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Quality of experience oriented multimedia computing communications

Tao Xiaoming', Yang You, Xu Mai’, Duan Yiping', Huang Danlan', Liu Wenyu*®
1. Tsinghua University, Beijing 100084, China; 2. Huazhong University of Science and Technology, Wuhan 430074, China;
3. Bethang University, Beijjing 100191, China

Abstract: With the development of mobile Internet and communication technology, multimedia communication technology
has become a major demand for the development of the national information industry, which is widely used in video confer-
encing, various live broadcast applications, telemedicine, remote monitoring, and remote education. However, large-ca-
pacity multimedia communication services face pressure on network bandwidth. Media computing is introduced into the
communication system, a new multimedia communication research paradigm is established, and a new multimedia coding
and transmission method is developed from the perspective of improving the quality of experience (QoE) , which fundamen-
tally reduces the pressure on network bandwidth requirements. The quality of experience refers to the subjective evaluation
of the relevant performance of the objective information carrier by the information receiver in combination with its own

expectations. It is a communication quality evaluation criterion that is different from the quality of service (QoS) . This

Y75 B H#1:2020-12-31 ;&8 B #3:2021-02-18 ; FED 2 B #9:2021-02-25

* BIEEH XICT  liuwy@ hust. edu. cn

E&WA . BERE S AR H (2019 YFB1803404,2017 YFC0806202 ) ; [ % H 4R Bl 410 H (61925105 ,61801260,61971203 )

Supported by : National Key Research and Development Program of China(2019YFB1803404 ,2017 YFC0806202 ) ; National Natural Science Foun-
dation of China(61925105,61801260,61971203)

1201



PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS Vol.26,No.6,Jun. 2021

article initially introduces the evaluation criteria of QoE, which are divided into user-based evaluation methods and objective
parameter-based methods. The user’ s subjective score or the measurement of the user’ s relevant physiological and psycho-
logical indicators is used to analyze and infer the user’ s feelings. The subjective correction of business objective indicators
realizes the evaluation of experience quality. Then, multimedia coding methods, including waveform-based coding and con-
tent-based coding methods are reviewed. The former effectively encodes any video signal without analyzing the video con-
tent, such as a series of video coding standards; the latter identifies objects and related areas in the video sequence and en-
codes them. Subsequently, this article describes new video transmission methods in the 5G + Al (artificial intelligence )
era, such as multiview video coding, 4 K, 8 K video coding, 3D stereo video, point cloud, light field, AR (augmented
reality) , VR (virtual reality) , and other video services. Video services and communication channels are the source and
channel parts of the video communication system, respectively, and the relationship between them can usually be compared
with the relationship between water sources and water pipes. The continuous development and changes in communication
technology, especially the international competition of 5G technology and products, have attracted widespread attention.
Channels continuously increase ; hence, the transmission rates become fast. Communication becomes ubiquitous. Thus, the
rolling development between the source and the channel becomes increasingly influential. Academia and industry mostly
solve the high-definition and low-latency challenges faced by video communication systems from two aspects, as follows:
video characterization and coding and video transmission. Video coding aims to find effective data compression techniques to
reduce the bit rate of video sequences for real-time transmission on a given communication channel. Image compression cod-
ing uses the statistical characteristics of the image itself, as well as the user’ s visual physiology and psychology characteris-
tics, to extract the effective information in the image and remove useless or less useful redundant information. Channel
bandwidth varies with different applications and transmission media. Different types of video coding algorithms have been
developed; they include effective coding of arbitrary video signals without the need to analyze video content and identify
objects and related areas in the video sequence to encode them. The former approach is referred to as a waveform-based
encoder, and the latter is a content-based video encoder. With the help of artificial intelligence and machine learning tech-
nology, the innovative exploration of information representation from “bit—structure” can effectively overcome the influence
of noise and interference in the propagation environment and improve the reliability and efficiency of wireless communica-
tion. The amount of data transmitted is greatly reduced by introducing a priori knowledge. The audiovisual service breaks
the traditional user-server ( content server or content delivery network ( CDN) server) video streaming push mode and adds
edge computing nodes to satisfy the computing requirements of secondary encoding, virtual scene generation, and scene ren-
dering, generated during the interaction. In the future, the media inevitably aims at “a thousand people with a thousand
faces” and develops in the direction of large data volume, large calculation volume, and large communication volume. The
business architecture has the characteristics of “cloud-side-end” collaborative computing, which derives richer media appli-
cations in the future. The quality of communication system is evaluated from the perspective of QoE. QoE reflects the sub-
jective evaluation of the objective information carrier ( voice, image, and video) after the information receiver perceives the
objective information carrier’ s performance. The current QoE evaluation methods are mainly divided into two categories,
namely, user-based evaluation methods and evaluation methods based on objective parameters. User-based evaluation meth-
ods include all evaluation methods that require user participation. Specific indicators or information about the QoE need to
be obtained directly from users. The evaluation methods based on objective parameters realize the evaluation of experience
quality through the subjective correction of objective indicators.

