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Abstract

This contribution is a summary of core experiment 1 (CE1) on Decoder-side Motion Vector Derivation (DMVD). There are four Subsets described in CE1 report, JCTVC-D601: Candidate-based decoder-side motion vector derivation (C-DMVD) for B pictures (Subset 1), C-DMVD for GPB pictures (Subset 2), DMVD-based Bi-prediction (Subset 3), and C-DMVD skip mode only (Subset 4). The proposal are evaluated based on the common conditions in JCTVC-D600. The detailed results will be reported by proponents, and each proposal has at least one cross-checker to examine the result.
1 Introduction

In this core experiment, DMVD techniques have been tested for the following functionalities:
· Candidate-based decoder-side motion vector derivation (C-DMVD) for B pictures (no proposal)

· C-DMVD for GPB pictures (no proposal)

· DMVD-based Bi-prediction (JCTVC-E154)

· C-DMVD skip mode only (JCTVC-E084, JCTVC-E294 (not available yet))
The CE tools are implemented in the HM2.0 software available on February, 2011, and they was tested and evaluated under common test configurations in [1]. (Intra-only tests are not included) Data are requested to compare with the anchor from HEVC committee.
2 Document list

· Summary document (this document)
· JCTVC-E021 [CE coordinators] Summary report of core experiment on decoder-side motion vector derivation (DMVD)
· Proponent's and verification/study documents

Subset 3: DMVD-based Bi-prediction
· JCTVC-E154 [NCTU] CE1: Report of DMVD-based Bi-prediction
· Cross-check: JCTVC-E213 [from JVC-Kenwood]
· Cross-check: JCTVC-E232 [from Technische Universität Berlin]

Subset 4: C-DMVD skip mode only
· JCTVC-E084 [Intel] CE1: Report of self-derivation motion estimation techniques at video decoder side on HM2.0
· Cross-check: JCTVC-E082 [Leibniz Universität Hannover]
· Cross-check: JCTVC-E093 [Mitsubishi]
· JCTVC-E294 [Huawei] CE1: Huawei report on DMVD in HM2.0 
· Cross-check: JCTVC-E440 [Intel]
3 Cross-verification 
Proponents conducted source code exchange for each other. The assignment of cross-checker was listed in [2]. Cross-checkers run the software independently and compared their results with proponent’s results. The comment from cross-checker are provided below in Section 4.
4 Experimental results

Based on the common conditions [1], CE1 defined subsets of test conditions and sequences as mandatory tests [2]. And the result of the experiments follows.
4.1  Subset 3: DMVD-based Bi-prediction
4.1.1 JCTVC-E154 CE1: Report of DMVD-based Bi-prediction [NCTU]
This contribution reports the experimental results on the DMVD-based Bi-prediction technique described in CE1. The technique forms a bi-prediction for a 2Nx2N PU based on two sets of motion parameters, one is specified in uni-prediction syntax and the other is signaled by the motion merging mechanism. Two predictors are created and combined linearly using OBMC. Depending on how the merged motion parameters are derived, a separate OBMC window function is applied. The compression performance and the complexity impacts of this technique are evaluated in two tests. Test #1 allows each 2Nx2N PU to choose from a set of six different window functions. Test #2 provides one additional set of window functions at the cost of extra signaling overhead. When compared with the HM-2.0 anchor in common test conditions, the technique is observed in Test #1 to have 0.4-3.2% BD-rate reductions, with an average of 1.6%. The encoding time is increased by 53% while the decoding time is increased by 4%. In Test #2, it achieves 0.6-3.7% BD-rate reductions, showing an average of 1.9%. The encoding time is doubled, whereas the decoding time is increased by 6%.
4.1.1.1 Compression Performance
Table 1 and Table 2 detail the BD-rate savings and encoding and decoding time ratios relative to HM-2.0 anchors for Test #1 and #2, respectively.

