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Intra Prediction Using Multiple Models Based on Fully Connected
Neural Network
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AT HEd 71ES HgLe Bost] Agste tdd Ak AYHT Aok £ =2 AAY v 9 VVC(Versatile
Video Coding)oll AH&l¥ A7 7]juke] 7]&9l MIP(Matnx—based Intra Predlctlon)e gt Zd‘?ﬂ@ﬁ]——(Fully Connected Layer)
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Abstract

Recently, various research on the application of deep learning to video encoding for enhancing coding efficiency are being
actively studied. This paper proposes a deep learning based intra prediction which uses multiple models by extending Matrix-based
Intra Prediction(MIP) that is a neural network-based technology adopted in VVC. It also presents an efficient learning method for
the multi-model intra prediction. To evaluate the performance of the proposed method, we integrated the VVC MIP and the
proposed fully connected layer based multi-model intra prediction into HEVC reference software, HM16.19 as an additional intra
prediction mode. As a result of the experiments, the proposed method can obtain bit-saving coding gain up to 0.47% and 0.19%
BD-rate, respectively, compared to HM16.19 and VVC MIP.
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a) =yt Sy AP Hy s (Korea Aerospace University, School of Electronics and Information Engineering)
b) ?l'i"ﬂx}%’\‘l@? (Electronics and Telecommunications Research Institute)
¥ Corresponding Author : 71#<(Jae-Gon Kim)
E-mail: jgkim@kau.ac.kr
Tel: +82-2-300-0414
ORCID: https //orcid.org/0000-0003-3686-4786
w0 =2e 9 A3 F AVE g rTlol 28 020d sASE N B b 2,
P e 2219% AREEE Z*EEM%)«] ALeE HRFAZ Y%7 A S ol 34 AFI(No. 2017-0-00072, 47 Elehr|rof
S 99 AV 2 LRoltel 8471% 7).
- Manuscript received September 17, 2021; Revised November 5, 2021; Accepted November 5, 2021.

Copyright © 2021 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



£718 9 49 : tF BdS o] &3 Sddd A% 71 sy oS 759

(Gihwa Moon et al.: Intra Prediction Using Multiple Models Based on Fully Connected Neural Network)

.M E

HEVC(High Efficiency Video Coding) ©]% UHDTV %
360% HIH 2 T ThFSE sk BT 2 Au|ne] ko m
Hoh S22 455 A AZE UYL F353 25
2 Aol hFHAHY, ool ITU-T VCEG(Video Coding
Experts Group)2} ISO/IEC MPEG(Moving Picture Experts
Group)®] ¥& 24l JVET(Joint Video Experts Team)
220201 79 ZAIH) ¥]E 2 ®E9] VVC(Versatile Video
Coding)/H.266 ¥53+2 ¢ 8tqti?. vwCe 2353 A
s S 913l MIP(Matrix-based Intra Prediction) %
LENST(Low Frequency Non-Separable Transform)9} 7--2
StEE AW BdS o] &3 R ost 7leES APt
Bl gh ohefst A3l d 732 2 sh57ye] A=
FAA Y HolM e Hojd A HolHA vt e &
o3t JIFANA TS FEATIE A7 2o i
FE 9tk oo JVETS VVCE 4% 4 K
7IWke] HH e Host 7o A Flstr] 26
NNVC AhG(Ad-hoc Group for Neural Network-based Video
Coding)& 43t #d 7l&S B ol &)
NNVC AhGellA =953 i Hald 7|9ke] #3538} 7]s
& 7128 B4 o= Vles dAsAY 71E9] Fas)
Eo Z& RES F7lshe W2 A7HL 3o
Ql-F3=(In-Loop) ZE ¥, RPR(Reference Picture Resam-
pling), 12]3 SPAW o= 5] Al FolellM F2 A7

3 AT

N
I
ot
rg
=
2
A
N
i)
rlo
2
i\
o
=
Y
o
rir

e
e
N

H 1o

=,
53t ghand FRAEES 54 4w U
9(padding)3t= W3 BT, 243
o] &3} Planar L= 2 FZXAE
S A= DC RE9 o] nle] AoH vt
to] dEESS AT e, 7]1E 83