Key words: computing communication; multimedia communication; evaluation criteria; multimedia coding;

multimedia transmission
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WEEET, ST A R P AR, 2010 4F
HI TTU 55 18O ZH 5 A ) AHA31 20 B 26 45 2L (Joint Col-
laborate Team on Video Coding, JCT-VC) # H = 350%
AR5 (high efficiency video coding, HEVC) J7%
2013 4F, HEVC IEX 0 B Prbr#E, 5 H. 264 A
FC, HEVC 75 AR [F] B3 T BE 68 30 — 20 [ IR 24
50% (A% (Sullivan 45 ,2012) , 2020 4, Z U fEM
P (VCC/H. 266 ) HIBA G KA (Joint Vid-
eo Experts Team, JVET) $ H 31800\ A W45 46 b
#E, EJ& HEVC B )5 4kFrifE

PRAT G S s v i JRe B1) 4 T, o S [ I =% i >
IR [

1) TEPRUERUBUS A HTER T, SEBUR AT REAR 1Y
%,

2) TEBAERCR (RIS 2) RYATE2 T, S AT RERFAR
Gmh I IR

BEXT X PRAN ), [l PR b 02 e i T R A
Bk

FREES G KB M EE Sy PRy iRy R IR TR S
FIRTHE T , 815 7E GOP( group of picture) i BR55EZ
PP B3 oAt 58, 2k B A Ak A o &5 1 H Y
[l PR 2 2 B A [R] 9 2 B A 0, 42t T 40 MPEG4
bR B VM8 ( Lee Fl1 Ebrahimi, 2012; Vetro %,
1999) , H. 263 #5#ERY TMNS ( Ribas-Corbera F11 Lei,
1999) ,H. 264 #1 E T 19 JVT-NO46 55 i % 4% il J5
o IR SLRGRYE R BE T LI 43 A P2 B T R-
Q KA A JE T R-p BEAY, R-Q BLAY ( Chiang Al
Zhang,1997) /] LLH R B R AR, 7E H. 265 trifE
T Choi 4 A(2013) AR4ER Il A/ 2% FL %

PERLARR S T — PR R PR A (unified
rate-quantization, URQ) ( He %§,2001) , S8 T {15
SR Bl RN AR A M, B A H. 265 AR ifE
(Choi 45,2013 ) N 51 A B R i 1) 731 7 2R F
B, R-Q BEAUARME v o Tl I A 3 5 A 2 8 2 T
CFR B 3 5 A S R T —— X
OCFR M2 B T A 1 i S8R R PeE .

TEI N g 55843, Wandell F1 Thomas (1997 ) f)
5% 2 W3 e I3 0 UL AL ) B R s B A
FRIE, IF HAE — & 2 & E ol #5UI, Wandell Al
Thomas (1997 ) 7 H. 263 FEAit I+, $2 H T F| HHR 54X
PUIHS AL B0 A3 1) 56 T3 A Ay J% 2% X
(region of interest, ROI) , M 5 FFIEF74H 5 1) g 5 %
JE5YTC, SR SR AT 2R B IR S 4%, i
(A A 20 5 I AN R T AT, PRGNS
B8 Z2 4% (human visual system, HVS) , FEANE B R 5h
1A E 3l RO DX 8l B RO Ay JR% R0 W A30 s 46 1) 5
T o TEXPEZEMA AN ROT X B 2 A i
HBIX I, Lee 1 Bovik (2003 ) #2 Hi T —Fh 8 i1 45
T 75125  FEX ke 37 55 BRI T LA SR by B A7 1) AR o U
ST S ok R 20 Jik €5 X 3R A i A A2 £ ( quantization
parameter, QP) , NI #&F F W&, SL)5, —Fh A
FHRR A R ERIN A ( Yang 55,2005 ) B T 2EXTE S
PR Fb 4 EBCER 16 38 DX 48, L B RO X3k, T i 3 ik
Dottt E—K H—I 42 % (rate-distortion-complexity,
R-D-C) MR I M2 TR 1R A ) WL i