Table 1 presents the average BD-rate savings of Test #1 in different test classes and configurations. As can be seen, Test #1 achieves an average BD-rate saving of 1.6% over all test cases (min: 0.4%; max: 3.2%). Due to the extra motion searches needed for each merge candidate, the encoding time is increased by 53% while the decoding time is increased by 4%.
Comparing Table 1 and Table 2, Test #2 gives better compression performance than Test #1. Averagely, it performs 0.3% better in terms of BD-rate saving (avg.: 1.9%; min: 0.6%; max: 3.7%) with a decoding time only 6% slightly longer than the anchors’, whereas the encoding time is nearly doubled.
	Table 1. BD-rate savings and processing time ratios for Test #1.
　
	Random Access
	Random Access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.0
	-1.5
	-1.5
	-1.4
	-1.4
	-1.2

	Class B
	-0.9
	-1.3
	-1.2
	-1.1
	-1.4
	-1.4

	Class C
	-1.4
	-1.9
	-1.9
	-1.5
	-2.1
	-2.2

	Class D
	-1.5
	-2.1
	-1.9
	-1.6
	-2.3
	-2.2

	Class E
	
	
	
	
	
	

	All
	-1.2
	-1.7
	-1.6
	-1.4
	-1.8
	-1.7

	Enc Time[%]
	162%
	154%

	Dec Time[%]
	103%
	105%

	　
	Low Delay
	Low Delay LoCo

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-1.2
	-2.1
	-2.3
	-2.0
	-2.5
	-2.0

	Class C
	-1.7
	-2.2
	-2.4
	-2.3
	-2.8
	-2.9

	Class D
	-1.9
	-1.8
	-2.5
	-2.3
	-2.8
	-2.4

	Class E
	-1.9
	-3.1
	-2.5
	-2.6
	-3.2
	-2.8

	All
	-1.6
	-2.2
	-2.4
	-2.3
	-2.8
	-2.5

	Enc Time[%]
	147%
	151%

	Dec Time[%]
	103%
	106%


Table 2. BD-rate savings and processing time ratios for Test #2.
	　
	Random Access
	Random Access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.2
	-1.8
	-1.9
	-1.5
	-1.6
	-1.3

	Class B
	-1.1
	-1.5
	-1.4
	-1.3
	-1.6
	-1.6

	Class C
	-1.7
	-2.2
	-2.3
	-1.8
	-2.5
	-2.6

	Class D
	-1.8
	-2.1
	-2.2
	-1.9
	-2.6
	-2.5

	Class E
	
	
	
	
	
	

	All
	-1.4
	-1.9
	-1.9
	-1.6
	-2.0
	-2.0

	Enc Time[%]
	202%
	200%

	Dec Time[%]
	105%
	107%

	　
	Low Delay
	Low Delay LoCo

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-1.5
	-2.4
	-2.5
	-2.4
	-2.9
	-2.4

	Class C
	-2.1
	-2.5
	-2.5
	-2.6
	-3.0
	-3.2

	Class D
	-2.3
	-2.5
	-2.6
	-2.7
	-2.9
	-2.5

	Class E
	-2.1
	-3.6
	-2.8
	-3.0
	-4.0
	-3.4

	All
	-1.9
	-2.7
	-2.6
	-2.6
	-3.1
	-2.8

	Enc Time[%]
	183%
	194%

	Dec Time[%]
	104%
	109%


4.2  C-DMVD skip mode only
4.2.1 JCTVC-E084 CE1: Report of self-derivation motion estimation techniques at video decoder side on HM2.0 [Intel]
This contribution provides test result for CE1 topic of Self Derivation of Motion Estimation (SDME) techniques on HM 2.0 reference software. The skip-mode only rounded-candidate based SDME are tested for bi-prediction mode on HM2.0 reference software. To quantize the impact of the memory access bandwidth in checking multiple candidate motion vectors, the tests of SDME techniques only consider the candidate motion vectors within a predefined range to confine the required pixels used for the process of sum-of-absolute-difference (SAD) and of motion compensation filtering. Two test points of Skip-mode only rounded-candidate based SDME with 8-point MV refinement has reported that an overall 1.3% BD bitrate reduction (up to 2.4%) for the test of random access (high efficiency) category under the common test conditions with an overall 3% increase in encoding time and an overall 11% increase in decoding time increase. Two test points of Skip-mode rounded-candidate based SDME without MV refinement has reported an overall 0.7% BD bitrate reduction (up to 1.4%) for the test of random access (high efficiency) category with an overall 1% increase in encoding time and an overall 4% increase in decoding time.
4.2.1.1 Compression Performance - Skip-mode only SDME without MV refinement
The Skip-mode only SDME techniques are implemented onto HM2.0 Reference Software and are evaluated under the test conditions defined by the CE group [3]. The data is provided for the test case of random access given the current SDME techniques are applied only on B picture. 
Table 3 shows the performance of Skip-mode only 9-candidate set based SDME compared to the performance of HM2.0 anchors. In high efficiency case, the average BD bitrate reduction for Luma component is about 0.7% (up to 1.4% for clip BlowingBubbles) with about 1% increase in encoding time and about 4% increase in decoding time. In low complexity case, the average BD bitrate reduction for Luma component is about 0.5% with about 1% increase in encoding time and about 3% increase in decoding time.

