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The review of visual knowledge: a new pivot for

cross-media intelligence evolution

1,2

Yang Yi'*, Zhuang Yueting', Pan Yunhe
1. College of Computer Science and Technology, Zhejiang University, Hangzhou 310027, China;
2. Zhejiang Laboratory, Hangzhou 310027, China

Abstract: We review the recent development of cross-media intelligence, analyze its new trends and challenges, and dis-
cuss future prospects of cross-media intelligence. Cross-media intelligence is focused on the integration of multi-source and
multi-modal data. It attempts to use the relationship between different media data for high-level semantic understanding and
logical reasoning. Existing cross-media algorithms mainly follow the paradigm of “single media representation” to “multi-
media integration” , in which the two processes of feature learning and logical reasoning are relatively disconnected. Tt is
unlikely to synthesize multi-source and multi-level semantic information to obtain unified features, which hinders the mutual
benefits of the reasoning and learning process. This paradigm is lack of the process of explicit knowledge accumulation and
multi-level structure understanding. At the same time, it restricts the interpretability and robustness of the model. We

interpret new representation method, i. e. , visual knowledge. Visual knowledge driven cross-media intelligence has the fea-
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tures of multi-level modeling and knowledge reasoning. Its built-in mechanisms can implement operations and reconstruction
visually, which learns knowledge alignment and association. To establish a unified way of knowledge representation learn-
ing, the theory of visual knowledge has been illustrated as mentioned below: 1) we introduce three key factors of visual
contexts, 1. e. , concept, visual relationship, and visual reasoning. Visual knowledge has capable of knowledge representa-
tions abstraction and multiple knowledge complementing. Visual relations represent the relationship between visual concepts
and provide an effective basis for more complex cross-media visual reasoning. We demonstrate visual-based spatio-temporal
and causal relationships, but the visual relationship is not limited to these categories. We recommend that the pairwise visual
relationships should be extended to multi-objects cascade relationships and the integrated spatio-temporal and causal repre-
sentations effectively. Visual knowledge is derived of visual concepts and visual relationships, enabling more interpretive
and generalized high-level cross-media visual reasoning. Visual knowledge develops a structured knowledge representation,
a multi-level basis for visual reasoning, and realizes an effective demonstration for neural network decisions. Broadly, the
referred visual reasoning includes a variety of visual operations, such as prediction, reconstruction, association and decom-
position. 2) We discuss the applications of visual knowledge, and introduce detailed analysis on their future challenges.
We select three applications of those are structured representation of visual knowledge, operation and reasoning of visual
knowledge, and cross-media reconstruction and generation. Visual knowledge is predicted to resolve the ambiguity problems
in relational descriptions and suppress data bias effectively. It is worth noting that these three specific applications are
involved some cross-media intelligence examples of visual knowledge only. Although hand-crafted features are less capable
of abstracting multimedia data than deep learning features, these descriptors tend to be more interpretable. The effective
integration of hand-crafted features and deep learning features for cross-media representation modeling is a typical applica-
tion of visual knowledge representation in the context of cross-media intelligence. The structured representation of visual
knowledge contributes to the improvement of model interpretability. 3) We analyze the advantages of visual knowledge. It
aids to achieve a unified framework driven by both data and knowledge, learn explainable structured representations, and
promote cross-media knowledge association and intelligent reasoning. Thanks to the development of visual knowledge based
cross-media intelligence, more emerging cross-media intelligence applications will be developed. The decision-making
assistance process is more credible through the structural and multi-granularity representation of visual knowledge and the
integrated optimization of multi-source and cross-domain data. The reasoning process can be reviewed and clarified, and the
model generalization ability can be improved systematically. These factors provide a new powerful pivot for the evolution of
cross-media intelligence. Visual knowledge can improve the generative models greatly and enhance the application of simu-
lation technology. Future visual knowledge can be used as a prior to improve the rendering of scenes, realize interactive vis-
ual editing tools and controllable semantic understanding of scene objects. A data-driven and visual knowledge derived
graphics system will be focused on the integration of the strengths of data and rules, semantic features extraction of visual
data, model complexity optimization, simulation improvement, and realistic and sustainable content in new perspectives and
new scenarios.

