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Abstract 
This contribution presents simplifications of derivation process for merge mode and motion vector 
predictor (MVP). In this proposal, the positions of the spatial neighbors that can be used as merging 
candidates are as same as the positions of the spatial MVP candidates. That is unification of the location 
of spatial neighbors for merge mode and MVP. In addition, the proposed techniques attempt unification 
of the derivation process for merge mode and MVP. This proposal tries to reduce the number of 
candidates in the spatial derivation process to reduce the number of times of comparison in the removal 
process. 

The simulation results indicate that the proposed technique provides 0.1-0.2% BD-rate loss for random 
access, and 0.0-0.2% loss for low delay. 

1 Introduction 
This proposal is for the improvement of derivation method of the candidates for merge mode and motion 
vector predictor (MVP). In this proposal, the positions of the spatial neighbors that can be used as 
merging candidates are as same as the positions of the spatial MVP candidates. That is unification of the 
location of spatial neighbors for merge mode and MVP. In addition, the proposed techniques attempt 
unification of the derivation process for merge mode and MVP. 

2 Proposed techniques 

2.1 Derivation process for merge mode and MVP 
Figure 1 (a) and (b) illustrate the derivation process for merge mode and motion vector predictor (MVP) 
in the WD3 [1].  
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START

SPATIAL DERIVATION PROCESS
Derivate spatial merging candidates

LIST CONSTRUCTON PROCESS
Construct the merging candidate list

REMOVAL PROCESS
Remove candidates with the same motion information

TEMPORAL DERIVATION PROCESS
Derivate a temporal merging candidate

END

START

SPATIAL DERIVATION PROCESS
Derivate spatial motion vector predictor

LIST CONSTRUCTION PROCESS
Construct the motion vector predictor list

REMOVAL PROCESS
Remove candidates with the same motion information

TEMPORAL DERIVATION PROCESS
Derivate a temporal motion vector predictor

END

(a) Derivation Process for merge mode (b) Derivation Process for motion vector predictor

Figure 1 Derivation Process of merge mode and MVP in WD3 

2.2 Proposed techniques 
The proposed techniques simplify the derivation process for merge mode and MVP. 

2.2.1 Proposal 1: Proposed technique for merge mode 

Changes of our proposal for merge modes from HM3.0 are as follows: 

− The positions of the spatial neighbors that can be used for merging candidates are as same as the
positions of the spatial MVP candidates. That is unification of the location of spatial neighbors
for merge mode and MVP.

− Two spatial merging candidates are derived in the spatial derivation process.

− The merging candidate list is constructed of two spatial merging candidates and a temporal
merging candidate.

Figure 2 (a) and (b) illustrate the position of the spatial neighbors A, B, C, D and E relative to the current 
prediction unit in the HM3.0 and the proposed technique, respectively. 
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Figure 2 Spatial neighbors that can be used as merging candidates. 

In this proposal, two spatial candidates and a temporal candidate are derived. The number of candidates is 
reduced in the spatial derivation process to reduce the number of times of comparison in the removal 
process. Table 1 presents the number of times of comparison in the removal process in each the number 
of candidates. The number of times of comparison in the removal process in HM3.0 is ten times. On the 
other hand, the number of times of comparison in the removal process in the proposed technique is three 
times. 

Table 1 The number of comparison in the removal process 

The number of candidates 
in the spatial and temporal 

derivation process 

The number of times of 
comparison 

in the removal process 
Notes 

3 (=2+1) 3 [times] Proposed technique 

4 (=3+1) 6 [times] - 

5 (=4+1) 10 [times] HM3.0 

6 (=5+1) 15 [times] - 



Table 2 presents the comparison between HM3.0 and proposed technique for merge mode. 

Table 2 Comparison between HM3.0 and proposed technique for merge mode 

HM3.0 Proposal 1 

The number of spatial candidates 4 in 4 [positions] 2 in 5 [positions] 

Spatial derivation order A, B, C, D A, B, C, D, E 

The number of times of 
comparison of redundant 

candidates 
in the spatial derivation process 

0 [time] 0 [time] 

The number of temporal 
candidates 1 1 

Merging candidate list order A, B, Col, C, D S0, S1, Col 

The number of times of 
comparison 

in the removal process 

10 [times] 
(A vs B, Col, C, D, 

B vs Col, C, D,  
Col vs C, D, 
and C vs D) 

3 [times] 
(S0 vs S1, S0 vs Col, 

and S1 vs Col) 

Notes: 

S0: The first spatial candidate found in the spatial derivation process 

S1: The second spatial candidate found in the spatial derivation process 

2.2.2 Proposal 2: Proposed technique for motion vector predictor (MVP) 

Changes of our proposal for MVP from HM3.0 are as follows: 

− Two in five spatial candidates are derived without grouping of the neighbors in the spatial
derivation process.

