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A review of deep learning based human-object interaction detection

Liao Yue', Li Zhimin®, Liu Si'"
1. Institute of Artificial Intelligence, Beihang University, Beijing 100191, China; 2. School of Artificial

Intelligence and Automation, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract; Human-object interaction ( HOT) detection is essential for intelligent human behaviors analysis. Our review is
focused on a fine-grain scaled image or video based human behaviors analysis through the localization of interactive human-
object pairs and their recognition of interaction types. HOI detection has developed high-level visual applications like dan-
gerous behaviors detection and human-robot interaction. Recent deep learning based methods have facilitated current HOI
detection. Our critical review is carried out in terms of recent deep learning based HOI detection methods. We introduce an
accelerated progress of image-level HOI detection because the growth of datasets is a key factor for the review of deep learn-
ing. First, the datasets and benchmarks of image-level HOI detection is introduced based on an annotation granularity.
Therefore, the conventional image-level HOI detection datasets are assigned to three levels of instance, partial and pixel.
We introduce the image collection, annotation, and statics information of every level for each dataset. Next, we analyze the
conventional HOI detection methods via deep-learning-structured assignment. We summarize traditional HOI detection

methods into two main folds further based on a serial architecture of two-stage fold and an end-to-end framework of one-stage
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fold. Two-stage methods are composed of two split serial stages, where an instance detector is initial to be used for human-
object detection, and a following designed interaction classifier is applied for the interaction types reasoning between the tar-
geted human-object detection. To clarify an accurate interaction classifier, our two-stage fold methods are mostly concerned
of the two stages. However, one-stage methods are melted into an end-to-end framework , where HOI triplets can be directly
detected in an end-to-end manner. Additionally, one-stage methods can also be regarded as a top-down paradigm. An
anchor is designed to denote interaction and first be detected in association with human and object. Specifically, we retrace
the representative methods and analyze the growth paths of such two folds. Moreover, we demonstrate the pros and cons
analysis of the two folds and their potentials. At the beginning, we introduce the two-stage methods sequentially. The two-
stage fold into the multi-stream pipeline and graph-based pipeline is divided based on the design of the second stage. Then,
the introduced one-stage methods are split into point-based, bounding box-based, and query-based contexts in terms of mul-
tiple settings of the interaction anchor. At the end, we review the progress of zero-shot HOI detection. Meanwhile, the
growth analysis of video-level HOI detection is reviewed based on datasets and methods. Finally, the future directions of
HOTI detection are predicted as mentioned below; 1) large-scale pre-trained model-guided HOI detection ; the complex HOT
types are hard to be annotated for all due to multiple human-object interaction derived of various behaviors. Therefore, zero-
shot HOT discovery is a challenging issue in the future. 2) Self-supervised pre-training for HOI detection; it is originated
from the mechanism view, where a large-scale image-text pre-trained model hypothesis can much properly benefit for HOI
understanding, and 3) efficient video HOI detection; it is hard to detect video-based HOIs efficiently for conventional
multi-phases detection mechanisms. Our critical analysis reviewed deep learning based human-object interaction detection
tasks systematically.

Key words: human-object interaction detection (HOI) ; action understanding; deep learning; object detection; interac-
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— DRI A O SR PR AL PR AR . 55 20K
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IR, 5 2, A RSB, 2R SR
TUAE 2 30 gt — R B 28 B 56 & = oud (ARG
HE , DA ARG DN AR K 26501, 5 R 2 1) | 70 I 23 Jel
A M A B G ZR AR R E] AR5 AT AR —
o B g 2 U AL PN 2 AR, A Jea BR T X WL i 1
FREAN W A B B, SR B )R 2 TR B R R
SEGEHI AR AN ], HALSETE LAy i i 3l
YRR AR, il ok BRAR A 234 NI4T0, LA S
Z IR AL, AR BT 0 56 BRI B e T iz i =
A OC R i i A AR 2 1) B9 56 2R ok b i 5
K A TES AL R . I SeAE ALY BRI E £
T — Sz BLART TR T 1), AT DB A5 S
AR AT INE o A, AW G RGN A

W2 BN FLAR ST AR I T
¥ BREAM ML B REDLAR NS5 Z R
S, IR AT DL S B i 2 RS N A BT 55, Wl
VAR USRS e = A I 2 P i AL
B2 L) R AL Bl B A 16 25 B AT S A 43, A —458
HIORFRAI B F R . BB IR 7 A
JELL B KA B 22 ( Gupta A1 Malik , 2015 ; Chao
2 2018 Liao 25,2020 ) U Y, H 2015 43, %07
]2 8] T WF5E A G, R 2019 4 &4,
IWAAZ Ty 1o & i)/ N . DRI B B e 4 Ak
RS ( Gkioxari 25,2018 ; Gao %7,2018; Li %5,2019) ,
BT F o KR LB B Y ( Liao 45,2020 ; Zhang
82021 ) , N—58 5. 6 F2 k0 S50k A K i R
ERECT RS S BRI 4 4 U Ty
T A B S N A9 80925 ( Liao 45,2020 ) 18 30 H 3k,
T AN—W38 B9 F R0 7 5 B g 5 i i 25 35
AN—WI5E B KRR ETIFRME 1 Fis, RS H
LI JRAl BT RSB 9 S 48, A—1 28 B
K R MBS TH WAL 1000 iREMR, B BLED
RATZH T 3 7R ER B £ G (Chao 55,2018 ;
Zhuang %% 2018 ; Liao % ,2020) , NE5hi% )7 01 49 %
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Fig. 1 A road map of deep learning-based human-object interaction detection on spatio-domain
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ORI 55 e BEAC TG SR () —Fhbr i =X, d 2
T E RO R R 2 BB L, R O
R I SE B ER A 4 A (ank 1 PR 4% iR
BCE AR B0 B R) G 23531 24 V-COCO (verbs in
COCO) ( Gupta F1 Malik,2015) , HICO-DET ( humans
interacting with common objects detection) ( Chao 5§,
2018 ) , HCVRD ( human-centered visual relationship
detection ) ( Zhuang 55,2018 ) DA & HOI-A ( human-ob-
ject interaction application oriented ) ( Liao %%,2020) ,
Hp, V-COCO F1 HICO-DET A 24 7ij 55 & FH ) P 4~
AN—W7E B3 FZ kil S f . V-COCO T 2015 442
b, O GE B b A £ 2 COCO ( common
objects in context) ( Lin 25,2014 ) #£H 10 346 & &%
HATAEH IR bR, Horb A 5 U1 22 5 400 1t
B4 964 i, V-COCO —HEHRTE T 29 FhOCRIEAL, T
HYAFZES COCO —H, 80 25, Herh 29 23)
TERR P 4 MRS X RIS IERAL, Z 4 Fh
BIVEAEN—1) 38 LG 2 A B 1k (R A 5 op — A
FIEIEN . T V-COCO BT & MR ED s Al X
a7 2R B TR 2% 2T R J’ , V-COCO X LA 2 38
AN—W38 0.3 5 BRAR I T oK . 55 [ % BOIR R 2478
2018 4R — AR B 2 S H R T NSk
W AN—W) 22 H. % & A ) £ 2 HICO-DET, M
Flickr FUCEE T 47 776 @A i FHVF AT (9 BUG, JE LA
N EE ALF SRR AN — R R, 45
A% 38 118 I, ML 15114 9 658 Wi, HICO-
DET 3EARVE T 117 253h1E, 80 R i B Horh iy
AL COCO —F, 117 KZh1EF 80 Fh i 7E
HICO-DET ZF1E T 600 FlA ] 19 A—1 58 5%
R ARG TR R b Ry H B HICO-DET
H 600 252 H 5 F2 53 4 H UL (non-rare ) 462 JEHIff
A (rare) 138 25, [ F HICO-DET $4 4 17 18 W 5
R A, ARl L A0 A 2 1) b IR B 4 1 1

