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Title: rvfethod for ren1oving redundancy in motion vector predictors 

Authors: Jian-Liang Lin, Yi-\Ven Chen, Yu-\Ven Huang, and Shaw-Min 
Lei 

Related Arts 

High-Efficiency Video Coding (HEVC) is a new international video coding 

standard that is being developed by the Joint Collaborative Team on Video Coding 

(JCT-VC). HEVC is based on the hybrid block-based motion-compensated DCT-like 

transfo.m1 coding architecture. The ba<sic unit for compression. lenned coding unit 

(CU), is a 2Nx2N square block, and each CU can be recursively split into four smaller 

CUs until the predefined minimum size is reached. Each CU contains one or multiple 

prediction units (PUs) .. The PU sizes can be 2Nx2N, 2NxN, Nx2N, and NxN. 

To increase the coding efficiency of motion vector coding in HEVC, the motion 

vector competition (MVC) based scheme is applied to select one motion vector 

predictor (MVP) among a given candidate set of MVPs which include...-,; spatial and 

temporal MVPs. There are three inter-prediction modes including Inter, Skip, and 

Merge in the HEVC test model version 3.0 (Hl\1-3.0). 1be Inter mode performs 

motion-compensated prediction with transmitted motion vector differences (MVDs) 

that can be used together with MVPs for deriving motion vectors (MVs), while the 

Skip and Merge modes utilize motion inference methods (MV=MVP+MVD where 

MVD is zero) to obtain the motion infonnation from spatially neighboring blocks 

(spatial candidates) or a temporal block (temporal candidate) located in a co-located 

picture where the co-located picture is the first reforence picture in list O or list l, 

which is signalled in the slice header. When a PU is coded in either Skip or Merge 

mode, no motion information is transmitted except the index of the selected candidate. 

In I.he case of a Skip PU, the residual signal is also omitted. For the Inter modc-s in 

HM-3.0, the advanced motion vector prediction (AMVP) scheme is used to select a 

motion vector predictor among an AMVP candidate set including two spatial MVPs 
and one temporal -MVP .. As for the Merge and Merge-Skip mode in HM-3.0, the 

Merge scheme is used to select a motion vector predictor among a lVIerge candidate 

set containing four spatial MVPs and one temporal MVJ>. 

For the Inter mode, the reference picture index is explicitly transmitted to the 

decoder. 1be MVP is then selected among the candidate set for a given reference 

picture index. As shown in. Figure 1, the MVP camlidate set for the Inter mode in 
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HM-3.0 includes two spatial MVPs and one temporal MVP: 

l. Left predictor (the first available one from An, A1) 

2. Top predictor (the first availab1e one from Bo, B;, Bn+1) 

3. Temporal predictor (the first available one from TBR and Tern) 

A temporal predictor is derived from a block (TnR or Tern) located in a co-located 

picture where the co-located picture is the first reference picture in list 0 or list l. 

Since the block where a temporal MVP is located may have two MVs, one lVIV from 

list 0 and one MV from list l, the temporal MVP is derived from the MV from list 0 

or list 1 according to the following rule: 

1. 'Ihe l\1V that crosses the current picture is chosen first. 

2. If both J'.vIV s cross the current picture or both do not cross, the one with same 

reference list as the cun-ent list will be chosen. 

In HM-3.0, if a particular block is encoded as Merge, an MVP index is signaled to 

indicate which MVP among the MVP candidate set is used for this block to be rnerged. 

1b follow the essence of motion information sharing. each merged PU reuses the MV, 

prediction direclion, and reference picture index of the selected candidate. It is noted 

that if the selected MVP is a temporal MVP, the reference picture index is always set 

to the first reference picture. As shown in Figure 2, the candidate set of MVPs 

includes four spatial MVPs and one temporal MVP: 

1. Left predictor (AuJ 

" 'fop predictor (B11) 

3. Ternporal predictor (the first available one from T8 R and Tern) 

4. Above right predictor (Bo) 

5. Below left predictor (Ao) 

In HM-3.0, a process is utilized in both Inter and Merge modes to avoid an empty 

candidate set. With this process, a candidate with zero MV is added to the candidate 

set. when no candidate can be inferred in Inter or l\1erge mode. 

