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Abstract: Human intelligence evolves through interactions with the environment, which makes autonomous interaction
between intelligent agents and the environment a key factor in advancing intelligence. Autonomous interaction with the
environment is a research topic that involves multiple disciplines, such as computer graphics, computer vision, and robot-
ics, and has attracted significant attention and exploration in recent years. In this study, we focus on human-like interac-

tion in indoor environment and comprehensively review the research progress in the fundamental components including
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simulation interaction platforms, scene interaction data, and interaction generation algorithms for digital humans and
robots. Regarding simulation interaction platforms, we comprehensively review representative simulation methods for vir-
tual humans, objects, and human-object interaction. Specifically, we cover critical algorithms for articulated rigid-body
simulation, deformable-body and cloth simulation, fluid simulation, contact and collision, and multi-body multi-physics
coupling. In addition, we introduce several popular simulation platforms that are readily available for practitioners in the
graphics, robotics, and machine learning communities. We classify these popular simulation platforms into two main cat-
egories: simulators focusing on single-physics systems and those supporting multi-physics systems. We review typical simu-
lation platforms in both categories and discuss their advantages in human-like indoor-scene interaction. Finally, we briefly
discuss several emerging trends in the physical simulation community that inspire promising future directions : developing a
full-featured simulator for multi-physics multi-body physical systems, equipping modern simulation platforms with differen-
tiability, and combining physics principles with insights from learning techniques. Regarding scene interaction data, we
provide an in-depth review of the latest developments and trends in datasets that support the understanding and generation
of human-scene interactions. We focus on the need for agents to perceive scenes with a focus on interaction, assimilate
interactive information, and recognize human interaction patterns to improve simulation and movement generation. Our
review spans three areas: perception datasets for human-scene interaction, datasets for interaction motion, and methods for
scaling data efficiently. Perception datasets facilitate a deeper understanding of 3D scenes, which highlights geometry,
structure, functionality, and motion. They offer resources for interaction affordances, grasping poses, interactive compo-
nents, and object positioning. Motion datasets, which are essential for crafting interactions, delve into interaction move-
ment analysis, including motion segmentation, tracking, dynamic reconstruction, action recognition, and prediction. The
fidelity and breadth of these datasets are vital for creating lifelike interactions. We also discuss scaling challenges, with the
limitations of manual annotation and specialized hardware, and explore current solutions like cost-effective capture sys-
tems, dataset integration, and data augmentation to enable the generation of extensive interactive models for advancing
human-scene interaction research. For robot-scene interaction, this study emphasizes the importance of affordance, that
is, the potential action possibilities that objects or environments can provide to users. It discusses approaches for detecting
and analyzing affordance at different granularities, as well as affordance modeling techniques that combine multi-source
and multimodal data. In the aspect of digital human-scene interaction, this study provides a detailed introduction to the
simulation and generation methods of human motion, especially focusing on technologies based on deep learning and gen-
erative models in recent years. Building on this foundation, the study reviews ways to represent a scene and recent success-
ful approaches that achieve high-quality human-scene interaction simulation. Finally, we discuss the challenges and future
development trends in this field.

Key words: environment interaction; interaction simulation; interaction data; interaction perception; interaction genera-
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B NI B — ZR G0 R L, R FRI A 2 (8] 3 2o
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AU NS H A AR T A R S 2 Wb SR
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REE .

B T U AL 038 B ARTEAR B, IR A B 451
Y BRRX AZ B RO i ok Y 2 R LA = 4
YRS 5z st E B oA O S . IR
P VRR 3z S P ) s £ (Hu 45, 2017 R A i) =
Yt 22 IV A% R 73 DRyl az gl Jf AR 4 iz s 26 1Y
X BHE HEAT 4328, DASCRE = 2 LT 048 Bl M 43 17
SR AT IR BTSSR A T e S8 TARRY &