WA T A58 G F AR I AU ) — SIS AR
HCVRD 52 M it A 58 5 2% s 00 50 305 28 40 o ik A
(visual genome ) B 5 AAHSE Y 5 Z A DL X R
G 2H B — > N—W 32 B¢ & p I B8 o, 5
HICO-DET il V-COCO A ], &AL 22 B 3 1E
KR SR T N Z B A O B R, VL Lk
I R BRI AR R BT X 38 T 7 5 I N—H) A8 R R
R INECHE 2 R T RIS A A TR R 2 2] Bk 1 i
TRMEBAFARGF P fE , HLRER 43 sh VE G RTE IS A4

T A SERR N B S, BT, BT A iR R
SR T A RHE 2 F T 2020 AERGEE T — AN T ) 55
B 0z FH 3 557 09 N—) 3¢ 0% Z Ak T 45040 2 HOL-A
(human-object interaction for application ) , 3 3& T It
Bl PE 47 S AE ICCV 2019 (IEEE International Confer-
ence on Computer Vision 2019) Fl CVPR 2021 (IEEE
Conference on Computer Vision and Pattern Recognition
2021) “ AR H U AR 58 BE# ( person in context ) " A
ey B2 T R AW 28 HL G FR A I Pk A TR
HOI-A ZJESITE SRy oK o LA DB A F ik
22 VB B8 HL K R e BRI O  an Nl ) 34T
DA TR e AL T BAT LA B R T
R, e NSRS i), 2 ECE 1 LA BT S B
WA NFIYIE Z B SC R . TRERRS 3 R TF 3
BN EAMIEN, 205 L RGB FEZLA (infrared
radiation, IR) ARG RAE R _CH Y 7 Xl 5
T 38 668 WRIEIR . T i S AN E, B P
TET 10 AP WA, LA 10 R WOCERZEN], A
RIS A—W 3 B AN BRE & —E
R (E AR A R, AT T A58 B
st e AR R IS A TR TP YT K

x1 A—UZEXRENEEERRT
Table 1 The overview of human-object

interaction detection datasets

BlerE  BoR/iR WERIE SCRRE ARERIE

V-COCO 10 346 80 29 LA
HICO-DET 47 776 80 117 SR
HCVRD 52855 1824 927 SR
HOI-A 38 688 11 10 SR
PaStaNet-HOI 110 714 80 116 EigER
PIC 17 122 141 23 BHEY

1.2 FEHRZEA—HZEXRENEREE
TERDRLEE 1 S bn i1 B T, R 25 )
5T 2 HT RO AR b B 52 BRSSPI BB 2 Y
ZALRE Ty, LI SCIE R AR 2020 AF4R H T K
AR S B9 N AT AR 5] Z (human activity
knowledge engine, HAKE) , F A4 & S5 AT M
E AT EB A AT O bR TE RO B 2, HAKE 24t 17 24
11. 8 JriebmiE &, a5 2 28. 5 T AR S,
2525 TIASCH AR, DL 72. 4 TiABAT NIRERAFAR
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OFREEBE T PaStaNet-HOI( Li 45 ,2020b ) ¥4
B AER AL T 2 11 T R AR i B AR, Ho
77 260 TEEEAE R I 2548, 11 298 i AR S 55 i
££,22 156 TEEMGAE RS, PaStaNet-HOIL 455 T
“TCAEH" 5, 1 116 P28 H G R M 80 FhaiAZsl,
AT 520 Ff A—HARZE B 56 R A5, AL 34
TFRN—Y 3 T R bR TE B 3T TSR AT R B
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1.3 BEZA—PZTEXRKENEIEE

BRI RN—Y L H KR bREC 2R T
B RS (5 SOk B 38 B O R BRf (I L 5
FELAE B 18 N —40 38 32 5 A A TEAE A s N R 1A
(7 E 5 T80 H bn 2 BUE 207 3 4 7™ 5 S AR
B i EL AR IS A W6 R T AR A0, ARl et
TR 2377 HE A8 1 T AN F U] 1) 375 55 AR S FH A DU HE A
T, P, Lin 558 A (2021) R R R AW 5L H.
R FE N BHE FE PIC (person in context ) , 3 i X A
PR DA S AR A AR Gbm 1, A A5 30 42 ) R
YR8 AT R B, PIC B ETEN 484 T
17 122 AN R s 0 A&, i 4 46 I 25 4k
12 339 Wi, Sk 1 916 i AT X4 2 867 W, PIC
B X R A AR T 25 A BRI
FIZEBILA S 16 DB RSCHES . BLAh B bR T
T4 FhAN—W Z [ LB R A 9 FhBfE R &R,
PIC 8 PRS2 H AR S S 4l i N—H038 B R
R g 1, FARTEZR AR 2m, (H, TS5

BT

SORHRPE 2 ST BERYZESR o vy, X AR 1 7 5 it
R I 22— B ORRY PR AR, B9 A —
W22 B Z AN 2 ] AT AL BRI A TP A R o
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IR ZR B N AR BAT W T B — ST T

2 A RS EARUNTTE

P Be N—W 38 Bk A A e — S 515 |
FLRG ) b AR BE 27 2] O i, SE A DU o 1 45
N S, SR 2 N S 81 BE AT IR 3R F
MSZHIRZ , HAKRTIE , W B B5 12— ek A e
AT BB ZE A F R AR R 52 B 5 R 7 R
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TURNEIRETY, UnE] 3 R o ASSCUEAR S 41X PR 7
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Fig.3 The frameworks of two-stage HOI detection methods( (a) multi-stream model; (b) graph-based model)
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2.1 ZRFHRER

LU R R T 27 I T N 38 1. 5C Z A6 40
BRI RIRER . ZUEEITESS 1 BBl i H oK
DIERARAFN S P AR R 25 5, I8 He— — Bl %, 44
T FINN—IBEXS  TESS 2 BB R R Ir 2R
Rz ef XPRSE AR SEH IR 20 203 SCHATH
ARSI A PRl 5 0 245 2R 108 3 (a) FiR

Gao %5 N (2018 ) A AT IR I F WA IR AL 25
TR AR R . T, i T LS
LT T 71 M 2% ((instance-centric attention network ,
ICAN) , 8 i S0 A WLARRAIE , 8l 28527 > T = Xk
X AEAG R 25 ] LU R 3R & 516 SIS B R
WU FRIE, ICAN £1% 3 T2 5030 N1
SC IRy SERURERLIE 73 32, NFNER 5 325350 A
NFA g s | 27 20 ) DI, IR AR G | 5 T 1
WA HICFR o WPRLEE 3 S ik NI AR 4 4 ol HE i
25 )45 2, 915 A A SN AR AE fl G DL Fil 22 B¢
Fo WEGESHE A N R 3 A0 3
H KBRS E AR =04, ICAN
P TP TR E 5k, A — R 5 45 )
ASARBEEE I PLH], 55 H IR A G AT
BRI, ST 28R RE

