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Fast Decision Method of Geometric Partitioning Mode and Block
Partitioning Mode using Hough Transform in VVC

Minhun Lee”, Juntaek Park”, Gun Bang®, Woong Lim®, Donggyu Sim”, and Seoung-Jun Oh™*

e o

A A 53} BFO0Z A3 £ VVC (Versatile Video Coding)= AMAZ E£F 8 7+ 2 GPM (Geometric Partition-
ing Mode)® 72 thokdl o= w59 MY 9 F HEVC (High Efficiency Video Coding)tiH] RA (Random Access) $73ollA oF
34%<} LDB (Low-Delay B) $70lA oF 30%2] F353F A5 S HoAgk £538 B oF 108], 7v] 715 Bty & =
ToAAE Ve #3538 BRE NS flstel &5 W BRI E ol&F GPM EE & 24 3% 25 £ 1% 44 g At
got Alete WHE Al £5d o= w3k ALt 25 o WIS Tetety, ofF B & vlE B A A
3 GPM EE9 54 £5 28 WS AAsie Witk Y ASAEN Atdts WS VIMS.0 tiH] RA 3014 2.48%9 #
53t A% 72 31.01%2) F538 A7 i a3 Ay LDB SNA 2.69%2] Fo5t A5 st 29.84%2] Fost A7 7

Abstract

VVC (Versatile Video Coding), which has been developing as a next generation video coding standard. Compared to HEVC
(High Efficiency Video Coding), VVC is improved by about 34% in RA (Random Access) configuration and about 30% in LDB
(Low-Delay B) configuration by adopting various techniques such as recursive block partitioning structure and GPM (Geometric
Partitioning Mode). But the encoding complexity is increased by about 10x and 7x, respectively. In this paper, we propose a fast
decision method of GPM mode and block partitioning using directionality of block to reduce encoding complexity of VVC. The
proposed method is to apply the Hough transform to the current block to identify the directionality of the block, thereby
determining the GPM mode and the specific block partitioning method to be skipped in the rate-distortion cost search process. As

a result, compared to VTMS.0, the proposed method reduces about 31.01% and 29.84% encoding complexity for RA and LDB
configuration with 2.48% and 2.69% BD-rate loss, respectively.
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Table 1. The number and mode of selected GPM mode for each case of proposed method

Case Selected GPM mode The number of selected GPM modes
No line Skip GPM 0
Only vertical 0,1.2.3.4.5.32,33,34,35,36,37,38,39,40,61,62,63 18
Only horizontal 14,15.16,17,18,19,20,21,22,23,47.48,49,50,51,52,53,54 18
Only 45° 20,21.22.23,24,25,26,27,28,29.30,31,32,33,34,35,52,53,54,55,56,57.58.,59,60,61,62.,63 28
Only 135° 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,38,39,40,41,42,43,44,45,46,47 48 49 28
No 45°& 135° 0,1,2,3.4,5,14,15,16,17,18,19,20,21,22,23,32,33,34,3 39,40,47,48,49,50,51,52,53,54,61,62,63 36
No vertical & 45° 2,3.45.6,7.8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,38,39,40,41,42,43,44,45 46,47,48,49,50,51,52,53 .54 39
No vertical & 135° 14,15,16,17,18,19,20,21,22,23,24 25,26,27,28,29,30,31,32,33,34,35,47,48 49,50,51,52,53,54,55,56,57,58,59,60,61,62,63 39
No horizontal & 45° 0,1,2,3.4,5,6,7,8,9,10,11,12,13,14,15,16,17,32,33,34,35,36,37,38,39,40,41,42,43 ,44,45,46,47 48,49,61,62,63 39
No horizontal & 135° 0,1,2,3,4,5,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,52,53,54,55,56,57,58,59,60,61,62,63 39

) . 0,1,2.3.4,5.6,7,8.9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,32,33,34,35,36,37,38,39,40,41,42,43,44,45 46,47,48,49,50
No diagonal (45°) 51.52,53,54,61,62.63 0

0,1,2,3,4,5,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,47,48,49,50,51,52,53,54,

No diagonal (135°) 55.56.57.58.59.60.61.62.63 50
No horizontal 2,3.4.5.6.7.8,9.10.11,12,13,14,15,16,17,20,21,22,23,24,25.26,27.28,29,30,31,32,33,34,35,38.,39,40,41,42,43,44.45.46.,47,, 36
& vertical 48.49.52.53.54,55,56.,57,58.,59,60.61,62,63 )
No vertical 2,3.4.5.6.7.8,9.10.11,12,13,14,15,16,17.18,19.20,21,22,23.24,25.26,27,28,29,30,31,32,33,34.35,38,39.40.,41,42,43.44.45,, 60
46.47.48.49,50,51,52.,53,54,55,56.57,58.,59,60,61,62.63
S 0.1.2.3.4.5.6.7.8.9.10,11,12,13.14,15,16,17.20,21,22,23.24,25,26,27.28.29.30.31.32,33,34,35.36,37.38,39.40,41,42,43 44
No horizontal 60