J& . SAPIEN (a simulated part-based interactive envi-
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ronment) (Xiang 55 , 2020) 7£ K LA = 4 K 45 48
ShapeNet(Chang % ,2015) F1 PartNet (Mo 5 ,2019) f%
BLly b, e BRI Y T SOOI Pk T S LA B
Yo ta, 350 Uy oA 5 F A o3 B (M XIS 45, 2024 Shi
45,2023 2 H R T, 2023) BB ST S R
(I e e I NG [ o S A B TS S S v
PartNet-Mobility £t4i 412 4 A 1R AT 2 il e KR
P B IR B 52 2 — o GAPartNet (Geng 55,
2023b) 1£ PartNet-Mobility ¥4 £ 5 2 I+, 4% 52
AR T TR IR R IS B HUOE X
I FH AR 2 LS G i % 5 LA s 5 U
ANZEH.,

N S VR /2 ¢S I RS BN SRS Tl & )
FERIR 2838 7 HLEF NS 7870w 3 Re A
W2 BT AL 28 1 Akt LA S G 5 TR Y
M, Bt LA 54 58 BN — B AR ALRE AL 25 Tk
TEAEH B O WIL E . PoseCNN (a convolutional neu-
ral network for 6D object pose estimation in cluttered
scenes) (Xiang % , 2018 ) 1 by 5 1 ) FH % 3 2% ) if
PP TAEZ — HEH T YCB-Video idi4E
2R L YCB (Yale-CMU-Berkeley ) 9 {4 b 3 7l
KA AR G T AL T O W] YCB W0  6 A Hh A
G5, AV 2 28 Al 107 W AE 52 A BR8P i v 1
YCB-Video 5 £ 5 1] 4 51 1) Wy VR 52 24 1, X LA
T 2 2280 LM A I, NOCS (normalized
object coordinate space) (Wang %5 ,2019a) & T fi th
XSG TR AR, $2 10 T 2R A 2 Y
e, IFHE TS RN U 2L 6 B EE AL
LR 0T A A TR A B SR i 4
UK B RO A TTHPERE

SR UL, 1 NAZ A BT B AR — 2 37 5T 5
FEAC B JMUAE 55 AR TR LR G R 2B 4k | Tk
A H A AR 2 S B 515 5
PE AL 555 B o X BERR AR AT TN 5 R At
T 2R BT, SCR SRR W S B AR
BRIFR -

2.2 BERIXEEHHEE

FUNSZ B 1 AR S — 77 THI it B IS HL B R
S O3 Ml X PR AT BR A 5 53— T D D) A )
FNNE Y5 s iR SR . AL HIZ 5l
A8 AR IS AN TE XS N5 Y 38 HAs S 8 e A, 3 A
Mril s Tz # AL His gk iR B B

i RGN AT 5 B R LA S AT R AE
TR B, RERET =45t h iz g)
AIECHE S A T AR o 4 IR SR AR AR Oy =, ]
PAor 0 56 T s AR 32 5 2k T 2 A 19 52 B0z 3 4
G/
2.2.1 FETaERiR RS

