4
=
n—l
1}
H
=
Mx.
I
-]
-]
&
2]
-]
#




vl {2 PO -

ol T

SR

2655687 (2530287 )
2021565 16H

FRESmRTEHHATI
R EERRZIAARTEFEARERT
FREF M O HAT
FR3Z A% O HATY

RIS EA
R ( PEERERZER ) 1215, 1990
BRBEFTIMLER CNKIZFEZH R
EEihR, FRTUEIEXEIRISEFRAR
B, ATIFEE R BRYfE
H, FrERS, REIFE, e
AR5 ER

Copyright

All rights reserved by Journal of
Image and Graphics, Institute
of Remote Sensing and Digital
Earth, CAS. The content
(including but not limited text,
photo, etc) published in this
journal is for non-commercial
use.

SRR Z A

Tl T Rt ‘ BT (1996581F) )

EEBU PERER

Fhefu PEREFEREXESEIHHRER
TEEREREER
LR ARSI B AR

*F &K 2

RIEHR (TEEREFRFER) HELRERS
EEtE JE=HeEX IR AR 195

HB #% 100190

BFEF jig@aircas.ac.cn

2] i& 010-58887035

R 4k www.cjig.cn

I"ERHBICS IR EF201702185

B &R 7 tRRTAITE

T 18 2ESHE

BINRTT PEERERRZERATRAT
(HBBUEHE: IR0/  HB4w: 100048)

ENRIERLT JEREHEEIRIBIRAS)

Journal of Image and Graphics
Title inscription: Song Jian | Monthly, Started in 1996

Superintended by Chinese Academy of Sciences
Sponsored by Aerospace Information Research Institute, CAS
China Society of Image and Graphics
Institute of Applied Physics and Computational Mathematics

Editor-in-Chief Wu Yirong
Editor, Publisher Editorial and Publishing Board of Journal of
Image and Graphics

Address No. 19, North 4" Ring Road West, Haidian District,
Beijing, P. R. China

Zip code 100190

E-mail jig@aircas.ac.cn

Telephone 010-58887035

Website www.cjig.cn

Distributed by Beijing Bureau for Distribution of Newspapers and Journals
Domestic All Local Post Offices in China
Overseas China International Book Trading Corporation
(P.O.Box 399, Beijing 100048,P.R.China))
Printed by Beijing Kexin Printing Co., Ltd.

CN11-3758/TB
ISSN 1006-8961
CODEN ZTTXFZ

E5b &S M1406
E RS 82-831
EREMN 60.007T



4

EMHDRAFRIRER S
(581254m)

g E8
R b e
PR

KHNEEINERIHEFERA
HFtR(%1429M)

RESLRA S R PRORE RN
LR (551503%)

2021568 28265 %6H (=25530287)

PEERELZE 5

Zhongguo Tuxiang Tuxing Xuebao

r%"g .................................................................................................................................... THERS

EGABRSBEERA

MSREIR S AR A

B, B, w308, I3, BEU, XK, XRBE DR o 1179
HEAERENSEETEIERE

VEESRE, W6, 1235, ER—IF, BFFEE, XUSTT oreerereroreeemsemsenssnisnisessnisessniensensenssnsensensenas 1201
HFEABUERAR LRI

P, BIAEE, NS, KTBE, ZR, P, TE, XUBEIE oo 1216
HEE S BEIUREAN D TranaERE

g, Bk, SRR, NE, TER, 7FE, ¥ex, HER, BEEO, HHE oo 1227
EMDERBIFR A RIRS

PG, R, 5, BISEIR, BT KR 75 KBRS, AE R, BRI, R, 3KAR, B3R, LIS, =78, 40
— 5 BRTEEE MUTRMLATED +ovveevesersserssssssessssmss st s 1254
BRESXAENSRAIREZITTE

LR, FRERE, DU, DIEST, BEEE, NUBSED ettt sessessessessessesee 1330
ETREFINERSMREGA

FEEE, T, BRKBIE, S, TFED e 1368

=HM BB A

=HEMTRNOEHRE

TER, TR, KR, KB, XWES, =g, BHE, BKAE, WE R, BER, =R
9T, EEE, MR, 81, ZBIRZE, FRIEAL et sessessessesseseaee 1389
KAMEEINER M FZ AT TR

R, KIEE, BIE, BN, XS, T4F, TUTEH e 1429
MR BI AR SHIRAMEHE R

FI2, FRIE, SR, T, SREEE, FXIFIES vttt 1450
MR SIEMIR AT TR

FVBIR, XKD, RBIES, BRI, I weeererererereresesese e 1470
=HEMTNERA RN AR

k=t wsE, SUEAR, SRETHE, BEE, ZHEIR, FEIRID e 1483
FESERAE 17 R P ROR B RN R LRiA

SEAERR, SUE, SRR ceervereereereerrrtint sttt 1503
AR EIRART R

YFRIRD, JENE, SRUBED, T orrerererererserereremere e 1521
TR BRI AR E e PR EE 22 e B R F

BBIKIT, FAELE weeereereereereeset sttt bbb 1536



Volume 26, Number 6
Published June 16, 2021

CONTENTS

JOURNAL OF IMAGE AND GRAPHICS

Overview of biometrics research
(P1254)

by B .
R S
PR E N
s T

Progress in the large-scale

outdoor image 3D reconstruction
(P1429)

Review of depth perception in

virtual and real fusion environment
(P1503)

Image Processing & Communication Technology
Video processing and compression technologies

Jia Chuanmin, Ma Haichuan, Yang Wenhan, Ren Wenqi, Pan Jinshan, Liu Dong, Liu Jiaying, Ma

Multimedia computing communications
Tao Xiaoming, Yang You, Xu Mai, Duan Yiping, Huang Danlan, Liu Wenyu «-:«-«csseeeeesseeeeenees 1201
Overview of digital media forensics technology

Li Xiaolong, Yu Nenghai, Zhang Xinpeng, Zhang Weiming, Li Bin, Lu Wei, Wang Wei, Liu Xiaolong

Frontiers of transportation video structural analysis in the smart city

Zhao Yao, Tian Yonghong, Dang Jianwu, Fu Shujun, Wang Hengyou, Wan Jun, An Gaoyun, Du
Zhuoran, Liao Lixin, Wei SRilui «++«+ssssssssssersestmetinii 1227
Overview of biometrics research

Sun Zhenan, He Ran, Wang Liang, Kan Meina, Feng Jianjiang, Zheng Fang, Zheng Weishi, Zuo
Wangmeng, Kang Wenxiong, Deng Weihong, Zhang Jie, Han Hu, Shan Shiguang, Wang Yunlong,
Ru Yiwei, Zhu Yuhao, Liu YUnfan, He YOnQ «+««+eeeeeersessennsnmninittttitititiscnsisisnssne 1254
Deep learning methods for scene text detection and recognition

Liu Chongyu, Chen Xiaoxue, Luo Canijie, Jin Lianwen, Xue Yang, Liu Yuliang ««:««ssseeeeseeeseees 1330

3D Vision & Graphics Technology

Survey on deep learning based cross-modal retrieval

Yin Qiyue, Huang Yan, Zhang Junge, Wu Shu, Wang Liang «+ - +-sssesesesesesenrscsncceenenns 1368
Recent progress in 3D vision

Long Xiaoxiao, Cheng Xinjing, Zhu Hao, Zhang Pengju, Liu Haomin, Li Jun, Zheng Lintao, Hu
Qingyong, Liu Hao, Cao Xun, Yang Ruigang, Wu Yihong, Zhang Guofeng, Liu Yebin, Xu Kai, Guo
YUIAN, ChEN BAOGUAN «+++r+rseseserereseresmssset sttt e 1389
Progress in the large-scale outdoor image 3D reconstruction

Yan Shen, Zhang Maojun, Fan Yachun, Tan Xiaohui, Liu Yu, Peng Yang, Liu Yuxiang -« 1429
Review on imaging and data processing of visual sensing

Wang Cheng, Chen Feng, Wen Desheng, Lei Hao, Song Zongxi, Zhao Hangfang --«-««-«+--++- 1450
Review on visual-inertial navigation and positioning technology

Si Shubin, Zhao Dawei, Xu Wanying, Zhang Yonggang, Dai Bin «««++sseeeeseserensnnencncnicicne 1470
Overview of the development and application of 3D vision measurement technology

Zhang Zonghua, Liu Wei, Liu Guodong, Song Limei, Qu Yufu, Li Xudong, Wei Zhenzhong --- 1483
Review of depth perception in virtual and real fusion environment

Ping Jiamin, Liu Yue, Weng DONGUONQ «+ -+ wswwwsseessserisssimssisisisssissssisssssssssssssssssssssssissss 1503
Differential rendering: a survey

Xu Weiwei, Zhou Yang, Wu HONgzhi, GUO Jig «++-+-+seseserersssrersesinmninnniiiitt it 1521
Application of immersive 3D imaging technology in the clinic medical field

Tai Yonghang, Shl Junsheng .................................................................................................. 1536



E-mail: jig@aircas.ac.cn EPEI%EH???E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-58887035 OFEERERZFRRAE