TERLAR bt 52 2% B Ak J7 T, 2005—2010 4 Hif
5 VFZHEFEEE X H. 264 BRufESR T g 52 2 AL
T5 5. Horp KR53 J7 S 5H XS H. 264 T Y T R AR
B 3o A 3 47 185 Ak, BV Az 3 4% 1 ( motion estimation
ME) ( Hsu 45,2002 ) Fl 4 2 A P& ( mode decision,
MD) ( Huang %%, 2006 ; Kannangara 45,2006 ) , Pan
S5 (2005 ) 42t — Rl RS B 07 125, R 4E ME
5 MD i,

HEVC trUEm) 75 25 T — &R 5 Je i 10 g 115 4
A Bl s BE R 9 G A5 A BT (coding tree unit,
CTU) =& Aot pAy i [ S 00 42 R ) 28 RS B iy
BHUR AR, fE HEVC 1, BARY CTU K/NA 64 x
64, LK T H.264 FAYZEHKR/N (16 x16) . —4
CTU Bk AT A H AL 5% — A~ g B 9T ( coding unit,
CU) , o n] FF DU SR 5y 8 A 3 3l 224> CU, —
AN CU A] gk — 25 73 R 45 A4 U 25T ( prediction
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unit, PU) FIZE# B 5T ( transform unit, TU) . 7F PU JZ
AT, AT DA 45— it pAg 8 ot ] 99 00 482 X5 7 TU )2
AT, P00 2 J5 ) 3% 25 68 B8 R R AR 40 I R A T i
T % 5 2 A i A 206 T LIS R 5 T, SR
ST A st B PR R 22K ELAR 4K ( rate-distor-
tion optimization, RDO) , FE#R{fE HEVC Zfid 4,
T LB RN T A AT RE Y 4 R4 G, T ORIk |
R fie/ N A AE Ry e AR A, L SEEE RDO, 2R T,
RDO H i3 VA G 0 0 L i AR e A 1133 0 ik Al
1% HEVC M4t 5 2% B K4 o 1% e im] 22 0
Prep B INER I AR 2 B 2R BE AR T i o X 265 i m) 4y
KPR A R S AL T vk

TE )i & 207 P F 5T (Wang 55,2007 5 Leng
45 2011 ;Kim 45,2016 ) il i FAIK CU 43109 & 26
SCEEAL . BRI S, Wang 26 A (2007 ) 7E i 2 51
PERE CU 43I MR B, 2 22 AR AR D 2wl CU
UREE B, Bkt Z w0 th 3R CU TRBE . Leng
2N (2011) MRUEEEAS CU Hp s R G 5, 1 0 )
W5 7 EliZ% CU, [RIFERF DL Bl Kim 55 A
(2016) NI LA 56 4> Fa 5 BACH AR A2 A i ek B
P A  BEATES R CU 2030 By b VA A B, 52
PRPHHI T BR T 04k CU 43 05 F o6 A 58 5 [
i PU 8 TU 43 FI 5 2 B2 SE A4k, B, Cho #11
Kim (2013 ) F| H gt B & ( coding block flag, CBF)
ME i PU B9 3858 BAC S5 HRAE , ) 8 v] Bk A
K PU 43 EIHE DL, Yoo H1 Suh (2013 ) AR 5 #1045
25, AN HOKE 58/ PU LA B K Y PU, SE 3R
PU B2 PR e, L A1, Choi AT Jang (2012) 5
Vanne 55 A (2014) AL T gmfih o 72 v HA #5409 &2
ZREE G140 22 T ) ot A 000 A 2K 35 5 R A B U e 45
(=

