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Visual recognition technologies for complex scenarios analysis

Ma Lizhuang'*, Wu Fei’, Mao Qirong’, Wang Pengjie*, Chen Yulong'
1. Shanghai Jiao Tong University, Shanghai 200240, China; 2. Zhejiang University, Hangzhou 310058, China;
3. Jiangsu University, Zhenjiang 212013, China; 4. Dalian Nationalities University, Dalian 116600, China

Abstract: Public security and social governance is essential to national development nowadays. It is challenged to prevent
large-scale riots in communities and various city crimes for spatial and timescaled social governance in corona virus disease
2019 (Covid-19) likehighly accurate human identity verification, highly efficient human behavior analysis and crowd flow
track and trace. The core of the challenge is to use computer vision technologies to extract visual information in complex
scenarios and to fully express, identify and understand the relationship between human behavior and scenes to improve the
degree of social administration and governance. Complex scenarios oriented visual technologies recognition can improve the
efficiency of social intelligence and accelerate the process of intelligent social governance. The main challenge of human

recognition is composed of three aspects as mentioned below: 1) the diversity attack derived from mask occlusion attack,
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affecting the security of human identity recognition; 2) the large span of time and space information has affected the accura-
cy of multiple ages oriented face recognition (especially tens of millions of scales retrieval ) ; 3) the complex and changea-
ble scenarios are required for the high robustness of the system and adapt to diverse environments. Therefore, it is necessa-
ry to facilitate technologies of remote human identity verification related to the high degree of security, face recognition
accuracy, human behavior analysis and scene semantic recognition. The motion analysis of individual behavior and group
interaction trend are the key components of complex scenarios based human visual contexts. In detail, individual behavior
analysis mainly includes video-based pedestrian re-recognition and video-based action recognition. The group interaction
recognition is mainly based on video question-and-answer and dialogue. Video-based network can record the multi-source
cameras derived individuals/groups image information. Multi-camera based human behavior research of group segmentation,
group tracking, group behavior analysis and abnormal behavior detection. However, it is extremely complex that the indi-
vidual behavior/group interaction is recorded by multiple cameras in real scenarios, and it is still a great challenge to
improve the performance of multi-camera and multi-objective behavior recognition through integrated modeling of real scene
structure, individual behavior and group interaction. The video-based network recognition of individual and group behavior
mainly depends on visual information in related to scene, individual and group captured. Nonetheless, complex scenarios
based individual behavior analysis and group interaction recognition require human knowledge and prior knowledge without
visual information in common. Specifically, a crowdsourced data application has improved visual computing performance and
visual question-and-answer and dialogue and visual language navigation. The inherited knowledge in crowdsourced data can
develop a data-driven machine learning model for comprehensive knowledge and prior applications in individual behavior
analysis and group interaction recognition, and establish a new method of data-driven and knowledge-guided visual compu-
ting. In addition, the facial expression behavior can be recognized as the human facial micro-motions like speech the voice
of language. Speech emotion recognition can capture and understand human emotions and beneficial to support the learning
mode of human-machine collaboration better. It is important for research to get deeper into the technology of human visual
recognition. Current researches have been focused on human facial expression recognition, speech emotion recognition,
expression synthesis, and speech emotion synthesis. We carried out about the contexts of complex scenarios based real-time
human identification, individual behavior and group interaction understanding analysis, visual speech emotion recognition
and synthesis, comprehensive utilization of knowledge and a priori mode of machine learning. The research and application
scenarios for the visual ability is facilitated for complex scenarios. We summarize the current situations, and predict the
frontier technologies and development trends. The human visual recognition technology will harness the visual ability to rec-
ognize relationship between humans, behavior and scenes. It is potential to improve the capability of standard data construc-
tion, model computing resources, and model robustness and interpretability further.

Key words: complex scenes; visual understanding; human recognition; deep learning; behavior analysis
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S TEuR ONTR R El e Skt W =R/ 5PN
B, CNN J2& H i fe 5o gk i IR BEAR Y | 32 i
RNV EEE T e

1) J7REERRY VR 22 NS T 12 s Y
SR BN IR T 27m A o A M A P15 G )
M 26 K LT ik 1 , SRJG X LE (learning-
based ) it T F PCA F&4E, Fi15 LE #id T 22 1)
AR L2 SRR B 5 75 22 RUBE R X4 4 1 AR S SRR
RMPEHT 100 K AR 3 —AH R AR T, 4805 PR
PCA [ J5 >R HER A DL 307 547 K 36 30E 72 RS
Aizs o] b SR 1.7 MO RO S 28 R AiF AF 4
(SIFT) 38, K¢ BRI SIFT FHESRTSA Fisher [a]
i, T 20 DL A3 0 B 48 R Y A P 5 5
1.2 M (PR J7 2856 R Gl ik 7 AR 5 1 Ry i —
EEAXHR T HE , F I M SRR, —Leit
FENGUER XS B 1 SCIR A AI0Z R R HEAT T R AT
T F R AN S 53 S A e A i o, O B

52 BN ARLEE sl ik SVM 732888 X0k H T
ARV B AS NI EAT 7328 , o T UF 18 0 2 s Y
HONAHIE . SVM AR 254, H &y R ik 2 (102
WS

2) URBERIARY A AT LA BE R BE S T
T 1 PSR ) 5 % i EL A TRl R0 B 280 1 0
TR RL L BB S R, M 3 R R
R I 17 e A4 A A 38 A 25 R W T 8 A A
T E R RHE AR BN X 1T 5 /MS 2 | 145 H N A7 TH
FERATLMERZ R, T H, T AR S N TR BETHRE
fiE 2w 2 ) U8 & 2 50 s <, B
o Bt (IS [] T 8 B A A8y T M AR 2 2T
H S BURHIE , AR EAS 5, — LR RN
HRIEAT NS IE BN BN . K I8 %P W 25 (sia-
mese network ) 4TI B BE 522 2, R H AN 58 2 4H
[F3] 14 5 I 285 4 3 % A B A B BBURRALE | I %5 A1
PO 4 i SRR AR O 25 S B, LT M4 SR TR
LR M4 R G R B 28 I 2452 2D R AIE SR
Je A AR S BE fE 2 > FZe vk SVM - T AR 90 10E 5
KA TR EE 2B B 28 I 45 2 ) 1 )2 TR B A
URHIE , IR BRIR 25 2 Lo 2 Ak E AT AR 56
ik, fEid AW — M AR T ) B9 R 56
PR AL, Facebook $#&H, T “DeepFace” ( Taig-
man 55 ,2014) ff 3D BN L0 ] T FiAb B
% SFC (social face classification ) ZUHE ZE Y| 2R VR &
G L% X T A LK AE LEW b 5l
HEIRF 97.00% 3 R JHZ RIERIZ8 ) 730 IR T A
24 HERRIAF] 97.35% , D& 5 AR A FIE
P 97.53% AEH BT, DeeplD J# it 2 RUE  Z A
2228 SR I R RRAE | 255 150 DL I ST X0 A %o i
I8, HERT R 97. 45% ; DeeplD2 FHIFEIAE =
FIUEAF 5, 19 5 2 [7) Xof bt 28 I 2 S BGHA T T 0T, B
JEHH SVM ¥4 7 ANER A DL Bl 48 Fe Rl &, 3R 4770
2 ERHARIKF] 99. 15% |, ARSI AR T —4
B AR
1.4 EEGED

