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Fast Algorithm for Affine Motion Estimation Based on Statistical Analysis

ZHONG Yucheng' , HUANG Xiaofeng' , NIU Weihong' and CUI Yan®

1 School of Communication Engineering, Hangzhou Dianzi University, Hangzhou 310018, China
2 Zhejiang Economic Information Center, Hangzhou 310007, China

Abstract To reduce the computational complexity of the new generation video coding standard-versatile video coding(VVC) ,a
fast affine motion estimation(AME) calculation method based on statistical analysis is proposed. In the proposed method,we first
abandon the integer pixel and 1/16-pixel accuracy,while retaining 1/4-pixel accuracy of the three motion vector(MV) accuracies.
Secondly . we build the relationship between the iterations and quantization parameters(QP) ,slice type,and coding unit(CU) size
to obtain an adaptive formula for reducing the number of iterations in AME. Then, the four integer pixels in the four corners of
CU in the fine granularity search(FGS) algorithm are replaced by two diagonal sub pixels. Finally, the sum of absolute transform
difference(SATD) cost is used to replace the rate distortion optimization(RDO) cost. Experimental results show that compared
with the H. 266/VVC reference software VITM-10. 0, the proposed algorithm saves 8. 34% and 8. 83% of time in low delay B

(LDB) and random access(RA) configurations, while the performance loss is only 0. 10% and 0. 12% , respectively.

Keywords Versatile video coding. Affine motion estimation. Pixel accuracy, Fine granularity search,Sum of absolute transform
difference
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Table 1 Encoding performance with LDB configuration
%)
Class Sequence XL14T 09 7 o AXH A

De-Enc BD-Rate De-Enc BD-Rate

MarketPlace 5.89 0.11 9.69 0.22

RitualDance 4. 45 0.08 10. 56 0.16

B Cactus 5.82 0.17 11.34 0.14

BasketballDrive 6.35 0.08 7.63 0. 20

BQTerrace 6.15 0. 04 7.28 0.17

BasketballDrill 4,92 0.09 8.05 0.13

. BQMall 6.15 0.03 9.72 0.02
¢ PartyScene 4.34 0.15 7.26 —0.02

RaceHorses 4.82 0.02 8.34 0.14

BasketballPass 5.91 0.06 7.85 0.18

b BQSquare 8.35 0. 24 7.05 0. 04

BlowingBubbles 6.17 0.08 6. 34 0.19

RaceHorses 6.35 0.02 9.04 0.16

FourPeople 5.29 0.02 6.32 0.02

E Johnny 4.15 0. 04 7.65 0.13

KristenAndSara 1. 34 0.10 8.34 0.12

BasketballDrill Text 8.61 0.08 8.54 0.12

ArenaOfValor 5.82 0.02 8.77 0.01

F SlideEditing 6.34 0.03 6.98 0.05
SlideShow 7.92 0.05 10.12 0.11

Average 5.91 0.07 8. 34 0.10

F 2 RABCE T 0405 16

Table 2 Encoding performance with RA configuration

%)
Class Sequence Sk (140 B 77 % R XH %
De-Enc BD-Rate De-Enc BD-Rate
Tango?2 7.34 0.04 10. 15 0.04
Al FoodMarket4 6. 86 0.06 12.32 0.02
Campfire 4.32 0.02 7.15 0.08
CatRobot 7.28 0.08 9.85 0. 04
A2 DaylightRoad2 7.01 0.17 8.65 0.10
ParkRunning3 5.15 0.06 6.19 0.15
MarketPlace 5.34 0.12 10. 82 0.34
RitualDance 4.32 0.05 10. 64 0.29
B Cactus 4.15 0.18 6.82 0.10
BasketballDrive 5.28 0.12 7.27 0.15
BQTerrace 7.47 0.09 9.64 0.21
BasketballDrill 3.43 0.10 9.91 0.14
. BQMall 5.78 0.07 10. 38 0.10
¢ PartyScene 4.66 0.30 6.25 0.05
RaceHorses 3. 44 0.03 9.34 0.13
BasketballPass 3.15 0.06 6.91 0.22
b BQSquare 9. 87 0.48 12. 36 0.09
BlowingBubbles 6.06 0.14 9.72 0.05
RaceHorses 5.11 0.07 8.81 0.17
BasketballDrill Text 7.44 0.15 9.05 0.13
F ArenaOfValor 5.15 0.09 4. 64 0.08
SlideEditing 6.32 0.01 7.17 0.06
SlideShow 7.11 0.01 9.09 —0.05
Average 5.74 0.11 8.83 0.12

B TCsk[14 2 TR EER R R VIM-3. 0 F#1T
A PR A L PR AR SOk A A T W — 5 1047, B VTM-
10.0. ATLAIEM 76 LDBELE T . AR SCHENE T 8. 34% 1M
A, M RE AR % 0. 10%0 7 RABLE R A LHETAET
8. 83 %6 1 &t By ] H] , MERBANAX 2% 0. 122,

7.2 BB

Wit 7.1 WA SEIR A T DL AR SO Rk e e R A A
BE R F SCEk14 ] P S . SRR IR R SCEk[ 14 5 i S ek
AN J2 4 5% 3 4 ) 22 28 B (MMT) B} AME 1) 4 1% & 2%
BB B A MMT 8009 )5 51 8 i s s R 85025 . i A SC
M AME (9 408 DL Be 9 EF 3L 4 05 TR Jin# AME, PR G
PETT R, I E R T A e SR 45 SR T LG AR SO A E
SCHRL T4 rb B 5330 G A5 B 1D 95 48 8 1RO 3 AN TE 43 AR MATT IR
ST AR SR v Ak

AR, N SEBG 45 SR BB & 11 AR AR I AE AE — Y Mk R
P, FEFENWT.