UG RES A S AR Gt A2 4= | 18 & X5 A7
FE— A i R R T B AR, BN, 7
HEVC Wip9#30F , Choi F1 Jang (2012 ) %% CU 43
IR R —A A 2 (), I ) FH 3% 6 05 530 4
W3 A54e ;75 HEVC Wi [al#2XF |, Fu 55 A (2019) F)
FBAEZ AR 2 T 3 FhBEg ik CTU 2%t
FRAGRME IR I T2 2] (R 7 ik [RIRE R ] T — Sy
fE, aneR A B R bS50 ( quantization parameter
QP) FIALAT H i) S0 52 2% B2 45, AL G A AR 4 R A1
FEFIPAEI A5 Pk T R A BE B, AN TR R
B, AL NGRS . AT UL, 508 ke Al

Lo LA S B B W W e, AR E 3k Uy ik
BAEAEA L BVRFAEAT 75 2N T X FEAR R S
AR ST I, I T BE R 2K — SE TR g A IR B
BEAY BRREAFAE o

ITU TEFEME B — AR i b5 i VVC (versatile
video coding) , 3% —Z A b 1 i A Je 4 78 A, AH G HL
ARIGHRABAEDT SRS B B, Al S 58 U i) 27
WA B 5P 5, ML AVC R HEVC, VVC
K TR 2B BOR F-Be, 51 4n 10 SRS N 22 28 B AR
( quad-tree plus multiple-type-tree, QTMTT) {93k 53
#J7  HE N 2 ¥ A e (adaptive multiple trans-
form, AMT) . X [1] Y6 i ( bi-directional optical flow,
BIO) . J&) ¥ B& BH b £ (local illumination compensa-
tion, LIC) AR, X EEHHARTEMEG VVC TR
T ok S e e 4 P BE A [ B, o R 1 2 52
HREE EEXF VVC H i 2 FE DAL IR, Correa 55 A
(2015) E SR 1 WA AN ] 23 047 0 I X6f Ry 45 3]
(0 Gt PR IR T o L), e RTE I8 —
SR 43 F3A A = SO 431, 2450 G i B e P 4y
5, 7oA PR e P 15 40 B B9 AT BE MR I I oK T
PT3535 5 S it P ok 56 7K S 43 31 00 175 100 ) 1 47
AR o 3X A2 R R A 4 i He e 52 A ) A a0 A
B, PRI 43 31 I 25 {0 ) 3 56 A0 [8] 07 1w 149 43 1)
Jrak

Fu 55N (2019) 4 H 17— R TR B2 o) i T
] T~ — AL A 4 B 4% ot P ke 0 Y A8 Ak O 2%
HEVC ARELEJFA A U SOR BRSO T, 31
IT ZSUREG3R0 B T A R B DR
R TS, Fu 55 A (2019) $2 9 J7 i A LA S HE X
B 52 = 23 R 284, O HL AT LA i dc 1R 2 1 =X
(55 BEAR o R S AR B | e S R Wi
BAYAT LASEIAE T LT AN 52 M S B8R (Y T i T 4k
2 i FERE RIS ROR 1% AN RTHE T, 3835 4 £,

Galpin 5% A (2019) #2 th T —Fh Al 6 2 Hiy 2
HRHLATT 7k BT REHLARARIA | 3 A0k KU
TF] 2 DA /D S ) 2 512 R e SR A P ) 4 ), B Fg 3
oy ) R I LU N CTR Y SR g TR 0 S e s
ILSETE VIM ( VUC test model ) il HM ( HEVC test
model ) Z [A] AL JE S H A JEM | >R AR BC & 2
Ffi HL 3K B (random access, RA) , J5 K B % 1 2
VTM 5. 0 AT HRUINR, W34S T AEIRCR 1]
B BAT — & iz AL
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1.4 PSmtE@TTiE

PRATOY 555 380 17 U 18 43 ) 2 AABLE (5 R GEh Y
FIRSFEEER T, EATZ R0 56 258 5 AT AR KR
HKEZRMER, TEAS NZEME B 51518
(& TS BT 5 WT AR 2 45 B L A AT 3L e
545 s il 1 B AT SsH AR hfE B
AR, AT 55 DLECT (5 50 00T 46 15
ok, T S B B i I 5 G AR A B
I F AL AT Ml 55 19 2 59078 =X Bk Bk =
FE NI IR 55 0975 oK A e 22 0 R b T
TRV, BT X — DB 1 5 A S8 Y T8 A5 7 AUk T
WAL, TR AR S ORI AW & R 5721
FEAE 56 HARGfpyE B fLse o 7 A8
JZ R, 8 (R BOR BT A4 A BOR R
G ALFFTCAL AN, (A5 05 U5 1508 = 1] i 98 A1 7R
BN SRAE AT Tl SRt 2 v 7 A ok iR
s (ZE4k e 55 ,2021)