Key words: cross-media intelligence ; visual knowledge; visual concepts; visual relationships; visual reasoning
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(‘exemplar) = >J 7] LU i Shy 400 i MR A e A6/ 91 s
ABIAIRESE . BN Yang 25 A (2013a) i i3 [ 18 7
i G G 22 A1 B I R B i R AR T DA SR
AR IIERE

2) R G5, LA A Y 2 K 45 4 ( Pan,
2019) W98 00 & 2 R REA HL R | 22 )2 IR 28 Bl 4
DIEZ T EOE S e N

22 RUBE PR AR LS8 3 BT SR Tz i, 1Al
U1, Lazebnik 55 A (2006) 5| A & F T2 R

JEEMGRRIE: 2] X E AR BLA i e ik, 7
PRAT A3 BT 53, F AR P 25 1) J2 IR Ab 2 58 ] A8k
W NN SSITINR N S € ok o I A e s LA LR BT
I FE45#E (Pan 45,2016 ) ., Yang %5 A (2013b) ]
B ) 2 PO S SR AT S B ) 2 A TE SO
fif o Zhu 58N (2022) $2 10 —Fh 5 )2 01 2 1AL DA
SEIUAR AR 2 2 9 A5 B IR R % B R R R
g TARBRZNAE, R RENES,
Gk B 2 REEW R SO ShVEIR BRI T &
ROHRE . Zhu 25 A (2022) % & T AR ] 35
WM Z RERFR, XX REFLREA 2R —
e BRAR T AN REAS T BB SR B e 25, DT 3K
R RE H 2 R0 0 2 ROBERFIE

Z 2RSS G T f A B AT
MZHEFR , EABEME S0 2 2 R 3R B
FMEE o S AL DU R 5 T A A B
ff, EEMEAEA R RS EL A G
B, A EOR AL SE AR 2 8] 1 2 R e e, % 1R 2 R
ZALS KRR, WA R RN ZRuE | 3 TH L E AR
BRIEWETE,

LA RGBT R S R b DAL A
BOA AR SRR S £ 5, IFDUHAE R
W SRR AT B, — oA, AR
Bk A LS55 (BRBIN ) | A T 4
SR ERE . SRME 5 kRS A
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&, EHE, B/ MEMR: BEASEEHEIH< S

BRI R, AFEHEEERER, &
SCA KA TR E S AR EAMRRER, B
Jr PSR fe T, LIS AR B o 5 LAE B B
R BSR4

3) SifEnfE, WOEAESER T HER F Y IRk
ERANE L& BT RIINEGYIRRIN L TR,
Gibson (1977 ) 45 th 7~ fig J2& PR 5% sl oy 44 1y ] {4 ) B
ISR nT DRt T RE sk Hid . iR R RE SR
fE TR S AR ER AT 28 BAT N, Bilan, #4857
HAwR" M/REe i FHA T A" R EE,
WS & shVE /R BE A ERL R , 22008 SR AR 1 X
5 NZEIER L, 40, Nagarajan 25 A (2020) $2
AR IR BT R BE A FH F NI S5 48, A 5T A R 1T B
FAEMNE, EHGMAERE L, Fan % A (2022)
FENGEERP R AL & T ik [R5 1 AN
REEENS ST sh 35 RO G & AR {17
A, A ROR B B, Wang % A (2020b)
FE SRS AR )3 e AR R LA TR A s
O FR AR S I v 1 L B 58 T R

HL2¢ R 5yE W 450 | 2 IR &5 H F s VE /R BE Y
PR R R B FR R R ek S AMLAE
LI 357 o WO = VAT
2.1.2 MBEXRAR

FERLSEAE A 23k I IBE X R om T SR
AR SCIRG 0, Sk BTy A 2% A 085 T A O i 4 2 4
PEA R, MR AT E MR BFPXRRY
R EIFAUR T I, SRR BER
ARG B PRI 0 A Rh S8 B, BIFSE N B 2
W B LB OC R 96 B Z YRR K R A S
— SRR A SRR