Based on the rate-distortion optimization (RDO) decision, the encoder selects one 

final MVP within a given candidate set of MVPs for Inter, Skip, or Merge modes and 

transmits the index of the selected MVP to the decoder after removing the redundant 

candidates. However, because the tempornl motion predictor is included in the 

candidate sets of motion vector predictors (MVPs) to improve the coding efficiency; it 

can cause parsing en-ors and thus severe error propagation. When a motion vector 

(MV) of a previous picture cannot be decoded con-ectly, a mismatch between the 

candidate set on the encoder side and that on the decoder side may occur, resulting in 

parsing error of the index of the best MVP candidate. lben, the rest of the current 

picture cannot be parsed or decoded properly. What is even worse, this parsing error 

can affect subsequent inter pictures that also a11ow temporal MVP candidates. One 
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small decoding error of an MV may cause failure of parsing many subsequent 

pictures. 

In order to compress the memory of storing the data of MV s in a coded picture for 

using temporal MVPs, a tool of memory compression, motion data storage reduction 

(MDSR), was adopted in HEVC. In this method, MV data of one block in an MDSR 

unit will be used as the representative MV data for the entire :t\.IDSR unit, and all the 

MV data of other blocks in the ~IDSR will be discarded. 

Proposed Methods 

In this invention, we propose a scheme to remove the redundant MVPs in the lvlVP 

candidate set for AMVP and Merge modes without using the values of motion vectors. 

Different types of redundancy removing methods without using the values of motion 

vectors are shown as fo11ows. 

1. Removing redundant MVPs within the same PU 

If more than one MVPs in the MVP candidates set for AMVP and Merge modes 

are located within in the same PU, those l\1VPs will be identical; and therefore, 

tfa! redundant MVPs can be removed without comparing their MVs. An example 

of Merge mode is shown in Figure 3. Since MVP B and MVP C are both located 

within the same PU, MVP C is redundant and shall be removed. 

2. Removing redundant 1\1V:Ps caused bv MDSR 

A temporal predictor is derived from a block located in a co-located pictui-e and 

the MV is scaled according POCs. As shown in Figure 4, if H' and Hare within 

the same MDSR unit and have the same scaling factor and are derived from the 

MV of the same reference picture list, and if the neighboring PU (Figure 4 uses 

the above PU as example) is merged with the temporal MVP H' or selects the 

temporal MVP H' with zero MVD, the MVP B and MVP H will be identical, and 

therefore one of them can be removed. 

3. Removing redundant MVPs caused by Merge 

If multiple MVPs arc located in different PUs and the PUs are merged together, 

those MVPs will be identical and the redundancy can be removed. Figure 5 shovvs 

an example which assumes the PUs in green color are merged together. Since 

MVP A and MVP C are identical, MVP C can be removed. 
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4. Removing redundant l\1VPs caused bv Inter mode with zero MVD 

If multiple MVPs are located in different PUs and some MVPs are predicted by 

the other MVPs with zero MVDs in Inter mode, those MVPs will be identical and 

the redundancy can be removed. Figure 6 shmvs an example which assumes the 

PU of MVP A is coded a...-, Inter mode using MVP B without scaling and with zero 

MVD. For the current PU, since MVP A and MVP B are identical, MVP B can be 

removed. 

5. Removing redundant l\1VPs to avoid imitation in Merge mode 

For the second PU of 2NxN or Nx2N Merge mode, those MVPs which wm 
make this 2NxN or Nx2N PU Merge as a 2Nx2N PU Merge can be removed 

without comparing the values of MVs. As shown in the Figure 7. the MVP B of 

the 2nd 2NxN merge mode and tbe MVP A of the 2nd Nx2.looif merge mode can be 

removed to avoid the imitation. 

For the fourth PU in Nx.N Merge mode, those MVPs which will make this NxN 

Merge as one of 2Nx2N, 2NxN or Nx2N PU Merge can also be removed without 

comparing the values of MVs. Figure 8 shows the examples of avoid the imitation 

of NxN Merge mode. As shown in figure 8(a), if PUl and PU3 are merged, the 

MVP B of PU4 can be removed to avoid the imitation of Nx2N merge. As shown 

in figurn 8(b ). if PUl and PU2 are merged. the MVP A of PU4 can be removed to 

avoid the imitation of 2NxN Merge. As shown in figure 8(c), if PUl, PUZ and 

PU3 are merged, the MVP A and B can be removed to avoid the imitation of 

2Nx2N Merge. 