FEES RS TP3 XEAFRIRAD: A XEHE . 1006-8961(2021)06-1179-22

WXBIAERK: JiaCM, MaHC, Yang W H, Ren W Q, Pan J S, Liu D, Liu J Y and Ma S W.2021. Video processing and compression technologies.
Journal of Tmage and Graphics,26(06) :1179-1200( 5% )11 &, Thig 1], A% SCH AT SCHF, W 4 1L, XUZR , XURBE, o A%, 2021, UARAb 3L S R4 F R
rf [ G I 254,26 (06 ) :1179-1200) [ DOT; 10. 11834/jig. 200861

M STALIE 5 E 4K

TR, BN, 08 EXH B4 WL, 0 R 0 R, B
L dbEURZ(E BRR AR AR B, dbat 1008715 2. i EBIEH AR KA BRERARERE, A8 230027;
3. BN R HEHRIE R, hEERE  999077; 4. HEBERE R TREVSH, bal 100196
5. MRHE TR ANIAIE S TR, B 210004; 6. JLRt ks ERbitBHLBIIL T, dbat 100871

A OE. USRS S BT S R O SRR — | SR F AR S A% i A0 0 3 R 145G
MR ARG Z N FH ISR, RTCSG + BmETE + AU IEZE SR Z AT 5 05 SU i B — e KRR
SR, A PR AR B TE AR K A TR AR A | i 3 ST SRR v AR R RN BB TN 1 . it A AR WFFEAL
FEA Tl SO BUFR K B IR SE R HILER RO 5 B SR RS IUIRE S R S w2 S5 IRZ S0 R & A 207
5 SRR HAR ST QUREAT T T2 IRANTE . ASCNECP 5 5 A BEEERE BIIE &, 70 B T 24 R IS Ak 2L
47 U ) PR ) REFIATE T PN 25, 35 i T e ST S 28 ) B8 B0 2 s A 70 5 Ak BT 3kl 5 TR R 108 45 A6 1 )
PUATAL BEE A U 45 B A LA B RIS 0T, PEARAR 1 DU 70 B LA A 5 Pk A AT T
A AR SF G AT I BRI 3025 K R H BOARNSURAR AL HERR 5 2, X el s [ A5 D3 2 i e BDIR AT 1
ZEAXFHE ST, I B T DAL B 5 A8 B B9 A R SRR T 1) e T A AR A e AR A Rk = [R)KE
AN BRI AR Tl S IR 2R 98 B i B AL B Fr AU A AL 355 P i B AR SR AR A 78 1) T B4 —
KRR : WA s UM 5 Kb 2 WA 40 5 N TR0 g 5 TR 2% )

Video processing and compression technologies
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Abstract: Video processing and compression are the most fundamental research areas in multimedia computing and commu-
nication technologies. They play a significant role in bridging video acquisition, video streaming, and video delivery together

with the visual information analysis and visual understanding. Video processing and compression are also the foundations of
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applicational multimedia technologies and support various down-stream video applications. Digital videos are the largest big
data in our contemporary modern society. The multimedia industry is the core component of the intellectual information era.
The human kind steps into the intellectual information era with the continuous development of artificial intelligence and new
generation of information revolution. Many emerging interdisciplinary research topics interact and fuse. Currently, the 5G
plus ultra-high definition plus artificial intelligence invokes a novel trend of massive technology revolution in the context of
multimedia computing and communication. The video processing and compression techniques also face challenging and
intensive reform given this background. The demands for the theoretical and applicational breakthrough research on the
compact video data representations, the highly efficient processing pipelines, and the high-performance algorithms are
increasing. To address these issues, the academic and industrial society have already made extensive contributions and
studies into several cutting-edge research areas and contents, including visual signal representation mechanism of video big
data, compact visual information expression, video signal restoration and reconstruction, high-level and low-level vision fusion
methods, and their hardware implementations. Based on fundamental theories in discrete signal processing, the active
research topics as well as the corresponding state-of-the-art methodologies in the field of video processing and compression
are systematically reviewed and analyzed. A comprehensive review of research topics, namely, statistical prior model-based
video data representation learning and its processing methods, deep network-based video processing and compression solu-
tions, video coding techniques, and video compression standardization process is provided. More importantly, the challen-
ges of these research areas, the future developing tendency, the state-of-the-art approach as well as the standardization
process are also provided from top to bottom. Specifically, the video processing algorithms, including model-based and deep
learning based video super-resolution and video restoration solutions are initially reviewed. The video super-resolution con-
tains spatial super-resolution and temporal super-resolution methods. The video restoration focuses on video deblurring and
video deraining. The prior model based approaches and neural approaches are reviewed and compared. Subsequently, this
paper presents the review of video compression methods from two aspects, namely, conventional coding tool development
and learning-based video coding approaches. The former focuses on the modular improvements on predictive coding, trans-
form and quantization, filtering, and entropy coding. With the development of multiple next-generation video coding stand-
ards, the scope and depth for the coding tool research in conventional hybrid coding framework are extensively broadened.
The latter introduces the deep learning based video coding methods, not only for hybrid coding framework but also for end-
to-end coding framework. Deep neural network based coding would definitely become the next jump of high-dimensional
multimedia signal coding. For both parts, the detailed technology and standardization are described to shape the overall
development of video compression. In addition, the extensive comparative study on these areas between oversea community
and domestic community is conducted and analyzed, providing the evidence for the difference and similarity in the current
situation. Finally, the future work on theoretical and application studies in video processing and compression is envisioned.
In particular, the research between high quality visual effects and high efficiency visual representation would not be separate
areas. The fusion of brain-like visual system and encoding mechanism for video processing and compression is a key direc-
tion of future research.

Key words: multimedia technology; video signal processing; video compression; artificial intelligence; deep learning
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(2008) £ At TR R AR EE 3 0 R R 2 8k 28
VPR, 76 BA T8 5E 15 5% B9 I R B R 47
Brewer Fl1 Liu (2008 ) i % il {552 e v /Y ' 27 A4 B
FEPE B R SRt R e i R 0 ) 32 W 5
M XI5, SR 5 P 3 S8 T v 1) S 249 1 R 46 52 W 52 el )
R RENS X3t R 5 LR 1 K B2 840 5 | 37 5z 5
S ALY R AR Ak 9K TR A6 I o 2 (9 JE AR A S B F
R AR . o0 T W) b B Sl 257 5
FIHLIZ 3, Bossu 55 A (2011) F FH &5 H7 1R A 52 7l
( Gaussian mixture model, GMM ) A1 JLArf A7 11 5 IR
(77 1a] 1107 B, 32 DUt 7 398 )5 &, Tripathi £
Mukhopadhyay (2011 ) < & B FJ 9 B 8] 457 14 2 57 /9
JREBRBEARBIAY T2 Wi AR R FJCR R
FI8) R B 7L A TR G ) %o ok i S, R b P AR R 3
G FEA XS FRIE M GETHRHIE X 3 B IR 5
Wz s, T 808 CT R A N AR
i, 2 0 R AR S, T iE—
AU/ i 22 ARG {8, Tripathi 1 Mukhopadhyay
(2012) 1) R FHIN 25 5 B, 5 40 ik T 194 FRF [R] 2
S B TR 25 B ME R AR AY (Tripathi A1 Mukho-
padhyay , 2011 ) AH Lt , 46 00 ofE o B2 441K, (H B S 4F
AR IR

2) BT BB TT v o AR TR A K B
MR E S NZS . Barnum 55 A (2007 ,2010) J&7R T

— b 2 A5 SR A BRI G AR T 1 4 SR RGN R/
I RO B e B AL S DA T IR A
ATRUE I T B BRI AR 5 B e DL
TR, XA RIEAIRE T B A Ystis s gL
B A, I 5 AT AT S0 53 B 8 2 A R AR
R RRORY %) o 30T A RS B B 7 35 NS B0 R B T
o BAb, R AT o AN HE B 5T
A K =R R 23 88 (Tripathi 1 Mukho-
padhyay,2011)

3) FEFARERAFG B 0 7 vk, EIE 10 AR5
RS N GO IR RN B Ik T I W 5T A S
MRS . AT s IREE TANER B KBS 30 7 741
JRa B [Tt ah G o X 2R T A5 B | — b3 ik
T ARG S8, anE — A0 H5 5 7% JE 58 ( Krish-
nan 55 ,2011) F1 LO 1EN 5555 ( Zoran Fll Weiss,2011)
DLR BRI A BRI RL Y . Chen FT Hsu (2013 ) A
W AR RS S 1 i e, 4 T — 4~ DA B %)
sk ZE R AR BRAB TR | DA R B 25 R S IR R e
R T AP B B A 5 ( Garg Fl1 Nayar 2004 ; Park
il Lee ,2008) , Chen F11 Hsu (2013) % it T #Fh &
Yy sciz gy o3RI R OGRE RN 68 B8 29 o AT T
IR A S W IR 2 A AR R B, AT AR R R B it
FEH A8 MR 25 TR RS B (BJR AT AR Te Tk
ARt & 3 A HLEF B (Ren 45,2017) , Kim 25 A
(2015) £ Hy DA > i ot v 9 2 I Ja b Xof 5 194 ot L 4R
FRRIAR R, 4R ) 8 o SR 1) s AURE Lo o R
FhIEA T, A T ACHEA 5 3 M s R B A I o
PUB, Hu 55 N (2018b ) 2tk T 304 J7 32 D4 I o
P AC 3 A T )k