1) 2SR, PO N 28 i B w UL Y 28 0] 6 &
W B X R IEXRR, W WA
BRRMUIE AL 2 B A ST A R
BIVEC R IR T W IR sl ik 5 N2 ] i) sh VEAE G
A EE R, B #R TWIkP ik Z 1,
I H R 5" B NE (SRS 17 B B A AT
% 17, Krishna 25 A (2017) 51 A—A K HAR ) 23
[i1] ¢ R T 00 06 R A, IoE 5C R U3
BEAT 5 R BT P AR (8] B A G PE B0, Chang 55
A (2018) i HIC R W28 1E 4737 5 v AW R AR
Zheng %5 A (2020a) 45— T Hu T M0 £ TC A HLAL A A1
BEMMAMAZEE, X FZCERIR Y

2)BFF IR B AR Ak S A O B 7R B[] 4
JE LAk T 200, s BRG C R ATk T2
ik, HA b KB A YR TE R F AR Ak, DL &
YAk B) 23 6] 56 RAE BT P 02 4R, 3 Fh 3 A28 1k 1Y
LA T YriRE) &R 2 AR P e R . AT
JP LR NEAAE IREah 8B R, Fl,
Wy e S T, B ) AR S T RS AR
BRI, XIEOC R M FRINT A RO S S5 BT
FEFE RS, )i 58N (2020) 5l A — K HE
B 28 C R B T 25 05 UOCR BB, Fan 55
N (2020) FTF B2 5 2 X At 8] 5 23 1] 047 A , AL
T} 3 22 [a] v (132 sh kAT s 5 H g

VR FR, WRXREFMEAGEE LW
KR, B AR AR I 22 . 0 w2545
TEEAE A T H L 18 43 b A B4t B Y b A3 AR
TR R 25 AN AR A T I A5 A8 1) Tt
AR S R EA P A RS, Fan, AR
SN vh A N LA O 22 16, 25 S B0 80
M AR BRI AN AT, X RSO i 22 [ 7 5
BRI EE, IR Ok B IR B 1 S REUR
ST 0] TN G S U € p = |5 N
FELE™ F S o0 A0 AN ¥ A L 28 A7 AE )Ry e o
2SRRI OC R A A B T IH R
HRATE S AR i O 22 , I 1 A0 3540 0] Y BR 2R
SEMR) PR Sz S S A PR L T A T A R
TH,

2.1.3  onifEre

50 0 PR ST A R M A 5 A G R 1 S A
e, TR AR B LA R 5 0 A B 5 i IR A i
PR, ALGE AR T S5 M AL IR IR, O e #fE
PRERAE Z2 J7 11 9 i e Sy, X 28 ) 45 D3R 15 5 1Y
M2 AR A U R, A STy HERR ) S
AR ARAE T | KRR

1) B9 RS i, A DE AL 5 R IR S 454
BA S G, B RS mas, K
AL E R SRRl 2 e R 5., 7 — i,
NZEA] DA 5 A Sh ) R A7 o0 i, O B AR 1 5
Yot B GERAE  PUSE FIR S i B TR AR B
P2 P I s ELAT AR R R R 2R e 2 L R
BT 5 R O RE A IS R TR0 e g AL 3
A7 B TR 200 B Ao A A B R S L A A R SR G
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E i) 7t SN N N (= SO A 0L =0 R P f A S S
ik, T A MBI RS BUR KL A 3
PEPASE R A HOE R

2) FRZE AR . AR EAA A A& 2 ] ¢
FILK LMW 2O A MESMEE T AR R
WL EZLIR il B TAE S T2 T
ftae NZEATDIMERR 2 22 sh ), I S B 2
TAEMNIE S FR 25 LEIRAR I Bk 400 i e 1R 1) 4
B BFFARBRT 2. 1. 2 e R pyas | (e 5 R G
R, T AR 0 By =08 i S 2 A e
OB RO R L & e B AR, 2R LB AR A A
FERLGE AR 1 OC R BB RO R S
KARFHRHIME IR,