BRI 5 1958 13z Bl B30 e 42 ) SRS
MM R g 530k ML AR B 5, 2.
W R A H TR ZF] R SRS 18 3 2R 4y
SR LA Ok AR A PR, L AR FPHA
(first-person hand action) (Garcia-Hernando %5 ,2018)
WA TENT- 5P RGN AL R 25 G s 2 2 A
BB ER N T 5 IR M AL ARA , SR T, 2R T (1Y
Bt A 32 BIAR AL IR 1200, B A4 A 58 B S
B2 ELH T ot B5E ARG st Y2 iz g)
ORI o SRy 1 25 B b R R L 5 B Hh LS P Y 5
M, HO3D (honnotate 3D) (Hampali 55, 2020) #2 1 T
— B H I Z AL 18 RGBD [) A6 A -4 58 o 2 v
TS5 YRAL B AT TR BR A TR PR T Ty
PR T AR 27 Be LA 78 K LA T i) T4 2 B
B R LE . DexYCB(Chao %5 ,2021) #t— 5 17
N TAB T4 T 58 B AU 57 i IR DA B e T 2=
1 000 B¢ . H20 (two hands manipulation objects)
(Kwon 45, 2021) 5 fil H. T 2¢ HL A BR ] , 5 £ T XL F
ZEH R 2 A T U A, T ARCTIC (a dataset of
two hands that dexterously manipulate objects) (Fan
85 ,2023) MR WA 1 BT 4RAE B Wy A i LA £k
I BT NS R AL HAT R SR R A R
PRI S A R AUBUE T3 5., B RE AR
NS BB LS TSR, GRAB (a dataset of
whole-body human grasping of objects) (Taheri %5 ,
2020) FIFHEE TARR A B Shil R Gefigie 1 1 334 Bt H
A T NSE A B AT iz 3 7 51, LA S
PRI 2 B B IR T 2 ERR I
X Lo ECHE BN, - BN R Y A8 AR (A
B oh B (R A B A S5 IR B A9 ZC H) , BEHAVE
(dataset and method for tracking human object interac-
tions ) ( Bhatnagar 25, 2022 ) #| FH Z ¥ & RGBD [w] 04
WK T 321 Be B AW B T4 . PiGraph(proto-
typical interaction graphs ) Z{ 4 4 (Savva 55 , 2016) fifi
JHAEHLOL 9 Kinect. v2 RGB-D AHPLAHH# A1 H
WAT N 4G 3041375, 63 BaLA, 5 2 ARl 1,
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BB 29 2 he PROX (proximal relationships with
object exclusion) ¥ i 4£ (Hassan %5 , 2019) fifi F
Kinect-One RGB-D A ML A% 20 24 7~ [A] 38 51 7 124>
AN [l 5 5 AN BT 5 55 AT 45 R 28 H Y RGB-D 4K
i IS TIZ B X S kAT TR, W R b A
PEAT T SMPLify-X £ # (Pavlakos % , 2019) fi i1 .
HUMANISE (a large-scale and semantic-rich synthetic
HSI dataset) 5045 45 (Wang 55, 2022¢) A FE R 2 N5
WS AEH, RORY 58 T ki S A i, O H
AT T R 0B SR TE RSO IR . DL A AR
R AR T s AR B R ZREE, T2 0% T A2 H X R
ZAEE R A2 A R B, 28 HL LA Xk G e e
TEILEALUT o 5 2ZARXF 1, K RGB WA £ 5 5
U1 Something-Something (Goyal 5% , 2017) ) } EpicK-
itchen(Damen %5 ,2021)ic 5% 1 H #4016 b A5 2%
SRR B X R A T T T
AU BR AR A R4 L (EJ Tl =2 JLThR i
X T 18] A= G B 37 Sl O IR E . R T e
ACH 3 A v e ST LA i D W PR 2 R R JR R
P, HOI4D (human-object interaction 4D) (Liu %5 ,
2022a) R4 T KR IR G T 58 AR SR, ik
TANES ZRYRLHd B, L RN AL
fif 22 S0 7 A= A2 AL IR HERT TS AR JLATRR i, A
B A B R Lz AR A T R
2.2.2 FETEBERS

BEF i R GU AR IR Y 52 s SRR E /b
X A2 B R ) ) g o 20 R RE MR T RS B AR
HAefE M AEIE g 2 |, 15 I8 3R ae R 5 Ak
MBS 22 57 iz Bl HE 1) JIT 9 28 ) 8 S, X iz 3
ARG TEAE FEREE IR ZBOR BBk O T 4yl
BRI 2525 53 Bty Sk O AL IR X , 30 1 DA 3l 2
JZ T AR IBON 2 B RA , R PR AE R GRS R T
Pz B OTE o HHEAR i A T ) FH A0 5 ks Al
Bt RN RYERIEAT O LS B RE A AT 48 I
AT KRR R BE A2 a5 UL HAT 55 . Wong FF A
(2022) | JH T HLIE 12 8 AE M 7E kg L ER T vh R A7 &
AL TR S FAT 55, WOAR N ZRIE AR B DL SR
AEPRAED 24> . RH20T(Fang % ,2023b) i 2t {1
BB AR B BT DU i 5 1 A5 BT R S8 A
XU A #RA , FH A 58 R it o e il PR AT 57
FFIET -5 RAE T — SR 2R RE S T AR
BORBAVEBIR 4 . ContactArt(Zhu 5 ,2023) W2 F

FAEET T B0 5 3z 3 H 5 1) RO L8 18 PR R GE R
T B IR (A2 B, DA SRR A28
HAAES .