IR TR AN S IR Y Ty 1 H4 S T LT A T ARG,
W75 s M RS N S8R 7 e 22 05 i A
TERI 2200, R X4 N5 B8 5 R Ak py fa B AR
et 20tk th T8 5 R AR 7E— &l
FELPA, AN [R] S BT LD BEOR 1) 3 R 9 62 25 BT AN Tl
R HEATIGAARRTIN 38 2ok 43 B 3 4IRS 2 4EF 1
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PERDGT R 2E S R T N A )
TSR — BRI, X T By 1 A O 2 M 2 AR
Y 5 A R R LB A TR ARSI O | g e
PRAIN 5237 AL R g 22 1 1) R 5 40 P DA B i ] 5 2
W14 FhEUG TR AR, AT T SE i 37 5 i A2 2
JEE TR ARSI 33 fe IX 43 EL SRR B 9 A LA
A BT A AR ) R A Y B8 I Ok
(RRCR LS SRl

BTz 3o B iy T AR I P 1X 43 3D R 2D
Nz 8] iz g, HU RSBy B9 m) (W ) A
JRrJ2 3 HEZEH T 3k Tl A N2 2 ZERIR . X
SEE 0] AT EREAR B b s b on, st
N N Y T I SR A N S B U A
SVM X J& SlHEAT 73 2 F0 53t 32 0 A 73 AR AR
S N T BEHRRAE, 4 LBP LBP-TOP (local binary
pattern histograms from three orthogonal planes) 4§, 7
FRAR Dhts 1) P A5 SO0 4 Tt O T A 1 — E
JE AELIX SRR TG v A AR L 52 K 55 A K 18] e B
AFB I HE R . RGP 2 4 LA B
877 35 > AT 9B T O RAAE 255 — Skl 1
A PRARAE S50 T R B2 T NG T AR 0 2R e 9 1
A, AH L 2 f e ok R B0 B e vh R R B
H 3 4k BF 2% B ( Institute of Automation , Chinese
Academy of Sciences, CASIA) (¥ 2 fil REPLAY-
ATTACK ¥ JiE - (9 2 55 1R A T 70% . [F]
I, PEIX PN ECE b A 22 SUINES SR R BIZ 0T %
HARE Az ARET)

2 MEEAMMEIT AL

PARAATT S 53 B F2 BEALFE O T N E R
MU SAVERU, R T 7350 A ST e e
2.1 #IT NEIRA

PSIAT N IR ( person re-identification ) J& ]
FHIF SRR E H AR AW 751 rh e B AFTE H ARt T
NIHEAR ;4558 — 17 N St AR A9, 42 43t
AR AT B AT 9 R RSN
T HEMT AR, A7 N ESOMNE AR AT DLTR A —
A LA SR B E IS 5 A B AR N, vk
BRI, B IR RS

Wojciech %5 A (2005 ) fie - #E 47 5 545 L 9 2
HPREREZAOTIT , 15 10 D 2 R — A5 Sk R 25 ¢

SEAT N EHARE , a7 HAbHE A% Sk vh A 4% H
PREGIR L, FE MR [ Gheissari %5 A (2006) B IK
AE ST N UIAE &
2,11 AbBR R K

AT N U ) R — e B 3 A B A ik
FrAbPR, E SR AT TAL | A0 9 S IO A
W ) RS AE R AT AAG I ASE B %o A ) 47 300 5
HEARVE A4 O IS A SR (R, K5 0 48 5 AT
NHEATRAAE SR, 15 2047 A5 M ASE A bR R ik,
H i AR B — oA R R R Tk R R )
B BEARABLAA T ANAEAFAE S 6] rh R EARRAAE SE AT

1) BB AR B, & A AR 2 T MO AR
AT B RRAIE PRI 3 35 v Ol IR A S Bt IR
P AR 2 E S AR B MERE . X X — [R]
ANZANTT B BEATWESE, AR O Ot AR L BAT &
M S BRI ( Farenzena 45 ,2010) ; W23 IE & A
BADE AL PR IR] 35 2 | 3 U8 ' RS 10 1 52 0
(Ma 55,2014 ) ; 2R JH & 3 0 B0 4k 31 5 2% folf 00
T €8 AR A 2% ( Anjum 55 ,2019)

2)FEAESRIB, BEAE TR o7 > B K I, AR ik
I DT 8 T AR 10 A PR 2 S A A 4
WO B BRI R AE (1) 2SR AL I [ 2y
AUE S WLATUT P 18] £ SCEBK , 2 (8] 4R A Sy A — R AT ot v
ANTE7 Y R RRAE . (2) R BRARAE , HA 3 A 5 %
e — AT R I — > 42 R MR R AR, AN 2% B R
DCBURAAE . BEAE BIFFE Y &R, 17 A TRl BBl 4 Bk
O 2, DRI i B 5 | AT T 52 2% Sy R ARRALE 52
PRIFFE AP AT NG B 2 A A AN RIS G A G 5 ) A
A7 N R IX IR 7T REA A AT A EERSE ) 14
(ANZEFE 7R ) Y | 10OR S 28Uh T AR R AR
o B XX — DR, e ] B A4 0T 2 25 S e ot , 4
Li %5 N (2018 ) 16 4% (7 FH Isf [ 72 455 250 DA HCAth B A7
REFEWIb A R R . (B FEWies 52 i Y
IFIAVRRAE , O EL# 22 5 i it b ol B A0 & HAtA AR
BRI, Hou 58 N (2019 ) X T35 43 388 44 19 400 43 g
$iH STCnet ( spatial-temporal completion network ) J7
TEEATIRAE, 5800 R AL A — it 945 5

3B, HRE— A A R R TT
SAT NP ) [ ) B, (A Y 22 1 5 0 RE A7
NFHIESES B — A fe I B9 R AE 23 0], e B AT A [
13 NFFIE A ] PR 0] B8 /)N | AN [ AT AR A 1] S
KREATRER . S2Pm ik 21 A WA A Ui 2K |, DA T 5
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TEAS T A B > R, B 5 6 PRI SOANAY
T VI SR 2R [ 2 (0] () B 2, 38 75 76 BT B i
A XTEUA RS R T B, B X IX — &, Navaneet
5N (2019) XEHTIA I B8 42 HE24 B2k REARAIE
A I B AN ORI, 0 7 L T 25 1) AR i A 75
(P BE .
2.2 #smBhiEIR 5l

TUHAATE b (%) S AR AT 55 h— > 7
P bk i SCELAT A i BRI AT 55, SN 2%
T SN 22748 AN TR sh VR 2800 2 8] 2 A
I, A R A2 B AR TR PR B T SO B AN [R] 9
Mo DEAN, R FAASE By Bk s A AR A
WA BRI R T RME, 76 SEBRIH H RSB 1)
SIVERIA B T B W T SO A AR 2 HoAth,
PR AR DG AT 55

= SO i i ] B R OC R R R K
FEES BT R AR G b xR R 2R ALY 3
AR FRESE I KA TR ] AS ] A A R — A
SIVER 7 A AFAE AR TR TR B AR ML 45 £ B A AL
H & 1z g xRS R PR . dhah AN R
A BTN T B VE R IR A AR R PR B F 2
WA EAR BITAR
2.2.1 BT N TAFER AU SR