3) AL RN P A, A T AR R A
HIRRA A e N2 . e e AR
IR SN BLI P U = I NS RN = N Y =S
P RE SRR (S50 S5 IRME B B R AR 48 0o Ak
SMTEREEAT AT A E N S AR L, L A
AL SRS 2 4EEMER 3 4k U AR i, o 7 3%
SLEAR AR, LSRN TR R ] T AN
TERIA T A TPAR , - AT A B AL v A A 4R i A 3%
TH,

2.2 MEENIRMN AT EHEAE TR ERK

PLSE AR B S B 7 J S 45— B AR A
—SBRF S RAE WA IE G AL AR A HE S (HA
AR A AR S C ) P as T B AR
BE, IS T RAFRCR . ASCA R R se FiR 1
T B AR BB AT 55 BR A A R T 7, 35 BURR i
PSS E RS S8 HTR B A 5 i 2 A 5 4k
A4 3 WAL 55 R IFREIIT ST, 3 18 P38 Al
W IF #E A7 50 b 5 R B, (HAS 45 2, X
3 T ELARAT 55 A2 A0 T L 125 IR RE b i 35 4
B I AEAE A 2 A AT 55, B L T A0
AR S AR B Y A J K B 24 T HLBk
A P B AR B S T FAT 55
2.2.1 SR ERR AR R

SERACFAIE R AT iR Bk . R T TG
IEXT Z2 WA KA 1A 741 5 R0 20 1] ) R 0 AH LTI
JEE 27 2 B RF RS , (H X SE R R A B A R 1Y
AIFERREE . AR BT T A RS PR AR B 2 2 R
HEAT IS AR GRS EE R I R F IR TE S IR fig
U — BRI P AR B S5 R AL 2R s A Bl

TRV EME 5 AR Tt

1) 254 0 R B R o 0o A 8 119 3 7S 3 i 7]
DAHCHS T— L4551 1 22 38 DIAB U 0 5 AR A 214
B0, Pan (2019 ) 45 i =82 B R A R R
R T RS Es . IX RS [ 540 ¢ Rl LA
M H AT & BOCR BB UK A, DL X R A0
VMRS T ER A IR . X ] DTSR IB RIE B
TR RS AEM (R B Rz B, 5 AL
e fr B £ R IEAT R BRI RS S,

BRH WRC R K5 R 5 KRR . YRkl
SRR —Fh R IXIE 20, LU ACA [ (&1 Y 2544
TR FRAE K G b A X G A BB 32 B &, 0
B2 fim . Horb RS RO RS B Ry %
IRXFRERFR, W EEANERBNEGFL, 5%
NEH KRN EREIE M RLBEFEL, M
TGS | BRI ST 55, 5 B e 0
(RN Z IR, 3053 3R T o R SR E B HLAF
B BRI 55 K 2R R R RE R Gk |
XA R ER AR R IR AT U 2 H g A
Jri BB HAB R ER BB S A R Z (A G &R TE R IR
1 AR IR R . 5 R R B 454 1 4
PERE & B SR B, 727 BUE (Li 45,2017) |
SE )2 2R 4 G AE AR (Johnson 45,2018 ) FlT &4
K% (Johnson 45 ,2015) S54L 4 454G T 12 5%

K2 sekniieig s

Fig.2 The scene graph representation of visual knowledge

R 1l st DR R R R4 R A LA AR R, B
AT (Xu 55,2017 ) FE50F 137 5 11 Y i e e
S PR R PR R) Y s p (R B e 0 38 L, (iR — A
SUERRE AR A B AG 8 4 R A 552, ST
FHFE R KE CB#, Yang 55 A (2018) M| 22K,
PNE YR OB EE 775G A EFS W weri e L KK 7S iR Ep
Je feE FE P I 4% 8 T AR B Zareian 45 A (2020 ) #5437
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&, EHE, B/ MEMR: BEASEEHEIH< S

S PRIE SCRHET UG N 28 9 R B, I8 HAE
EUG 5 FIiR RS Z 18] a4 22, S8 505 FR RS
HI AR A % . 5 Zareian 58 A (2020 ) AN [R] 1
I , PLSE IR B TE MR DAL GE A0 08 52 EL A A B RO 1
DL Rt SCHETRL R, B 1 A8 B A R RS v i 3= 1 X
158, 6] 1 AL & i B E 3R, S R AR
FEOUEFARXS OC R A5 AL AR SRR | Bl ot 37 55
5T IS SIS (AT S SO