SR, X SN [ 2R A 1Y 52 LB s B R TE
WAL EA P BAEEAE N ST s VR i £
PRy R A iz g, il Sh R &
GEAR IR o T HE TR 4R A4 R WU e o R A
PLES N T BB U TR BAT g o X SE R 4 o
E RIS TSR O S R T ETWNIGE S Y NESEI
Z A Iz gl A NE B B R B
2.3 XEHEAESHY ®

B A ISR N T R 40 s 0 2, B9 N D
TSRl AU g o DR RIS AR X DL S AR I
18, AR Z0F 58 5 A R AR 37 5428 B AU 2 4 5l i
PN HA R R R o SR INAE e3¢ HAHE 1Y)
RBAEAE T R N T2 5, WA 8 A
LA RE AP 5 1Y SRR, 9 Bl i s ) el ke 1
TRRBH Ty o W Beag B AR 8 1A B LR ) SCA 5
BRI i 9, BB AT T 28 BRI 7= A .
T I 8 A o R 2 T B 2 — {2 ] i B R A 58
HLBCE R R, T H R A T3 AT S L A
EHA RGO AU G DR S B
ST
2.3.1 ARBA S A RGBT

KT I T S VA SR B 58 B L A0
() A E 5 S PR AT S Al Sk X B A R e 5 0K L 4
TH Ak e RE 5 & . TR LR, Sl
U BT O RS T AR IR Y Sl i 5 3] 5545
PR EARH S, LT Z LR G 3h
TS S BT AL R G S, WL IR T
A 1) A SRR T 93, NAE S B b g
Y RN E AL EAT T A . FrankMocap
(Rong %, 2021) #| FH S B A A A e m AR5 AT,
Il 22 P 28 S50 A R SO 455 DAL 305 58 U
B RGB EMG & AR A 2 0 & %4k 1 . InterCap
(Huang 5%, 2022) F| FH 2 ¥ /i RGBD MLl 4k N 5
YRR S Bz ) AEAE IR AR B0 T, a3 )
FHHE Al A5 2k [ I 42 TH 5 W AR5 28 0 A 3T 1
JE o Xie 25 A (2023) SR T RGB ALK [F] iof R ¢
SEH SRR NS YR AL, TR B o o) il i L
SRR N RIZ Ak T, 255 A T AR X )
PR 2Rl T, SRR S W A R (R i o2 25
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P FEAE T IEARAE AR G S BRI %O TR TR
TR B i & AR A YRR HRAVE R ST, LIRS g
KRR FERBIE R INA . Zhao 5 A (2023b)
T BN SAR T 2 0 LT T BRI R S,
SR A P s 3 K S A LB G A e R e I A 2 R
2l A 2R R R A TR AR 5 . Fang
SN (2023a) HfE T — M AR AT 600 3 TTHY AT 2
FHLAR M- T DS AR R s A 0 T AR 1
RORAE T2 21 4 A HLIRVE 4845 0 AnyTeleop
(Schneider 55, 2019) #fE T — 53 T L5 19 18 #524
FG¢, Fits ZAR IR AA AR , 8 T LA SR A [ 2 45
VEFRGXTG N RIARALES & 075K A5 Bl s 5k
SERA AAT N BB S E N . 255758 A (2000)
e I Bt T2 S 1 78 HE AP v X R g 4T
BB . Oprea 5 A (2019) 5 BB SE R4
TE SR B A 5 s s 4 B SO, 58 U LR 55
PR PR AL A Y LS R A