6. Removing redundant MVPs caused by combination of different types of 

redundancy 

TI1e redundancy may be created by the interaction. An example is shown. in. 

Figure 9, assuming H' and H are within the same MDSR unit and have same 

scaling factor, and the 1st 2NxN PU is merged with H•. In orde.r to avoid the 

imitation of 2Nx2N Merge. the MVP B for the 2nd PU can be removed. However, 

because His identical to B (H and H' are identical, and the 1st PU (B) is merged 

with H'), H can also be removed. 

7. Removing redundant MVPs using motion ID 

The motion ID is proposed to describe the inheritance process of motion 

infom1ation passed from a coded PU to the cw-rent PU to follow the trail of the 

MV. A unique motion ID is assigned for each new MV which is c.reated in Lhe 
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Inter mode (new MV = MVP+MVD) or the Me1·ge mode which is merged with a 

new temporal MVP. However, if two PUs are both merged with temporal MVPs 

which are derived from the co-located blocks within the same MDSR unit and 

based on the same target reference picture and same picture reference Jist. the 

same motion ID will be assigned for the two PUs. As depicted in Figure 10, if 

both above and current PUs are merged with their temporal MVPs H and I-I' 

which are derived from the co-locat:ed blocks within the same MDSR unit., an 

identical motion IT) will be a<:.signed for these two PUs. In addition, a unique 

motion ID is also assigned for the MVs which are merged with or predicted (with 

zero MVD) by the candidates with zero MVs created by the process of avoiding 

empty candidate set in HEVC. 

The motion ID can be inherite.d in the Merge, Merge-Skip mode and Inter 

modes. In Merge mode, an MVP index is signaled to indicate which MVP among 

the MVP candidate set is used for this block to be me~ed. To follow the essence 

of motion information sharing, each merged PU reuses the MV, prediction 

direction, and reference picture index of the selected candidate. As shown in the 

1eft part of Figure 11, the merged PU will also inherit the motion ID(s) of the 

selected candidate. As shown in the right part of Figure 11. the motion ID can also 

be inherited by the Inter mode, when the MVD equa1s to zeros and the derived 

MVP is exactly the same as that of the neighboring block (without scaling). By 

comparing the motion ID, the MVP which has an identical motion ID with a 

previous l\.1VP in the candidate set can thus be 1~moved 

8. Removing redundant MVPs t.o avoid imitation in Merge mode usimz motion ID 

For the second PU of 2NxN or Nx2N Merge mode, those MVPs whose motion 

ID is identical to that of the first PU can be removed without comparing the values 

ofMVs. 

For the fourth PU in NxN Merge mode, those MVPs which wiU make this NxN 

Merge as one of 2Nx2N, 2Nx....~ or Nx2N PU Merge can also be removed using 

motion ID. Figure 8 shows the examples of avoid the in1itation of NxN Merge 

mode. As shown in figure 8(a), if PUl and PU3 have the same motion ID. the 

MVPs whose motion IDs are identical to that of PU2 can be removed to avoid the 

imitation of Nx2N Merge. As shown in figure 8(b), if PUl and PU2 have the same 

motion ID, the MVPs whose motion IDs are identical to that of PU3 can be 

removed to avoid the imitation of 2NxN Merge. As shown in figure 8(c), if PUl, 

PU2 and PU3 have the same motion ID, the MVPs whose motion IDs are identical 

to that of PUl, PU2 and PU3 can be removed to avoid the imitation of 

2Nx2NMerge. 
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Su1nn1ary 

l. A meth(xi of the removing redundant MVPs in the MVP canclidat.e set without 

using the values of MV s. 

2. In item 1. the MVPs within the same PU are identical. and the redundant MVP(s) 

is removed. 

3. In item 1, the :MVPs within the same MDSR unit have the same scaling factor and 

are derived from the MV of same reference pkture list are identical; and the 

.redundant MVP(s) is removed. 

4. In item I, the MVPs within the same MDSR unit are considered as identical 

what.ever the scaling factor and the reference picture list are; and the redundant 

MVP{s) is removed. 

5. In item 1, the l'vIVPs within the same MDSR unit and have same scaling fact01· are 

considered as identical whatever the reference picture list is; and the .redundant 

MVP(s) is removed. 