PRl 55 1 EAETE B b w3 =X ) 2 3 X 224k
AT Ml 55 3 BE A e A LR, AT — B LA o
AL I IR 55 FEIE X, —H 2484k, X
Pt 2 B BRI A BT AT e M5 LA ] 3 s ) ) —
Iy 242252 [l — 1R 55 (RO 20) | 22 AR AN [F) 3 g 1Y)
ARl B 20042 32 W] — M 55 (B i # =X) o A Al
PRI & FE 2006 4F-H H A< ) Masayuki Tanimoto 2
H4 (' Tanimoto ,2006 ) , LA A LA I 12 24025 9% s 43 I8 1Y
JRITHT AR H A G — AR RE RS U B WAL AR, 230
BURFTLE RN 2l AR s Ul = LA A2
FHEE AV WA E 2 FE , UG N % T A
T, AT 2 i, X ARk HE S 1SO/MPEG
FIITU B IR HEL (joint video team, JVT) 7
2006 4 A 3l T 20 U G it 1) R, AR AH O T
VE—HIEL 24 (HE i T H AR o TE K BT
1815 B LR BT F B0 558 — B L &
(Smolic,2011 ; Zhang Fl Yu,2012; Vetro 55,2011)
IR EIABR AL A M oA R B Ay Bl o, (5
J& MPEG JIrfi th 19 32 B AR 1Y & J S i 5 LA
RAER KA SE B (R B ARG & B T LS
(virtual reality, VR) |z Wi Xk F1 z= = ALY 55 28 H. AN
Wil 55, LA K ARS8 1 S0 1) 4 O B E I I TEZR LR
HAREAE AEL AL AR BT 55 5 3 Xl 55
BT IRz Mg P B gl (2R 4k e 45,2021,
— D5 thHfESl T BB AT Y 4 K8 K P g ft 44

AREK R, IR T E45 3D SLARHL 't . 360°
A R M AU 5L A5 O fUR Y MPEG-T AR #E /Y
il %€ ( Domanski 55,2017 ) ; 53 —J7 WL H#E SN 1 5 4
S A BT A LA AR A 38 38 75 5 AR B89 9 (X
45,2016 Zhu 45,2014 ), FE3X 28l 55 1 i HH 7, 22
N E SR RBEAR bR, — MRIEOL T, WA = AL
& <100 ms, VR Ml 55 I SE < 200 ms, Bl 55
HAE <400 ms 25, A T IR EXFEREORSE IR, (258
IPTV ( Internet protocal television ) H' f7 {fi F # UDP
(user datagram protocal ) | RTP ( real-time transport
protocal ) B ZARMETH 2 , fiE4E T DASH ( dynamic
adaptive streaming over HTTP ), HTTP-FLV, RTC
(real-time communications ) % PR FITHE AR 712 [
JH ( Stockhammer, 2011 ; Kua %5,2017) . 4, B F
VR WL BT 75 17 9 38K, A2 75 75 22 CDN ( content
delivery network) [ X ¢ S EL G A REE L, Z AL
P 5 W IE R R B SRR 09 FHIR 0 I 4R
B, BUARRBE A #I] Tanimoto (2006 ) AT BEARL Y I F 41
SRR I R85 3L AL 75 B 37 () A (6] 47 5 3R e
A BAN[F A R N2 SRR ARG, A A LT
M 55— 2DATH AL G — 55 s (N 28 IR 55 o
5 CDN fIR 55 &% ) =2 [a] Y RLABT AL HE R A =0, A T 32
GATET R LI G A2 Bk AR vh e AR i R i M
P 5 A RN e e A BT R AR A
DL T AT 2 H w8918 Bl 1ok TRk A
HAF R I 10 & &, bkl 55 2R 4 BA B AL i
“ w1 PR AR A FEAR R —E A A
PR W AN ISR TR R ) LS NIV