TeiE e Sl R G Je B RAE RS, B 13 ]
BT LARRR R G A ST R GEACR R m A 58
AR R AR K
2.3.2 HREAS

P 7858 B r 7 2R CA Bl SR I T A I
RS DA B, SR 7840 A R AR AR TR 23 A1
22 SRR ARTEAR BANTA] A A [a] 9 5 5 10 K 4l
£, DA R TR 08k B AT RCPE AT AR TR T Bk A
AMASS (archive of motion capture as surface shapes)
(Mahmood 5%, 2019) Fit 4 52 X € A 19/ IMA 5 Sl 4 4
DT TRE 5 — T XAz sh i S b Rk,
e A9 32 B B AT L S G b, S R R SR Bl 4 2 ) O
7% o Ego4D (a massive-scale egocentric video dataset
and benchmark suite ) (Grauman 55 ,2022) B 55— A
PR3 56 A2 BRSO | 3l ok W 3ok A 4Bk 9 N K
T4 E 931 2 KRR AR E R AR X ST R £ A5
P BB A — i, T8 B A Rl O A Rl A T AR
B BRBE S 55, U T R MR A B AR AR
fiic Padalkar % A (2023) i Bk H 21 Friff 5l
FoRAR A 22 Bl [ BLAS A B BRI R , X B
RS AEATGE— , X7 BB AR A s 1] 517 o 28
[ 73 531 HEAT RS 5%, DU BT 75 500 Z2 ML s A 4%
VERCRERY RIS NS R4 o 78 ] UL R
ok, S FELAIE S g ik 10 8 6 0 RO 52 B B 4l 4
R AT B K E

N
7

2.3.3 SCHEEHR

BR 1R AR RIS 5 P i 32 B 97 e A
HAAR B 53 — AT Z A RO R 2 A RS
B A A 2] SRR RN LS AT 1S 9% . Obman
(Hasson 5%, 2019 )it 1 1% 58 ) 2 18 MU 12 76 45 7
JUARTAR B A il 7 R ) TR 25, 056 T 0 &
FUHE AR Y rh— 3 735 N FL SRS fin DL E 4
BLEIE LT — > KA Z A5 TR £E L IR IED]
T AR AR A 155 L0 v [
HH M E . DexGraspNet (Wang 55 , 2023) [A] # 5
FE ZFRYIBUR) A OSSRl T R E 2

BRG], 5 Obman AH FE B EE T T 3T 50 1% , 2

TEAL A% A HICBOR Sl 45 [ 80 e ENIE 1 200808 A9 {8
OakInk (Yang %5 ,2022a ) FI| FHPUHCE 22 7] , 38 1 X 4
PR TUARTRFAIE 1) 23 A , A L S BSH0E SR 4R 21 A 24891
WUAE B NI R 2[R 26 A R K b KRR 58 T
FLIYUIBCEE AR, e T e Bl T E.
LA AT 55 AR T & OO et R i 4 45
1E 38 H 3z ) 80E J5 1, 17 W& CAMS (canonicalized
manipulation spaces) (Zheng 5 , 2023 ) iX 1 58 H 4= i,
R, AT LA 5 2 ) RS S A R 4B LT 4
AR 22 A B AU A B T LA R AL
IR A L E ) 4 R Y T BT oK . Zhang 5§
A (2023a) MR8 S A4 LA ERAR , K dicdE A i 5L
R 52 Bz 2y, DL B S Y )y 208 A0 1 7E (] 2|
ZHAEEZ U A Z b ROREE I T 32 Bz dh i 4h
JEEAE

BT R A e 2] T AR Y 58 BT
TERENE LA AR 1Y A 3G 0 58 5500 9 Z2 A6, 4R R
JE 27 2D AR SCH SR I S B A 5 I 5 A R Y
22 SEAT AN T 2200 1% 0] 70, 338 5 RS T R 1 AR
WAE TR B BRI, TR E A S
LSRR 1 22 57, — T SR 2 30 3o 0o L 52 5 RO
B3 BT, 40 DiffCloud (Sundaresan 25 ,2022) , 5 1 &
Gyl LS It i S5 ) Oy AR R i e s 55—
T L 1 SR s D)2 A BB AL AL, AR AR S
Akkaya % A (2019) Y1l 25 3 15 F- 5 W HE Jr 46 19 )7
15 a0 LR R AT ALY B AR A Tz Y
HESRAE , — e PR A s BB R oA T AR
¢ ) BN S AH SC R AR R A, AT S R B L5
SiE % . &4 Rk, e R EFE AR AT 2
i DR AE AR AR SN ) B I R
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3 WMAXERMEER

TE 1R LA B G 15 7 528 B R A )
(R ERN I, AT 2B 2 N 3 A 38 B0 A
AT T T AR, B, X A8 ] 3 T
SRS AR ST TAEMORIRI A B HEA T 9 28021 . SR
J& T NS5 AL NS 5 5sc 5 AR R
FCH AR L T, R TF AN SRR A
BT AR T B NSRRI RIA 5 A AL H.
26k 5 AR 2 BRI . eVl NS
Yt WA WO T, ASE HAT SR RIS PEAR A
BT ARTRIZE B (RAT 55 LA SO I A A S s
3.1 XESRMZEERMA