1 HHTHFFE b, R BEMR PR A1) — 4> St 1] R 52
HRGRRBRIE B AR ke B AR 5
TrA SR, R 37 5, AR ) 9 58 5] LIFE 7R
AR Z TR . BN, Fom 008 ST, < AR TE -
B RTINS e FREE BT LUE A, PN,
xR B EURAE R —Fh 2 4E5d, I 2 el f ok E A
T UGS I R B AT IR E R “ A - 55307
PR BRI B4 S A s v, s A e K
(R SCHERRTE o (RSB ARTEZEA T 205 3K 32 > T
23 B S B R A B S R

P8 PR B S T A DX R o R AR T Y
e ), AR e P h s BE G R AR BAT Bl AR
X2 (Pan,2019) , BIANSH YA Sk MK 25 45
A& B E M HOCR R, fEiX —E R
TN b 2] 1A [ Jmy &8 5 R F8 2 [ 1 e &, il
CABTE e BRI LRI PSR T A A | I Ry
PR LR R AR XS 67 B 0 A5 A R TR R IR AR AR AR X
X o3, Mt SPEARSC Y IR | BEAS H b 5 Ak
SMVEARSCARAS 2 B DG 2115 A
DX 3 ABAE - B AR T PFIRES

2) FAR S o P R0 PR B e 22 T 24T A
R o an, Fe AR b oRr LG S AR
TCR B HINT B Fh 5 HER B 1E A 349 i Bai 4 1
IR 51 A 28 i 1] A 3] ik € 19 i 22, Tang 55 A
(2020) FIJ FH 45 A4 A 2 35 (LA 58 F0 LAY 25 4 15
B0 W R 22 . Li 558 (2021) [7) i A1) SCAFI
P8 N Z IR SRR, R4 T 0 45 325 35 A, A R AR
e A7 B SCAS TR AT B8 H 308 A T A O 25
&4 1) 3DMM (3D morphable models) ( Blanz F1 Vet-
ter, 1999 ) X Ay 5 B4 AR AT SRR -, 7T LIAE
W A A i e o R A K sl 7R A Sh 2 Rl
O Li 55N (2020) 4 25 TR 8 B33 A5 AR o A
Je ikt BRAE A HE BT S 1Y EAEAS  JF b
ARETHHIFEN , Yang 55 N (2012a) TEZ IR 02K

TEFR 2 AR 2 A G FH T AR ) S S A A,
Li 48 A\ (2021) F FH ot 2% ) 5230 98 il 19 2 R A<
> PR T 2 g R i P A ek A A
TR [ A i, S5 B0 3 7 MR R 5, B L
B AR AL JE 2, LASR TR R R A 1 T A R
PE 5 Li %A (2021) AN A R, P MR Al & 5
B L C RS IR E . RIS R Y ik
PR R, AT ARG — B AR 25 5 LR R GRS
JEPEFIIR B ZHEAL R S5 R R A

2.2.2  PUSEHTR B E S R

B T A58 R R R O SIS, L R A 4
VB RS AR B R AR T 2 — . AR
PRAE s E A OIS LRSS T E & 5 o
KRAMZE SR,

1) R 55 5 0G0k, A58 AU AT LUE
FFESAE L, A LAVE S HAAS ) W5 L 5L
SR A Z RIS A A A, LSS R
SCAE S A AR B R SCAA S B2 BE T AN
FAIF Y BT AN R, AR B R 4
(1o ANIA] E R AERAAR R — R i A G R A AR ]
(4, 451 40 572 SR AN apple, {H G F A =N AT E AR
Ui, AT B 0SSR XA AR N 2R AR LY, R
PR AT DU — R R AR RIS 22 [H) 1Y
58 o BIANTERIIRAE 55 o, 0 9e 5 B AT AR Ry —F
55 W BB 15 F R W B R TRl 5 BRI X557, SR
AP SR A S ERT TR RIS S 55 FAA
T, 0 A IS HT R ALY