Gkioxari % A (2018) A il BFFE N HYShRAS
BT RAE E YR EN N EEL R, TR,
InteractNet , F| A [ 4M FFRAE R A 5 24 5if A AH ¢
YRR ARG B 1% M5 FE Faster R-CNN ( regions
with convolutional neural networks) B # #8: IlI] #3 HE 22
(Ren 55,2017 ) BYJERN L, 97— LA s 97y
3o Y SAE T NRURRAE W7 24 Bk A2 52
HIRFR IR A2 B C R BT M IR AE R T
AR . PIZEERE DL RO aY 23 32 F ARSI 23
SOMUXRLEE S B R 5y SO AT AR5 e 1 25, il
Rl 2 W I, A BRSSOt

Li % N(2019) KB, B IR AN R K SR X A —4)
SEH R FR NN AN R 1 S EE A EAE A AT L
EEEARE ] TR, I/ T8 MM (interac-
tiveness network ) , 18 15 K & B4 2 > i FH 22 B A
W T 5 T RS E A SR A R R
LHBN—IIR 32T, TR AR 2
et 2 BT DL SRR 2 AW H LR
KRS G & DLRASPERESR T,

RGN 28 1.5 FR I 2 PRl R Y P RE 4

e, Wan S5 A (2019) $& T BN Z HURHIE N 2%
( pose-aware multi-level feature network, PMFNet) , Fl|
ANV ES KRR R N 2R = 450, IFHAE N
— T 2 AL Ok 2l 2 1 RN 08 AH 2GR 8 DX SRy
fiE, XM E AR LSE BI85, /T LA
BEMACHICR A8 B AR AARIRAL 3 N2 10, A
()AL 2 R 5 380 5C AR HE B A v, A i fn
FRFNALEE (9 P 45 5

Wang % A (2019b) WA Al #1E A—H [8] i b 52
HArEE T B SCERE R A Y
ARTR] BT SO FRAERRIE | 11 35 N AR OC 19 LA
S gt R SCE R AR R A—)
B H R FR S ) R X

Lin 45 A (2020) A AN S5 WK B Y 1T SCHes
—HHRA IR AR NS HOC RN T B A IX )
R FEAT N R ARGL Y 25 5 $2 Y T — AT R IR Y
TR AL, BT 28 5T 181k 42 48 5 4 133 51
N— 28 H K Z R TSR

Sun % A (2020) A AT HUGE 4R AiEAS 2 L3
KB RN H RN, 5 T+ BRARBE ), 42
T ARG S (Rl SRR 2 9075 2% | i i
NZZS SRR B A5 B R SUE BAE N S AR,
S A (77 S AR R 7 T AL 2 25 5 i A5 B 28 I 4%
FRAESZIBOR R I Rl 2SRRI S HOCAR

N RA B b 8 B RE 1 AR AT FIR L
PIN—H 28 . 5% R % AR, 3 T 6, Hou %% A
(2021) #& H T FCL ( fabricated compositional learn-
ing) P&, B2t — > 10 1A ] 3 88 R A A 80 W 4
Tk BB I SRR 5 k0L W A L A= R Y
N 58 B OGRS HEA T8 5 4 FE R0 2 1] R A ok
555 TR AEAE K R A3 A [R)

Xu 55 A (2022) A Ky 5 TR AR 5 1Y 2 B B A
MA A ZREG P BT XER. TR, &t T
— R L Ryl 1 28 BAHESRAE SE . AR AL 48 B Bn A D
s 0 NN ) T 7 S N AL A AR
FET 5 b PEUR AT 30 TE il AR R 28 A
TEN A3 353 5V AR 3R i) 38 AL B N | 1
HRDIRG RS, WAL HLR=IJCH, &
HEZRSEIL T BT X046 N AT 2R B R G L HY)
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Xf,—J7 T 20 T A A% Z J8] 1 G HK , 55—
D51, 3% — i 7 N —9 %t 7 B L vk a2 B
AT R EEA AL, Qi 4 N (2018 ) 1 UCHKE P I 4%
FIAB AW 3 B R A WA 55 b, $2 118 7 —Fb
g 2| g AT 334 Y & BT 9 2% (graph parsing neural
network , GPNN) . GPNN JJ [&] ¥ 2% 1 55 53 7€ SC A
WA e R I G i 22 B OG &%, AR 40
MFRAEBEAN—MLE LRGN, N THEY
5t, GPNN #5318 UL % 7 [ 5 & ( pre-fixed ) , 18
Ao 4 R (link function ) T35 @8 4 58 [ I 42 1 15
BAGE e SR R, B 3h2% ) R
BIZE R o 3 75 199 2 ] LA [m] Bsf 3 7 e 285 (BT AR
N5 B F A I R AR A b i N —H 22 B G R
WHIES .

Wang 45 A (2020 ) AR BRAT 2 T &1 28 1) J7 125
K N0 A Ry ) 28 B 5 R, R 75 8 TR A S A
(homogeneous entities ) Fl 5 14 5% & ( heterogeneous
entities ) )5 B2, T SR TIEE RN
I 2% ( contextual heterogeneous graph network ) , fifi
PR R R S 5 KRR 25 () G &R, R
B RIE B AL R Y s g AT W)
PRFIRIRI R A SCE RS RNE R, [, AT
TERE I HLHI RT3 R RIS B AR, A—9
B9 ZS | g5 M 45 B R EZ A4 R, Ulutan 5 A
(2020) $2 4 T 905 25 8] [5] [ 45 ( visual-spatial-graph
network , VSGNET) , iZ M 45732 3 4332, 58 53
SCHIT BRI B N Wy A ] FL R 5 O A BE R A
23 (W) R R 0 SR N % ) 25 TR) OC AR it Y
23 [ R R AE S IS RRAE 5 0T, LA S i DL B p Ak
AU BT P Y 23 SCHEASE N 1A o ] ) 52 LG
R A 5E CNFN A AT 2, X
HERLBE A AR N AT 8 0 S e i, AR
THEMCE AP S HARAE . 2, A9 3 o SR
W PR AE B R Iy 4528 . Gao 58 A\ (2020) A
S S N g — AR B R R A S
A SCPE, B T OB ¢ & I ((dual relation graph,
DRG) ., % M4 fdi PR f0 23 (0] 18 LSk ok Al ik 4
— WX, [F] B 2ok U DG R B R A 3 5
BAR R A LRI & A= 5C R LU
YA & 5 0918 ialk A ( semantic word embedding) ,
B R APANE 2 SR BN €, TR F AT 51 A
BHME S (5 B B A s B2 AN 2R S, 3L

iR FR & DU R O 17 BRI AR Sy ot i1
PR R, T DA — > A9 sl T )
PRI A5 TN A [ ) A ) #9324 0 AT A AH
BRI 5 LA — RS SO TR

B NI i, B SR 2R A R U b HAT
SIVERZR | LA DA T JRy PR RS AIE AT R 1 1B S
[ T, DT 82 T A D0 e BE

He 25 A\ (2021) IA 4 BUAT J7 AN TE T AL 6 Al
T H AR, R T IER b RS B AR SOCHR
BT OCHERY T SCF BRTEGE I SR FR . T2
£ i SG2HOI ( scene graph to human-object interac-
tion) %% Ke 37 5t Bl A B B SCR R P MR RE
SEGFIHEE BT SR R I 1 — A S R B E
B , N B AR &R s 35 5557 B C RIS
BELEERET, T A5 B MK ERE T