A PEPE R — B R PR s AR R E X A AT T 5y
A REVE AL S, 48 1S W IR B R RE 4R i 2 4l 1T 3
(AT B RE . X SAE AN B HLAR N T RE AN
INHNR 2 85 2 AN sl ol o J L, PRk 9 B ]
PO R FH & BB b B AR 58 e A 55 )
an, — AR R T AR A TR T T TR TR
SE R h AT AR

AL FT AT LUK Hf 07 B o [X 43, =4l 4
7 B AT A FORERL B AT B o i B AT IR O T
FF 8 PR 0 PR A0 AL BRI 1T sh i e, B anAILARE AE
BEAED RS, T 2 A R A IR — 5 43 T LA B AU
SRR o KRR B T AR ) G R T R — AT
ShERe AR — A S TR R — B %

T3 — B X 4 5 v AR TP A B I 2ok
I N S E A ¥ R G R = o N P S S
HEPEFN GG B AT M . RS T PR AR ST AT 45
AR AL A CAn AR SCAS A0 SFe 10 31 2L i
ATHE P 5 B AR ] A DG VR T G fe] LB — AR AR Hh 2
2 IEHET S FL AR 5 5 A AT AR DU PR 2R oAb 3
RAEN GREG 5 v 1 BB B Rk sl 37 5 5 559 W B T
PP DG T AT AE AR T S A BR ARG 100 T AT 2
2
3,11 R AT BT

Hipr B ] PR AT S5 SR 48 AE 2 A E M R FIHILA
L RN RV R TR L7/ R NS Y DS W S (S <Y
ALFE PR AR 43 1) ] BE AR PATAE 55 T TR 1
FAETT 1) L BAT 55 T AR . i R RIFSR 2Bk
AP BT 55, I SE PR s b i 241 55

it 22 AUV DM 2 0, ) R M B A — ik
ARTHKA (K 1(a)) o 4 T EJX AR, Zhao
SEN(2023¢) $2 1 T — BT AOHEZE . IXHESR FuiF
HAUWUE PE 58 1 B B PR 14T 55, AR AU
Wi R E B EE BT XS A AR TE M AR RN )
BB, (b)), WudE A (2023) 2 Hh 17—l A,
ATV S AT AR T . XK BB
23 ()RR PR AFTEVF 2 Jm i i M8, I 5 5
Fa AR S e A, an il 1 (b) A F A s, m] B vEAS
53 HA 0. 792, (H 2 AR XETE A IR D R A Bk th X A~ =)
WAL . O T RE SRR AL, Wu SR A (2023) 7R3
A2 i) TP RO BN, B I T HRAE R R —
T E T (R O B, B DR AR SIS E IR T AR 2D
g A, WusE A (2023) %M 1 A FA SIS EE
(7 AR SR B B m im I . KT, W 55
N (2023) 1Y J5 k5 B 28 P Z2 U R Be, Y 2RA80%
R T DX A8, Liang % A (2023) 5| AT
FI Gt ih g 1) 7 4 B U1 Eoied R 4 el kg — B B (A 41 1
() iArM TR ), I H AT ZEREA T I A,
RKBEAR T IN Rt BRI &2 24 B . Ak, Liang
AN (2023) b 4R T — e (R AE L SR 1
T ] B B il i 22550 L 320 1 BB BB
AR R Z 18] 5C R Y N RE J) o )5 L Zhong 55
A (2023)#H T E A 3D MRASHY transporter, % 7 1%
U TR 2 BIVAT (3 M B R I e b AR Y — 4y
fE SR G, JF e T4 5 R B BE ) AR 1 A 26
(o
R ATV R AR TR A E st T IR 5