4) IETFIRE ML B 7, Chen %5 A (2018a) 2
T CNN HEZE ] T MU 257, AT DAAR B A AN
WP A ZR T, 27 R AR R A A
AEFREATT  REIE XS B = A AN Bl A 37 S A
NZS AT X S5 FIIE RS T R
1.2 PRERZTA
1.2.1 IREHERETHESEEA

A B8 AL 4 B R FH 6 F B3 4 (R TR 5 G A A
e e R i BRI D TR I S = A T
IEEUEDE GRS 2t LR R R
RZSLIIE

1) St i) 73 4540, B T IR s 450 — A
SABGARA RAS HE L %0 . S UE L0 4 15 (ad-
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vanced video coding,H. 264/AVC) RHHTF 16 x 16
FRHRI 3250 . h T i — 2D T ) 43 iy 2 T
F0H IE WP, 5 A0 89 4 B (high efficiency video
coding, H. 265/HEVC) "Rk F T U SUR R 73 4544,
T HEVC 5 VVC (versatile video coding) BifCHRifER:
AR AT, VU SUR I A — SURS G Sl 43 25 4 45 3] )
5T, 18 VVC e R T 38 22 7] ( Chen 5
AN, 2018a) $i H FY U SURS | = SO AT — OB IR 5 119
2P0 7T AR R T AARESR 1) RIS

2) Wt pA Tt it P I R A AR e
[i] 7y 28 BRI B 25 BT A . BRI, ity
T A Y O E A R R, S ET I
DUMEL, T8I0 B frg 5 HE O DU 2 ot A D ) A O
HEVC i it P 5000 £, 5% - T8I ( planar ) U | B
(direct current, DC ) Tl A1 Ff B A 5450, b T
PTG PERE , Said A (2016 ) $2 HH 36007 B A4
N T ZH 4 ( position dependent intra prediction com-
bination, PDPC ) , {fi Fl i1 5 2 % 8 K L) S = 1)
NS AR NG GE - T 0 | B S0 A A
AL SE R BEAT B AL, DARRAR A 2% L

3) Wy E P A i ] S5 | G2 B Ok e G A T
FEIY LURP BRI 206 TR AR PERE , ane] S & BT AT
HHIE S R — AT RS, Zhang 55 A
(2018a) $ Hh —Fhiz gl < BokG B A & W 3R, 5
HEVC P& 174 BRIz sh R B AR %07
BB RERE TRIER 4 BEM1/4 18 RF
ZRP T I S RS B A Y 5 1 AT e B i
K ARTHz s R ERYERREE S . Xiu 5 A (2018) 42
HH—FhE g kGz Bk = T 42 R (advanced tem-
poral motion vector prediction, ATMVP) , % 4 i H1.5C
AT ST B A G B TR BN S % T )
th 2 s 3k f HONAE S, 3l o X 2652 B 7 B Y
Hi S 5B TC N 8 7~ B 53 0| R A7 38 Bl Az, 4 T S50
TR

4) 784, AR FEAE R BRI 2EE S W
BiitAHCHE, HEVC WXy 5k 2415 5 #EAT — IR A8
A R B AR DR A IR B HOE S AR e
P 77 3, Koo %A (2019) 7E VVC Hr 4t —Fif
TRAE M B AR——AR AR 43 85 A8 e (low-frequency
non-separable transform, LFNST) , A] LLfifi 5% 225 5 fig
DA A RO R 22 A TH AR Y LU RRER

5) A, EAEASHE X AR R B AL A

JE A R ELN EBRIR B AR B R A 43 A R Y
8 1 B 5 S 1 R o TS Ve e 4 6 A N N
BPE =, b a8 B R 45 ) H M, Schwarz 46 A
(2018) & H —Fi I F Uik St 4L ( dependent quanti-
zation, DQ) 77X, I J5 %5 HEVC H a4 Bk 57 b
S AOAH FE R84 28 507 () o 25 [ v A7 BE
e 45, T LA R0/ U iR 78 4 B80S AL R &
Koz [\ p) 22 (8, T RE IR R4 2k

6) Mm% . % g AR T K BRge Ty OC
A, P SRR R | AR e R A T o T AR |
32 ) IO 8 0 A ol R 25 ) Ry — R B T
FEfifFtL s . AN A T G800 BBV ML Lyn 55 A
(2020) £ —Fp T4 DX i) R B i 5 58, 8
H—HwE gt E e R EAEF AL E, R RE
R A RrS i ra /e 1 R R R | B R Wl ] e
BT HTA, [RIEE, gt X N AE R R SR
AR B 2 A R EwmiS M EZE BT
SCHRTHEAARCR, T SCBEASAR R 22 BT 9 DX I
FRVREDOH AL B 44 DX Sl e ARURIT 8 3 7R 4T 404

T) PR IR, U R T 4 O LY SC B L
AR AT AR S 4 v e A ) 2 UL o, 4 v AR
JE4EECR . 72 E PRFRE VVC | Karczewicz 55 A
(2017 ) 42 H BT LA 22 4 1Y F 38 1 3R BRI I HOR
AR PE S BE o3 e O B T AR B EA T 26 X A 26
SR ZR A TR 36 B s R T A 3 LRI, DA
e/ MR IR MR S R KR Z R 1R 25 . BR
24, Misra 25 N (2019 ) #8 58 STAS [F] 43 22 7]
FRRE S, ) P A 2P e D B it 125 1) 2 7
PRHENE P F 45 ¥ 5 B R 50 58 4 A 5 B
gy RS S AT IR, R RAR T T A
JEAaPERE
1.2.2 REMERPRREE ¥ TR

Bl TR A D A HE SR 1Y e e 5835 | TR 4 AR
PRy, B R SR L A IR o Y iy, RS
GERUm gt B B T PERE SR TR ST, IR R TE T &
B — M T N T3 By e e g dsi AL 1 52 PRz
FHHP BRI N 25 2R Tk i ) T B A
Pemghaik o MR EE 22 > R ] LUK S5l vh o
I ZRAE, A I 2 W AR 2t ok 85, 3 17 kG o il
W, PR B TR 2% > HOR BT R AL A0 A5 G A
BB AE R,

1) TN F , Plaff 55 A (2018 ) >R FH 42 1% 452 M4
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ZR, B, %338, FxX3E, B2, XEK, WRE, 3EEF

ML IE S IR A

ZEHEAT TN TN, A S BT R SCOfE B AN
(R RIS I 2 A [ il R 285, I ARSI 11 3¢, Aiak
YR —~ N 4 0 [R) B X AR

2) T[] T, 5 R 2 > 114 ot ) ) 2
A5 o] g 255 FH AW AT ot ) ) SRR S L % ]
Bt 5 25 Wk AT Rl A . Choi A1 Bajic (2020 ) 3
2 TR 286 P AR T4 A FH O30 0 % 1) ot [ 5000
T FH L 22 G % 194 T 3 4o 425 ) 286 00 44 i o, -
FEZ I E A — A i 402 25 Wit fili Y, AT e 5 i
FBREFRITTAY

3) L FORKEE, BEE BT Sr BERA $2  , BiE
R S R a4 th T B ORPRAR, 1%
vy 9 52 B BRI 30 A AT 2 A A6 4 A i ) 4
BT R IR e A S (R PR AT 43 B R K i
FRRMFET T REEFD L REER GRS AR . Afonso Z5 A
(2018) 48 T —FhEL A& 25 [ AR R (I T T R AR
P FH A BN 22 W 28 HEAT - RAE I 73, FE i 2
ity , 38 35 A 498 5 SIS [B) R SR A, FH S AR 1) E AL
FE SR XTI T T RAE . TEMRRD v A5 R 2%
W A0 L (RIS 2 HE T R 2 SRR A R

4) R dmhD . VR WA FE 4G T 2017 45,
Puri 55 A (2017 ) £ th {45 R 28 1 245 £k 1 A ]
AR A, B T AR B R AR50
B J5 , Pfaff 55 A (2018) i —257E VVC brifE B AR B
FE IR i 8 FH 4 e 28 X 4 43 BT AU Fr S B
REAE AT S [ AR 2 A AR 40T, 3 T i
DA TN 1 G i 25503