A% 255 1T 00 24 B 5 12 DA — 35 e o) LA 3
AL AR TR SO ARL R 7 2, , M — 1) 722 i R AR S
A AT 2 2 A, R/ A I 2 PR 10 4 341 1 e
ATF 5, Zhang 55 A (2021 ) AR 45 5 852 0] £ 2 1] 56
FHEAR BT 1), Mg T o KRR sC B G
F, LA ) A I ) 28 THL G 2R %) I IR 2% A Y
HEE
2.3 FWMERAERNEER

k2 o, Wi B B ks I % 2 — b 52 451 3K 5l
(instance-driven) f A—4 /& 3¢ B R S =, 565 1
W B, 8 TG 00 1) 2 K I 8 M A AR N AR
552 BB ALA A M x N AAN—1% R FR Gy
AR UN— x5 Ry de/NERTT, HEAT M x N ORI
B PAFN—WRRL L S B AR Ok 2
DI REE.  2 , B A8 B R R A—Hpxt g b T
BEARREARICRE AN A 1Y) TE SRR A A5 I 26 AR 25 5
REAUG AT {8 1) T R A Y < JEAE HL (no-
interaction) ” ZEHIFR L W] 1 IEAEAS 73 2o 2R
W ABA L H KRR AR T ABIMTRINAE,
RS2 B R M ox N die i, A i 3 i i 2CREL BT 1 199
WrBerE RS EH , TEAS 1 B, i A AG I o 2% B
oG T HAR XA A5 B X555 2 Bricrh,
AN—P X RRAE > R SCfE R AT AR 28 B R R
SRRSO, AR W Bl B AR TR A B9 O
B I AR E AR AN RN 38 OGR4 RAT 55 i1
B— BB IR T B S B AR, i 34
TR BORALE R
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Table 2 The comparison between two popular deep learning-based HOI detection methods
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Fig.4 The frameworks of conventional one-stage HOI detection methods

((a) box-based;(b) point-based;(c) query-based)
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A H. K Z AN A AR, Liao 28 A (2020) 2 Hi ¥
AN—W 58 B G FR = et H e O s = I, Jf e
IR AT AW 38 5O R K U HE 22 PPDM ( parallel
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FIHE , DR o s L R SE MR s o X 1 A
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B SC AR BN , AR PO s A I R b BT SC R R
Ao R ) S0 o X 5 15 1 X6 T A A ARG DR A A D
520 EF SCF B By A Ao, DT 2354k 2
A RZ WYY AR ZE IR [FE7E s E R
P, DU A A D ORI Y G 2 v s L BT
SNBSS E S E AN/ Y WO ESE
PSS BRI RE . AR TR e R PR B BY 1%
FYAALAEPERE L HUS T  BE 52 71, iy H A 38 3
RIRAS T 10 4B RIER T B A8 LG ARk T A
[ 52 f . Wang 4% A (2020b) 48 H 3¢ & & F 4%
(interaction points network , IP-Net) , 131 FH 2L J&
ORI AR UM = Jo 2, A A7 TH 2R —A4~
ARG 25 R A5 3 AG I AE , AN 8 3 ¢ 2R ok G IR
WA NP IEHE, FTEPERE AR E RIS
PPDM {/547 221,

BEXF PPDM AUAT — > R 78 5, MELAXS 52
e N—H) 22 H.JE A7 dE AR B 0] B, Zhong 55 A
(2021b) 3T PPDM Bk — A Birit, $ th 451 00 A s 4
%% ( glance and gaze, GGNet) , TE GGNet H', fllifi]
T59RK 1 PPDM 1Y J7 AR € LR A . = Jn ., e
Hb R TGS OC R KRR I SCHE M 3 N AT —
BRI AL (ActPoints ) KRR L B X, HT
16, GGNet R LA A5 A2 554 L H5-BE AL 1) 7 (o B4 fie
3#E, B, GGNet Al PPDM — RfH s 4 W R AiF Pl
R EMRER RS N — SR R, K5,
AR S BRI, SR R R — 4
ActPoints , 28 J&5 1 A A AL X 26 15 (67, B R BEAL,
BRI R ek e A AT A7 A5 B rhogs | P
Wil BB IR 25 . T, GGNet A T HR 1Y)
ActPoints BY4FAE s SRS IS Y= DR | P 3
e WD I S I S YR N RN S (15 e
LEHRFRFRN, TR, N — B4 7 T
N 58 O ZR A I R R A o
3.2 ETIERNBMKREDR

ARk K TARK AL B R AR AL, gk THE
AR BRI AR L REAR I A A - ol 28 ) 2 A 0 &1 4%
N SYRREIE, AT 0 AT B A A2 28 HOCR Y
PFAE i FAE SCHR B S NS Hb A —
Ysg H =0, B THERY BRI BORORIR 5 1 [ B
AL v R ) A 14 O 2R 7028 IO 285 fult TR X ] 2R )
SRHRTEME | SCHRE HARKGIN 25 5L | O B AR SR i 1Y)
[Fi) P, DR i 1 10 2% 41 B

Kim % A (2020) WA R AL B X RN GY)
ARG XA S T EE WL EHER, T2, Bk
& X IR (union-level ) A—9) 38 H. 2 Z2 Kl ) 4%
UnionDet , 747 S A& DX, DAVERE A —H) 6 R4
B o EMZE R X I3 3 (union branch ) H1 52 1] 73 32
(instance branch) 41 A, DX 3 73 32 7000 6 A X 3
(union box ) AL B 538 H R A, BT aTEAT
%543 3¢ (pretext task ) TS X I 62 5 09 B A5
JE), AT AE Y 2 Hp 2 figt D) 4% X6F N B i 5 SE A 4 32
(instance branch) TN E % LAY H b5 H A H
e, rJn A DI — S 5] DU E SR 5 I 00 S 2
ROFMA—ZLHRR =0, HTFud TR
BUR DA O F P 8 HE B AR 12 I 2% 55 T iy
B AR S T 4 ~ 14 A5 e

Fang 55 A (2021 ) & BUBK A3 XI5 A B9 04
e (5 B TR 28 v e, T 2w LE S A MY
PRIFR A FBIAE | HL XS OC 2R 73 28 2401 fie /N X
A H X 38, (interaction region ) , I H T —Fh & 422
XS = B N RN DGR DB 52 5T e
R BOE BI(E, A s, BRI BN T A
A2 H X3P EE (dense interaction region voting ) P 4%
1Z M 2% 22 H ARG 2% (interaction detector ) 15K {5 #6:
%% (instance detector) FFATZHL AL, A F. A I 25 Ao )
A8 H X 38 (interaction region ) , I 5] 5 DX 38 PN 17 75 A9
NI AAR 8 FEIHE 5 S5 491 A 0 gk Tl [ 45 b i B
Hbr S5 HAZ I, BS , LUIAUE 245 53 (weigh-
ted localization score) YE MALHE | A I A [F] 38 H. X 5
O 45 ARG I AL HAR Sy, ZEERTETA
[vi) RUPSE F) 8 2 52 . DX, DT 2 B A o ) 4 A A
WORFAE . [F]E, AH AR A KB ] ((non-maximum
suppression, NMS ) 5% B | £ it 1% 4% 5% 56 w& 58 53 1)
A HE SR A H X, A 3 4 T 0 4 A (anchor)
AR,