Pl 55U TEAE M SCAR | A% 5 A ) e S A i
IO FH B AT 350 SR SR R i 7 6, 455 T ) K 4 1Y)
N7 A {7 | TR [ VR 25 R 2R 1) e S 25 M A0 3 15
FRIVTE [va) 356 O 14 2R 3% WL AR A 45 . E T ) SC Ak E
TR T AR E SRR AR etk
PRTAENE 55 X 6] —(FE G 425, SRMTERFIR
IR i IV 6 8 DO N (PSS EHIE R S
F AR 2 | H AR 2 {5 18 TR IR E S
PRGN T 0N 55, 75 2H W F0 4% i o A v
TR AL R L, PRI AN IS 2 AR d 2 T
FEIF K AEAETE T 3e AR T8 _F 028 95 2% 4 O ik ok
“HHICT Y] OMETE I RE | A2 H A 5 T 2
SKOFE T AR B AR R T A BN,
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2 ER#HRAR

2.1 REEZFEEBEENIRELZRAE

E AT, 22 AR SR 5t 22 MR AE 5 gty HE
AU iy V0 5 T A DR R TE 15 2R 9 T ) v 4 AR IS
TEPR SR

A2 S 2 A T R TE F R IR G T
St , AT AR 2 RO A5 Bl JE TSR . A2
i 2B EEE (s SOR RIS ok B BEih
AL, 52 3HLARC AL 6 114 W0 43 38 15 ( Suwajanakorn 55,
2017;Yu % ,2021 ;Chen 55,2020) . 40, 44 5@ (£
T I A OO E BAE R, B 8 AR R AT
WG TR [ A B A P TR, ) P A 2 i A B EL A
AT ] B AH ELAR R G 2R, KRR AR AS A, 1
PEAE LT A & /N B B TR & SO SE, Ria]
TEHMOR I, Z WAL e 12 2 AME BAE
s {5 W 2% Bl AR 2 i EA T (5 B AL . TlE M2
P RE A B REE M 255 55 807 ) A L LTS
W LA RN JCERIE I A5 o PRI, 388 s 8 i ) 0 2% )
T R R O )

2.2 ZIRMK QoE EEMITEA X

AT B R it A D7 v G0 LUORS 0 M AR
PSNR ( peak signal to noise ratio) . SSIM ( structural
similarity ) 5 XJ JC 2 040 38 {5 o it #E AT 5. QoE
S B AR 15 IR 95 BB T A R AS | R AT/ R 3 2
R PASS QoE 1Y % W BE & T Bt , K itk , F 55 MR
AR BT VP R A A DR A% O [, 52
M A o ) PR R A2 4% S B B il e
R WA 22 I SE | 52 v CRIORI AT N 75 45
AT S, G B PR 3R S e 1 RRLATE 1) T AT D 1 85
ORTEHE R, O 1 bl LA e i 1o g A 2 ST 1]
M SE S QoE Z[A] Y 5E T W5 5C A | S B AR
Qo HAF HERR E PEIN | A7 T e Vi WA 1% 32 WL BT
IR R,

1) 2 T fixi #1 [#] ( electroencephalogram, EEG) i
PLATUHE W B2 VT4, A 48 B AL ABTY I 32 3 B Jl ot
PSNR ZWLEE 0t , LAR 2R A OV o M w2, JF A
RESCIRFH P B B S JRAZ A S I sk 2245 5 0 5 O
V5 MBI h 2 B i e, 5B R EEG {5
5 1 I BARRAIE DX 43 A [] g R A5 s R A, i — 20
SEFZE AU I Y i S80S EEG B CHR G R,

T 7 AT 0 5505 A7 BT B 22 ] A Bl DG 3R

2)ITF EEG WAL PR, R0 5 )
PN BE DGR 2R o AR T IE 15 ) 26 vh RS 4
5 PSS Z (8] i e RITA IR, MU B
S FWERZ | i B A P 3 R A7 B A AT BB
T—RAESCFB i, SR U (5 i A Ry
(RS I NEISEWIRIL 7] S e v S TR A B s
EEG (I Z , M EE 7m0 2505 9000 i i i
Z A B G RR

3)HTF EEG MM G BE W, IR AT DGV B
T 73 I 58 448 7R 52 ) A5 T T Y 1
18/ PUBREAE , B R BR ] 1 00 i 3 5S84 1 3 0
BE o DARRATARAE A il Ak I 2ok 35 > 1) S i
WX e B S PG 22 il A T AR
TSR W B FLAS 5 ik 2 A 2 S R A3 1)
KR,

2.3 WSRmAEL A A

FEALIT it A J it A v [ P 2 3 TR RE AR R
AT .