S)UEYE . TR 4% i U8 I O kT DL B
PERIRASROR B AR A 5 S S A 4y
FI IR PE ARG AL B A PR X N gD
AT TV IZ 09, Park Fl Kim (2016 ) #2115 T —
A3 2 TR 25 I 45 FH T He 45 00480 A0 B 0 0% , 4 %)
KI5 T P2 I BRI AR i e AP K
PEPEA AR LAY . Kang 55 A (2017 ) $2 4 4 H
PR35 B B A X HEVC 4 R 0951 1) BF 4% 18 I
R, JEAEETTTH , Kim 55 A (2020) $§ H 78 52 Br
FH rb 28 AR 1) £ A6 28 438 5 2 R AN, S i 1t
TR 2 AR T R 4 AT A s A IR I
TEPEXT I 110 ot 22 ) 45 A AR R A T 0 e, B 4R = T )5
AbHRE A Huang 25 A (2020) 48 H 4 F R AY %
FUE AU 2k AR 25 J Ah B 2 I 245 (R kg, O
3] 43 Fint p F50IASE A Sk Al B A5 B i — 2D 1R

Je AL FR AR

6) Ihd il . BT IR EE 5 > (1) g bt T 2 PR
St LA T R R Al s A e s il 45 5
T R N O EE | U R O T R P O S e o
AR TP TR TR B I 4% B AR 55 A A B 5T R 43 D BR A 4
4. Kim % A (2019) , Paul %% A (2020) . Galpin %
A (2019) FiI Su 55 N (2019a ) ff FHA B2 #2219 26 i
PRAWT 2 5% 12 2 H Y CU ( coding unit ) K] 43 1 F2
Su 25N (2019b) 5 F 22 o 26 Bk BE 6 A8 4 A2 LA
AV B gmh i 2
1.2.3 v 8 g TR B 2 > PRI 4

M\ 2017 G, B PR _E R Bk 2 i B98N DL
UG BT Tl s v 2 i R TR B 2 ST AU R T 58 . %
HEE 2 Ffr A AR RS 2 R T TR B ot 2 I 4% SR, AT L L
Fevm B AL 2 1 bR R B, A 5 LA R B
P it 20 g SRR 06 AR B 17 FH S5 93 2K

551 S ALY A S B, EE T WA AE R
T AT SAME . Wu 58N (2018) $2& 4 T 55 —4>
ST N AT AL (R U FE 4 26 . % 58 B S o
(1 ot ) 388 3 vt 81 o A5 e 40 R TR R AT R 4, 6 1)
Mt ( B T ) 3 3 R T it P A 0 B AL D 43 2 B Oy 2k
T 4s , HE 28 RE 5 H. 264 #14, Djelouah %5 A
(2019 ) 42 1 — ™ i e 2650 A 5 T it PN 4 1) 1430 R
GRS, T SO G 0 5 SRR I 1) 22 WA )
TYETIRY G 12 3037, SR 5 # IR b 12 30 37 5 6 5F
#2225 (warped frame ) F1J 4R i — 5 A A ga 5
AT 4R, i 15 2 11z 3 5 Rl A 25X (blend-
ing coefficients ) i & PN 4 77 =045 B 0 i, 4R 5 78
B2 23 (] (latent space) HEAT5R 25 M FRICAI g0, %7
RAEIE(E A5 M LY ( peak-signal-noise-ratiom , PSNR) [
P46 g5 H. 265 #H4, Park A1 Kim (2019) fift
Mt PR 97§10 XL 1) 2 D 235 4 | - LA 4 S g A0 i
st [R5 1 AGZ S Ak R 2%, AT AS P-4 S iz sh 5
B AR BRI L T 4A T RE S H. 265 A1,
Yang %5 A (2020a) $2 A1 5 3 4Nt )2 19532 0L ]
TS 40 T 58, 45 FH [ U 1) Joi o 398 5 Do 4%
A% 75 H. 265 ALY E 46 PERE . Yilmaz 1 Tekalp
(2020) £ H — 1> s 31 3 0 A6 19 4 J2 X5 1) 92 00 490 450
JE46 7 %, 78 PSNR L9 JE4atEgE#E3r H. 265, HL
HIAR K2 Pessoa 58 A (2020) B9 77 2 %5 0047 R 45 [n)
O A 25— Bl 4 A 2% 19 2R K B A )
T e T W S s s Al T A AN, Habibian
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N (2019) 2 HEEF 3D A gafdan i BRI, 454 3t
T[]0 2 56 (9% AR5 452 18 ) BF e 4 — B 3 2 1 PR A
Wi, A R GEET R AR AR R pR B A T o B o Ak
TE 2 RO S5 R AH L2 ( multi-scale structural similari-
ty, MS-SSIM) Iy H4itEREFE H. 265,

55 2 ST ) IR AE B 37 e, R AL TN Y Ty
XHATIBZAME, 2018 4F, Rippel 55 A (2019) £2 i
T A TR T R S o 1 iy B8 g WA 46 7 58 . TE AL
Uil FHBEUR 25 (Tatent state ) PRAT D7 LW 8, Il
FHA B 28 A iz sl 3 Fak 25 s, i T A
ARt T vk /MR 22 AR 7E MS-SSIM 1 RE S
H. 265 #1245, Agustsson %5 A (2020) fifi FH A ga i 75
FETHT— 2 WUR 5 1 S5 an e 5 b iy R 23
[B] R ( scale-space flow) , FF#E47 15 46 nfis , fif i 15 2|
(18 RUBE 23 (B 25 - 2 2 WU o 7 4 - B ok = ek
fdi fﬁ( trilinear interpolation ) PRS2 24 Aot Y o) s
P R 22 53 A —A> A i de HEAT R 40, %07
LR ERE S H. 265 124, Yang %6 A (2020b)
P2 1S 08 [ S B 25 908 A5 70 S 1 7 10 00 4
AT T 5 H.265 AHIT A R4 PERE, Golinski 55 A
(2020) $& 0 —>F T [ G 5 v 14 sy 1) i 400490 4
Ty 58, E Rt vy A FH s 457 ] 05 AR HRORE 2 B Ty 5
At A R 5 Il gt v, L S 2 Ml 2 Bl A 1A
Yl Bhiz sh s B S ORI R 45 | %05 S8 76 MS-SSIM
R ESRTEREEE L T H. 265,

1.2.4  prifEptfe

FE BRARELL L TTU A1 1SO il T — R F1FE TR
B UASHELR U 4 bR . 2015 4F iz KR &
KA NI 46 L KA B G BSL JVET (joint video
exploration/expert team) T YEZH , FF g T #r— A5
FEAabRfERE AR, 25 0 a4 mm KR =
B ARSI BRI A2 45 18
e PR B A bR 22 F 58 P L A 5 R R RRROR
LR E AN B 245, 2018 4F 4 J] JVET 1E
K — AR 4 s M i 44 A 22 1 3 0 A8 40 %
(versatile video coding, VVC) , 3fF 2020 4£ 7 H 1E
RAGTHMERSE 7E PSNR 4845 T, RAERBCEAH LT I
— R EPR AR AE H. 265/HEVC $£ T2 36.6% , VVC
FRUEET R A I A HELL Y B — MREHUER LT T 458
UPEREE S N7 DR A T V&

[ If, MPEG 41 40 i = B A2y | i il Al
Divideon 5/ H) 22 3k il T MPEG-5 EVC ( essential

video coding) HRifE , 32 B 1] [n] A =5 18 | 1 s A5 LA
IO 7 EVC FRAMERY ] E T k2 T A
6] T ARG ROARAE AL il e i 2, 1) e A BR
i 20 FERYERBA G RRBL A B B E %R
s 2) TEHEAR T HAE B U7 — 2 A T B B4
T A R 4aPERe T HARAT W35 ehidt s 3) d— R
(18 T EL R B 2 1Y), T DA ST A T L AT T ¢
P 4) SUEARE B S 585 L RVE AT B AT
Ky B A 5) % T A HrbLal, DUE S8 AS (6]
B AT DAL S AR T A

Wb, Ry 1 3 N ELIGE SE LL R IR A
FBORAEF (0 G ik i 2 , 2 ZRHE BRI s T
Tkt A B B (alliance for open-media, AOM) , EX|
THEST R A 2 AR (R AL e RS E AR T — AR
ZHMAAI BT HTHLE . AOM BEHL T 2018 4F4) iE
IEH T AV U AR, AOM Kk 81 22 XU 5
PN 5 AR T Ml B %R i 1% T I ) A A
TR AR A SR AT AR
i1 AVI BAME] T ERFE 2B, TR RN
A |7 v i )08 i ) e R A A
1.3 W=/ IEMINELSE

ST AE T AR AT B T )z . 3DoF
(degree of freedom ) J& 25N, 3DoF + IR AE 4=
SN S TR 3 A B4R A BRYE FL Y
AL — AR )7 e AL e R T EIE R, AL
VIR E—ETu RNz s, Whnizsh A e, B4
B NG S B SR (R IR S H TR 2E