W22 5O R R R AN A K R 23 25 T 28717 ok
Bz SUVE AR AN—9 28 B = el vl g 2 R AL TAH
RIHLSERAE . HF Tt e B NE 2, K
IV REXT 5 Ak P b 2 | (R Rk, A A M R R
T AT,

3.3 ETEANBEMEEREE

H 25 Ak Y 2% ( transformer ) 5] A 312 HL A1 5 450
By, T A 0 A HE SR TE LB AT 55 R R AR T Iz
(Carion 55,2020) , ZEALM % i A 11 & 7 (self-at-
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tention ) F1 32 X 7F & /7 ( cross-attention ) HIL il 2K HL &
B eRER, AE N RE BT UE R USRI A—
YIsE HOGFR U AR B H 1 2 H AR & A2
B S U RRIE TS Y 6 N—1 38 B G FR A A
S5 L REEE, 2021 AF LR, AN R H e BT 4 1)
2RI7 5. HETWTSE o R W47 1w, 4 ol 2 B i
N 58 56 Z8 A6 IS 2R 58 7342 4 78 A 19 4% v
I3, BIAZHEZS 2T 52 AN A P 5 [m] 1Y
RIEIAR I AR %

1) A SR AE HOC R IR IINEL, Kim 58 A
(2021) g N—Wy52 H. ok Z A E O ARG A ( set
prediction) {155, $2& ) T & F 284K [ 2% ) HOTR ¥
25 LN A PR 2 ) 2 b g B 2% RO AT i
T ER L A, AU 28 00 208 R 52 O ) 4 I 15
TEIF a4 {5 B, i de SE 2 1 B B S v iy
FEATHIN 25 44 , 43 R SE ) g i 4% (instance decoder)
FAZH [T 4% (interaction decoder) . B4 2T Hpr
251 (object query) K H A7 ; J& 5 3 T H AR A ih) i
5 N—9RFE 4 (HO pointers) MIZC H R FRISH], H
o N RTE BT 3RIE T B M T H bR A BT 6 5T Y
SEHIKFRIEN, R N A 7 X IRFAE, 38
15 2451 i i 2% v S 5 45 AIE (instance representa-
tions ) TFEARRUEE , R4 DERCR 5, AT SR H bRAs
ERMMZHRR, AW L H K FR =TT,
ZEER S T B R TR R A e A FE R R
FHMIZE AL 2 2] HARAIZE BLOC AR ) (1 R AR 2., 42
THERERY RIS, B ARHHE LR A

S F TR AT R LA S Ay o 8 RS BIRAE 28
HRFENRH, Chen 57 A (2021) $E 1 T F & 1 4R
A TN Y B B2 X 28 AS-Net (adaptive set-based one-
stage framework ) . 1% 4% 3 T84 W 28 531 1 A~
FAT59 32 . 38 H 4 (interaction branch ) F1SE 4] 4357
(instance branch) o 22 .73 3 W 52 B Jn] 2L H.
KRN, T IEBCAE HOCER S HAR ; 553 SR
Hix, If-5 8 52 )35 ik A (instance semantic em-
bedding) , | T#2 FHIL LM GE . ARl T HOTR 7E 1
iz o) HARMIZE B.OC R B VERL K &, AS-Net JH2K
PPDM HYVCHCE MG, A2 AL 2% [ 38 1o > il A |y
rr TR A RO 1 22 B ) o Sl 3 AU b 3
RIGVLIEC HFR AIZZ B G R, TERRRHIETE T T, M
2R AE T RIKNARN—W) 2 B R XTI RHE, 27
VERCPERE . [, 38 HS T SE 451 JE% T (instance-aware )

TR L FEIFAT /0 MG s A5 B A B T4 20
R ST LR, JF s A X 22 B A B ey B
PRAFAE . Zhang % A (2021) FEAH 54T T P B B A1 B
BB X py A i i, B2 10 T ARy X i N —4)
XS DU 1 2 R 43 25 1) CDN ( cascade disentangling
network ) , 1% M 4% H1 HLE AF AIE 45 BRAS | N—) X i
i5%% ( human-object pair decoder) #1232 H. it 15 #%
(interaction decoder) ZH A%, 3% ¢ AIE B B AR B2 AT
BRIE T A% BN SCIE B A—H00k g it g Aoz A
WA I A AR AE L OG R B AT B AC HL AR A
T FHN—0 X5 i it 85 0 B 13 00 4 Ak H AR A i), 5853
FFHHTE VR4S 2 5 Je 50 AP xF Hof t i R AR 1Y
BN A=Y AT R R I3, SRR T
HRBOE A T ERSCRE I E3EE A RRA—
X LS TR B2 (S TRl 5 AT PR By =L ml e
o> A Y A ZE A— & B G R AT 55 |
KE T HRARIERE

2) BRE LI B R RN, Zou A
(2021) &I T SLFIRGIN ANAE B R 4503, T ARk
W28 AT A— S H KRR, LML SR
P28 G i 4 A 2 AL, 4 AR 2 1) 24 AR i
PSRRI i A% 4 S 15 B ; o 2 e A £ 2
B— > N—W 22 B R FFAE 9 H FR 4538 (object,
query) i3 e AU 1Y 2 )2 AL I A
IS ® A B F I, 42 Toond 2k ) H Aw
R AN R o3 28 [R] Inp B, e B A T R
E X Bindif R s —H AL HLR,
WOCR PR, 5 E AN CE — A R IR
Softmax BREARAF I R 43I0, WG SLBIFIsC B
KARBFE R T W BT AR I &=, i T
it A A B 9 J5 b B SREWE  LE e A 42 B
[IRGCRERY

Tamura ¢ A (2021) Rk H T 5 Zou % A (2021)
AHABLEY P Z8 HEZE | A P A KL E (query-wise ) BYTE
FIEA EORLE (location-wise ) BUTE . 7, T 2755
BT R XS 5 T B9 A RE 7, il 4 R A E N4
PR FEIRE 1 8 28 156 72 | 378 B 5 119 38 B O 3R R 8¢
HIRAAHE X RE, 5 Zou A (2021) R,
W A TRl — A N %F 8 Z2 58 B O R AN ]
—A> B AR AR I AH R A—I X A2 HOC R 1Y
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Dong % A (2021) $2 13 2 T 2405 iy 1y PST ¥
%% ( part-and-sum transformers ) , AN [A] T FRAL B 25 1R] A9
H AR AL I ZEHE SR PST i FH i i ¥4 3 1 T 2 g A 3
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FAEI) , DU SF i 4% Gt AR A0 ) 4 e gl 4
RsPsYiNEIP .
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HIRFRIEI A RBObR TR Bk, B S R