TERTDFa 45 il 40k, J 65 o R O T, BF X HL 265
FRAE, Li 25 A (2013,2014) $2H0 T —FH AL T R-\
RRAY (i A il Bk

TR RSB43, 76 H. 263 #3UE T, Yang 55 A
(2005 ) 48 3 T — g A 2 4 1l v | 8 2o 45 ek
BRRIE (S2 R SO A HRRE (IR 62 FR I8 1Y
T AR X D/ 33k 4 X s ) b B RO ik #1413
e BT AR A ROR . 76 H. 264 BT | 4 XF 2 iE 26
AT, Liu 55 A (2008 ) $2 H3 T — Fh 3L F 8% 2%
DX 3 By 2 B 6 R 0 T 9, 3 3 i ) 22 S R € A
N B BT F (98 RS 38 DX 33, 3 3 Ak 32 R
FLAZ Z= B PR T AR T

TEALIT i 11 52 2% B2 AL Ak ik , 2005—2010 4F
HIG , E 2904t %5 H. 264 Frfede il 7 4id
ZREEARA T 56, FEEALFEXT H. 264 i PR AP RE I
AT AL, Bl iz 30l 1T ME (Xu #1 He, 2008
Chen %,2006 ) F1#L = A Pt MD ( Kua 45,2017 ; Wu
4 2005) .

EEXT HEVC AndfE, 48 TP i |/ &0
BRI FALER 2= 2T

D) kR, RIGL0 FHREAE, BRI A
PR S 097 1 . HEVC Z i B v 6] 5 72 R 77
TE—SLAFAE 5] 20 28 2k EL A % | IRF [] R 25 8] AH OGP



5$26% /56801 /2021 F£6 B

PEERER, A%, BB, R—F, BRE, WUXF
EEAERENSERTEEE

A SXSEARAE RN CTU 435045 SA7 A5 0 Wi A
Kk, KU, 7E CTU 43I Z 0, AT ph 3 28 RRAE 1K)
AYEIEERE LA A 3B VAR A I B ] S AR 2% B A
b, FEX BT Xiong 48 A (2014 ) Fl Shen 55 A
(2012) i 3 B CU 43 009 52 2% B S AR k.
Zhang Fl Ma (2014 ) 2 THEIE 12 3 HUE ( pyramid mo-
tion divergence , PMD) , Fl| FH K 28143285, 47 CU
BRI, Sullivan 55 A (2012) Bl — LR B H
Dy TAFFRRE , I3 2k EACM AT 2N x 2V 5
AT 15 22 55 3 2ok Fe /I Al DI 307 XU o 0],
CU Fr#EI S0 PRI P, Wang 55 A (2006 ) 38 33 1
e it A v 22 775 ) it A ST ASE 2 e ok AP G )
AR,

2) EETHLgR T W7 IE, REME MK & B
H 32 ) 3 AR AL R B AY . 72 HEVC i 85 X
T, Liu % A (2016b,2016¢) ¥ CU 43 #l 5 FEAL R—
AR RIREE, I 2 A S A i 2R A T
Watkinson (2004 ) W) F| F 32 45 [5] 3 #L ( support vector
machine , SVM) #47 —/32%

Bt Bl 27 ) BRI A e, — L TR 2 2]
JiiE C RN F S FLIBCRAIE bk 00 T Sh R A Bl
Weiland F1 Humayun (2008 ) $2 H T 3% T 5 FU i 28 )
#% ( convolutional neural network , CNN) ) CU R & il
T332, RS L AARE CU /) B4 E B2k CNN £
R JF AN M B R E R RS T, AR, Liu SF A
(2016a) J5 ik By CNN ik, A 2 MERUZ,
S 6 116 A 3 x 3 IR, il 4k 2
b, R CNN 5K i i 25080,
FAR AT ARV GRS AN JE I S it 400G {E ) R,
PR T OIS BE | Rt PR R b e