PRATRN SR T 75 RIS A 3R 1 Iy =02
SE G AU 28 I 265 41l EOOLATURRAE | P00 20 8
P26 AR IUE 75 SCAS SRR, SR 5 76 PR & 1 Sk iy b kA7
A AR A 78 e 2 S UBURT B SR 15 5 SO
T XORHK (Zhu 55,2017 ) o X RIS HY H F 2EK i
AR — SCABR TR AT I 2k, BRI Z A0, BT
TR A A B AEAETE VR XL 515 F 2
[R5 R R AT AT A M2 Sl i —Seiff
7%, 41 Zhu A1 Yang (2022 ) i i % 11— 260 BT 55
Wb ) 1 v T | D 4 AR H A5 ot s A0 S A
PR D P T 55, S T DA d T A 28 3 5 4 v
H 27 TR RS & S —FHE Rk

PRATT 5 A0 ELAT A 5 1) PN AR DG IR | R kg 1L
Bl b R R EHR LT 2 KRR 25 (Wu 45,
2019) , K5 T2 88 © 1 5 & Ah 0y & W 5 Z 1)
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FCHCME, Wua A1 Yang (2021 ) BF 5% 55 Wi B &4 F
AR T R e A, 368 3 5 0 AR s 0L 5 48 i 2>
ANUTHRAR B R

B bR R R B AR R R LA R A
w8 B A5 T AR ok 58 3 2 BRI AE B R ERE
J1. B RE B EBRELE SORE B, A 12
L& E AR B I8 2060 T HAT AR R, B AL 5 R AIE 1Y
IR R, 0T LK B A A S AR R AT X
FEFIBRS , TR 1k A2 15 B R AEER E

) ZEMRFE, WA GAEGLZER
IKHYHF A (Pan, 20205 Yang 55,2021 ) , gt il i 41 &
Z R IA Iy 2L (T LRAIE R A IR R IE R
Ik S AR R A AR RS 55 ) S 2 Fhok
IR Z RS R Y 2 )2 UCI R 5 FRSE L, X8t
R s A AL B R TR R B O A R AR 4R T T B A AL
WA,

Z H MR R IR 8 7 2 A58 PR P B i 2
— o N TR RN RS AN R ok PR 0 A S A T il
A, 2 EAR KRBT B 25 B A 2
R EHATIR SRlG . NZEARR BRI R
B, G HTRE R IR 1 OCEAHX BARRI R Z IR,
NS JEHORE S R S (X2 H TSR
2 U SF BRI T RBAT: 55 M 1F TR 2 > O ik
AIBRI ) o AH B TR BRI, 75 5 A IR Sk AR
P33 D) it 8] O R X 488 v I B 2 I, T i =R
PRI G g AN RIS SO R Z R A LG &R
ZH IR R GRTE Rl G A [R) HIRI 7T LU S e AT
IR IZ U, LAl G2 O p AR 2 e 90U 1547 il
Ho Quan 55 A (2021) % & T H 47 AN 050 U Y
ZWE R, BARE AL TR (5 B U R
AR R R A it A 3 WA BLAE AL
29 T 2N RRZBIMNTELR

R P S — T 8 78 S A 22 T 56 AR A 1 SCIY
2%t B R BT AR, A SRR —
BESESR RN EANTZ B R, WA AHE
TR E AT Z B 03 #4 B SPO (subject predicate
object) =JTLBIF AL T —AARRL AR FL 51
P3G P 0 G H O SORA I R S, 2K
AR S HIA b X g FIARTS I Z s e
2, NG DA E S, 1545 T LI5S &
Je , R LS B T EL I ) v 2 i AR R TTE , A
HE—A R T 2 AR R SR T IEAl . IR B,

E. A5 DBpedia( Auer 55,2007) . Wikidata ( VrandeciecFll
Krotzsch, 2014 ) | IMGpedia ( Ferrada %5, 2017 )
MMKG ( multi-modal knowledge graphs ) ( Liu %§,
2019) 45 T AR i HL IR [ AL 3f Rz ST 4 1Y) 22 BEAAR A
B (IS 2185 SORR 55 ) il g 2 AR
K3, LA DBpedia S, H ok B — A 1F Al 34 S 1A 4
Pt — 1 R R IRAT, A BB IR R
TR AT FAL W Z RS I BE SE B e ZE 4
X — Z AR 1 B I 2 Ay A R
RIEJT, Z BRI TR BOT /A T % 5t
HRREREE B & A AR G i kR B3 | fE 6% T
TN Z AR SR B X SR B 2 BT 2 A 2S
A5 S BEHE T N4 5 58 8 15 B A