S % Sl A DR 32 28 5L 400 A G ) D
TN TR R R B B L B S R A T
(Laptev,2005 ) LA KOG . J7 8] ( Laptev 55,2008 ) 45
T A T SR BURMG FR AR R, S
G BT & T REESE R, 8 T A
Hiz#hM57 B, Wang F1 Schmid (2013 ) $2 H %5 £ L
(R SIAETFONAIAR 2R 7R T v | 4 BURN 38 B3 % 48 i v
FAMERFHE i f5 #7402, R0, 2 1T I R
BEGHE A B, 3 BE AR AR B = — o 1Y R G PR AR g
JEPE
2.2.2 3D BRBYSERM

AT 2 i — ZR 50 UG T2 B 1), BRAG A Spsi ARl
(WEZY DO %/ O (U (B e 0 e N E DU
B W MR AT FE MBI B s B 4 b 5
IR AT 25 i B2 B ok | BT R 45 A TSt ( feedfor-
ward ) — P EUR S ZAFRY S [l () UG o i Al 2
A B A S, R B BB RIEZ S, X 4%
T P8 4 AE E AT LS (pooling ) , 491 41 2R FH ~F- 447
B, A9 20 [ 4 B RURHE | B Je i — > i

JE A Softmax JH BRECIEAT 7028 LAAG A Y 2 5]
T

75— UL Y AR R S ST MERUZ Itk 23 A &
B, Wi G A — A EHR 5 SRS 2 Wt 2 531)
AURRIE SR FH AP B O i AT 50 ¢ AE A5 31 40
HRBIFAE , 5 Jm FEAT 23 2 0, Hoh iIE5 5 6
1. SEHCA NetVLAD ( net vector of local aggrega-
ted descriptors) NetFV (net Fisher vector) 1 RNN3D
(3D recurrent neural network ) #=FR4E, A0, WA LA
B — BB G SRR SR P OC 2R  91An WL i )
PG A T 58 U 8] 1932 3 % 52, TDD ( trajec-
tory-pooled deep-convolutional descriptor ) #] H} iDT
(improved dense trajectories ) 7134 A9 Bl P 1T &
&, BT 2D BRI SRR 7 s — U AT L
PRI AT P15 5 24 400388 ) i 2R, e o T8 v 2
W2 R LB 53 SEREA AT L 43 T (5 4th 3T 7% 3]
T 2D BRI SIER B kb,
2.2.3 ST 3D BRI SIER

4 eI 3 GEER 2 T 1 KR TG 2
2D R WA T A2 3D A, R mT DL it
XY 3D s B 28 W 2% | AL AT BB ) Ik 27 2
PR AE VAR SR IT 2 8] 52 2% 1Y) I PP R ALE , 5 Jis  FH
PR R PCRE AT 4338, AL T 2D B R, 3D
A AT A2y > BRI [6] (R IR O 2R

Tran 55 A (2015) & W46 H T 78 9050 sh AR 112 51
i FH 3 4R 22 W 4% C3D ( 3-dimensional convolu-
tional networks ) fCEs 2 42 /2% . BT ResNet
FEGUINE 55 Th IS B U RO , ol LUK 2D 45
P22 ) 2547 Ji& S %S Y 3D 4 B 22 % 2% | Hara
SEN(2018) FEH T R T = 4E N 45 A ResNet, deep
mind BIA$EH T 13D (inflated 3D ConvNets) ( Car-
reira Al Zisserman ,2017) , ELAK Ty 3 2 F] FH 2D W 4%
B RFFAE S 3D W48 (g SN 2R AL, [m] s i B K
ML Kinetics B8 5 JEAT PO S5, 76 1k K0 d 4
FHCRAG R B4 T

3D #& F + RNN, ARTNet ( appearance-and-rela-
tion network ) . Non-Local F SlowFast %5 M A [6] £ &
ORI Z [A] BY I PP DG 2R AT, 2 AR I 2R A
X3D 45Xt 3D 4 BU 25 9 4% 1) 8 S B0 A T R 4 fil
o0 245 BE TR 15 1 = 4K
2.2.4  FETRUR P22 2%

BHE T BB I3 2S00 B 28 W 268 T T8 2
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23 B AT B e R 17 B P AR R % T 4080 3 2
JUREEL ST, AP E AR T T RO Y B AR
PRI,

Simonyan F1 Zisserman (2014 ) BHET TG
(eSS B 710 o et [ S A 1 R L s o B
RGB FUGHDG it 180k A P SR 28 19 2% 5F il 4 e
Loy EER . FIHAU ph 28 00 2, 7] LA [] B4 2 40
A NS A SR ANz 2 A5 S, 7R G I A A
BAELE IS TSRO RO IE IR
TAEEROR B AT AEAE LA il a5 1) RO F5 00
I AR AARATE b ik SBUAR 7 20 R A 0 T A AR
Ui, ERFIES: ) hid g 2 VR I P45 B 2) 7RI 25
R, RS it R BOREAS I phy o 2 S04 R A7
FEURAR I G (BI98 E SIETF AR R A Fr B
) 53) ZESG IS TR, 75 TR AR I S A0 U
ARAE

WeAh A AR 220 58 5 AR R R HAb B AT 35 L
BRI T v, i3 T HIEA2 M 25 (long short
term memory, LSTM ) fJ TR BIHEZE | & F X Hi it 28 ¥
%% ( generative adversarial network, GAN) fJHE L5
AR HATSIERUN C 2 UG T et i & J (B 2
NSRS A AR R 22 BE 72 52 bR v o T
I 45 2% Fh A2 A iy IRt IR TE A IS ROBIESE P BERS
IS HA AT R SR A FIREZE

3 HASIETHSIEIERER

PR D) 25 A AT 7 Ay B figp 32 A0 T4
BHLITR A5 AMAFRHMA SIS S, X Lt
MSEAE B & s B, SRIMER 2 F
AMRTT o M AR A B PR A A A 5 A 15 B A
AN G S w I R T Rl AR 5L
P IR S > AR 3 N7 B DK 3l RN TR S S A
HESE BRSSO — A B A SR A

AT A g R A RS 5 A
IXBhAILAS 27 ) WAL AT AT 55
3.1 BENENIRAOAR 5 ) 2

PS5 255 (VideoQA ) FR 4l HIAT N 75 H 3 725 A
SRIE T ML, )2 N TAELREE s i AL
WK R G5, HLARHL, W00 7] 25 38 1 3 g A0 450
FSCAS ] 3 SO R, A BB SCRE G PE
T 25 28 PR IR 58 . UM R) 25— I+ 52

ZRMAES N H T2 N TR REHAR A HE X g I
(Lin %,2017) 43| ( Maninis & ,2019) FRAE 42
HU (Wong 55,2017 ) . N A BEf# (Lu 45,2020) Fl4>
25 (Anjum %§,2019) %, A4S A) 245 T 8% 1 A0 62 Al
s BT S e gt 1 B AL E