M H. 264/ AVC IR 06 A7 22 40 1 A0 A5 2 )
(multiview video coding, MVC) B 5T, & J& i T —
SR T) T 4 H A, (75 22 Z 18] AT LAAH B2
%, 3D-HEVC & — > B A bR 2 Y 3 4E LA
il BRIE , RN T VT2 AT LA U T A 3508 114 56
SRR, S g At TR A S AR B 25 % i e i
(neighbor block derived vector, NBDV') i [i] 5% 2 i
I AR S A R T (view synthesis prediction, VSP)
S5 ORIE IR Gt T EL A 5 00 2 000 R AR AR =X
(depth modeling model, DMM ) 5%, 7E 2018 4 f¥)
3DTV 2 I, Fachada %5 A (2018 ) $2 H — Rl I T
JE PR B K SUURE 55 BB AR, W] BLas T 6 A
(6DoF ) il 360 HRA (3DoF + ) [ 37 M 4 S A Afi o
L3N 225 L 0 0 S AR T R AR B
{1407 i) TR R o e T T v ) S e <5 )t
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ZR, B, %338, FxX3E, B2, XEK, WRE, 3EEF
ML IE S IR A

2 ERARHERE

2.1 REZFIMFLEREAR
2.1.1 UGB

1) X558 o3 BROT 1 . 0 5 WL 73 B 5 12k 0
i RS S E S FOARSR M B AR T X 5%,
SRIG PRI T IR SE MY %2807k EECR s sl A
AT AR B AR A T Bt la) 0 S8R

Tao 45 A (2017 ) $& H T8I 11 2775 15 5 4 TR B At
5> W 2% ( detail-revealing deep video super-resolu-
tion,DRVSR)) , 42 t} — i AR R iz 3 42 )2 (sub-
pixel motion compensation, SPMC ) , 7] LR 454 1 )
DGR B AH LR A [m] I AT b SRR Az g a2
B, AL, Rl G R BRI I IC 12 ot
(convolutional long-short term memory, ConvL.STM)
BEHe (Shi 45 ,2015) Sk AL HEA 25 /5 B, Wang % A
(2018b) #2 G 43 B B AT 73 B 842 T R 2% (su-
per-resolving optical flow for video super resolution,
SOFVSR) , 2R FH—Fh F R 21 20451 75 Y63 9 4% (optical
flow network , OFNet ) [ J5 3247 11t [8] () Y6 it , 75 2]
T RO, AR5 A L e AL space-to-depth
B 553 8% (high resolution, HR) Y 4 ¥ A 43 H¢
& (low resolution, LR) YGift ., AHABMWGHE 14 LR YGIRHF
1,5 BFRMIR 57 . Xue %5 A (2019 ) 42 i 181 7] 4F: 55
B 21 1) 6 L P9 2% ( task-oriented flow, TOFlow ) , ¥t
AL TN 2 5 A R g AR S G SR BEA TSR R
73 3, 4> 7 18 W 2% (spatial pyramid network , SpyNet )
(Ranjan 1 Black ,2017 ) VE A JGCHAG T4, SR 5 2R
FH 2 ) A2 46 o 288 AR Al 18 H OG0 X A @B T iEA T A
T SR, A R dRc S 2k (R DG T Ak T 0 28t AN 25 5 3
T A 1Ry B (38 S AT (RS 912 307 , 12 5
ML 2R BB A 1 J TR A DR, I S8 O 5 nl g
SAGRE R AT Y HR Wi

A AR UM 4 e i Dai 88 A (2017a) $24H,
W5 Zhu 55\ (2019b) 42 T S BERRA 752 1 )
B2 R 2 AR5 X — 2 v i) I A A% A
TERY RN, X R 1 0 28 s A LA A8 e A BE g Tl
AT AR AT DL ik — B RIS s m A E
LGB BRI SR, B 55 A R
FRAEIBEAT A 45 20 5t A RRAE 1, SR T A2 2
B TR 2 7 2% 2B A s v SO R Y R 1 5

T 25 5 U 4% (enhanced deformable convolutional
networks, EDVR ) ( Wang %5,2019d) fER§# T. K%
2 H ] 2 AR SRR X 28 ( deformable non local net-
work , DNLN) ( Wang %5 ,2019a) DL K i H6 K 2% Fil 35
] 7] 7 R R 2 i ) B ) R A8 X 5 I 4% ( time
deformable alignment network, TDAN ) ( Tian 2§,
2020) , EDVR 777k XTSI il A 15 A 8 s
Y3 AR, X FREHO A WIHEAT X 55, SR 5
A A BLHOREXS 5F S B MU T RLA, TR RS S
A RIE A BN AE , o R AR 3] —
@ HR BUR PR 5R 22 IR fi e #5% 22 R s Tn
B 4 ERAE B AR DS B e 4455k . DNLN J5 ik
BT 5T ] A2 I8 45 AU EE JR) 5 X 4% ( Wang 55,
2018d) R FFRLHAAE R A T R B, X SRR
it FH 2 T AR TR A R PN 14 )2 R AL RRAE il A5 ABE  (hi-
erarchical feature fusion block , HFFB) ( Hui 5%,2020)
BRI, AN, DNLN 38 i 9005k i 5 =UR)
TZA TSI, (A U)X 55 SE s i . JE R
BRI ELLL HRMWTHDO S5 A AH SR Fay A 8 i 3
JRFARAE AR U | S B AR AE . TDAN J7 %) H An
MICFIAR I WA TS AR RAH N i A . SRS
ARG R B0 AR GBI T8I (- HARIN 5F

2)AER T PR E . SR SE BT,
JEXF FF 43 B AL R HTA A TIN5, 2 [H]EXT
FEO7 B AR i AW A B 2 AEG RN 48 rh itk AT A
) ARFIE SR IR il 5 AR 0 B ERA T A UEAT It 8] )i
BNl FIE S MRS X SR

TG FR M 22 R 2% ( recurrent convolutional neu-
ral network , RCNN) 7£ 4b BB P 5088 (an B 2R1E S
PR 3315 ) B EL AR AR SR 09 I RO 1 . — B
FE 7 28 RCNN A 3L F 41, B T ik —
SO FE T RUE IR G FLIN 24 (bidirectional recur-
rent convolutional network , BRCN) ( Huang %5 ,2018) |
2 1 7 & LI 4% ( residual recursive convolution
network ,RRCN) (Li 55 ,2019a) %% 25 n] AR i} 25 #2 FH
(residual invertible spatio-temporal network, RISTN )
(Zhu 5§ ,2019b ) 1} 25 45 B 4% ( spatial-temporal
convolution network , STCN) ( Guo A1 Chao, 2017 ) %
RCNN J5 ¥ 52 SUALAIURE 73 B3

BRCN FIH] RCNN I & 4 Bl 51 Rdi (1 34 ik
P r A St 2 [0 1) AR 0 2R, 3% T 1) AU [r]
PSP 285 P 190 28 45 1 R ALL{EL Ak B RPN ), i
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] P45 T B R A5 A 3 A, iR —
JZ M%) i B2 - 1 A Y R PR
—/NT R 2 0l P T R IO TR AR DG A i 2k
it ] A B TR A DG, RRON & —A-2 ) 5% 22 R
R[] 328 DT A9 22 ) 2%, 88 1 — T A [R] 20 1) 2 PR 3 4
TR 2%, AR [R] 204 224~ 1 L A0 it g A {H A Hp )
Wi 2O R, SRR —2 a—2 R G
(global local total variation, GLG-TV) 7577 ( Drulea FI
Nedevschi,2011) % H A7 it & H AR 48 Wik 1732 3h 4l
THAU#M 22, RISTN K& T 7] i35 [ 2% ( Jacobsen 4,
2018) Beit 14k 2e i He ] T HR s ) £ 2 1A A%
RRAT T, I ] LSTM 12 A 23 R P H I () A e | 25
(RSB AR 3 B 2, AR 28 h 2
ANSPATER 22T 3 BT 2 R, R AR A IR SR Y
B o ARSI rp SR 2345 B SR I g il
BRI SRR A R AE . B, 7E AR b @
i S AR E A H bR 2 o BRAS R, STCN & —
TN 3B B A T RIZ Bl kM i it 3 i AR AT 3 9%
5, R LSTM 5503k 48 Bt /4 14 B ] 475 2. ( Ho-
chreiter Fil Schmidhuber,1997) , 45 RISTN J4U, i% M
25 Fh 2 (A ASE B | I [ 485 B 0 i A S B 3 8 40 2 WL
TR AE W IR Tl 25 TG kS5 4 28 R 5 2 A
BT R SRR 5% 22 Al A ( progressive fusion of non lo-
cal network , PFNL) ( Yi 5¢,2019) % Ik /3B 5% P12
LIS 23 AR, SR T ¥ 3 il 5 5% 22 Bk ( progressive fu-
sion of residual block , PFRB) fli & B 25 K- 1iE . )i,
A R PR U= A L o) b SR A P i AT I
BREBRZ05 DTS 15 3 B A 4 R
iR BRI RN L 5% E R s sl
Fliz SAMEBARAN ] B A8 53 B A Y RS 55 0L 51 o
I — T4 13 70 B34 H0 LA DR I 2% ) A A LR
ST ARANAY , PRAF I TA]— B (Yan 45,2019a)
2.1.2 PR

1) 3T AF 3k A9 57, Zhang il Patel (2017 ) %
T 8 SR 0 B e, A ] K-means S8 AR
AR X3 SRR o 3% A7 EETE AL BN T
DL £/ A SR I RORARGF . SRTT, T 50
I IE] -2 3207 1k 28 1 e T MR, Zhao 55 A
(2008 ) 1 FH R IR A9 I 2 R AE BT 1 T A 0 A 2
R e R 118 B 7 PRI R R A T TR RO 2R
#Y K-means 2 ( Zhang 55 ,2006) .