Zhang %5 N (2015) #2107 —Fh L FHLER % T 1
HEVC gt B oT IR B PR e SR OT vk 2007k B e 2a
ERREAGER T, ik i oo i B 22 o3, 3C
B e DU SOR IR P TR SR ) U SRy 3 2 — A 2K )
L Z G TEIAA DESE 3 b G IR T —Fh R
I B A B ST IR SR 451, DA gt 52 A 52 et
B — b AN R Z o 2R 2R 3 eIk & 02
i, T P00 A R B UK . 5 7E HEVC B ifE
AR5 b A7 00, 25 R 3R B AH I HEVC 192
FRAT HM, 53X Fl 5 T DURE R A R B AR
28.82% ~70.93% , F-IIFEAK 51. 45% |, (H 2R 11
PRI HA 1.98% | idak A RIS R A4 T 4R 15 T

R BERRI T, WA T Y i) fe S i 11
E

Yang 45 A (2020) #2417 —FpEEXT VVC i Py
PR 43 B A6 T e a3 T ph A5 X 3k
XFA R, SCRE S B X A AR
S R G b, B 2 5B A
— 5 TR e 1 X S SO B A T AR (H Al R K
Iy X B R O — Oy TR 43 F T A R
T, PR B ST $H 38 4, 17 4049 958 43 RO W /N
RAAR TR R | [] s 1) 45 SR AR ELAT — 22 A9 45 8] A O
P, RIUFH R X 8k 16 45 11 4 B A o — 8, R4 LA
BB PSR AR SR R o 19 52 4% AR DR
BEAGINGRrb | 0 e 31 FH 3 Fl (3% 9 AN) e fiE, Hop
L FE 4 )R SO AR B E RS I3 —fbBA 3 — b
KB FEMREE IR0 % BB Rk
HUE B LN AL WA, AR BT SUE B A
QT VREEFITR B 1 WG /> 6 A 5 T 78 o8 A1 it Py A5 =X
VR, R 1 GERE R R,
2.4 WIREHT X

) A B AR BAAR IS 5 0, E N5 A
] T —AR 38 B AR B AR S 5 i o A
T2k, Bk, LB A BHAA B FI0E A Xt
Y WA JCBR T 3K, (45 5 N R 5 0 48 28 AT 8%
EAWY 78, Ditds 7 e BIL =f(x, vy, 2z, A, 6,
@, t) RZNERA [ N 2EF TR A E (x, y)
W) Z L LA (Al 25 ,2009) | F A S A (T
AR A 2012) AL (PR TR A 2017) Y
Z A (Liu 45,2016) | [A) B SE A BEVR B (%, y,2)
YA EER 2 ) (RIS 45 ,2009) | BlcAs S R
(6, ¢) 35 E G IR ( Yang Fl Liu, 2017; Li 5,
2014) 2D 5 3D H Y1 PR XA ( Yang 45,
2013 ) A AR FE AT AR 4 W] R AL (Wu 45 ,2020a,
b) S RIF T R 98 TAE, N3 B AR Y fif
FARFN R FHBEE T 3ehl, eAb, P 2234 e
BRI ) 4180 T 5 58 5 AR AR DG 1 & ) 78 [ B
FHREIE T Z TS (L %, 2016; Yang fff,
2020) .

T3 —J7 T e A% iy v B 2 WA N R R (G
B AR | ZEH A RS ) R IBTARAE, BT R E Y
FARFBA Xy e — B H ., BrfEs T,
IATARMES 3 A — g B A 7 T 2 ol et
N AR A DRI — 48— 28 B A EARAE S )

o
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2% b1 AL ST 55 75 SRR R IFIESY . (HEIR
SEME—MIE 2 22 B AR R AL S iR B2 HLAER
IR HALPEARAE . St 224 THI I HUASE [0 2% 1y T
1Lt )5 vk P s S S ARG AR 55 A BT D), e
AL 2 L 22 5 P [ A% i O 58 (Ge 48,2017
Yan, 55,2019 , 5T 218 A B 0 2465 4% i )7 52
(Ef5E 48,2020), ) MR R OT R (RAER A,
2019) %, X EET5EE S I AN [6] 1 /1 B2 2 1 R 0E
P2 25 B 32 B AR 55 75K

2) ) S E ) A 55, ATl 55 Y &
JRASIEBAFHA S i iy — Ji PR B AT RLMAE T ol
FIA R EABIOEE BRI . 1552
MY 55 N FE B E i A2, ) 12 S A
155 14 11 D7 =X rb (8 FH s ) e | B AR e ] B K
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