B 170 22— S g 10 L R) Sy A B
TR AR M EAA T AR TE R AE B B0 H R
SR SRR RS R, R, — RS TARRR
(ARSI ol AN B IR 2N S 2 R

Wu 55N (2016) £ 11 T — B R0 o 0] 225 05 4k i
TrEK EUG N R s 5 MR ELE h i E RS A,
DAL T UG AT R, AH PO Tl 2 R 26 1) 3222
T %5 RE IR 2 L AT T &2 2% (9 T L, Bt (45
ARE AL ERAE G, BAARHL 2005 12 00 3 4 AR
2825 (CNN) F G 3R, JF A H 50k 3 AR
TERSCARE B RE . RlE 5 BN i) n) e o g 2
PRS2 | P A e ) A 24 58 . ILELAE A (2017)
—RAZ AR R B KR R R AT 55, DR A A
B PR E] T R AARCR . S ETAILSE R A A L
FEETEAT TR G AL T TG i B 42253 A 0]
AP RN AT [0 25 B9 7] @1, Wang 55 A (2018a) /44
LT 2 S ) 2B 08 4 (fact-based visual ques-
tion answering, FVQA) , & B4 & T E AN E B A
fE ] 25 110 1] @, 5 22 0T A B2 IRy e B
FVQA st Fhnay (R, R, &%, SRRl
JCAHY T TAEGE R (RIMR, [, 2558 ) = Joudi il
[ B8R . LT FVQA %i4li4E , Ramnath I Hase-
gawa-Johnson (2021 ) $& i T — Ff 87 700 19 ) 25 2244,
REAE XS AN 58 B W AR RS AT HERE . 207 RN
PR iR AT IS AR 4, T4 B 1 3% 2 7 40 33t
Wi, SR PR ) ) AT R RS . S T e )
HEFR A ] 3 B ME , Wang 28 A (2017) #5318 T —Fh#1
W )25 T3 1%, BEAS AR 5 DA RS AT TR 28 42 BUAY 1
SO MG A T BT 1 LA A AL e AT 0 ] i e 2
IG5 )R G K GO G AH G B T T 45Ul
P, Zhang 4E A (2021a) $2 H T — A AlS FI Con-
ceptNet LG )& R 2%, Marino 55 A (2021) | H]
PARRE ALY FHAR R s FE R, —JE ok A B2 T Trans-
former BT TG Wi BHE & N ZR A0 Btk JR , — & 7E
AR gt i A5 R B 9T R
AL AT vk AR AR 4l AL o k4 E AT HERE AR
D AL S Z AN AR O T RS T
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VLS T G 1 1 OO 2R 1 22 1) B TR 22 1
Zhang 55 N (2021b) $2 1 T 55 1 DNEEE SMRAIR T
BRI, BRI, T BRI T —1
SR TE A 25355 Bl S X B 2 I 440 50k A AR R
18 SIS 1) 8 115 6, T DA R s 3 5 iR SO
TR GraphRelate £ 3 bl J5 75 1% 375 5 K 317 5
Froe R IERE . VQA (visual question answering ) 157
AR N TARE AREA SEAT I 25, IR 25 5 X e 1Y
[ RIS A R R) A R N B UG (7S VQA A5
RITCvE A~ B R 2R . BUA J5 I A DR 3 A 1)
B T A — RS, Bl S Al g3
— Pl 25, Kil 55 A (2021) & B VQA f91F
ZURA K e gl S B b fln, i)
() AN [e) P45 v ] — A A g T RUAR T R[] — ) 1 1Y)
U 5 GRS 21 sobR 1 B SR A B B 2R 1
TRIE 27 R, BT ISR R T —
AT BRSO 1 0 07 ¥, 2T R X S T R
etk o9 VQA BIIIGREEA , S2 50 1 715 3k S0 3 ik AR AR
ATLAE SR R VOA BERIEPERE, LB SR
H BB iR A BN G — 118 s A 75 2l i B A
2], AT GRARX — RAE, Zhu 55N (2015) 4241 T
RSB B T R 2B
WU ZRVURESS & 1TSS SORFZS LU, DL
MENZ MR FR, FVQA (fact-based visual
question answering ) B A fiff £k J7 58 76 AT 4000 B
FERONE L PR GRA T &R E R, X2 AREA
B AN S S HERL B2 . Zhu 5 A (2020D)
AL AL GE 1 SO SRR ) 2 2 2R A
KRN IR, B T2 2 BOSEIRR, — PR
RS A PR R0 2 o e 4 ), LA DAAS [ 2 v 4 4
3| 5 45 7 (B BUR AR DG YIRS . 8 T SR I AT 1) J
F AL | Agrawal ZEN(2018) - H T — ik
B HAPR TR R I R AR AT AR AR AT
AFERE SR . EIXAHFIE T, A VOA
R PEBE & F R, ML, Agrawal 55 A (2018)
[R] A LB T — o 85 A A0 5 1) AR Y ( grounded vis-
ual question answering model, GVQA ) , i &l % 7]
BT A P B U9 i 22, 1T S IR I ZR80dks v Y 5
BBy 1 AS T - AEH AT B A% B A (M MR £ A
[Fl A% %4345, B % BERT ( bidirectional encoder
representation from Transformers ) 7 SCAS i Il 25 H 1)
TR, AL [0) 24 T U 22 9 0T 4 Sk T3 o 1 R— Tk

P, Garderes 25 A (2020) £ i —Fp 5 T MR AR
B YISk SCAR R R DL RCHT R B (knowledge
graph, KG) IR (1) Z 85 HE &M 5% Concept-
Bert, 2% J B GG — 0 —1E 5 4 —ik A, LA
[t B PR H AMAREE A AL = 52 ) [R)
3.2 RANFHREYAREXTE

PRBE T 5 FERR Y8 EAGORGT 38 T sl A R4 ]
R 58 (Chen 55 ,2020Db) , RUS m U T ERE
X T 2 S s S AR A B A A B
NS IR TR A A R Z AL BT, —
BRI TAF 22308 e 0 B 3 S0 Rl A B0 58 X i
M, Qi AEAN(2020) 38 51 A R TR O R v
ARG, H AR B SRR R,
Qi %5 N.(2020) & I 5T 20 1 A0 50 X5 35 v Y 75
ANPRUIRICER TR 1 L 32 R X 355 T s R 2
SRR B, 5 25 | A FERS I 22 5 )5
W) 2 L P R TR A S AR A WA B R 2% K]
5 P EONGEE ™ A2 R B DG . A8 Rk A5 Y
AR HHE DI 53 2 e RAUSR A 3T (maximum likeli-
hood estimation, MLE) . #X 1, 3T MLE )4 A5
RUFEAE 2377 A 2 A FaE HTAY Bl 52 ol an, < FRA A
B, AHEEZ T A O R A [0 Y B B
i 2RV B T SR T AR O A A
R O T RS A SR B S AR 1) 0] i A A
58 KPEBE , Lu 55 A (2021) Y1 i 1) i A= 18008 58
AR v AR O T R R R SR B )l O
R (0768 B A S AR J R A AR SRA: 1) 471 ) ek
ATCTTARXT BT ) 525, S 30 DA A0 31 =00 370 A 2 3] A
PO AR A TR RS T S — e = d T
16 W B X 4T3, . Murahari ?‘?}\(2020) *H
L $ B9 VILBERT ( vision-and-language bidirec-
tional encoder representation from Transformers ) f % |
TG A & (W 57,2018 ) FIHLGE 1] 2 (Wu 45,
2016 ; Wang 55 ,2018a) #4ls % L 4T T WU %%, JF
TE VisDial a4 b AT RO, (1454005 %) 35 BE %
FFHARSCHL S T 7 B SR 28 5 i Rk, o TREE N
HLPME]2E 2T, Vries 25 N (2016) £ H 050 X5 75 77 ik Ui
¥ GuessWhat? !, GuessWhat? ! i, & A= Jig [] @71 ) 42
[7) 255 11 [ 25 P45 PP oA O B 0 42 19 TRt Y T35 or-
acle) o MRHE & M2 F1 Oracle 22 [R] F)%F 15 iy 2 %
X H AR X G R AN, 2 BT AR AL TE
GuessWhat?! 12%>] 3 Jr B ReAA 0y SRl IL 98 1 55 G
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i, A T ORANX BE 2 HE | Tu 55 A (2021) F1)H I 25
RS 15 75 BER VIIBERT 2% ) JL B2 5 56 ) 905
R FR,
3.3 BMAFMIRHARIES M

