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Abstract
This contribution reports and fixes the issues in the design of template matching in ECM-10.0. It is reported that the proposed fixes give {-0.01%, 0.05%, 0.03%} in RA and {-0.05%, 0.09%, -0.08%} in LD overall coding gain with no encoding and decoding time increase.
Problem statement
Template matching (TM) was adopted in ECM software to refine the motion for merge mode with decoder side motion search. Two issues of TM are reported in the contribution.
First, in the current design of TM in ECM-10.0, for each search position, only the weighted sum of absolute difference (SAD) between the template of current block and the template of predicted block is used as the TM cost for the current position. The motion vector (MV) cost which is the difference between the original MV and the refined MV is calculated in the software but ignored in the TM cost calculation. 
Second, for bi-prediction block, the two MVs are refined with an iteration process as follows:
· Step 1: MV0 is refined with TM to get MV0’ and the corresponding TM cost is obtained as CostUni0
· Step 2: MV1 is refined with TM to get MV1’ and the corresponding TM cost is obtained as CostUni1.
· Step 3: 
if CostUni1 >= CostUni0, MV0’ is fixed and used to further refine MV1’ to get MV1’’, the corresponding TM cost is obtained as CostBi, and CostUni is set to CostUni0; 
otherwise MV1’ is fixed and used to further refine MV0’ to get MV0’’, the corresponding TM cost is obtained as CostBi, and CostUni is set to CostUni1. 
if CostBi > 1.125*CostUni or this is not a low delay picture, goes to step 4; otherwise finish refinement
· Step 4: 
if CostUni1 >= CostUni0 (i.e., MV1’ is refined to obtain MV1’’ in step 3), MV1’’ is fixed and used to further refine MV0’ to get MV0’’, the corresponding TM cost is obtained as CostBi, and CostUni is set to CostUni1; 
otherwise (i.e., MV0’ is refined to obtain MV0’’ in step 3) MV0’’ is fixed and used to further refine MV1’ to get MV1’’, the corresponding TM cost is obtained as CostBi, and CostUni is set to CostUni0. 
After refinement, CostBi is compared with CostUni. If CostBi > 1.125*CostUni, the current block is converted into a uni-prediction block. However, according to the above process, there is no guarantee CostUni is the smaller one between CostUni0 and CostUni1, and the bi-prediction TM cost should be compared with the best one of the uni-prediction TM cost to decide whether to convert the current bi-prediction block into a uni-prediction block.
Proposed fixes
To solve the above-mentioned issues, the contribution proposes the following two changes.
First, it is proposed to consider MV cost in TM cost calculation. It is implemented by changing the code 
		cost = xGetTempMatchError<tplSize>(mvCand); 
to 
		cost += xGetTempMatchError<tplSize>(mvCand);

Second, it is proposed to always compare CostBi with the smaller one of CostUni0 and CostUni1 for lowdelay picture. If CostBi > 1.125* min (CostUni0, CostUni1), convert the current bi-prediction block into a uni-prediction with the corresponding refined MV. 
Simulation results
The proposed methods are implemented on top of ECM-10.0 and are tested under CTC for enhanced compression tool testing [1] with random access and low delay B configurations. Table 1 shows the simulation results of the proposed changes.
[bookmark: _Ref132379333]Table 1. Simulation results of the proposed method
	
	Random Access Main 10

	
	Over ECM-10.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	0.02%
	0.03%
	0.13%
	99.9%
	98.9%
	100.1%

	Class A2
	0.02%
	-0.02%
	0.02%
	99.6%
	99.6%
	100.0%

	Class B
	0.00%
	0.18%
	-0.05%
	99.4%
	99.5%
	100.2%

	Class C
	-0.06%
	-0.04%
	0.07%
	99.2%
	99.2%
	100.0%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.01%
	0.05%
	0.03%
	99.5%
	99.3%
	100.1%

	Class D
	-0.03%
	0.11%
	0.02%
	98.9%
	99.3%
	100.0%



	
	Low delay B Main 10 

	
	Over ECM-10.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 

	Class B
	-0.01%
	0.50%
	-0.33%
	100.0%
	99.2%
	99.9%

	Class C
	-0.11%
	-0.25%
	0.07%
	100.8%
	100.6%
	100.0%

	Class E
	-0.04%
	-0.13%
	0.12%
	100.1%
	99.7%
	100.0%

	Overall
	-0.05%
	0.09%
	-0.08%
	100.3%
	99.8%
	99.9%

	Class D
	-0.05%
	0.09%
	-0.09%
	99.5%
	99.6%
	100.0%


Conclusion
Two issues in the design of TM in ECM-10.0 software are reported and fixed in this contribution. The fixes only involve very few lines of code change. Some coding gain was observed by fixing the issues and no impact on running time and memory usage. It is suggested to adopt the proposed fixes into next release of ECM software.
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