	Table 3 - The performance of Skip-mode only 9-candidate set based SDME without MV refinement 
　
	Random access
	Random access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.5 
	-0.5 
	-0.8 
	-0.4 
	-0.4 
	-0.4 

	Class B
	-0.5 
	-0.4 
	-0.5 
	-0.4 
	-0.3 
	-0.4 

	Class C
	-0.6 
	-0.6 
	-0.6 
	-0.4 
	-0.3 
	-0.3 

	Class D
	-1.1 
	-1.0 
	-1.1 
	-0.7 
	-0.7 
	-0.7 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-0.7 
	-0.6 
	-0.7 
	-0.5 
	-0.4 
	-0.5 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	104%
	103%


4.2.1.2 Compression Performance - Skip-mode only SDME with MV refinement
Table 4 shows the performance of Skip-mode only 9-candidate set based SDME with 8-point-MV-refinement compared with the CE anchors. In high efficiency case, the average BD bitrate reduction for Luma component is about 1.3% (up to 2.4% for clip PeopleOnStreet) with about 3% increase in encoding time and about 11% increase in decoding time. In low complexity case, the average BD bitrate reduction for Luma component is about 1.1% with about 3% increase in encoding time and about 15% increase in decoding time.
Table 4 - The performance of Skip-mode only 9-candidate set based SDME with 8-point MV refinement
	　
	Random access
	Random access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.0 
	-1.1 
	-1.4 
	-0.8 
	-0.9 
	-0.8 

	Class B
	-1.1 
	-0.9 
	-0.9 
	-1.1 
	-0.8 
	-0.7 

	Class C
	-1.1 
	-1.0 
	-1.1 
	-0.8 
	-0.7 
	-0.7 

	Class D
	-1.9 
	-1.7 
	-1.7 
	-1.5 
	-1.4 
	-1.5 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-1.3 
	-1.2 
	-1.3 
	-1.1 
	-0.9 
	-0.9 

	Enc Time[%]
	103%
	103%

	Dec Time[%]
	111%
	115%


Table 5 - The performance of Skip-mode only 9-candidate set based SDME with 8-point MV refinement versus different MV confinement range
	Results of different MV confinement ranges 
(9 Cand, Sampled SAD, Rounded Cand)

	

	 
	 