Z PR P A B AR S — Rh 4 3R
B W TR — X T — R4 A
PRI ] B S HAR A0 2 R A5 33 SCAS 13
45 Z MRS R A, A58 BUSE iR B A i 2 B
WRIRERT, — 2 THIRERE N B, & B 4
ZIE X RZ AR IRE S o X R ] e
e s — W FLsh P17 X R A Z A2 R
KW REISTE N 60 & MR I | 5 7~ W 25 3h 1
SEMEFR . BN IE R T AL AR T Y )2
IRESH M BVESS 14 (Pan ,2019) .

2.2.3  BEUHAEES A

P58 A i PSR HL D 22 A AL e H R
A A B 2 ARG R IR B FE5E AT
Ak ( Klawonn %2003 ; Rehm 2% ,2006) | 2413
I} ( Parent,2012) HEAUBLSE (Kim,2005 ) A58 B 5L
(Hainich 2006 ) S40UA5 232 BT . 7R 5E A2 1K
SR A RO B BB R4 AL, A B TR AN B
AR AE BURCR . AL SE R R SR AR T ik b S
Fio PR — DAL B A & AR 25 () 45 4 G A%
A OB R AR DU 38 7 A X g LB 1Y)
SIVELEE XA UE 45 1 1A 08 A TP BE S R % T
BAEH,

1) BUR 5 3hm A i, 7ERE 2 Z B Z
T, G AL DB 2 AE gl A b it £ 2858
Stz AT AL AR B an R Sl AR L, A
18 SIS0 2 R TS5 i LA S B i 2 R AILI L R
JRIL R DEE 1, DARSE AR WSR3 SR |
JULPR R B JUR F0 A2 T S Tz 3 — 0 R A ) 23 R 4
Fy, TSIz 3l LY 0 5k DL R R i A2 Ak
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&, EHE, B/ MEMR: BEASEEHEIH< S

REAS 25 W] — 5Kk AR ok 42 & i A e B, DRI 2 A1)
I T AN s XA R R, — 2
TAERE A 3X — I AT 2 Ak SR 23

— I PR A 2 (1) 3 YEE A 5 AR A g A
3 e BN ARG AE 3 YA [ N AL R )
FHELEE =42 T NeRF (neural radiance fields) ( Mil-
denhall %%, 2020 ) A1 GRAF ( generative radiance
fields) (Schwarz 55,2020 ) % T_{F , X &b T AE (1 2 [7]
SUEERE T2 M 286 3D FS i T ) i
3D RS DL KOS A 3D 7 [a] AL R 1 I IE 2
XL HR A 3z

e WA A AT, Tain 26 A (2022) K5 1l 22 )
2% 3 AEiE Y 5 2B BR SCAR SRR MRS & ORI ]
HARIE T R G A 3 giik, oy T4 e R
FAE R Jain 458 N (2022) 51T #7558 St
FRIEMAE s FLAF L e , SEBL A5 A K1
B P AR OE LY 2 E B0 YA LA IR
MB, lat AR S A, %07k e v P
S TRIWE RS 75 A 4 il A it R A X AUE AR 4
FEUVARRIBR ISR, XS Tl L 2R G
LR R U P S A T R A R 2