,45,46,47,48,49,52,53,54,55,56,57,58,59,60,61,62,63

All line All modes 64
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E 2. okl el VIM8.0 CiH| ds
Table 2. Performance of the proposed method over VTM8.0

Random Access Low-Delay B
Class Sequence
BD-rate Y Thea BD-rate Y Theu

RitualDance 2.82% 30.23% - -
Class B Cactus 2.30% 31.68% 2.33% 32.59%

(1920<1080) BasketballDrive 1.91% 29.98% - -

BQTerrace 2.42% 32.54% - -
RaceHorsesC 3.19% 35.73% 4.05% 34.81%
Class C BQMall 3.08% 36.15% 3.32% 29.05%
(832><480) PartyScene 2.52% 41.02% 1.86% 29.28%
BasketballDrill 3.60% 36.46% 4.84% 36.39%
RaceHorses 3.96% 32.88% 3.60% 28.24%
Class D BQSquare 1.12% 21.60% 2.08% 21.11%
(416 %< 240) BlowingBubbles 1.28% 25.08% 1.61% 20.42%
BasketballPass 1.56% 18.75% 1.63% 28.42%
Class B 2.36% 31.11% 2.33% 32.59%
A Class C 3.10% 37.34% 3.52% 32.38%

verage

9 Class D 1.91% 24.58% 2.23% 24.55%
Overall 2.48% 31.01% 2.69% 29.84%

E 3. Mtsls WHCZ olsf Halet GPM Fa3t SRZe U& A Lo R Ut At SRl HE

Table 3. The ratio of the GPM encoding complexity by proposed method and the additional complexity required for fast decision process

Random Access Low-Delay B
Sequence — -
Reduced GPM_encT _rate Additional complexity Reduced GPM_encT _rate Additional complexity

RaceHorses 29.11% 39.04% 32.99% 41.02%
BQSquare 18.20% 36.23% 15.47% 33.98%
BlowingBubbles 20.24% 43.61% 25.91% 40.99%
BasketballPass 21.58% 37.01% 27.56% 33.31%
Average 22.28% 38.97% 25.48% 37.33%

¥ 32 Class D 7ol A 71& Wi o] GPM F3538} B3 o 4] RaceHorses A9 VIMS.03 A|¢tet= b 9
= thy] AlekstE WRle] GPM RE H53) B o] v)& RD =41 (Rate-Distortion Curve)E YERH Fojth 1

(Reduced GPM_encT rate) @ A8 WS 443t

GPM R & ZAAs7] 8 F3o38 Ak & & 248S ol& Altets W] ot E{E AR Qg F-33)
Qgk F71 ALt HFE9] Bl& (Additional complexity)= R 74a7) A 5 Qe fFolgty B 4 gy, B
HolFrh RA 0lA & HAA 0= 22.28%° GPM & HE& 2 BESAXA BF ad¥olgs A& HoF
T F3s BEFE At Ao, o] F HAAHOE T} E8 RD 42 I8 109 F A28 A9 g2
38.97%< AlStsls WHOZ Qe F7t Alat Bitwo|H, A|A 2 HS23 Z3ks Helth

LDB 370l A4 22 2548%°] GPM BE H35.3} I8 113 19 12F Aljtehs W e F34 shd vl
3% A7F U, o] F HAH O E 37.33%% A SHe} E 93 Idolth HIWE 913 19> 7t 870)A o3t
= WROE Qg F7t ALt BTl A5 #ae A&t 7bd £ LDB $7oR Hoshd

=
19 102 LDB #7794 BQSquare A]# 29} RA 37 BasketballDrill#} RAS7 S 2 K5 3}% RaceHorses A}
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BQSquare, Low-Dely B configuration RaceHorses, Random Access configuration
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2! 10. LDB &tZ0llA BQSquare®t RA EHA40|M RaceHorses A|#A2| VTMS8.0Z} H|Qtsk= gl RD =M
Fig. 10. RD curves of VTM8.0 and the proposed method, BQSquare for LDB configuration and RaceHorses for RA configuration

{2 (b ]
2! 1. LDB 2, QP=3722 £53|El BasketballDrill A|IZHAC| 9361m ZajlofA = FlEo| B (a) A; (b) 7|2 & (c) MAske &
Fig. 11. Visual quality comparison for BasketballDrill with LDB configuration, where the 93th frame is shown (QP=37), (a) Original; (b) Existing
method; (c) Proposed method

(a) (b) {c)

T2l 12. RA &4, QP=372Z £ 53|5 RaceHorses A|HA2| 100HM Z[QofA] FAZE FHEIO| H|W (a) HE; (b) 7|Z UH; (c) Motsk= i
Fig. 12. Visual quality comparison for RaceHorses with RA configuration, where the 100th frame is shown (QP=37), (a) Original; (b) Existing method;
(c) Proposed method
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