2) HETARAR AR B 1Y 7 ¥, 7 I E KRR B

B Ren 55 N (2017 ) B R IR 73 0 s it J2 A 2%
JZ A3 S PR FI R i e TR 4% S0 RS E X% Ak
N ZhRAE B R AT R HL , 4 B8 4% 1 R A v
I3A . Jiang 25 A (2017 ,2019) 48 H—FhHr g (1) 5L T
g AT IR 25 B D7 vk, 41T 0 A b IR R I R R
S 0 A R o BRI UBE T 18 T RT3 D 1)
i HAF, R R RS R K 3 7 18 B
JE U] 7 o) B 4 R Rl R BB AR DG Wei 58 A
(2017 ) 5 T JZ= G by i T BB e iR o, a4
1B A RN 25 -1 BB RS S5 3 S i R BR A
it — bR i AR 1R 2 R TR, A% 145 1 B R
R 28 1E

% Zhang Fl Patel (2017 ) TAEMI i3 %, Li 25 A
(2018b) & 1 A rp W9 IR A9 PR S N TE AR AR, B
52 14 S 1A 3 A b A A A A AN ] o 1 e T
AT ARG A R R AL E BN 2
RO RRME, 2 1 22 RUBE 46 B 38 Gt A A5 2 ( multi
scale-convolutional sparse coding, MS-CSC) , 25 T
Wei #£ N (2017) B9 TAE, 2350 AT L1 FEAE 53 (to-
tal variation, TV ) HLFEAFIE & B9 R g e FLZ Shx 4=
TR, X b g i 07 U A B BE A% DA R 33T
T PRI H AR FIR .

3) BT IR P28 1 05 s, 5 AR R R AL A
T ) TR AR L, Liu 48N (2018) #3777 — MR
B W T A TR AR TR R 4, R IR E RNN ( recur-
rent neural network ) 53T T B¢ U5 25 W9 A0 2 )
%% (joint recurrent rain removal and restoration net-
work , JAR-Net ) , TLEEHE L 1T [ WY 7024 2 T 25 (] 4
PRAMILEY 2% T I HE T I PP — B0 A9 35 5 W4E 5 5
SE I S AR LR SRR SRR &t T
SR 5% 22 15 25 ) 2% ( dynamic recurrent rain re-
moval network , D3R-Net ) F1 ] F 2= 55 40 551 19 7K 19 25
AV )3 22 27 ST . Yang 45 A (2019b) #5717 —
AL A U A 24 o 1) T 2 U X 2 A AT A5
JRL G TR B RS ) K A e R [RI N, 25 R S AH 4R
W g B2 AH DG TR Sy ] — 37 5 AN [ Rl A HL R IR A i)
(] 4k BEBERL /3 4 , Yang %5 A (2019a) T — W
W BEY 27 > 2376 45 5873 1) T IR S8 O 1 A —
BRI BRI
2.2 SMESHERAR
2.2.1 IREHERPIMEGEAR

1) Beda) g3 o DXl 22 iy A0S A 10 SRR | — SRR
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ZR, B, %338, FxX3E, B2, XEK, WRE, 3EEF
ML IE S IR A

X153, Wang % A (2019b) £ P4 SR | = AR ] 43 1
FEA AR T A AEXS BRI = ORI 53 7 2 DA
W PR H 2NN . Fu %A (2019) 4
H T 3E X FR ) T 28 (unsymmetrical quad tree,
uQT) , A RAJa] 3t pU A | — A (quad tree plus
binary tree, QTBT) 14" J&& PU X # ( extended quad
tree, EQT) JCiE R 73 (IEAR . S 1 S 47 M ADL 5 S
TR S R A I, TE R R T —Fh
TP S R il 2 AR (Wang 25, 2019¢) |, #F—4
W A i 55 B TC 3] 3 S A 8 I A 50 BT[] AR
FETRE I TN BT I Y AR e BT Y 0] 43 =X

2) WP TSI N T A3, T AR R R I
HARGHN TIREZETE, Fan A (2019) #2141 T —Fb
T A N 8y =X 30 % — Y N 3 PR R
il P20 el 130 R S AR Z R O BEA T A&
W, ARl T T R A R R RS B TR F 3
T — 2 2 N AR R IE R (Wang 4F,
2019e) , A T G 9 EF X S HAL Z U8B, %7
AR 500 5 2SR R IR B e TR
Tk BRICZAL 5 53 1 T £ AR WA B 2 05T
Li 55 N (2020a) FIH 52 B2 2 % 1 M 2 % 30
ST A 2 P T A5 A A ORI 4 i ] Y AH
KRN LABEAR 23 5 (8] 1 TU A% o 0 B % 9 25 AL
Xu SE A (2016) 42 H 7t B P8 DUEOR | 721 4 5
FATORE Y AT TN Y g A% BV Sy 00 e, O iR 4
PAE [ ICEI &N

3) MR S5 32 Bl R A Hs 4 W 18] $5 0
PEREAT A O ZAYRENR AT A M [B] 5 AR AR A
PR R SR Li 45 A (2015) 42 H —Ff
SPGB B AMETIN J5 12, X A B S AR £
Shizshigrh iz sk i, N7 iz shih iz,
LA SR T BA A0 e 37 R HA R R iz
S A TERE . £ F Ik, Zhang %5 A (2020a) $2
Hh— PP S B AR 4z S A D7 125, AR AR P RR AN [
A8 3 3 R ASORE G i R 73 kg - BRI EA T 5 454 3 B kb
2, SR 5 AR T AT B e 2 W B, Li AF A
(2019b) i i % 2 2 i X 3 11 12 3l 1 B e, 2
— PRI 45 B Rz g ok i w0 7 =0, AU EE R
P ARBLAE 1 D BHR BB 22 3R J) 7 1) 0 B < e 1k
Fang %5 A\ (2020 ) $& i —Fp 5L T FHe )2 8 2k &2
JETIIN Ty, $5E 1 5 AR i BEE SURFE AR BE
] 4 4 A Pt W 1Y 12 3 K &, Chen 55 A

(2018b) £ i 1y fifg tth 3y 12 By 2k & AB TE 2 AR X R[]
T £ WA 32 8h O 1 3l 3 0L D e gE AT o — 25 A
ko Jin 58N (2007 ) £ H — Bl ] it P K 4
I 2, Fe A TR B ehy 9 R T D7 =0 A 2 fl
A T PR S5O0 o ) 3000 %) 5 2R T LA 3k 8 B AR 9 4%
E ST

4) AR, T [R] TR0 5 22 1Y) 4 A R, AR N
8wl — Rl HUE R (Zhao 55 ,2019b) R
AU 8% 2 53 AT FE 5% 25 B 118 Jay 300 DX, A0 o) 3 25 B
() — A~ F B 1 A7 AR 4 b B AT 4R T R 4 1 RE
Wang 25 A (2018a) X i [] 15 I 5% 22 43 A5 e P 2E 47
G0, B BT AL E A AR BRI R g o
AN T A7 5 P T ) 000 7% 25 A1 R | XA AR 46 i 471
A A3 S AR AR A2, 3 R L 07 B S8
3R R WA [R] A7 ] 5% 22 A 43 A B AE
Zhang 55 A (2020b) $2& H —FRBR RS H AR, S Y i
BB T PR AR A S8 AR AR AT R 0
FEVERE AR A A% | BE PR FIFATERS i o A& %,
M2 3 2 455 By bRk

5)uEE ., WA MELR PRI AR 5E R KB
A PR 35 P 3 S AR () BRI A T T R s U
5%, PEBRHRAS T W 42T, Zhang %8 A\ (2015) #& 4
—Fp R RS A I B E R W ST R 2
MG R A BT H AR AT O 0 2 Rl
fRoRms | BRI % B A AR AR B 8, 4 fl A Ak 3
REAH R W B A RCRIE T . Jian 55 A (2020) £ —
FhIE TR RS T7 )RR U8 B B A | 8 2 SR
PEAR B TRE 000 7328, 76 43 R 45 8 T HEA TR R] 04 fig
RO AME: , T A RL IR AL R L,
2.2.2 IREHEZHTRE Y T HOR

1) WP T, R FBE 2% = T P 0 2 3 A ok R
JE 2 2 GRS 5E I S 2 — ., Li 58 A (2018¢)
Pt — 4 T R 48 FH T It R S0, X T R 4
FRILAEM | A0 DA K 22 1 i A% 38 AR S it oy 03I
T SCAE BRI ZE 2 R S mr e, IR 4
T R —FRoBr R, 5 HEVC B4 19 35 Fibi
BRI TRARENAL, Cui 55 A (2017) 32 H —Ff i
DA T 5 AR 2 R 2% % HEVC Zt BT g £74) T4 00 e i
A7 TR0 R i A B IR A B — A T SR A A0 )
AR ZE 0 DX R ot o 000 R SAE B A
MMy, 5B AR, Hu 5 A (2019) 4
i g AR Y 25 AR R AE N A [RNARERY R 7R S
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55 R HOE PP 22 0 2% 114 Ty 32 e 2 2 s ot oAy
WE R ety B0 vh Y s e B 540 BT
SR BAKTFR I [R)

