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Abstract

In this papar, we propose a new motion estimation and coding technique using adaptive motion vector resolution. Currently,
HEVC encodes a video using 1/4 motion vector resolution. If there are high texture regions in a picture, HEVC can't get a
performance enough. So, we insert additional 1-bit flag meaning whether motion vector resolution is 1/4 or 1/8 in PU syntax.
Therefore, decoder can recognize the transmitted motion vector resolution. Experimental results show that maximum coding
efficiency gain of the proposed method is up to 5.3% in luminance and 7.9% in chrominance. Average computional time
complexity is increased about 33% in encoder and up to 5% in decoder.
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Fig. 1. An example of motion estimation for integer position
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Fig. 2. Motion estimation at 1/2 pixel position (left) and 1/4 pixel position (right)
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Table 1. DCT-IF coefficients(luminance)
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1/2 -1, 4, 11, 40, 40, -11, 4, -1
3/4 0, 1, -5, 17, 58, -10, 4, -1

T 2. DCT-IF Al5(Mx}
Table 2. DCT-IF coefficients(chrominance)

1/8 -2, 58, 10, -2
1/4 -4, 54, 16, -2
3/8 -6, 46, 28, -4
12 -4, 36, 36, -4
5/8 -4, 28, 46, -6
3/4 -2, 16, 54, -4
7/8 -2, 10, 58, -2
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Table 3. DCT-IF coefficients at 1/8 pixel position for interpolation
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Table 6. Pseudo-code for inferring a resolution flag

Encoder side

Decoder side

If (MVP

Else

== EVEN && MVD == EVEN)

Continue; // 1/4 resolution

Encode (mvr_flag);

If (MVP == EVEN && MVD == EVEN)
mvr_flag = 1/4; // 1/4 resolution
Else
Decode (mvr_flag);

=
hal
Y= BeE PEosA Gov], A 457} ohd

ut YT FHIE Fosigitt Bost S A
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lay B main, Low delay B high efficiency] & 47} A3
S AMgslg ey, o GAke 25 common condition®l] Ut

9}9)+= B~D class test sequenceS AE-SIATE 1 99 A
AZAL AE common conditiong F3FAUTE K
HM6.0S 7|02 At 719 A4 45 HskE &
A3t BDrate 4o oY A4 dFE 0] et
A& AAvIstal BRETF 100%R 0 242739 TInkE &
FA&rt 2SS v]gth

2. 4

oIr
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M

< 7>2 ME T ZYE P o8 Y &
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Z880] 7Pk AL B 4 ok AN HM6.00] 7
o] 1/4 k& 94 HRIZ FHQ A5 skt wEl, £
71 18 3H4 913 BI7HA] 22 S-S oE ]l
BRAET} 30% AE Z718A ATk
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£ 7. 18]S S HIES B 0183t HSH SHAUE sHyzo| U3 Aot

Table 7. Summary of test results for adaptive motion vector resolution using 1bit resolution flag

Random Access Main

Random Access High Efficiency

BD-rate Y BD-rate U BD-rate V BD-rate Y BD-rate U BD-rate V
Class A 0.3% -0.4% -0.4% 0.1% -0.1% -0.2%
Class B -0.1% -0.4% -0.5% 0.0% -0.2% -0.4%
Class C -1.0% -1.1% -1.0% -0.5% -0.9% -0.8%
Class D -1.4% -1.3% -1.7% -0.6% -1.1% -1.6%
Enc Time[%] 134% 132%
Dec Time[%)] 102% 105%
Low delay B Main Low delay B High Efficiency
BD-rate Y BD-rate U BD-rate V BD-rate Y BD-rate U BD-rate V
Class B 0.1% -0.3% 0.1% 0.1% 0.5% 1.1%
Class C -1.0% -1.3% -1.5% -0.5% 0.1% -0.1%
Class D -1.6% -1.7% -2.4% -0.9% 0.2% -0.8%
Enc Time[%)] 133% 132%
Dec Time[%] 103% 100%
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Table 8. Summary of test results for adaptive motion vector resolution using 1-bit resolution flag inference method