− The comparison step is not used in the spatial derivation process.

Figure 3 (a) and (b) illustrate the position of the spatial neighbors relative to the current prediction unit in 
HM3.0 and proposal, respectively. 
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Figure 3 Spatial motion vector neighbors that can be used as MVP candidates. 

In this proposal, two spatial candidates and a temporal candidate are derived. The removal process in the 
spatial derivation process is not applied. 

Table 3presents the comparison between HM3.0 and proposed technique for merge mode. 

Table 3 Comparison of HM3.0 between HM3.0 and proposed technique for MVP 

HM3.0 Proposal 2 

The number of spatial candidates 2 in 5 [positions] 2 in 5 [positions] 

Grouping of the neighbors 
in the spatial derivation process 

Group A: Left (A0, A1) 

Group B: Upper (B0, B1, B2)
without grouping 

Spatial derivation order 
Group A: A0, A1 

Group B: B0, B1, B2 
C, D, A, B, E 

The number of times of checking 
per spatial neighbors  

in the spatial derivation process 
2 [times] 1 [time] 

The number of times of 
comparison of redundant 

candidates  
in the spatial derivation process 

6 [times] 
(mvLXA vs mvLXB0,  
mvLXA vs mvLXB1,  

and mvLXA vs mvLXB2) x 2

0 [time] 

The number of temporal 
candidates 1 1 

MVP list order mvLXA, mvLXB, mvLXCol mvLXS0, mvLXS1, mvLXCol 

The number of times of 
comparison 

in the removal process 

2 [times] 

(mvLXA vs mvLXCol,  
and mvLXB vs mvLXCol) 

3 [times] 
(mvLXS0 vs mvLXS1,  
mvLXS0 vs mvLXCol,  

and mvLXS1 vs mvLXCol) 

Notes: 

mvLXS0: MVP of the first spatial candidate found in the spatial derivation process 

mvLXS1: MVP of the second spatial candidate found in the spatial derivation process 



2.2.3 Proposal 1 and 2: Unification of derivation process for merge mode and 
motion vector predictor (MVP) 

Table 4 presents the comparison of derivation process between merge mode and MVP in the proposal. 

Table 4 Comparison of derivation process between merge mode and MVP 

Proposal 1: merge mode Proposal2: MVP 

The number of spatial candidates 2 of 5 2 of 5 

Grouping 
in the spatial derivation process without grouping without grouping 

Spatial derivation order A, B, C, D, E C, D, A, B, E 

The number of times of 
comparison of redundant 

candidates 
in the spatial derivation process 

0 [time] 0 [time] 

The number of temporal 
candidates 1 1 

Merge/MVP list order S0, S1, Col mvLXS0, mvLXS1, mvLXCol 

The number of times of 
comparison 

in the removal process 

3 [times] 
(S0 vs S1, S0 vs Col, 

and S1 vs Col) 

3 [times] 
(mvLXS0 vs mvLXS1,  
mvLXS0 vs mvLXCol,  

and mvLXS1 vs mvLXCol) 

2.3 Implementation 

2.3.1 Software 

This proposed technique is implemented into HM3.0 software (CE1/CE9 anchor: revision 828). 

2.3.2 Syntax structure 

The syntax of this proposed technique is not revised from HM3.0. 



3 Experiments 

3.1 Test conditions 
The common test conditions [2] are used. 

3.2 Simulation environments 
Table 5 and Table 6 show the simulation environments for encoding and decoding experiments, 
respectively. 

Table 5 Simulation environment for encoding experiments 
CPU Intel Core i7 870 2.93GHz 
Memory 16GB (DDR3) 
OS Windows 7 Professional 64bit 
Compiler Microsoft Visual C++ 2008 Express edition SP1 
Executable x64 

Table 6 Simulation environment for decoding experiments 
CPU Intel Core i7 870 2.93GHz 
Memory 16GB (DDR3) 
OS Windows 7 Professional 64bit 
Compiler Microsoft Visual C++ 2008 Express edition SP1 
Executable x64 

Notes: The decoding time is measured with the writing of yuv file. 

3.3 Simulation results 

3.3.1 Simulation results only applying Proposal 1 (merge mode) 

Table 7 and Table 8 report the simulation results only applying Proposal 1 for random access and low 
delay, respectively. 