2) BRI ZS A 0, TR BE 2 o) m PR R
TR BT ) 2% ( generative adversarial networks,
GAN) ( Goodfellow 25,2014 ) i H i fil 56 T 14 3 o 22
P02 B LB AT 55 U P RE o TR 2% 2D 1 2 R A 1Y
A AT S5, A0 A ARTE S AR B R AR RIS AR A A=
WA — B 1 I L B E AR R E 2
G A SR AEA TR A (B AR D BB, 5K
FH L, TR AR SR N — R 2 21 o — A 25 22 1)
HENT TS T T NS R B U, TR R A —
B2 7RIS A BUREAS | fd T T A2 i B 55
— P A T AR A A AT AR ME T L] B 2
FOPTIGRERS [T, TR 2 ) T i 19 A2 i
S AT SOR B G EHR B SOAR SO BT (Li
45,2018 ) IS S SCA (Pan 55 ,2016) JLFE R, 24
AL R N . PRIHAE UL A AR R
AR ST M (B RN 4R 25 ]

H PR B 1Y 7 ik 2 W A2 B 2 G T ((Gogo-
glou 5F,2019) . HATRIK B9 A By 1% 3 2 JE G 2
K A SO Z A28 I 2URR AN A AR, [
I, — G5 FR A FRR R R IZ S %G
RIS ) R0 G 5l P15 0N 28 00 2B i, T A 18

RALE JRPERZEN S, X AE5 R R A
PS8 AP SERE S AR R . 53— A2
T oAU S B S ) 2R3k S 1T A B A
T3 5 E% . Johnson 48 A (2018) 1 K H — 4
F T Y R AR A ol o 24 A AR ) 6 AR A B
B A S AR R 0 A S R B A R, AR
Je B AT TR FH I A0 AL I 45 e B il LG 3k > I 45
PR HRIE T A 70 0 285 Wt A By o A PR S A
SR Zhu % N (2019 ) ARAERT 46 RN A 1L 4% 221
SCAAE B, BIA B BIC I B AL B KR 25, AR
Fit SCASH A 5 o b A AR

2.3 MEEIRPMBE

BT AR S B A e, A LUE
3 7L

D) Fdl 5FiRIKEh & —HESE . HEr, BT
G R 22 56T 3 3 (1) I 507 2K, 25 5 52 B0 B0 i 22
AT s S et 5 2 A5 sk, SR
FE T B HUN 5 AR 0K B () HEBEHESR . FLE iR n]
AR A B0 5K 8 5 R SR sl (4 R 3, S XAk
H5 FAE S LA HLHI

2) Al R AT R A 2SR AL R R . TR 2T Y
PR T i e SRR T R R B 22 . A R
St R BB T i R MR R AL TR T BoRn £k
o S AR ZIE T RS Z MR TR R M
PR 2 AR B R T AR R R A S TR
fift, PRI, — 5T AT DA IR B = ) X 22 I R B 4 A
Sr A TR ; 55 — O 11 ST AR X B4l 52
FORHRHESEA TS, DT ol 45 50 B Bl 1 3 = 2 U
TR DL NI 4 1 1B R S S 2 5
BB RER AT R, B R R AF A (2021) A O
RN B A5 5 5128 B0 B DA DG 1 B AL R
VIS 380 1% O SR R B SRR AE A B Bl 1 3R 5K
o SR T ARSI ER U ER 2 T BB i AT i
BebE, BURHZ A (2021) Bl A T 2 A58 H P iR
AR LA I3 X RS Bl AT ) S R X
ANZEHAT AT,

25 bk, S5 4 AL R AE 2 2] B0 T — S br
%%(Zareian %,2020;Xu %,2017; E 5% i %F,
2021 JlRHg 45,2021) B A 3k | AT FC R 454 1k
TR B B S e — IR R . (G =it
WAFAERE HADR 5 105, S () R, i J R o R 1k 4
PEREAE KGR, AT RE AR ] g b, Pt

2583



2584

PEERBEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.27 ,No. 9, Sep. 2022

HR B TESGE ) SR (BRI I 5 B SCPE T
AIARREME A5 BN R B A0 ME S I ¢ R 45 B
#NESCE B, A B A g Ak, T i i 25 48 4
Fik,

3) BRI UG 5 B RE AR, 058 AR AN
X RetE Rl & Z A B, i BEAE R A R AR (5 2,
PEATAH E IR RN HERE . 3N BE ) i SRR R IR TR o
AR SR R KB RE ) M2 AR Z A S B
M HANGE ST o AN B IR 2 ) 3Rk 555k aR A
G TE LS R BRI SRR RS Ry 5 S A
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