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Abstract
This contribution describes enhancement to FRUC template matching mode in JEM-4.0. An identified issue is that motion information derived by the existing uni-directional template matching is unreasonably used for bi-prediction in the FRUC template matching mode. This issue can be solved by the following proposed methods: 1) bi-directional template matching which jointly uses list0 and list1 reference pictures; 2) selection between uni-prediction and bi-prediction based on template matching distortion. Simulation results reportedly show that the proposed methods achieve 0.38% and 0.12% luma BD rate savings on average for RA and LDB configurations, with almost same encoding and decoding time.

Problem Statement
As shown in Figure 1, template matching is used to derive motion information of current block by finding the best match between a template (top and/or left neighbouring blocks of the current block) in current picture and a block (same size to the template) in a reference picture [1].
[image: ]
[bookmark: _Ref432175955]Fig.1. Template matching
For FRUC template matching mode in JEM-4.0, the matched template is searched from list0 reference pictures and list1 reference pictures, respectively. This is a kind of uni-directional template matching since only one list of reference pictures is utilized during each template matching. Such a uni-directional template matching is suitable to derive motion information for uni-prediction instead of bi-prediction. However, motion compensation prediction for the existing FRUC template matching mode always uses bi-prediction to generate predictor for current block. In summary, an identified issue is that motion information derived by uni-directional template matching is unreasonably used for bi-prediction in the existing FRUC template matching mode.
In this contribution, this issue for FRUC template matching mode can be solved by introducing bi-directional template matching and adaptive selection between uni-prediction and bi-prediction.
Proposed Methods
Flowchart of the existing FRUC template matching mode is shown in Fig. 2(a). In the first step, a template T0 (and its corresponding motion information MV0) is found to match current template Tc of current block from list0 reference pictures. In the second step, template T1 (and its corresponding motion information MV1) is found from list1 reference pictures. The obtained motion information MV0 and MV1 are used to perform bi-prediction to generate predictor of the current block.
The existing FRUC template matching mode is enhanced by introducing bi-directional template matching and adaptive selection between uni-prediction and bi-prediction. The proposed modifications are highlighted with red color in Fig. 2(b), compared to Fig. 2(a).
The proposed bi-directional template matching is implemented based on the existing uni-directional template matching. As shown in Fig. 2(b), a matched template T0 is firstly found in the first step of template matching from list0 reference pictures (Noted that list0 here is only taken as an example. In fact, whether lis0 or list1 used in the first step is adaptive to initial distortion cost between current template and initial template in corresponding reference picture. The initial template can be determined with initial motion information of the current block which is available before performing the 1st template matching. The reference picture list corresponding to minimal initial template distortion cost will be used in the first step of template matching. For example, if initial template distortion cost corresponding to list0 is no larger than cost corresponding to list1, list0 is used in the first step of template matching and list1 is used in the second step), then, the current template TC of current block is updated as follows:
T’C = 2*TC – T0 
The updated current template T’C instead of the current template TC is utilized to find another matched template T1 from list1 reference pictures in the second template matching. As a result, the matched template T1 is founded by jointly using list0 and list1 reference pictures. This matching process is called bi-directional template matching.
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Fig. 2. Proposed modifications (with red color) to FRUC template matching mode

The proposed selection between uni-prediction and bi-prediction for motion compensation prediction(MCP) is based on template matching distortion. As shown in Fig. 1(b), during template matching, distortion between template T0 and Tc (the current template) can be calculated as cost0, and distortion between template T1 and T’C (the updated current template) can be calculated as cost1. If cost0 is less than 0.5*cost1, uni-prediction based on MV0 is applied to FRUC template matching mode; otherwise, bi-prediction based on MV0 and MV1 is applied. Noted that cost0 is compared to 0.5*cost1 since cost1 indicates difference between template T1 and T’C (the updated current template), which is 2 times of difference between Tc (the current template) and its prediction of 0.5*(T0+T1).
It is noted that the proposed methods are only applied to PU-level motion refinement. Sub-PU level motion refinement keeps unchanged.
Experimental Results
The proposed methods are implemented on top of JEM-4.0 reference software. The simulations are performed according to common test condition [2]. Table 1 & 2 show the summarized results of the proposed methods under RA and LDB configurations, respectively. More detail results can be found in the accompanying Excel tables.
[bookmark: _Ref463345285]Table 1. BD rate saving for the proposed methods under RA configuration
	
	Over HM-16.6-JEM-4 (parallel)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.53%
	-0.14%
	-0.57%
	99%
	100%

	Class A2
	-0.57%
	-0.60%
	-0.69%
	98%
	98%

	Class B
	-0.25%
	-0.29%
	-0.21%
	99%
	102%

	Class C
	-0.40%
	-0.65%
	-0.54%
	98%
	103%

	Class D
	-0.16%
	-0.36%
	-0.02%
	99%
	99%

	Class E
	　
	
	　
	　
	

	Overall (Ref)
	-0.38%
	-0.40%
	-0.40%
	99%
	100%

	Class F (optional)
	-0.33%
	-0.38%
	-0.31%
	98%
	102%



Table 2. BD rate saving for the proposed methods under LDB configuration
	
	Over HM-16.6-JEM-4 (parallel)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	

	Class B
	-0.08%
	-0.08%
	-0.20%
	99%
	103%

	Class C
	-0.15%
	-0.37%
	-0.59%
	99%
	96%

	Class D
	-0.11%
	-0.19%
	-0.21%
	98%
	102%

	Class E
	-0.14%
	-0.41%
	-0.01%
	100%
	99%

	Overall (Ref)
	-0.12%
	-0.24%
	-0.27%
	99%
	100%

	Class F (optional)
	-0.17%
	-0.48%
	-0.44%
	100%
	100%
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