2) Mot [va] Tt i [va] 0 5 TG 4 BF AR R EE AR
TSI 22 0 26 %5 Mo ] 5000 3 Bl M LA K 2 2 i
PIEWFSE . Huo % A (2018) 1E 132 3 #3213
filt b 255 23 AR DG A | 2 H {60 A AR Rl 22 1) 246 X ot
(i) FRE00 235 SRR A T 48 5 el )5 3000 B & 61 1) o A
BWES B SCAT LA Ry T (8] $00 BT . Yan SE A
(2017 ) i A FRRH 28 I 28 R AT AR B AR AL, X dn ]
PAF MG R INGREIG AT SE, S 1 15Xt i o0t
H R IEA TR IR 5 MO 5 RAFAR R 1 3R
BRIk, JFEJE 22 TAE (Yan 45,2018) R4t Al
LK 5318 25 3 2l 1R A 4040 M (8] 174 [ 05 ) R,
IMEFRIB AT XS FF 24 FWURI 225 T, B 2 i AR
HHBER , SHEWUHENERER,

3) BETFRAE, s T EE A ) TE R o B
USRI i 1k | Li %5 A\ (2018a) Fil Lin %5 A
(2019) 73 Bl 42 i 7 P 1 3 I 53 B 5 G 5 (block-
based adaptive resolution coding, BARC) HE 28 H F
TITFT P B T, B SRAE I G L AR B 432 G A iR A 7 56
REAARE . Li FA(2019d) 42 H —Fh 437 1 1E
WA 2%, FFIRAIE T 1E I Ak 451 2% 7106 G U1 2R 1115 2
i R oRABE R S R R A AL

4)Widifih, Song 5 A (2017) 42 H3d i 43 7 40
HRESCPRAG AN [] ot A S0 A = g AR S48 01 1) 7 12542
e T PN SR AR 2 A () R4 . 5 Pfaff 45 A (2018)
TAEBIATA AL T, Song 45 A (2017 ) fff FH A9 245 7R
a2 AN & A EEM A MY, Ma 55 A
(2018a) filf FHI 4l 22 ) 2% To00 45 45t 22 50 4 W5 A
Rl 2 ELUR AL e R BRI AR A P i T R
BRI, T P A R 22 I 2% 4 B ] T e iy g 3
FEAE, AT DL R AG G800 AT 2 A1) S M0 o A b A 1 24 i ke
A Z B AL R

5)UEWE, TP 2T DRI S T g M RE RO A
TBL, Dai 55 A (2017b) $2H—A4~ 4 JZ ] 22 R
S} AR TR 2 M 2% ( variable-kernel restoration con-
volution neural net, VRCNN) FIF HEVC i PN 4wt )
JEAEEE, VRCNN R 22 ]S R aE i de it , %
FHER 22 8 4 DL R AL I R 72 AR Sf b4 5 7 HEVC
GASIACE . Yang %A (2019b) &1 HEVC )54k
PSR | IR0 A AR R i ) A5 =X Aol A ) £ o

LGRS T R AP PERE . Jin SFA
(2018 ) 48 1 76 34 77 15 25 451 2% R B 2 A FH 0 3]
e BRI S5 b 2 X 245 B R ) vy 2 UL o, L
SN (2017) 4t A% 3 i {7 2 B Mg i o DA 9 o5 /s Ak
PRARZE W ZEPERERD L . Yang 26 A (2018) FIl Wang
5N (2018¢) H H 1 A fft AR & it $2 5 24 wig it 1) )5
REFHRR . He %5 A (2018) #2215 2 4%
FR AL BRI 4 T RE . Ma 55 A (2018b) 45 1
W TIN5 S RN 5% 205 B i A 28 I 28 ] AR o
JE AL FEAPERE . Song AE A (2018) #7 HKrmfb A K
L5 g ot — A i A i 2 0 2% T D 4R R S Ak B 1)
PEfE.

L5 I A B I AL, i R A 4 I 4% ) B i
U8 I A A [R) R BE A 5 XN 2 08 J5 e 114) RO 4
Tto Meng % A (2018) 7E HEVC F)2= HL R v % i Al
FEAS 38 7 I A ABE R J5 ofF FH AR i BT A2 4 2 19X 24 fi
T AT 2 45 0 I8, ) s 06 A T P T Bt 415 L
Zhang % N (2018b ) B ot Ay 58 X 2 AL i, B2 i) i 0]
B A T | X i) T30 A5 2 Gt ) ot LA B AN [) 1 £ £k
ARG FIN R o0 22 N 48 HE AT B BRI . Dai 55 A
(2018) 7E i 4 VRCNN f9 JE Ay b 38 im0 1 I 4% 1) %
BE,IFR AT HEVC R FR U8 , B B 485 T HEVC
FEAROAI R E R M, Jia S5 A (2019) 4T £
AL ML T HEVC WP BEUE DS, IF IR T ff i
Uity 43 SN 45 FH R (1 6 456, 3 G T A% SR R 1R R
FE

6) it Ak B2 I 465 Sk fift ok 2 2% G B £ £k
[ AL TR, O T T gt e R v AR X
AR, Kuang %5 A (2020) 1 Zhao %5 A\ (2019a)
FEBE R it I S 1 (PRI o 4 ) 8% T )
A 5, MR e T 3R A 4 5% BE L Chen 4§ A
(2020b ) fuff JF 5 Fi5 4o 25 190 24 452 BBUJR) 08 J7 1] 80 AR iE
T H Al 43 At g TN A, SR T 75% B G
B, Song FF A (2017) $2 H R e o H(E B A& L
AT TR, TR IS HEVC #9151 P9 4 55
i, Zhang 5 A (2019 ) 38 13 70 B SCHURRAE i B
Ry, Li 48 A (2020b) 4 Hh i F BT 9 I 123
PR 22 W28 (32 AT, T8 PR B b 22 1) 45 i it
HEVC )4t 59T ( coding unit, CU) R4 2, SE 8
TSEmF RS . Li S5 (2019¢) 2 H A sR Ak 2T
JriEm e K] 4y, Tang % A (2019) Al Jin %6 A
(2017 ) fff FH #2228 s VVC B B3 43 5 A2
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ZR, B, %338, FxX3E, B2, XEK, WRE, 3EEF
ML IE S IR A

Ren 5% A (2019) \Liu A (2016) F Xu % A (2018)
i I 28 I 4 Jn 3 HEVC 593 %) 43 . Huang 48 A
(2019 ) 1 I Aol 22 o0 6% [ i 0 3000 4t i R 3000 20 55 7
153 7 XS B

B b3 G F s PR OT A PR I IF I 2 A1, IR
JE2F > 4 i F 58 38 BT N T RS R AR, Li A
(2017 ) ¢4l R-lambda #5512 Hi {8 H] CNN 5 il
HEVC F it ( coding tree unit, CTU ) 2% 5] ) i >R
P S8, DT SC BB IR 0 ) A% R s il Lu 55 A
(2020¢) #K#E R-QP ( rate-quantization parameter ) 15
T AR A P R B b 20 0 2% A 1 4 A R BT 2 Ak
A SEBLORSHER A R P2 ] . Xing 58 A (2019) $2
R FH VR B e 0 4% S B A R s, Hu S A
(2018a) $ A FH 3 Ak 27 2T 19 7 32 00 HEVC it Py
TN e 75 N
2.2.3 iR B 2 2 AU 4

] Ay i 381) i 0000 1 4 7 € O AIF 9 02 DA 2017
AL, I HBS T —RIFFRRR ., FRE
BLAE b 7E T (6] K AE B R 3% 5, Chen % A
(2017) B R AR H 5 o 2 T 4 ) IR 000 . 4 5, L
JEARTEREAN S H. 264, Ja k4t ) — ST Hea i
W45 77 %8 (Chen 45 ,2020a) , PERES H. 264 #0224,
Lu 58 N (2019) £ 1 55— v B i (000 46 7 58 o
207 50T LU AL G 46 2 TR 2 ) i
A 7E PSNR Fll MS-SSIM | () & 45 1 € 23 9 5
H. 264 F1 H. 265 14, W T RIGHEMEPERE, &7
BHCAAGIREEL TR, RS TAETSIH, Liu
ZEN (2019 ) $5E H A FH 223 30 s 45814 216 4 25 B it 7y
SUH 32 Bl FER 22 1 s SR T Ay M T —A
T ) AR A2 s 35 1 it 380 e A0 00 1 4 0 5, O A I
TAFE(Liu 5,2020a) h 454 7 BEEEE 25 58H [
VA S 56 AN 2 SR S 560K R 4 iz 30 17 8, 76 MS-SSIM
ShRIE4EPERE FlaE T Lu A (2019) B ¥, =2
J& , Liu %8 A (2020b) #£ b —A> TAE R SE G 1, 48
i 2 RO (938 sl aMERT ) i — 25825 T R 4
fiE, Lin %8 A(2020) 7F Lu % A (2019) J7 ZE b Ll
FARBTRTZSH MmN 4 D251
T J2 B s 1B Sl MR 5 22 2
SR ) SR HE T B U P BE , A L Lu %6 A (2019)
(75 % T FAEFFE A% T PSNR #8110
1 dB,ik 2] 75 H. 265 fH47KF, i, Lu %A
(2020a,2020b) 7F Lu % A (2019) By 3&at Ly R T

