:
Input Document upload

7 Software and Configuration

The TE tools are going to be implemented in the new version of the TMuC available on Aug. 9, and they will be tested and evaluated under the common official configurations that will be recommended by JCTVC at the conclusion of this meeting.
Restrictions / modifications for this TE:

· No test with intra-only configuration

· Only high coding efficiency configuration

· TE anchor without competing tools (MRG, MVC)

8 Definition of Performance Measurement Criteria

The performance measurements are evaluated by switching on and off individual tools to identify their relative performance. The following measurements are considered to be used in this tool experiment.

8.1 Coding Performance Measurements

Objective rate-distortion measurements using PSNR, BD-PSNR, BD-Rate [1]
The visual quality will be assessed by the involved experts.

8.2 Complexity Considerations

For assessment of the complexity impact, the following numbers should be provided:

1. Algorithm description including tool configuration

2. Number of operations (adds, multiplications, …) on number of reference frames

3. Memory bandwidth consumption

4. Encoding time (relative to the tool switched off)

5. Decoding time (relative to the tool switched off)
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