LW 18 F T MU (visual language navigation,
VLN) (Wu 25,2021 ) $5 {2818 5 5 08 R R
TEARZEMIAL B A WA RS h AT AL 55, 51 T
Ok L ok A AP ( computer vision, CV) Fl
H SR 5 AL P (natural language processing, NLP) %5l
BTSN G GER R 2T IR rp A T
B, [FIRE R EA M H R S RIRAE . Gao 4R
A (2021) x5 H 9237 56F I e i€ A AT
% (REVERIE) , $2 H T — g i id B A5 25 1 L B
( cross-modal knowledge reasoning, CKR ) i %l
CKR 2T Transformer 2844 , % 2] A= i 37 501 /0 bmid
IR IR (5 B W R DT R R TIMEAR R . 1@
PEEEEH I, — > B TR R A S 1A G AR 4 AR
Hen] Lk 7 2] B[R] RN SR SR Z 18] A A AR G
P, DM BEARTE 5 L RUCR BBGE 4 19173) . Hong
S5 (2020) N NSRS 78 B A DL Y #1455 b A7
SHOEEAL H ARG, EEIE B TR AN (4
55 A R4 G, L, Hong 55 A (2020) £
WO R A 22 P R 255 B ST 27 2T RN RO RS
0 R0 THUAR B B A S R AL op ) B L At AT X
actor-critic 3K > BV P (09 U (B R B AT 40 i
PA— T ARG 53 Z M 0 e B A A 3 =0t
FEI A IR critic . AT FALH — A OCHEPk
AR TS 25 R BRI BRI M BT e (5 B kAT
X5 o REBONA I AR ARG B % B~k
FERL N — D EIERT AR 2 SR, AN [R] Y 1) 76 )
T EAARFE R DIBE (Bl B iiE AL k8 v | 56
TRIRBINE) o FIESS I S DA BT LA B & Re A
RENLHE 2 B ELE o, NI, Mahdi %A (2020) 12
AR IR AE A T 1245 BRI 5 48 2 5 Y BT 0E
Gt Z RIS 5% TSGR U7 S B X 35 i
BB BIAIE BRI, JF BN O B AHLAS i S
M RE T = AR ARSI 2R 1 A PR
(9 FLARAEACH R, BRI, Zha 25 A (2021) $HE T 45 1
MHF R EF FH (visual language navigation,
VLN) AE: 55 09 B Zh—G0 J7 125, 38 2 % Rt 5]
B—3CR—3hE = e H #EAT B B 2 2T O Xl
G5, ILDETE S ST R B 4 (AL 58 PR AT

FeA 3 FH R, F BLon] AR 25 5 3t F AR A 1Y
VLN HEAL 6 F, R 2B 88 5 00775 R H
Fi 4 I BT A SRR B 0 4 S I S Gt i
(R de /N BRI, 30 75 LSS AR AR 4 A [ 1 i A9
PEIDC L AS [ 1 44 3] (G, B AR S F) . Qi F A
(2021) $&H T — X GBI F BERT, LAA [
R 2R B 23 R G i A B I 5 484 . L AR
BV A TS B A X T ) (AN, 22/
HI/J5 ) VA RCY T B 2S00 5 bR i b (8] 28 8 (1] 4n
fibE J8f 57 ) . 24 BERT B 20 FH#IVF 2 eiE
BAES BRI, A E T FRUT S5 R AT
SRARR TR 22— LUK 75 B 7 5 1R
PR ) BERT 4244 i FH % VLN A 3853 AT SR 1Y
R R R . AL, Hong 5 A (2021) #2471
— AN ] JEH A 96 R BERT A8 ELAASE U, %
BERT 8 HA EEF s BT H A% B8R e iR i s i
REFEE
3.4 EZHEARRBFIRINSEK

5B N 28 H O A BRac A 1 5 4 R 4y, 78
AW H. AT R 3 B4 I i 2 o E 2 M AER,
A X FH P S A T L A A A PR | E A Y
JR, SEBLTH AL < AL Mo T H R AR
A R AT AN B AR DS
3.4.1 HZGsaRERN

I 8 U A R SO - TS MLAR 3R 1T A ¢
FEAAE B, BT R BEON BG17 BSRAE | PR 1 717 Jak
SIRTRIGYSE . FETT SR AL G RHLAR 2 2] AU, A
TN VUGG IZINH I AT EALEIE 2 O
P22 S5 2 A58 ST 0 L, W B T N A 3 Y
RIEIFBATGE . NI RN U A A — e 43
3 AN NS AR FA B N7 R R AIE 2 A
T

1) N G T Ab 38 07 3 PRI 901 Ak 14 2 2 4y
R 3 A ARSI R R AR I — Ak, A
IG5 A6 U 4 [ 082 DA A e o7 1 A XSOl B
8 JC G DI, 8 FH 8 7 v A B WP A TR R A A 7R
(Zafeiriou 4 ,2015) , 434 (%) H 929 e s
SRR R S 5 R RYI kBRI
i AR s DL R sh A A, A
HEJR I Z A5 NG 1 AR v A7 A 13852k 52 ) R
R, ANEIH— b & REE B ROEREAbHE
FETIAL PRI FR K UG v DR AR A A Al T 2
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BIH—Ab A PR e A8 25 0] TP A IE K 23385 ( Zhang 45
2020a) . JEIIH—fL By H 02— R s A
I RAFAEA M2 N 22 57, ELAAR A — oK A6 DU 2 1)
NI X AT 5 — L HRAL B

2) NI AH R ARSI ¥, N 1% R AR il
o RS 2R ) BURRAE RN TARRAE (Li 55,2020)
= 2] BRI — 3 o VR B I 4 B U 515 8 o e 4
JRAESGE— B b, T TRAE A B IORMF IR 22
AR T R AR IR SR U IR E 2 5 |, PR
YR A RE AR AR A RS (8 g A A T BRI