	BD_rate Y 
	Enc_time
	Dec_time 

	No Refine
	MV Range 2
	-0.30%
	101%
	102%

	
	MV Range 4
	-0.50%
	101%
	103%

	
	MV Range 6
	-0.60%
	101%
	104%

	
	MV Range 8
	-0.70%
	101%
	104%

	
	MV Range 10
	-0.70%
	102%
	104%

	
	MV Range 12
	-0.80%
	102%
	104%

	
	MV Range 16
	-0.80%
	102%
	106%

	
	MV Range 32
	-0.90%
	102%
	104%

	8-Point Refine
	MV Range 2
	-0.50%
	103%
	106%

	
	MV Range 4
	-0.80%
	103%
	108%

	
	MV Range 6
	-1.10%
	103%
	110%

	
	MV Range 8
	-1.30%
	103%
	111%

	
	MV Range 10
	-1.40%
	104%
	114%

	
	MV Range 12
	-1.50%
	104%
	114%

	
	MV Range 16
	-1.60%
	104%
	116%

	
	MV Range 32
	-1.70%
	104%
	116%


4.2.2 JCTVC-E294 CE1: Huawei report on DMVD in HM2.0 [Huawei]
4.2.3 Spatial and Temporal Direct Mode (STDM) in [1] has been implemented into HM2.0 software and tested following the common test conditions. A memory constraint module is added into the STDM algorithm to address the serious concerns about memory access bandwidth that were brought up during the discussions in the last meeting. This contribution includes descriptions of coding algorithms and their implementation, coding performance, and complexity evaluation and analysis. According to the test results, an average bit-saving of 0.9% has been achieved with additional decoding complexity, measured as decoding time, at about 5% more than that of the anchor. 
4.2.4 Algorithm description
The basic Spatial and Temporal Direct Mode (STDM) algorithm is based on the JCTVC-D448, a joint proposal between Intel and Huawei. In response to the concerns about increased memory access traffic,  a memory constraint module is added into the STDM algorithm in this proposal to reduce memory access bandwidth. 
After motion vector candidates have been set up as in JCTVC-D448, these candidates will be filtered based on their position, following the procedure described below.

1) Based on the motion vector candidates, the center of these candidates will be calculated (shown as figure 1). 
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Fig. 1 Center calculation of motion vector candidates
2) A window is set up around the center. 


[image: image2.emf]MV7

MV1

MV2

MV3

MV4

MV5

MV6

MV1

MV2

MV3

MV4

MV5

MV6

MV7

Memory Constrained Window

Current Slice Reference Slice


Fig. 2 Set up a window around the center

3) The motion vector which falls outside the window is filtered out. Then a new set of motion vector candidates is set up.

4) Using the new candidate set to derive the motion vector in encoder and decoder.

Using this memory constraint module, the memory access bandwidth can be reduced to a reasonable level. In current implementation, the size of memory which needs to be accessed for current block is four times of the size of currently block.

4.2.5 Software implementation
This time STDM is applied to Skip mode) in B (NON-GPB) slices, and STDM mode only works for random access cases. For the Skip mode a 1-bit flag is used to indicate whether the STDM mode is used for all PUs. 
CU-level rate-distortion (RD) evaluation is performed to decide whether STDM is chosen.



4.2.6 Compression performance and complexity analysis
 Table 1 and 2 shows the performance of STDM in skip mode compared to the performance of HM2.0 anchors. In high efficiency case, the average BD bitrate reduction for Luma component is about 0.9%  with about 1% increase in encoding time and about 5% increase in decoding time. In low complexity case, the average BD bitrate reduction for Luma component is about 0.7% with about 1% increase in encoding time and about 6% increase in decoding time.
.  Table 1. STDM in RA-HE

	Video Sequence
	STDM

	
	BD-rate Y(%)
	BD-rate U(%)
	BD-rate V(%)

	Class A
	   -1.0
	   -1.3
	   -1.5

	Class B
	   -0.8
	   -0.9
	   -0.9

	Class C
	   -0.9
	   -1.1
	   -1.1

	Class D
	   -1.1
	   -1.1
	   -1.0

	Total average
	   -0.9
	   -1.1
	   -1.1

	Encoding time
	  101%
	Decoding time
	    105%


Table 2. STDM in RA-LC

	Video Sequence
	STDM

	
	BD-rate Y(%)
	BD-rate U(%)
	BD-rate V(%)

	Class A
	   -0.8
	    -1.0
	    -0.9

	Class B
	   -0.7
	    -0.8
	    -0.7

	Class C
	   -0.6
	    -0.7
	    -0.7

	Class D
	   -0.7
	    -0.8
	    -0.8

	Total average
	   -0.7
	    -0.8
	    -0.8

	Encoding time
	   101%
	Decoding time
	    106%


5 Conclusion

Based on the observed results, it is suggested to review the result of the proposal with the JCT-VC committee, and to make recommendation to adopt the proposed technologies onto the HEVC Test Model (HM) software for further investigation.
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