DJSETE AME th K/ iz dh Rk 2 1/4 R R
B ARR 1H A7 78 b 7 P R 28 05 52 7 3 A G 00 L A OBk
A Tk B AH R RS BE 1 AL T — 2 PR RE R

2) R4 ol % 4t¥ﬁt§“ﬁzﬂﬁakmﬂéﬁt?’£mk& k>
T AR EL U AR B Y T RS2 R E A BB B CPMV,
M 3 B T — 58 A PERE B %

3R SATD 1UH AL RDO UM K K FEAR T 1154
SZ2PE (A& SATD AR A WKS BE A RDO AR /Y &5, 5 G A7
TE— @ M REAR K .

WA B 11 gl T AR SCA L AE LDB M RAFRCE T, 5
VTM-10. 0 # L%t T BQMall #1 Johnny B4~ 5 51 A9 1 fig 451 2%
5 B0 T LA K S 45t 26 JLT- 51 45 BV AR 45 2 JLT- 1T LA 22 %
ANib. B, A ENIE T A SCE 0 A 3 R ok

230400081-6



PRI BTG BT 07 B 12 Sl A T PR B

ZERIE

415
~¢~ VTM-100 -* Proposed
395 -
m
E 25 |
%
Q0 355
=
335 -
315 1 1 1 1 Il J
500 1400 2300 3200 4100 5000 5900
Bitrate/kbps
(a) LDB fi & T 1 BQMall J¥ 51|
445
~- VTM-100 -* Proposed
425
<]
o
N
&
Z 405 |
7]
(<%
>
385 |-
365 1 1 1 1 1 1 |
300 800 1300 1800 2300 2800 3300 3800
Bitrate/kbps
()LDB I & F % Johnny J¥ 41
& 11

Fig. 11

A VVC LI S 0% 5 ofiE LUA BRI &

FLEE RS N AT AR A HEVC SR BEHE S T 50 % A9 45 5%
o NI 2R B ARSI I T — M EE T R
BT 4 075 5838 3 A P 8 s, O T SE R I E TR A

Kigis

o [R IRF P AN S5 B A Bk R HEAT T AT LU S A M 4

WEW, 5 H.266/VVC ZH KM VTM-10. 0 M b . iZ B L7
PEREJLF L K SO F . — & 2 b # e Tt H. 266/
VVC #51 AR AME i 8] #5528 57 45 2k 09 31 5 &2 24 1 & A9 )

H

L, AME S92 53 2% B2 4 B IR Xk 8 A T 1] 5000 75 &= VVC %

T as A BE R REARASE T — 52 TUik. AL, th TREA I 2 4%
e AR SR ) 0 R AR B AR T iR U T R A 2
AL F AT 0 20 e 3k 4 2 15 A T 0y i

[1]

2]

(3]

(4]

[5]

[6]

2 % X M

WIEGAND T,SULLIVAN G J,BJONTEGAARD G,et al. O-
verview of the H. 264/AVC video coding standard[]J]. IEEE
Transactions on Circuits and Systems for Video Technology,
2003,13(7):560-576.

SULLIVAN G J,OHM ] R, HAN W ], et al. Overview of the
high efficiency video coding( HEVC) standard[]]. IEEE Trans-
actions on Circuits and Systems for Video Technology, 2012,
22(12):1649-1668.

WIECKOWSKI A, MA J,SCHWARZ H,et al. Fast partitioning
decision strategies for the upcoming versatile video coding
(VVCO) standard[C]// 2019 IEEE International Conference on
Image Processing(ICIP). IEEE,2019:4130-4134.

TUN E E.,ARAMVITH S,ONOYE T. Low complexity mode
selection for H. 266/VVC intra coding[]]. ICT Express.2022,8
(1):83-90.

HUANG Y W,AN J,HUANG H,et al. Block partitioning
structure in the VVC standard[ J]. IEEE Transactions on Cir-
cuits and Systems for Video Technology,2021,31(10):3818-
3833.

PARK S H,KANG ] W, Fast affine motion estimation for ver-

Y PSNR/dB

Y PSNR/dB

P REXT L

7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

230400081-7

415 [~
=+~ VTM-100 -+ Proposed
395 -
375
355 -
335
315 1 1 Il 1 i 1
500 1300 2100 2900 3700 4500 5300
Bitrate/kbps
(b)RA Fit & T 1y BQMall 7%
445
—~ VIM100 -« Proposed
425 -
405 [~
385 1 1 1 1 1 J
400 1200 2000 2800 3600 4400 5200
Bitrate/kbps
(d) RA L # T & Johnny 51

Performance comparison

satile video coding(VVC) encoding[ J]. IEEE Access, 2019,7:
158075-158084.