6. In item 1, if multiple MVPs are located in different PUs and merged together, 

those MVP are identical, and the redundant MVP(s) is removed. 

7. For the second PU of 2NxN or Nx2N Merge mode, those MVPs which will make 

this 2NxN or Nx2N Merge as a 2Nx2N PU Merge mode can be removed without 

comparing lhe values of MVs. 

8. For the fourth PU in NxN Merge mode, those MVl.,s which will make this NxN 

Merge as one of 2Nx2N. 2NxN or Nx2N Merge mode can be removed with.out 

comparing the values ofMVs. 

9. 'Ibe redundant MVPs caused by the combination of different types of redundancy 

Jisted in item 2~8 are removed. 

lO. A motion ID is use-d to follow the trail of the MV 

11. In item 10, the redundant MVP which has an idtmtical motion ID to previous 

MVP in the candidate set can be removed. 

12. In item 10. a unique motion ID is assigned for each new MV which is created in 

Inter mode. 

13. In item 10, a unique motion ID is assigned for each new MV which is created in 

Merge mode merged with a new temporal MVP. 

14. In item 13, an identical motion ID is assigned for the MVs which are merged with 

the temporal MVPs from the same MDSR units using the same scaling factors. 

15. In item 10, a unique motion ID is assigned for the MVs which are merged with the 

candidate of zero MV created by the process of avoiding empty candidate set in 
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Merge mode. In Inter mode, if MVD is zero, this unique motion ID is also 

assigned for the MVs which are predicted by the candidate of zero M.V created by 

the process of avoiding empty candidate set 

16. In item 10, the motion ID is inherited by the Merge and Merge-Skip modes. 

17. ln item 10, the motion ID is inherited by the Merge and Merge-Skip modes which 

are merged wilh the spatial candidates. 

18. In item 10, the motion ID is inherited by a Inter mode with zero MVD and its 

dcrivc.d MVP is exactly the same as the MV of that neighboring b1ock (without 

scaling) 

19. For the se-,eond PU of 2NxN or Nx2N Merge mode, those MVPs whose motion ID 

are identical to that of first PU can be removed to ayoid imitating a 2Nx2N PU 

Merge. 

20. For the fourth PU in NxN Merge mode as <.fopicted in Figure 12, those MVPs 

which will make this NxN Merge as one of 2Nx2N, 2NxN or Nx2N Merge can be 

removed using motion IDs. If PUl and PU3 have the same motion ID, the M'\lPs 

whose motion IDs are identical to that of PU2 can be removed to avoid. lhe 

imitation of Nx2N Merge. If PUl and PU2 have the same motion ID, the MVPs 

whose motion IDs are identical to that of PU3 can be removed to avoid the 

imitation of 2NxN Merge. If PUl, PU2 and PU3 have the same motion ID, the 

MVPs whose motion IDs are identical to that of PUl, PU2 and PU3 can be 

removed to avoid the imitation of 2Nx2N Merge. 

21. ln item 1, a flag is encoded in the sequence, picture or slice header to indicate 

whether that method is enabled. 

22. In item 11, a flag is encoded in the sequence, picture or slice header to indicate 

whether that method is enabled. 
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Figure 1 . The MVP candidate set for Inter in HM-3.0. 

Figure 2. The MVP candidate set for :Merge in HM-3.0. 
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Figure 3. An example of removing redundant MVPs within the same PU. 

Redundancy 

Figure 4. An example of removing redundant MVPs caused by MDSR. 
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Figure 5. An example of removing redundant MVPs caused by Merge. 

Figure 6. An example of removing redundant MVPs caused by Inter mode with 

zeroMVD 

10 

Copy provided by USPTO from the IFW Image Database on 02/10/2012 
- -



' • 

Figure 7. An example of removing redundant MVPs in 2NxN and Nx2N Merge 
mode to avoid imitation. 

D 

(a) 

D 

(b) 
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Figure 8. An example of removing redundant MVPs in NxN 1\llerge mode to 
avoid imitation. 

Figure 9. An example of removing redundant MVPs caused by combination of 
different types of redundancy. 
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Figure 10. An example of motion ID assignment by temporal me.rging. 

Merge mode 

Motion ID 
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Inter mode 
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Figure 11. An example of motion ID inheritance through motion sharing. 

PU1 PU2 

PU3 PU4 

Figure 12. An example of an NxN CU. 
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