A PR — AT P e T R AR KO Sk aT it
A AR T HAREREA AT . Chen 55 A (2022¢) 2
T — D ZARF IS UNAHELE  Keits S H) iRR
PRI (A 5T ) VKA J32 7T A e A ) % 5 7E — i
(Fl 1(e)) o SEEUEW], X 355 Z Ml {5 B B A
MHEAZIERVEN o Li%5E A (2022a) $2 1 T —FP 44
TOIST (task oriented instance segmentation Trans-
former) FYHT 75 125 , T A RAT: 55 1) A0 v ) Bk A5
YRR, BE 3 51 0 mT AR I . a1 () B
7N, 20 0 MR UL S SCAR “smear butter” , BB IR K
O T RAE R o O T TR X A TR Li AF N
(2022a) 5| A T 243 —RIA ZE MHELR , 5873 A HI Ftil
IR 25 ) ARSI 3@ AE I R B U R 44 1) 1Y
FAE, DATC IR O A 144 18], I AR AR AR R 1k
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Pick (é)> ' r(:b>) ﬁ
ick-up e
- j > ‘ 0.613 w=p 0.792

() DU AT AR AL 55 (b) Bk

Pipeline comparison

ool
I o @ Self-supervised

' ' ' i
18 training on Videos
i ‘
18
iz :
Critic-based Where2Act : ‘ Ours:
Critic-| based AdaAfford | AE-based MAAL
| ©: Concatenate [ [CAct_J: Action information [_0bj_]: Object information _ JB\ :Encoder 1B/ : Decoder |

(o) MZRI RExFEL

Atribute
Parsing

S
Q
Metal Glossy §
o
Cerberus . «x
Tt Movable Walkable Sittable
arsing . :
¢ object detection
(e) ZALERHELS ) i 5 5 SRR
, Interaction Affordance
Hint - - Anticipation
( - e e e oy A Preno‘rslecplay
Interaction: Sit ‘,‘2'2%’:"1&
®
8 I p— :
g " Intention 3 !
= Driven 3 |
=] = —)p |
i S = |
s i
|
Interaction: Lift e —— )
L Y| = s e - = Y,
(2) BRI (h) SREAR T2 >
Background Object Part

\
\
\
\
\
Human

Clustering and Selection

Y Part-aware Prototypes
- -» Embedding Extraction
- = Knowledge Transfer L]

Exocentric Interactions Egocentric Objects

(i) S E Tk
Fl1 ARG AT S BT 7 2% s 2
Fig. 1 Representative affordance analysis methods ((a) robot arm performs bucket lifting task ;
(b) robotic arm performs fabric unfolding tasks; (¢) comparison of training processes; (d) video affordance;
(e) multi task training framework ; (f) language guided affordance detection ; (g) multimodal affordance;

(h) single affordance availability learning; (i) weakly supervised affordance )

FRIX e n], L, FEHERE AR o X AR RE O IR e 2 A RE IR DA 55 G B X6 5 900
ANATRRAS , NI 8 T FL R PR RS N . e Ak, (7R B, 20— 20 TR ARG AF: Bl 2 PR 1 AR A0 S
Tang ¢ A (2023a) $2H T — ﬁg):u\ﬂ%ﬁitu%% PEo [, 5] AT —F 45 24 CoTDet (knowledge-
AT AT R AENE F AR rh P2 T E M %13 . conditional detection framework ) % 3 T 1 15 /) 45 )
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HESR | T20HE S8 3 o B ARG 2% 5 2 AR YRR AT 2%
THAE AR O G AT I P T 1 AAE [
3.1.2 ZPEATEE )

FETF N2 A9 7%, Yang 28 A (2023b) 35 H
N XS T WL 3 i A B AT B 28 50, DT ARE 2 Al
TTER VBN ANRAE B 1A i e g (AT (k) o PRt
TR T — 2RSS . g 2N
Yy A A28 R PR A5 b 2 o]l R S0 = 4R
it g AT ARV AT HE (BT 1 () BToR ) o R T SE B
X— AR, WA T — R RS AR
M T — N E R — R X R . Si5h,
Zhai 55 N\ (2021)5E SCT —>HATPRACHE R BLREA ]
PEPERS I R, A 1 (h) s, 2 ) SR 3 A
SCHEEAE T ] YRR RE A 1Z AL B A ifg 4, v 34
BT 1R SR UG AR B 1wl AR PEAR VAR R T
EWEUEZRAR KGR TR R,
Zhai 58 N (2021) 46 5 7 —Ff 57 1 () OSAD-Net (one-
shot affordance detection network ) FE 71 | {Z A5 7l GE 1%
A R > TR IR R T A AR ) O R A
P2 HA M R RN BE 1 Wik Z B E &R . A,
Zhai 55N (2021) R FEHIE T — SR Y S RS Bl 4R
PADv2, DA #F i SR 9 F 5% . 2 B8 SR AL 46 24
TR 5 AT SR SEARTE IR EE R B A A
HE DL Je 32 4% G AR TE o Nguyen 55 A (2023 ) 3 1 25
G HRIEFE A NS T I A =
Rl BeAh, Li % A (2023a) 45 H T —Fh B a9 55 W
BT S 5 s 0 2 R R AR GO0 1)
Fids (] an g Bl A ), BT SR 42 Jay R A AR 4 1Y
SEAETRGY o SRJE I B R S AT HE PR AR OC 1)
PRI, I8 P B 2 — AR LR AR DT 52
s B IR, s 1 GO s o