Table 7 Simulation results of Proposal 1 for random access 
Random Access HE Random Access LC 

Y U V Y U V 
Class A 0.1 0.1 0.1 0.2 0.1 0.0 
Class B 0.1 0.0 0.0 0.2 0.1 0.1 
Class C 0.0 0.2 0.2 0.2 0.1 0.2 
Class D 0.1 0.1 0.0 0.1 0.0 0.0 
Class E 
Overall 0.1 0.1 0.1 0.2 0.1 0.1 
Enc Time[%] 99% 99% 
Dec Time[%] 101% 101% 



Table 8 Simulation results of Proposal 1 for low delay 
Low delay B HE Low delay B LC 

Y U V Y U V 
Class A 
Class B 0.1 0.3 0.0 0.3 0.0 0.2 
Class C 0.1 -0.1 0.1 0.1 0.0 0.0 
Class D 0.0 -0.3 0.4 0.2 0.0 -0.1
Class E -0.1 0.4 -0.3 0.2 -0.2 0.6
Overall 0.1 0.1 0.1 0.2 0.0 0.1 
Enc Time[%] 99% 99% 
Dec Time[%] 100% 99% 

The simulation results report that the proposed technique provides 0.1-0.2% loss BD-rate [3] for random 
access, and 0.1-0.2% loss for low delay with 99% encoder runtime and 99-101% decoder runtime. (See 
the attached excel sheet) 

3.3.2 Simulation results only applying Proposal 2 (MVP) 

Table 9 and Table 10 report the simulation results only applying Proposal 2 for random access and low 
delay, respectively. 

Table 9 Simulation results of Proposal 2 for random access 
Random Access HE Random Access LC 

Y U V Y U V 
Class A 0.0 0.1 0.0 0.1 0.2 0.0 
Class B 0.0 0.0 -0.1 0.0 0.0 0.0 
Class C 0.0 0.0 0.1 0.1 0.0 0.0 
Class D 0.1 0.1 0.0 0.0 -0.1 -0.1
Class E 
Overall 0.0 0.1 0.0 0.0 0.0 0.0 
Enc Time[%] 100% 100% 
Dec Time[%] 101% 101% 

Table 10 Simulation results of Proposal 2 for low delay 
Low delay B HE Low delay B LC 

Y U V Y U V 
Class A 
Class B 0.0 0.1 -0.2 0.0 -0.1 0.0 
Class C 0.0 0.1 0.0 0.0 -0.1 -0.2
Class D 0.0 0.0 0.5 0.0 -0.3 0.0
Class E 0.0 0.6 0.0 0.0 0.1 0.2
Overall 0.0 0.1 0.1 0.0 -0.1 0.0 
Enc Time[%] 100% 99% 
Dec Time[%] 102% 101% 

The simulation results report that the proposed technique provides no loss for both random access, and for 
low delay with 100% encoder runtime and 100-102% decoder runtime. (See the attached excel sheet) 



3.3.3 Simulation results applying Proposal 1 and 2 (merge mode and MVP) 

Table 11 and Table 12 report the simulation results applying Proposal 1 and 2 for random access and low 
delay, respectively. 

Table 11 Simulation results for random access 
Random Access HE Random Access LC 

Y U V Y U V 
Class A 0.1 0.1 0.3 0.2 0.2 0.0 
Class B 0.1 0.0 0.0 0.2 0.1 0.1 
Class C 0.1 0.1 0.1 0.2 0.2 0.3 
Class D 0.1 0.1 0.0 0.1 0.0 0.0 
Class E 
Overall 0.1 0.1 0.1 0.2 0.1 0.1 
Enc Time[%] 99% 99% 
Dec Time[%] 101% 101% 

Table 12 Simulation results for low delay 
Low delay B HE Low delay B LC 

Y U V Y U V 
Class A 
Class B 0.1 0.2 -0.2 0.3 0.1 0.1 
Class C 0.1 0.1 0.0 0.2 0.1 0.0 
Class D 0.0 -0.3 0.6 0.2 -0.2 0.0 
Class E 0.0 0.0 -0.1 0.1 -0.3 0.3 
Overall 0.0 0.0 0.1 0.2 0.0 0.1 
Enc Time[%] 98% 99% 
Dec Time[%] 102% 101% 

The simulation results report that the proposed technique provides 0.1-0.2% BD-rate loss for random 
access, and 0.0-0.2% loss for low delay with 98-99% encoder runtime and 101-102% decoder runtime. 
(See the attached excel sheet) 

4 Conclusions 
We recommend that the proposed technique be further studied in CE activity. 

5 Future Work 
We would like to study in CE activity as follows: 

− Each of the number of spatial candidates (2, 3, 4 and 5).

− Each of the method (the number of  times) of checking in the spatial derivation process

− Comparison/no comparison of redundant candidates in the spatial derivation process

− Evaluation of this proposed technique under robustness conditions
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