Random Access Main Random Access HE10
BD-rate Y BD-rate U BD-rate V BD-rate Y BD-rate U BD-rate V
Class A 0.3% -0.5% -0.4% 0.1% -0.2% -0.2%
Class B -0.1% -0.5% -0.5% 0.0% -0.2% -0.4%
Class C -1.0% -1.1% -1.0% -0.5% -1.0% -0.8%
Class D -1.5% -1.3% -1.8% -0.6% -1.1% -1.7%
Enc Time[%)] 134% 132%
Dec Time[%)] 103% 105%
Low delay B Main Low delay B HE10
BD-rate Y BD-rate U BD-rate V BD-rate Y BD-rate U BD-rate V
Class B 0.1% -0.3% 0.1% 0.1% 0.4% 1.0%
Class C -1.1% -1.3% -1.5% -0.6% 0.1% -0.1%
Class D -1.7% -1.7% -2.5% -1.0% 0.1% -0.8%
Enc Time[%)] 133% 131%
Dec Time[%)] 104% 101%
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Fig. 5. Ratio of the case with 1/4 pixel position MVP and MVD
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E 9. Random Access Main2| BD-rate & Z1}
Table 9. BD-rate results for Random Access Main
Class Sequence BD-rate Y | BD-rate U | BD-rate V
Traffic 0.2% 0.1% -0.1%
A PeopleOnStreet 0.3% 0.5% 0.2%
4K Nebuta 0.2% -2.2% -1.9%
StreamLocomotive 0.4% -0.2% 0.1%
Kimono 0.2% 0.2% 0.0%
B ParkScene 0.1% -0.5% -0.4%
1080p Cactus -0.2% -0.1% -0.6%
BasketballDrive 0.1% 0.0% -0.3%
BQTerrace -0.6% -1.9% -1.2%
BasketballDrill -1.0% -1.4% -1.2%
C BQMall -1.0% -0.5% -0.8%
WVGA PartyScene -2.1% -2.6% -2.3%
RaceHorses 0.1% 0.0% 0.1%
BasketballPass -0.1% -0.1% -0.7%
D BQSquare -5.3% -3.0% -5.2%
WQvG -
A BlowingBubbles -0.9% -2.2% -1.6%
RaceHorses 0.3% 0.0% 0.4%
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# 10. Random Access HE102| BD-rate 45 Zo} 3. 41} EAM
Table 10. BD-rate results for Random Access HE10
Class Sequence BD-rate Y | BD-rate U | BD-rate V <E 13>~<FE 15> <F A Also] &4 & gA
Traffic 0.3% -0.1% -0.2% B
A PeopleOnStreet 0.4% 0.3% 0.2% I A U G Wol B48 3 Axjoldh
4K Nebuta 0.2% -0.4% 0.2%
StreamLocomotive -0.5% -0.4% -1.0%
Kimono 0.1% 0.4% 0.0% E 13 Random Access Main2| B_class BQSquare &4t £4
B ParkScene 0.2% -0.3% -0.2% Table 13 The evaluation about B_class BQSquare sequence at
1080p Cactus 0.0% -0.2% -0.3% Random Access
BasketballDrive 0.1% -0.1% -0.4%
BQTerrace -0.3% -0.9% -1.0% D_BQSquare
BasketballDrill -0.5% -1.0% -0.9% B .
c BQMall 07% 07% 05% QP 1/4 MV 1/8 MV AY (dB) | ABitrate (%)| BD-rate
WVGA PartyScene -1.0% -2.2% -2.1% 22 41% 59% 0.11 dB -4.23 %
RaceHorses 0.0% 0.1% 0.1% 27 38% 62% 0.16 dB 242 %
BasketballPass 0.1% -0.2% -0.9%
D BQSquare -2.4% -3.2% -4.8% 32 36% 64% | 012dB | -165% | -53%
WQVGA | BlowingBubbles -0.4% -1.0% -0.8% 37 37% 63% 0.09 dB -0.57 %
RaceH 0.1 -0.29 -0.29
goeTores % % e average | 38% 62% | 012dB | 222 %

E 11. Lowdelay B Main2| BD-rate A5 Zz}
Table 11. BD-rate results for Lowdelay B Main E 14. Random Access Main2| C_class RaceHorses ¢t 241
Table 14. The evaluation about C_class RaceHorses sequence at

Class Seguence BD-rate Y | BD-rate U | BD-rate V Random Access
Kimono 0.2% 0.1% 0.4%
B Peg kS::ene %2100//" %2;/; (()) ;;/" C_RaceHorses
actus -0.1% -0.4% .J7/0 -
1080P g sketballDrive 0.0% 2% 08% QP 14 MV | 1/8 MV | AY (dB) |ABitrate (%)| BD-rate
BQTerrace 0.2% 0.0% 0.9% 22 48% 52% 0.00 dB 0.01 %
BasketballDrill -1.2% -3.2% -3.6% 27 51% 49% 0.01 dB 0.18 %
(¢} BQMall -1.1% -0.2% -0.4%
559 459 -0.01 dB 0.06 ¢ 0.19
WVGA PartyScene -21% -1.9% -2.2% 32 % % % %
RaceHorses 0.0% 0.1% 0.1% 37 56% 44% 0.00 dB 0.26 %
BasketballPass -0.1% -0.3% 0.2% average 53% 47% 0.00 dB 0.13 %
D BQSquare -5.2% -4.6% -7.9%
WQVGA | BlowingBubbles -1.6% -2.3% -21%
RaceHorses 0.1% 0.3% 0.1% I 15. Random Access Main2| A_class SteamlLocomotiveTrain 24}
24
E 12. Lowdelay B HE102| BD-rate Al Z1} Table 15. The evaluation about A_class SteamLocomotiveTrain se-
Table 12. BD-rate results for Lowdelay B HE10 quence at Random Access
Class Sequence BD-rate Y | BD-rate U | BD-rate V A_SteamlLocomotiveTrain
Kimono 0.0% 0.6% 04% QP 14 MV | 1/8 MV | AY (dB) |ABitrate (%)| BD-rate
ParkScene 0.2% -0.1% 0.4%
22 659 359 0.00 dB -0.13 9
1 Og 0 Cactus -0.1% -0.3% -0.2% % 0/0 OA]
P | BasketballDrive 0.2% 0.3% 0.5% 27 58% 42% | 0.00dB | 017 %
BQTerrace 0.4% 1.7% 41% 32 58% 42% -0.01 dB 041 % 0.4%
BasketballDrill 0.1% 0.1% -0.5% 37 57% 43% 0.00 dB 0.07 %
C BQMall -1.0% 0.3% 0.1%
WVGA | PartyScene 14% 0.2% 0.1% average | 60% 40% | 000dB | 013 %
RaceHorses 0.0% 0.1% 0.0%
BasketballPass 0.0% -0.3% -0.6%
D BQSquare 2.7% 0.8% -2.5% 29 FoA 1/4 MVEF 1/8 MV & MV st Ee] A=
WQVGA| BlowingBubbles -1.0% 0.3% 0.1% _ X
RaceHorses -0.1% -0.3% -0.2% H &S Yeh gggrq, AYE dBe| W3} aok, ABitrate=
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