MR 2 ARV RE . Li %A (2022) F2 Hh—

Fhah 5 J 18 2 > FAR 28 BIVE 9 24T 55 2% > 7 i
PhraseHOI, R IR G A \—H) 32 B 56 F K6 AT 55 F11
JLiE e LS5 R AR 1T A5 H
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FRMAZH QAR L XA H R RG], Fe& w7
TR A B G R 1Y X &, HE(HE S A— 8
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[ B2 0 T A BRI E Tk |l 1 AR TR e
P8 25 ] ARG 15 =F B 30 SCREAS | DL 22 M b 1 2504
s SR B A A X R DU M RE B B2k . B, 28
R SR AN =TT 20 % | 4 SO R o J 08 03 3078
= AN—W 5 B R R K 73 3, 97 se 2 iy il
[, S T A6 DU PR RE

fEFR A WU B X 5 T BOE A AR By i, 1
BRI s BB B A UR A B AR AT 5 25
PEm MEOUAL . B2 T A AE AL d o A8 10 I 2% 345 14
BRI R ¥ AN—W3C BE X RBE S5 A EA
R AT 55, F R 4 9 AR A5 3 ( object-query ) HE A5
BE T e A ] A R R P BRI B B
MEODCALRY R, [R) I, 22 A R0 25 2 2 51 21 57 ( seq2
seq ) R Xof EASE e 41 BB A ELAR AR AL F, 3] 4 S
FOREEIR S, KRTEAIZIA—Y LR
R AT 55 vy | 28 b 00 245 A 2 RSB 09V 0, 97
AT 55 Bt 25 1] | PTG R0 itk AR A b 1 8 s ke K
P S I 53 A1 A5 OB )
3.4 BHEAENRTS

W 2 feon  SB Be AT B Be B 1 0
% A N, AT R 2 iy EL TN AE B OE R, A
X G B | AL B AR ) R0 RN T RS
TWEWNSETE, BRI 322 T i 2 s A A
BT, TC AR AN E BRI 5% | AT —PEAS:

A B HL G A 5 TR B S TR DT T R Y
L5k BREENL R R A, REA KRR AL H
X, AT REE G SOREAR DO SR R A1 X i) T4, H
FIR A4 BB B B 3 0 2241 55 I [A] 2 ] 1975 20, A
[RIAE 55 Z (B I 2R AR, ORI, A G0 1 5 2% )
JIr SE AR RN A D7 1) ol BEAFAE RO A 25 57, 2
155 PR "7 2] e b AN R 55 Z [ B AR T4, ATk
RENEARBER . HOK CDN 42 H T ki B, (A
PURTERHIE LT T — % P2 BE ARl , 7e 00 e AT
it B A A

4 TEHFEMRA—MZEXZR

MSA GG T NS EAT 278 5™
S H IR R YA R B L2 ki, —H H A
N—WZE B SNSRI IR e . i B AR TE A il
PR ARMER U A7 % B8R 1) b v A, ELA A 1 e
W R, B 2 VERE . ARG
)i AR 2% 3 (zero-shot) B Wik AT N
DU, FHNHEE A T R 2% ) (metric learn-
ing) . J& T 2% > (attribute recognition ) il 3§ i #%
( domain transfer-based ) 25 2¢ > ik, iz v H T
85325 | BARRI 5 BL R AT 55, T2 i A—)
LHRFES AR, FHIRA—YZERRZ KR
TSR R 4 FhEAY . 1) R BRI, TR R AT,
YIRS FN SRS & A A A Bl R A AR T,
AR SR 25 A6 T 35 A 7E K080 42 B o ok ) (AR,
LR ) CHABRIN;2) YRS KB, 44 18
SC i B BRI I AT ) BAE £ 40 2 B 7 26
RIYIAR ;3) SR & 8L, Wik Je i 25 Y (A 75 B4
PR AR R R S E G R 5 4) TR A—W)
LHRRRI ARSI E TS, 232K LA E 1)
R BIVESE BRI A B G ZR LIV X i . 24
A 72 E2OCHE TR A R B R F R R I,
1, Shen &% A (2018 ) 3d it it 37 3R 3K 58 HOC FR AW
A TR 205 A AR L 3ok B N—) 38 5O BN
Peyre 55 A\ (2019) fifi i 5 ik AR F ik A—¥138 |
K FZNT, R AL BRI 2R 35 A5 118 5 i A M 5&
P KRR L B AH L5 2R 5 Hou 55 N (2020) 38 3+
fife ¥ 5 LA HA, LA SRR 32 B H bR A A
HIORRFHE A R 1 38 BT REAS , R AR 2= T (1)
FIAERG A58 B Z A5 AT 55 B3 T FL S i
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Py B R A TR SR AR R /A i O
AWKRIFTEE

ST, B 3 5 O A T RIRAS 1 G R
EWMRRTT S SRMTZIT AN A O o, ¥
PAREX T i . i AE T i s R R Bl FE AL E
AR RN N— 5 BB E AR IR A —) 28
HIRFKI, SR THERZ AL RE T e A S H G
AN A ARAMTEAL L Z —

5 MZHA—MZTEXREN

BT MBI N 58 5. OC R A I BARAEFR 79552
BRI 5 B 1 30 4 ¥ b SR (BN T 14
A A B AR DA AR BOR R IR M, E T, 6 T
FAI B B 25 N—H) 28 .5 Z2 Kl ( spatial-temporal
human-object interaction detection ) Ji{ A & 3 [y B 5
R —, W2 N—W3EH KRR & 7 E AL
— B B BT AT N0 28 O ZR B A I 1]
BEUA B A 1 AR B 18] A — i A—W) S HG &R
=, AR5 BEORFIMEREARIL = T RGN —W) 2 B
SCFAM 2 FTER X i 28 N —4) 28 B 5C F A i A
FEEE /D (Wang %5, 2019a; Ji %%, 2021; Chiou %%,
2021) ,—J5 T2 H TR EORE R B> 5 — 5 T
TR BTEITH R
5.1 BZEEXEXRYIRE

Koppula F1 Saxena (2016 ) $2 ) T B} 25 A—¥) 28
H IR P CAD120, {120 AR5 E %
10 Al ST B RS2 AT D A0 12 Rl A 2k, 2L
Pt ST I IFANRE T R FL L PRI 5
If 28 N—H 58 B 5C Z A I TR B 25 > R R R i) — ST
B 1) 5 56 T HH AR R A 2 R H AR T A AR
2020 AFEH R PRI 25 N —W) 58 . 5C 22 A6 U 4040
4E Action Genome ( Ji 5¢,2020) , 42 ALt T35 1 7>
B, A3 82 h ARiE T 35 P C R A 25 Fhsg b
KA R Z W AR 28 N0 52 0. 5C 46 D 340 P
CADI120, #L 3 %5 4 $2 I+ 3 20 %, SR 11, Action
Genome (4L & 5L F Charades 4% £E ( Sigurdsson
ZE 2016) FRiEFEH: 1M Charades $04E 4 47 028
Bt Bdla e b dg— A ) B & — DA
Yy AR ZR A Beh A58 B R R
fai 5, [AIAT, Action Genome $X4E4E H (LA N K
BOHARERY , FLSPER T S AR A R SZ B AR