2 ARFREE N G MR S35 A 5 e 4 S PR RE Y
P K T B A (Tan 55,2021 ) , 2% > JF P il 6B 1 155
TR AR N A7 TR SRU T e ) E PR AR, T4
O K & B9 3 B A [m] 9 550 126 i D ot 28 4T 55
(Tang 45,2020 ,2021 ; Shao %,2021b) , HoHr, Dl
FEHIBA (Shao 55 ,2021a) $2 H 1 A 58 1 38 8 K X
S A A DX T 4 T X S e K,
B R R IX sl 5 42 Jag T A UL, 27 2] 0 A R AIE
DI R 25 E 3 A0 2EL I« A7 SRR A S U e |
H B PRI OC R T R LIS

3) FRAE PN Tk, RAE A H By 2 i £
TP X Y A 17 S R AR AT B 5 O
BT, FIAEAKE IO A 155 S 1), AR 1 AN [] g 17 SR 3R
MESRIBOT 1 R AE UM A 75 1208 8 7 2 . B T
Giblans D MIRE ) . ETAEG LA T B AN
FAF P PR AL 45 SRR ) &AL SVM | DL S8
Y] U9 4 R R K B 3T 4R ( K-nearest neighbors,
KNN) %%,
3.4.2  ANREREAM

NI 216 G 2 18 MR BRAE , & 1R
AR R R T A9 N R BAR . Az Bx 4 9 2%
( generative adversarial network, GAN) ( Otberdout
85,2022) VE o EPALRL T2 T A ORGSR
TEEMER . Yan 55 N (2020) £ T —Flefs R4 6 BRI
FAFPINE S — g — LR P, |5, Xt
NG 208 A A BT R 2 ( facial expression syn-
thesis generative adversarial network, FESGAN) 717
TR, & A AR R ARAEA T Hm
YLk EML 0 Z B, FESGAN 5 56 M e 56 i 2
2IEE A B B bR RE B AR RS, H
WG RAT B IS RGP RN 5 —HELE b 255
WSR3 B 19 FESGAN 2 [ Y1l 25 K 2 1% 11 531

W2% . Zhang %5 A (2020b) 2 T 5T 24T 5 A
SRTIE R S R IR ZOTIRIE T AR
SRS A LA BN IR 3 AT 55
LR BRAE U AE LA S A B, B,
THEREA TR LSRN S EE, MK &
Gy B R CES RN ) , NS 22 9 il
SRREAS R B B 15 U R & BT 55, TR
Bf, A5 TROM AT 55412 1 A 1 i AT IR ke >k
TR T ELSERE A DL R NG X655 0T AR A A ARt
EEL GUDIRCIESZ

4 BERNHFRER

4.1 ANBRRZRMSNEE RH=LE AWIRA

e 44 5 A R AR (A 5T 2 AR R R S R I
SR 232 BIBOR 2 T  HE T — SEAg A% i T b
SRAEEE ISR = 45 N (2006 ) T B 1 155 )% ( Basri
HI Jacobs, 2003 ) PRI, $2 4 1 A9 BECRMEE B0k
Zhang 55 N (2021a) F1| FHRRAT 04 Hif J5 miAH G, 5T
PRSI 18— 6 T B, L i e 200 A0 Ak 34 sl I 4 5
BIRIRCR

TE N B S5k B0 = %00 27 T, 2 A A
i 5 B A B VA A . B A AL TN
A ST B R s A e i 0 — 145, Hrp By
RIS AL R X 2 ik v il e 2 09 - B, ot B
ST R PG I B B PR DA LA 4 e A X ]
AR AR IS BN 5 o0 A . B I A At
X EUGHEA T AR S R, FT o e KGR R AE, i —
FE R EEJE B N AR R AR KBUE R, &0t 506 %
B XA TR e e X T S S L A RO
S O AP il BE AR A 1 RS B, 3 $R TR,

T ] PR ek ARG ARG ) R ISR AR 22, T AR R
% (Lyu 45,2000 ; & 55,1999 S 4F,2000 ; %2
P& 41999 Ai %5 2000) , db 5 Tl K 2% ( Miao
45,1999 JIT 45,2000) , " EBFE BT ARBFIE
B (XU 55,1998 ) b R 22 Be A 24k BiF 5% Jir
( Wang F1 Tan,2000 ) #A A 51D\ =5 A4S I AH OC 7Y
5T, SAIERBA 2014 4 11 H # AN 47 A A7
FDDB ( face detection dataset and benchmark ) P11l 4%
P LR B RS K (LR 1), (R S J7 75 5
HOREAR R B F ORI T N TR RAE XS
I FREERAR =, T LIz AL RE 14055
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Fig.1 Quantitative comparison results on FDDB face detection

dataset( results from FDDB benchmark in Nov.2014)

TN 0 56 UE 45T, T 1) FE JAT BT 42 8 A 36 ik
K Tencent-BestImage 76 LFW _[FHU45 T 99. 65% 1)
BUIAR (2015 4F 6 A ), 2 Ul i 7 a2 5% (LK
2), HHETHE  Google 55/ T & F 15 7 VA R 4k
THE199.7% VL LASH R AL, BSE ARG A
TERRAE LA K375 5 0 e ot e T A BIFSE 70 1 22 PRSI |
ST SN A RS RS o TN A RN PN NS
AT 5 1 T G S BRI IR B [ PR — i K

1.00 = : - ——
/ /_/)_,,/ o
s
095F /7
/ — DeeplD
f/ DeeplD2
~ f DeeplD2+
& 0.90 DeeplD3
( — DeepFace
f high dim LBP
— Face++
053 { GaussianFace
— TransferLearning JB
— Tencent-Bestlmage
0.80 L . !
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FPR

2 ARFRFETE LEW $diidE 109 ROC ik
Fig.2 ROC curves of different algorithms on the LFW dataset

PTG DU S5, A BRI P 207
1 (Feng %%,2016; Li 55,2016 ; Yang 45,2014 ) ¥4 7%
ARSI T BRI Ay 328 [ R ) P A Bl 22 10 2%
PelmpEl, g 1 kG 40 R Liu 45,2018 ; Shao
45,2019 Liu 45,2019 ; Yang 45,2019 ; Yu %§,2020)
AT T A 1Y) M B, 9] G0 R R IRT R A R B
tPPG (remote photoplethysmography) 155, >k & F %

ZEACR . Liu % N (2018 ) 5 UMl A B2 IR Ry 5
NGRS B DR E . TG R, CF
T3 1 D\ fife A 1) A1 JBE 6 R R AT T BE — 2D 0 B A
(Zhang %5 ,2020¢; Liu %§,2020)
4.2 MANMEITAD BB EIERR
4.2.1 S T NE

1) B B 735, Zhu 58 N (2018) #2418 T
SI’DL ( simultaneous intra-video and inter-video dis-
tance learning ) 7772 , X T BRI P B4 A0 5 e ik e
AHEL[R] R B IS AT RE /N 6 AN [RIRRAR , {6 [R] 40 o
fIEPE) 2 S AT BB /N, AN [ SRR ) B S 7T g
DL AT A FAT AR 7326 . Zhang 55 A (2019)
) AE—ME (mean-body ) , % L —~H BT A 1
FRAE 22 S 400 2R of Ak 3L ] — R0 430 P I 25 AT 1] 1Y)
A