PIAS TAE, — S0 A8 A2 08N T ] AR 5%
RIS AR S50 [R] B 32 2 7 R gk 2 el S A
KIEARIE B ik 2 #E— 08T T IR 4itEfe ; — 02
il FH 22 W0t 19 3 2 LA R pRBIOR I8/ MR 22 A5 4K LA S i
T T LGS un S HOE AL . X SRR AA AL
PETFT 4 B, Hu %6 A (2020) 7F Lu 6 A
(2019) A5 2 51 A Mt R Bk 2% 4 23 B R [ 3
18 B g i R 2 Sy A PR T ] 3 0 b 7 i K
PRG-I o PR gt BR T &AL LAk,
EAMESEEREARAABSST
CVPR2020 Workshop 1 #Y P gt 55 5% , 342 HH —
At 2 g PR 46 7 58 (Wu 55,2020) , {5 1] A 2
T 248 3 T2 2 W, 4 iR 4 32 30 3 ) i R B
FE4E It 8 1Y iz 3h 3 R gk 2% | SR I Al A
I B 2 B ( spatially-displaced convolution ) A= %, 24
RT3, 5 S5 5 5% 25 AR AR B A T, R
SRR 2 ity 19 o Ak 2 L, A TS Ak PR ASE e 4 T
4R PERE
2.2.4 Rk

FE] PR A o T, B8 L 4 B AR bR o T
fE4H (audio video coding standard, AVS) F 2017 4F
12 H 3 g 1 e T — AR50 4 i b o ( BR AVS3 A5
HE) il o il TAES AN BB, 5 1 B BN
2018 43 A #2019 4F6 A , il e 1 n] & 44 L SE )
NEF  PEREAHE T 2014 AF il 7 52 B — A7 2
bR vE AVS2 $TH25 30% . 45 2 By Bt M 2019 4E
6 H%12021 43 H, Hir &SRR T VVC #5
W, AVS3 FRIHERGN T AL 4G He Sl 43 | it Py o i) 00 |
Al BB R BEUE B BT B N AR 4
AR AR X Wa s AT () AR 55 40 RIEEAR
2.3 SBWA/SIERSES

A0 AT 45 TR A T I 43 B SR 4 T Bh
FEIEETH RN 4> 5 00 A 46 07 2% SRRk i, AVS T4E
ZHAFXT IR BT SR A ST T AVS-3D P S S HE SR | B
AT G it it 5 8 194 2 T A0 A5, 7 A i 3 Ao R
S AR A AT BB B AU A X ST AR
WS A5 2 A7 T B 1 P9 5 R S P 3 — 4R 8, DA
SR P ASE 5 S04 Fr 345) GG BRI RRIE B2
HRATF 2 PR 501 A0 ) 00 4 0 R 2 B L I T 4%, I
P TR 1 PR B P TR A R R R T A A
i, it — 2B 4R R 4R RI0%
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3 EWSMARBRILE

3.1 SRR ARE R IMARHEILE

T AR [ PN A 2 A AR BILAG) ARl SR X A3 Ak
) R B b 2 4t v, — 1 T FR T A R sl 1)
NG s A P SR IEAE R AEE AR 5y — 5 T & i
TATHERE AN CHE AT ST B —fH AR
B PR Ak P4 ek A B T 2 o [ A R
FAL I 2016 TG, Bl N4 8 8 & 71, MG
WS OG 20 5 4 T oTEk T R s B T v
R )2 B A TR B 2 > A Ak B S5 s ) Yz E
] A8 4 A BA 8 S B0 ] o 45 51 A SF | T) s X AS [
HI AR Z [ 38 P SE AT TIRAIRER
3.2 MSESHERARERIMARIEREILE

27 [ o [ PN A BT S T A A 4 A 2
IR FE B h T R R AL DL S P RESE T, Bl
B E N A5 i BN W R ARG S5y, B
R AR SRy T € A AR AR AR s | ply S H 3
A EFER S E NS E R B 2 5 AR
WA TR Bk Sl R [ 2% D 5T I S AL
FE IR R . AN 3T AR R [ N AR NS
SRS R % N i DR A 1157 2 Sl o ) o by = L
FEIRM AR KA WL R A S IRV Tl R 2= 55
MR AT HE. 46 87 52 A 18 7 1) 1Y 4R 2% [m] A ik e
A PRS2 B AR A 9 0% T 0 380 T Fl R b DX o)
ZRIEHLIX

PR Fi b 1 7 T B — AR HE SR 09 005 e
ke H AT = RS S, R EA EPR
{10 W R T P AL ZH 2R L 1 HL 26x RANBRIUE |
HE AVS TAEAWFHI A AVS R 5 bR e Ll K AOM
IRIASE I A AV ARifE | X SR E R AR E SR B AT —
FRRIPERE ARG & A Tk, 228 F R IAE X 45
H BN e it TR Y e 4R Sk AL A O i
K1 7R T AN R0 4 b o 1 72 WA REXF b I3k
g E TR R 6 A 4 K S Y 51
S PERE, ARG E LS IR, FTLAE AT
HEVC,VVC .EVC AVS3( HPM) 1 AV1 25 4 4~hrife
TEZRULPERE L34 B8R4 F, AVS3 5 VVC M L ik
FEAEPERE2EIE 0 kSRR R AR TH 25 [R]

TR BE 27 ] WU 45 2 Y i ] N A /)R s A it
GG, % TR G HEZE v 1 TR BE 27 2] S i,

40
39F
g
E 38+ * HEVC
Z = HPM4.0
L 37+ x HPMS8.0
s VVC
36+ v AVl
EVC
35 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000
fih = /kbps

BT A RIS b o ) PR REXS HE
Fig.1 Comparison of the rate-distortion

performance among video coding standards

[ N BF ML 23207 1) (4 JE B3R TE 45 1 i AR B
¥t 2 I s & T Tl U R S AL
FOHT A AL TR BE 2 > TE TR 48 S0k o i e
Technicolor K& B} Fl & 45 /0 w] Fp e IR E T I
S 2 U R A DA S bR AL R . DA 2017 AFETFG6 |, Ui
B R G 5E TAEZ A, = N sE 4540 &
BT R AR RCR IR T I R T AR, AW B AL
Ao 1T E SN SE LA S R X AT A% i 2R AR AR IS A
JE4R BALE AL A TR R

4 KEBRERZE

iRy ey S INE TSI NEPOE L D & e
T BRI SRS I 3 I 18 B2 S0 (5 4 oo A 58 L o
A TARE BARANE 2R, 5340, A5 B A F
THRRETT AW BE A5 | (A3 IR 2 i) A E 28 T
Ko TERXPIITIAEHIE B L e i JLAR AT T
FUR 0 A FEALAE | LA DAy =5 S 3 AR 1 37 1o 3 5%
ARV AL AT B, $2 7 %P4k B 55 1 2 4
AREHTEOR BRI 51Tl A M2 R S B R H #%
AFIBFSE,

TEALIIAL PR, TR 24 ~) T R ax i At 1 1%
GiJ7ik TR T AL BEAYET 2000, lad 5l A RA
S A G IR A AR A TR I 2 BT, A
M EEH BRG] T F R T, A2 TS B R
VARG T3V A 1) R GE PR AR STUR I BR BB | B
7 R,

TEAWATE 46 7 T8, 57— A 406 s o 14 o 2
RMEAR T IR 46 280, T — B Bofs & BT R 4
XHBT— AW ER AL T AR, BT IR 2~ i I i
HEE B AL e 40 203 i e ) A R B 7 T 1) 9
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BR, 2, %38, ExXE, B2, WK, WRE, BEF
ML IE S IR A

PLES AL GEAT 55 (0 400 2 B o B Ry A 5 4R B 5 THT
] AU 5 P L2 1) 4 A 3L 5 AR SCJZ TR I
O30T LAAHE Sl A0 7= Ml 0 & JR ) i v e . B
o e R xﬁz%%uﬁaﬁl%}iMi‘%iﬁZI‘Eﬂ%ﬁﬁﬁiﬂ
ST IR Rl 288 I 4050 22 98 B 4 i AT 3L 11 400 40
Qb P55 e i B ARG SR AR 5 1 F B —
¥ W AXLHTEEAZEABFFLSHEAKE
PERAEKALIEES R TRRRE T EA
FHAKF PEHFREAALEIARFLI EBRT
X AREIRPRITREMR K FF 48 %5
RANGR A ZHF, TERLABFZFFLAFFELR
LA BT ZHEI, R T R
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