CHOWDARY T A,NALLURI P. Multiple Transform Selection
in Versatile Video Coding:a Review[C]//2022 8th International
Conference on Advanced Computing and Communication Sys-
tems(ICACCS). IEEE,2022,1:991-996.

BROSS B, WANG Y K, YE Y.,et al. Overview of the versatile
video coding (VVC) standard and its applications [ J]. IEEE
Transactions on Circuits and Systems for Video Technology,
2021,31(10) :3736-3764.

HOANGVAN X,NGUYENQUANG S,DINHBAOM,et
Fast QTMT for H. 266/VVC intra prediction using early-termi-
nated hierarchical CNN model[ C]// 2021 International Confer-

al.

ence on Advanced Technologies for Communications ( ATC).
IEEE,2021:195-200.

WANG K,LIANG H,ZHANG S,et CU Partition
Method Based on Extra Trees for VVC Intra Coding[ C]// 2022

al. Fast

IEEE International Conference on Visual Communications and
Image Processing(VCIP). IEEE,2022:1-5.

WANG Z, WANG J, YANG J,et al. A Fast Transform Algo-
rithm for VVC Intra Coding[C]// 2022 11th International Con-
ference on Communications, Circuits and Systems (ICCCAS).
IEEE.2022.237-240.

ZHANG Z,FU C H,XIE K,et al. Fast VVC Intra Coding by
Skipping Redundant Coding Block Structures and Unnecessary
Directional Partition[ C]// 2022 IEEE 5th International Confer-
ence on Multimedia Information Processing and Retrieval
(MIPR). IEEE, 2022 84-89.

LIU C,SUN H,KATTO J,et al. QA-filter: A QP-adaptive con-
volutional neural network filter for video coding []]. IEEE
Transactions on Image Processing,2022,31:3032-3045.

PARK S H,KANG ] W. Fast affine motion estimation for ver-
satile video coding (VVC) encoding[ ] ]. IEEE Access, 2019, 7.
158075-158084.

GUAN X, SUN X. VVC Fast ME Algorithm Based on Spatial

Texture Features and Time Correlation[ C]//2021 International



Com puter Science FFEHLEIY: Vol. 51,No. 6A, June 2024

Conference on Digital Society and Intelligent Systems(DSInS).
1IEEE,2021:371-377.

[16] JUNG S,JUN D. Context-based inter mode decision method for

[17]

(18]

[19]

[20]

(21]

[22]

fast affine prediction in versatile video coding[ ]]. Electronics,
2021,10(11) :1243.

DUARTE A,GONCALVES P, AGOSTINI L,et al. Fast affine
motion estimation for vvc using machine-learning-based early
search termination[ C]// 2022 IEEE International Symposium on
Circuits and Systems(ISCAS). IEEE,2022:1-5.

ZHU S,MA K K. A new diamond search algorithm for fast
block-matching motion estimation [ ] ]. IEEE Transactions on
Image Processing,2000,9(2) :287-290.

ZHU C,LIN X,CHAU L P. Hexagon-based search pattern for
fast block motion estimation[ J]. IEEE Transactions on Circuits
and Systems for Video Technology.2002,12(5) :349-355.
TOURAPIS A M. Enhanced predictive zonal search for single
and multiple frame motion estimation[ C]// Visual Communica-
tions and Image Processing 2002. SPTIE,2002,4671:1069-1079.
PURNACHAND N.ALVES L N,NAVARRO A.Improve-
ments to TZ search motion estimation algorithm for multiview
video coding[ CJ // 2012 19th International Conference on Sys-
tems, Signals and Image Processing(IWSSIP). IEEE, 2012 388-
391.

ZHANG K,.CHEN Y W.ZHANG L,et al. An improved frame-
work of affine motion compensation in video coding[ J]. IEEE

Transactions on Image Processing,2018,28(3) :1456-1469.

[23] LI L,LI H,LIU D,et al. An efficient four-parameter affine mo-
tion model for video coding[J]. IEEE Transactions on Circuits
and Systems for Video Technology,2017,28(8):1934-1948.

[24] CHENJ,YE Y.KIM S. Algorithm description for versatile vide-
o coding and test model 10(VTM 10) JVET-S2002[C] // 19th
Meeting of the Joint Video Exploration Team (JVET). 2020:
1-67.

[25] BOYCE J,SUEHRING K.LI X,et al. JVET-J1010:JVET com-
mon test conditions and software reference configurations[C] //
10th Meeting of the Joint Video Experts Team. 2018: JVET-
J1010-v1.

[26] BJONTEGAARD G. Calculation of average PSNR differences
between RD-curves(VCEG-M33)[Z]. 2001.

ZHONG Yucheng, born in 2002, under-
graduate. His main research interests
include video processing and compres-

sion technology.

CUI Yan, born in 1988, postgraduate.
Her main research interests include

image video coding and VLSI design.

230400081-8