) AT ANAXS FE LA, T8 5 A M
A7 AN 52 B R 5 G i A7 AE T A
T NE PGB Ak, i T8 B AR AL | B%
AL R AT R AR A ST IR N 2 S BT N BB,
X AN [R) 25 7 HE 5 e A B PR BB, Chen 5% A
(2019 ) & 4 STSN ( pose-guided spatial transformer
sub-network ) J77% . X EUGAXT 55 ] 81, 4 i A &
{4 B Transformer 230 0] 13 J5 , & 4)5 5 28 #t ( affine
transformation ) 5% 4 A XF 55 0O G . R ias B A5 A4R
Asz | Pkik B 5% K Transformer 57 ERE 1 i fFE
RHEMORYI R LG TR 5 Ok @
BRI, Wu A (2019) B A BB TR X 17
NP IR AT A0 B, R 2 W vk sl A A
TARTE,

3) PR, — MRS, B Ao
At [ A7 7 A3 P4 1) 8, Zhou 45 A (2017 ) 42 38 1t
I ) 2 R AR AL SR 8 PEAAT P R AR e A | B L X))
PERIIT, BT I HEA TR R 2T
4.2.2  WBEER

1) 3T 3D B RS ERUN, BT 3D B
LM S T & L 2D BRI LK T
RZ DB TAEL 1 TXF 3D B AR TRk i
2L, TSM ( temparal shift module) X} 2D £ FIHEA T 2iC
DL 3D 4 LA SO (Lin %5,2019) , Qiu %5 A
(2017) ARt T H 2 AEfidil 3 HEsh 22 45 1 0 3D
W& (P3D)

2) FETF XU L 2% 7E Simonyan Fil Zis-
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serman (2014) #2111 7 XUR M 28 2 J5 , A 1 Z F 58 5
X UL ) 2% 33k T RE R R AT T — L ek, i 4 TSN
(temporal segment network ) (Wang % ,2016) J&—Ff
AT LU I TP 1 28 454, Xu 58 A (2019) $2
T T AR IR M 48 ROAE SR JF AR T A () F
] 3 32 B A [l Rl 5 7 2

4.3 ARBRFRBRINSEH

NI FUNAE R I3 A 5 U b B G B
Mo TEARAZ RS R, TR R L AR R T &
B8 55% o FEE TR 2 HOR B PR A AR
TE VOGO I A T R E AT
ORI Z SR AE R PR . HE AN PTSEAR
SERYRIEFEARL D S ARBTG5 T 0 3
P AR TE I 2235 0] LA K15 bR 25 A7 AN o P 5
[, R 1 S A A A MU AN DR B Tm] AL, BF 5T
BRI A7 3 FEAUSE TR 2 2 Or ik 4 W)
PR EE A RR BT 7% B R AF UL 55
W (Zhi 55,2019) 2 B O ¥R 0 BN P8 v AT
PRE PG FEATFR T (Liu 5F,2021b) , DL FI R A=
TR Y 46 T3 ¥ AR E 2 REAS (Xie 55, 2021) 45
R T G fife T S DX AP AN DA 2 A AR I IR
Sl 7 A ) S A B Jeg S R B ) ML R R A~ 15 SR
2 R AR B2 LB R A 7 % (Zhao 45,2021 ¢
Wang % ,2020b ; Wang % ,2021¢) , 50 F ] 24T 55
o] e dE N R A B FR AR 27 2 ((Chen 45, 2021
Zhang 45,2020b) o FAFH AR AN E A [R]E E EER
Ry AFAER e P AT 1 NI 2 1 AP 5T 6 1Y 3R 47 [
F, A RARTE 5 8 S WM 5 BOTE AR T 17 bR 25 I A7
TEBCC, O T gtk 2 1 B, B8 AT 22l 2 A
Btk 2 b R 25 ) AR T 1 SR 2 A, il
BN A2 48 P TR bR 2 4 TR Y 1) B e i, LA S 45
B TER LT 5 FFAR TERE AR AN ) R A R A
FEWJFEA (Chen 55 ,2020a; Wang %5 ,2020a)

BEAE N TR BRI, 28 APLA N A RGR
B BN B L B T R R U R B AR 2
— o TR A BRI LB A il A7 3
TR, T RS B Z R LA 2R AL
ar NAEFBTH A 5 Je e, an e 55 B2 A A4 AR A
RN A SR LSRRI IR S 2 AL A Gl e
TG (M Lz — o E A A 3 A O v A B A B
15 ETE A R T 19 45 v 3 47 T80 8 17 5 1 ( Zhao
4 ,2021b; Wang 55,2019 Yu 4§, 2021) , Hi, 5

B E EAHEH AN BR T 10 #8328 3 5.0 (5 & (Zhao 45,
2021b) FAFHBIARE(E B (Wang 55,2019) LUK &
G5 B (Yu 5,2021) %5,
4.4 ZEEFAMRASERHMI[FEIRK
4.4.1  RFAIRALSE )

HMERAIRERA R VOA BRI 5™ F A T4
N R BHE B LSRR S 7R o A b st e X
SO L SRR IO BRI P E IR A R N T
I — IR, Li 256N (2020) 48 HY T —Ff 1R R 3
SHRABIARY 2 R AN T L A W B Y S R S
Ry %t SRR EITR AT R SCBMARER A, BAR
Hi, IZAAY BEAE A6 2R 25 7€ AL [ 8RN SCA [ i Y |
SOG4 2] AR Y R AN )
ARSI, SR J5 R P2 N R 44 v ] 28 40 s ) A8 )
HERME, LD )2 (VQA) T ZEXT MG A A SRIE
[*) it )R L, HC v i/ 2 ) RETIG 12  4 B A
IR0 A 2, (EL 5 S 45 4 A 1 N S 3L DA 5 P
AR IR, Su 55 A (2018) #2458 1 EIE
12 %% (visual knowledge memory networks, VKMN) ,
H Al R A0 NSRRI IR BE A0 0 R (I O S % 5 )
viig N2 2 HEGL A M 2 5 AR SRR
FIRY VQA Jri ML, VKMN 1 58K 38 N 25 5 1
TSI A 0 A B0 SE HR AR, R, VKMN
TRV 8 0 224 R Il AR 28 i Rt
HERA R AEAEXHCIZ M2, 25, Yu 8 A
(2020) UKr FVQA Ko h Z R 2RISR B, T 5
EET RIS ) 28 T A N 2 B85 Bk
IRCKb FE RS AR ER B AR . IZHERE B th— R D)
FET ORI BR2H B, 1 20 TR AL 5 i T R Y
T SR AR SR S e A S BT AT
T T 2 O S R RS 5 B T A AR A
Wi R A 5. BR T R AR, AR5 X)
SER PO L SE [F) 22 2 A TS . VP29 R
B, 24 B[R] A B R AR AR R R B | 32 31 2R AL
P R AR SCHE R ER Sl | - Ho Bk = 08 0y R LAl
Jing 48N (2020) #2411 7 — ol 3 T S TR I
VQA J5 i, 2% 2] w1 (0] 1R 35 2 ROR |, IR R X
SO R HE R v IR H R A S . Lao 58 A (2021)
fi& th B AT RS [ 2T PR — R R
T Sesn i B (DL SO S ) o R
TG A [r) B 3 e o R A v 58 SR K e
2, Lao B¢ AN (2021) $& 1 T — B i g 2 TR
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B % R BT ( LP-focal loss) ., H A& K U, LP-focal
loss {XLfdf FH A1 73 SORA AR 151> SR L 10 &
PR, FETHEZrgi Je it | LP-focal loss sh 7253 A
i WL 1) 257 58 B AR ) AR, DA T 9 20 3 R B840 vh
A IRFEA R TTHR
4.4.2 AR OB i