Chiou 2§ A (2021) %F VidOR(video object relation)
AR 4R (Shang 45,2019) M T — A R AUHLAR A —
W58 15 ZRNEHESE VidHOL, HAE A4 Al HOT
145 A g B S, A FH DA S St Sk v 9 SR s, 11
BT 122 AU, BB R SCHEWTA 7. 3 M o, %
NS N385 F AT 5537 ) Bk T
5.2 BZEEXEXRIAGSKEUNEZX

Wang 25 A (2019a) 4 4 1 I 2 [&1 g A7 199 2% i
TR N— 2 B FR . HITEF S0
AT SRt | 27 2] I 25 5 28 A I R] 24 5 0 5[] 1]
Wb RS, )i AE N (2021) R T A E
R FR AR HATAY e A ) #5 2S PR R e A A B R i 2
KB EAR OCFRBCE AR 5 @ 28 1k
LR AR X SE e R R A S B R R A
HAH KR, Hh e &R v A RO B M 246 R 45 T
RAAZH I Z A | G 7T S5 0 AT 1) 26 A 1)
T4, Nagarajan 55 A\ (2019) F A4 T HAE XL EH
RAMPR IR Hog 5 A=W TR FR
e A SC AR DI, 4 1 — R T SR
A R TRCI FIVREAE 22 407 1) 0 £ AE 242 | L 22 DA AL ARG 2
WA R M, TR T LR T O S A B AR 4
Chiou 55 A (2021) & 1 — 5] B HL 20 A 200 5
TEHEZRAS 25 HOIL Kl #% ( spatial-temporal HOI detec-
tion, ST-HOI) , o Sedan 1 # WA AT g h ) Bk 2k
SR LA Y A 55 B R R, R T A B
it R b, NS PR A RS Bl 233 BRI A — Z0iY )
B AR T ST-HOL M 2% | FHAS AR B A5 1 4
AE R LS B AR EUE BORAMRIEA — BT A
(22 , e Je A 3D 4%, 728 S SRR B2 A JiG i 25
AN HRARER, SR ST-HOT L AR AAR
HMRFIEAR B, BN B IE 228505 B, W B e bn i
SRHET . Sunkesula 55 A (2020 ) H T &1 45 FR ) 25 I
SYJEIERZ M 45 T LIGHTEN M %%, HE 5%t
FEMUREE AN S H AR JR i858 BAG B Hh ,
et FH MDA B2 (4R A ] B2 A= B BRORE JBE 1R ik A ]
SRIG IR, A ) 3 3o (B 45 40 A, N RN
PRI 37 5o 18115 45 . LIGHTEN  [9 25 A feff JH 41
VERFAE , W3 UR B R R AR AR 3D BAEEE T
CAD-120 BHRSE 13T T Bell i, AT, B 3 20
S R TUAR B ST L, ) A—H) 58 H
KRG, LIGHTEN [ 25X L 2 it 44 S 42 114 (51 45
4, [, 232 28 R 28 4 T TP 91 i AR e KR
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R) L, SR P 251 R
6 MRERE

FETURE 2 M A—Y) 28 B R KM A 2015
WERBEES OIS B, \—YEH KRR
MIVERE ARSI, N3k 3 fnk 4 fion, fEZ2 AR
Yy se V5 N, A R B NARAT R 20 BT ) e 34T
R T % o SR AN—H58 B R AR IHTH I & B
KPS, SR E, YT Pk T3 T A—4)
2 .5 Z I A S A 0 ] A—%a‘éﬂﬁuf:ﬂ’ﬁ
KR, 5 N—9) B R B L, 4 1 A 38 A
) %?H%mmiﬁdtﬂﬁxﬁﬂf,TKIEJE’JIJL%J\—%X
HYsc BRI E o ] FREAE R LS By A—4

SR A H., T Bk L)

FLRIE: )

RIS ISR A e R B 1 i ) i M 2~ O B
TTTE ) S G FR 032, FEA I PRAR . 1) 7RIS
EiEG SR SN H YRR L B H
FEAWARKE A, DT BOR M o8 7 13— A8 £ 1Y
Bl Sk g T i B AN—W S LG AR AR, i
1713 >4 18 5 F G A TR R B PR A 7 A A BR 1) 755
B E TLRN A LAY 5 2) AU B 1 500 8 43
NIEFT A HMERS B AR , th T AARSIEAT 2 — A F
2 HIES M e, S s d — e [ Rt 47 3l 1 56 &%
SRR R T 1 5E B e R 2K, Hid 27 e —
JE JZ T TR

BEXT YR —W 58 O AR A DN 1 T e ) L
PRAR, AR SCHR H 52 5 ZR A6 I ) oA ok e JR o 4 B 2%
TE [e1) 5E ) I A8 2 FH 3 R oK, 15 B SR o | T ik e
P 3 N0 58 O R A DN S A T

®3 ETREFINA—MLZEXZRNEEZELHRA—YZTEXRENEIEE
HICO-DET iy 45 M REXT LE

Table 3 The performance comparison with mean average precision( mAP) among deep learning-based HOI
detection methods in instance-level HOI detection dataset HICO-DET

/%

NN R S0
KERTS FT iRl

Lt LiEs] EHA £ LiEs] WA

InteractNet ResNet-50 2 9.94 7.16 10.77 - - -

GPNN ResNet-152 &) 13.11 9.34 14.23 - - -
ICAN ResNet-50 2 14. 84 10. 45 16. 15 16.26 11.33 17.73

PR Bt

PMFNet ResNet-50 2 17. 46 15.65 18. 00 20. 34 17.47 21.20

VSG ResNet-152 ] 19. 80 16. 05 20.91 - - -
DRG ResNet-50 &} 19. 26 17.74 19.71 23.40 21.75 23. 89
Uniondet ResNet-50 HE 17.58 11.72 19.33 19.76 14. 68 21.27
IP-Net Hourglass-104 P 19. 56 12.79 21.58 22.05 15.77 23.92
DIRV EfficientDet-d3 1E 21.78 16. 38 23.39 25.52 20. 84 26. 92
B PPDM Hourglass-104 J= 21.94 13.97 24.32 24. 81 17.09 27.12
HOITrans ResNet-50 2] 23.46 16.91 25. 41 26. 15 19.24 28.22
GGNet Hourglass-104 J= 23.47 16. 48 25. 60 27.36 20.23 29. 49

HOTR ResNet-50 2] 25.10 17.34 27.42 - - -
AS-Net ResNet-50 i) 28. 87 24.25 30. 35 31.74 27.07 33. 14
QPIC ResNet-50 2 if] 29.07 21.85 31.23 31. 68 24. 14 33.93
PhraseHOI ResNet-50 2] 29.29 22.03 31. 46 31.97 23.99 34.36
CDN ResNet-50 i 31.78 27.55 33.05 34.53 29.73 35.96

TE: - "R TRMIN S
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F4 ETREFINVA—DZEXRENEEE
A—¥XZEXRREMEIRE V-COCO K FHHEEITEE
Table 4 The performance comparison among deep
learning-based HOI detection methods in
HOI detection dataset V-COCO