53t E5 el E5gk Helo] EA)s}

3

tlo oXx
o

ofr
o

1o, e

ol

=t

o

il

2
o o=z

_mELérﬁLm{Eo&wr&

o
to N @ o N mlo L

=

ol
L

fol

:‘—l'_{m

BN
e e
N\
n>~
e}
1o
N
i)
N
e,
ol
o
-3
r
2
I
ox

g off mn £
)
rir
o
v
e
e
X

r i
u|y
o
o
i)

&
o
rad off
=

[o
ol
>,
>
N
N
o
ok
&
ko)
ofN
1o
220
K
e
AN e
k)
2

N,
o % job ff o |1 o

oX X

o
rr

mr; U
i

re ¢
ol

r>
oM.
ol
N

T,
1o
ot

it
=

2

1

[

-3

R

e
Y
~
et
e
g‘L
Y
4
o%',
i
o
hass
%

2 =l Al AljbslE stEY oS 29 VVCe MIP
B} 72 S AZAAS(FC Layer: Fully Connected Layer)
= A7 710ke] Y] o5 BYS AREEE VVC
MIPS}F frAFSHAl 2 &5 A7]0 disl &7 9] st

TR £, S5abgolA 24 g 4
ELE }

a9

UL E3 Aojel A5S 2 o dolEs RYS
BRAL SAtel 24249 BdS0] NE BE 5E25S
s o) o)
.

Z 2ZE9 o2l HM(HEVC reference software Model)l
st oS FrHHQ REE T § R5d Aes

v =xd A2 v 2k AR ME VA
AeE MIP 7% HAAAAZT 71k sty o) BY
= 2k, A3 & =welA A e ild
S5 S AN ST A4gel e A A3 AF

A%E B, BT Asgolr AL Ui

. VWC MIP ¥ 2tMAZAAIS 7|8t S
|

st o 2

1. WC MIP

MIPE VVCol A EA Agg A7 7]uke] b o
= 71&olth W x HY] AAE BENES o357 95t
o B2 2Ze H A9 898 F24F @ 2kl 22
kel Wolel 298 FXAE @ Bkl YYOR AL
gt} dSA T E YA S WHS 19 13 o] Had)
g8 F 183 APR AR o]|FojAT}h FFXMEZ )
g 98 Pastel AFEFS MIPY E1E ZAE ¢
3 Zloln 7Haw JZAZLS Abd skrAdE Hojw
FAo FA FO7 dSHUZS AT dYHE
ZAZ A7)E dSsEe B2 A7)0 we tEA
Aol Ho] et 4 x 4 TY EZ s 30 A, 4

E gisA= 16 7N,

x 4 Bt} 91 8 x 8 o|ale IHE
=6 79 MIP 93 EE=7}

8 x 8 Bt} 2 &5l thalA
gel=ol gith



760 W335

r

1. Averaging 2. Matrix-Vector-

Multiplication

Case 8x8:
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3. Linear Interpolation
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Table 1. BD-rate coding performance of VVC MIP (Anchor: HM16.19)

All Infra Main10
Over HM16.19
Y U \%

Class A1 -0.38% 0.11% 0.06%
Class A2 -0.27% 0.06% 0.21%
Class B -0.30% 0.12% 0.14%
Class C -0.22% 0.30% 0.24%
Class D -0.21% 0.02% 0.00%
Overall -0.27% 0.12% 0.13%

F 2. HM16.19 CHH| Hek7|&e| Ro3t He
Table 2. BD-rate coding performance of prediction models proposed
method (Anchor: HM16.19)

All Intra Main10
Over HM16.19
Y U \

Class A1 -1.01% -0.18% -0.09%
Class A2 -0.52% 0.11% 0.01%
Class B -0.45% 0.02% 0.09%
Class C -0.27% 0.23% 0.21%
Class D -0.24% 0.02% -0.03%
Overall -0.47% 0.05% 0.11%
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