Zhao 55 N (2021 ) 4 i 25+ £ J0 U ) 2%
(structured knowledge-aware network , SKANet) , 1%/
2040 SRS B | R R UB A A i 34
RN EAGORT 3R SR I Con-
ceptNet ¥4 85 PR E, H LI X2 22003 5,
Jiang 55 A (2020 ) TA Ry XoF 17 [R]85 A0 5 R RN SCAS R
W PHER G F R R AR, T4/ 5
BSB89 5 4 1 SO, Rt Jiang 55 A
(2020) #& i F1 R B B 2% ( knowledge-bridge graph
network , KBGN ) #5378 i fiff ] 141 160 4 1 2042 JEE 1
W HAIL G RN SCA R 22 ) Y 5 A 2 OOC R 1h)
BiRIIBUNE PENA EHSN7 e =W Az g5l ed F S| R AN
A, LS PN SEAAR VRS2 ) A7 B2 v m] DAY 8 M A5
PBEXE B HEHE LR 2 . Wang 55 A (2020c¢) 2 H Fl
JHTIZE BERT o 5 A6 8t 57— A ] 51 A A Y
G5 —AEZLAL 58 X i Transformer, B} VD-BERT, 1245
IS8 — Z Ab 7E T HAH B Transformer Zi 5 4%
TR BN Z e Rk 22 8] 19 T A3 52 B, DL R[]I 5
R A A (] AR R A T 2 SR A SR AR I
4.4.3  FERAKRALSE TR F 0

Gao 55 A (2021 ) N 5t Z A 1 5C 2 W14
G K5 T 2 FX TR RE AR B 52 248 4 1 IE A S
MG ROCHE O T AR X 285G & Al
P T —RIHR AT S AL S A OC R R R AR S
AR FIRL B8 2 T PR 285 ) G 2R, LA B3 A R i 52 A
ZEM KR, R, —F TR iE S TR
FIRRE S 22 8] B A5 B A T B 1 S e 2 G ke
R E R BB — P EER BT 8, Li 58 A (2021)
ST —Fh B BRI RS2 R BEAR X RERBE A
ST IR e X PSR DNE S5 N DO S DNE S5 K e U
PAGHE FAH L, LS I3 JC T S 00 A 5 3 52
LS RS NUINE B2 AU 2 2 O g 2 e
e 75 12 FOR 28 SRS v B A0 o R 35 R AE, 20 22
W T IR AL S Y e TR SO R (TR A Y A
Pl T8 ) o ik, Zhu 55 A (2020a) $2 11 H
A 4 [ W A Bh A S ATHE 2L ( AuxRN) | IZHE

ZRRER Ok A R 5L A AN R SIS B R AT I 45,
AuxRN A 4 4B A5 B AT 1A s Al
FLHE BE T T — A7 1) LR PG B — ok, X
Legm N U A5 A B T RE AR A 1 SRR
W, LU A B SO g S IR AR PRSI

5 AREBERE

AT 1] 52 2 55 55 19 N O PR BRI Y
AHSRBFTE KA 5 S AR AMAA T 73
B A S B BRAR ALE A RS B R
G AR Sl S IR A R BB AR T S5 R
P55 AN FT ik (1 B ZEER Y X T 4Rt i B
AT ARTE AP RCR (BRSO B A A
BAEH, Horb N R o0 M 5 R AR, 55t S
VRS e T [ 2 22 4 IR ) < i R A 52 [ 4%
AU B S B A R AL, AP R BN R R g, (ELAT
FAAEaE BAT TH G P 2 o 25 22 R 520 B 47 3R
B I S A RS TR R 2R e N R TR M
Yyt IR 278 EOR RGN e G PRI 5 2 R ER
BEAFIRNE i — P AT RO et
ATy ZEAT XU SR e A ol | R 2 ) M A B L e &2
ZRIPIEAF ARSI AR 32 428 R 3R 55 ) A T IR A
T R SCRIE8  H SE B BSAG R R0 AT 5 R L 3
S ST AR

TEAS AT SRy o3 A 5 1 1A S8 B B O T, BRI
JUAF AR T N3 BOAS 17 3R OR R, (E 3 2 ThT i
HikZ Pk, PIanE B S b AT NP 2 18
Edllicsei gt SRR S R AN A A ¢ Rt o LT I '
AT NN R ASAL s eoh , BB T N EE IR 5 75 2
SRAE—E TR E L fifp ke 1 o0 44 A9 [T, {HUR 25 57
HEPS R i o S B O R FAE D IR 2 gt — 20
FefAr NE USRI PERE . BAR B RTSIESIE
WU TR AR (BB AR BRI A TR
REYZERE 752 bR v T s 2 2% 32 2 A TRt
Horp IR il s i1 H R BT I 8 IR, s
AR R (8 I 2R RN 25 B s (O B 1 B T8
R, S HER AR UE AN LA e, Rt 5 Xl
YRBHLAR T FURNR 5 | 2 R e BT ik AT 45 4
WFFEZ AL RE 7 B 5 A 530 MIAE B2 AR T A IS
Jilal, HEAh, Bl SR E 2 T SRR s i
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BHE, 2%, BB

, EIER, BER / BRSERGENAMRRIRFERZAR

5 R, N T R B & e S 1 RO T3

AP TR BN K SR (R A A — R A 30k
—EWTBUE , RO IOR TR R A B,
edn, AEFAE U rh , EUSCE N S B b T A
A ARSI AT K5 o 22 K LA R AR TEA—
b S WL EAES AR D EEE IS DU YW
)AL, R OR K SR 1 B8 O ik B R B ST Ty
LIRS DL AT FE . U] 5| A B gk e/ IR
AFUAN- 50 ZE L g A7 RO 22 28 3 17 A Y
PRI AR L A i R B S AR R B 45 G
— A e JRAEAR rh PR A SRR SRS F) £ 4

P AR U TR oK 1) F A IE 5 7 1) 5 AR AT A o
T TR B S A SR ) S o ) B I

Unfuf A PR B 5 > J5 3 (AN REAS B 3 R R (%
REAR R 2 5185 ) Ok G2 A ] g A0 (R et £ 7 i 3]
it FR) A 22 W 2% TP il 5 B 2 SRR s AR R B
DA AU A 15 25 R N 2 5 AT )
HEWTFTT 0,
L BRIk ) 52 A 37 5 N Lo B R

Ll e R 95 NZEt 2 Y 2205 1 g B Bt
ST HRA TR S, W AL AR BRTE N
Y—A7 R —3 %5 3 T QIR AL o P Ty T A
JE | [N E AR SO A 8 AR B A S A T
B R T g — 2P e

B O ALhTRERARZABFFLIE LK
FRAELERCAREES ZEE2R ZFEF
JL4& 4  http . //www. csig. org. cn/detail /2387 ,
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