Tk FF Moy KE/%
InteractNet ResNet-50 EZ 40.0
GPNN ResNet-152 &l 44.0
ICAN ResNet-50 2 45.3
e TIN ResNet-50 Z i 47.8
VSG ResNet-152 &l 51.8
DRG ResNet-50 ] 51.0
PMFNet ResNet-50 2 52.8
Uniondet ResNet-50 fig 47.5
IP-Net Hourglass-104 puy 51.0
AS-Net ResNet-50 i) 53.9
RR-Net Hourglass-104 Jut 54.2
GGNet Hourglass-104 J= 54.7
Hpr B
HOTR ResNet-50 £rif) 55.2
DIRV EfficientDet-d3 HE 56. 1
QPIC ResNet-50 i) 58.8
PhraseHOI ResNet-50 2 if 57.4
CDN ResNet-50 i) 63.9

6.1 AMEFINESHEBEESHANZTEXR
opl]

W 5 RS ML 5 A O ol o 7
ARG IR IR E ~7 T B R PR TR 27 > B 11
PRl — A a3 (Devlin 45,2019) . 52 4 T RHEA
SRR AIZALRE Sy, E i FRE R R 1 2 e A
SFAEPERERIIZALRE T U 1 3 e T, (HRIATR
PRI R B N — W52 156 R A6 A IF 5 4T3 TH Ak A1
b Eey S o] 1= s e e SR L SN/ R (R RS
Z | [R5 AR A G R RS 2% gk, B
Az 58 . = 0 2H S TARME T8 1o A R A Bt b 1 R B
aio PR, FEBLSC N Y 5 I R R 20 A LA SR
N5 B BRI R BN W 5 g R T,
SRINAT 5 5308 3t K 1 i LU R S 4 O pRsE 45
TIE T T SV kR | (LR RE UG 2 52 FRT 8] 2 19
LAGITE S i

PR , AN S S AR R B R R 34 2 58 A2 i R

B8 5 OISR 5 N —¥) 28 5. OC R Al AT
FZERR, PRI G EMR. AL ERR
ZICH AT LA H AR A B F2 0 IH TR, TR ) SUR R
N—W2E .56 R AT 55 518 S AR 550455, AT F
FHEME SO AR BURAAR A 13 5 27 FRLAF AR R
RIS IR TR E AL 55 1 BE . BEE IR SRS A Y
SN MLSE AR AR A R V3 5 | DA TR R M
TP s N— S B RBRRE ). MeAh  BEE
VT A8 T 5 KA T A 2 ) R i e | e ot
FHECACE IR 2R i A58 1 5 RS R T 1 A0 Ao
& A YA PR 38 s R R A DGR AR B
WAMTATFRNEIE T, AT 18 5 Tl Zrasi Al
KeAg T N—W22 B R T, $2 THE R N —H) 52
O FRAG N P A TR I A M 2 R OR Y E EE AT
J7 18]

6.2 EFRUEA—MZTEXRENHIIZGEE

) 28 T A EE X P 28 P RE LA A 2R e B
FISZI . B 4328 Rl 4k X 4% 55 S T TmageNet
COCO B E WOl A E W) 46 4k, HLAE T 550
4G T B EEREIR T . TE N H R R IAE S5
i FEZR 2K LT COCO Ao 45 48 4R 11| ZR AN H W)
Rk, FTA SR T AR AR B ARSI 45 2R

SR AXOGHE H AR I BB AN 2 1, N—H%t
VLM 0 FR 70 RN N—W 58 G KA 55 Hh iy
B AGHY, B B e AR O R AR, 7E
HIVRHESE i L4 M 28 3 T COCO 6 I %5 4 48 T il
MBI AL A BRI N G T A A5t T Y
HARREE AR TR0 K A H R R EAR ST &
HAror A4 B EFEERE . BEEREMF & 09T,
MR Z2 455 25 T 2 0T 50 328 ¥ okt o 0 9 48 R (L
45,2020a; Lu 55,2019) o SR, KOHLAR F)IT 5 Y
R MG AT 2E | TR GR I FTAA 2 fige 46 AT 55 7 T
it IEAE RO R AT 55 .

Ry i e b 3R S RV [R]85 & FH A
1555 R N—Y 38 B G FR SR T B I R A=
BRI S A8 T 5 22 TN 2 X 48 2 oA R ) ot 9
Mo TRUIZRAE A AT A 8504 T G 2R AR 10 4% 132 Ak
PR B SRS PR R (0 1 BB 2B B s
6.3 ETimElmMUNHE A—WRZEXREKDN

e M RE R RO I AT I 25 N —) 38 B OC R A
IR ARRAIGE E S, 2 BME 58 H br A D 45 45
B ARAANII I 25 N— 58 K FR AN 318 7] 3 oy
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DKL JEE 22 7 B A 0 B30 3k 5 A0 00 AL R i 391 o Az )

WTALE 22 B BRGNS0 & Seid i DA T b e s
SEVEARAS AT A A A X3, R AR T B A A A o)
S IUAR WU T3 e , B 2 N — 1 52 5 G
AN FIEAG I WOkL B E AR M HOE R R
0 3 A U A S I A TSR A I P S SRR LA
RPN 25 AW S R RAFTE . %07 S 2 Al
155 i, Al R 5| A B KR SURA— 52 H R
AR FIER IR, SR, 207 RIAR IR T
T TR B PULHE BRI FE R, Z B Bk
MLk B i A, 28 5 7= A iy Lo 70 1) el
ROy ENAE [R5 S0 4 — Wil o b 7 R 3
A ARAE DX 73 Xof P 5 AR 9 47 O, il (N
FH N T %) CNHETF, 1) 5 ON, R,
1), XLEAT M AERR S R b BoA m AU (HAE
RSN 775 - bO B X ERO R AN U A L
K

PR s 381 S A 0 5032 K 2 AR TR
FATIMZ AL 3D B = e 7 AR AL FEC
SRR Y 5], Rl P £ 8 DL A B S5 A I S
ANV EXZREE, 3D BERNMKZEHEK, ZR
TSGR, AT BE AN 23 5 2% | R A 100 2% 24 i
PRI 5 i 77 3 2] g U0 A\ — 52 H G AR A TE
WA ARARE BRI TS, TR 2 A —W) S H e AR
POl R, HARBCTR RS RS
ST RRE S E FE L EAER, sl it
AT LARAHI P b HARRS sl , N AR 25 5 i
A RIRAFARL S AR R . R AT LA — 2 i as
SR 52 G R 55 AR RS 5 03 1) i
2R IF DGR RS T FE RO , 5 BN b TS
AT A% % ik 190 2% LA A X s ) A L B 1Y
SN

TEN—W 5B Z A AR K T 18] | ) 23
SEH KM E 2SS R — 2, AU T
R HE I SV 56 R e ] At Y 1 JHL 0 o] ) i

Y,
7 & iE

N—W 58 1.5 Z K S RE RS T o 23 B ) T
BT 18], R R AL E U A AT PR 2 —

W TR 7 > 1) 252 J AR R RIS 5 A0 2 ) i 1, N —
W38 G F A U AE BE Al BRI | H AR 786 N 7% b
SEOT S T B, ARSI A5
B ARG5S A, DRSS 2 R 5 3 A D T AR
TR R PR S , MR TR K,
BRSNS FAF AR R G 3 AR PR TE BB
PEHERT T R EEMEAR RN L, 27 1% )2 100, DA R 45 45
FYI 53 K BUA T7 % 53 D W B B e 37 2R B B B g
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