B 7 NIEG rpag o) ] i, A — [ 5 mT Bk
155 & 8 AR b2 >0, JFRE 2 i BB I T
ey HbrEG . mE 1(D) s, WEERPLIREM
A, SR I5 A B2 R B g s T bR B 2 B
TE AR (augmented reality ) IRBE . SR, X /1~ [R] 1)
02 Z A TV 75 A P 0 AR () PR3
AR, B AT G b s I ] (A8 A5 2 PR
BEAE , XA — AR B X AT bR T 2 — TTFE A 1Y)
155, T EAR A A T DR N2, 220X
155 B s A B o o 1A DX SE B R, Chen 55 A
(2023a) $ i T —Fifig ey 52, A 22 ROZ R 467

P& Z 8] 1 28 SUTE TR T, DM A0 fife B A A B2 1 vl it
PEFRE . AR, Chen 55 A (2023) 3 2115 11 F Y ZRAE
DR At DA BRI 5 8030 R, 122 2R ) P R Y
TE LA AR i TH A — G AT PR B P RE o Mur-
Labadia 5% A (2023 ) $2& i — > A sl bz i3 AUk B2 AT it
PERYHESL , ) FHIRBE A0 = 2 b 5] A3 — ARS8 B AR
Wb [ BRI T A8 HL T AR B R AR R GO
SENATEEYE . AT, Mur-Labadia 25 A (2023) 1] J] 3%
FPHE 2844 £ 1 B T B A £ 45 45 (Damen 55, 2018) 1Y
— R R K | A o 1 AT HEPE RS 4R EPIC-AfEL
EPIC-Aff 2 I T 22 5. ZARZE Ry nl EPETERE . O
T AR 2 A AT BEPEAE ] — 23 [R] rp B A R 2
EAT1 R —XF 5 AT, Mur-Labadia %5 A (2023 ) 4
T BT ARSI ) AT PR o E

BATRERAE 0 w] (23 Hr 5 5 i 28 501 45 5 s
Mrange 1 s .
3.2 HFA—BEXTEEMK

ANEENZEY R0 2 5%, R
A ) SR T, N BB VE FIAT AR R BSR4
BAWHEZE A SR, A S N 555
128 B2 — N AEE WXER [, — 5 i, ArshfE
BAW S ZHEE, AR S NS EAT R
HE— LRI T kA AN 5 — 7T, AT H H S
Vi B LS A B, DRI 26 s sl 1 Y o a2 1
THEREOR . A BT N SECA g s s 5AE
S BRI BRI A N SRR s, LA
NS E N R BAHERFAR
3.2.1 BFNMERFRIL AL

DEER RIS ARsifEZR 2%
WL PR 2R A [R50, DRI o Sl 0 LS | AR
JEPEHAT AR AR E A T DX — ()
R, REB 53 19 SR Az BT VA A A SR 2 T4l 0 S8
6, B A N A Sl VB dle v e Sy sl VR 2 AL, I
F PR BIAE G 25 T AT sh VR A i

S A B AR ISR A 1 Bl A R LA SIE I iy
AR A B AT B BH (autoregressive ) () 24
BB R I — 2R s . — e R
TAREA A2 5 1 2 )2 L (multilayer perceptron,
MLP)/E R A AR RL, 7E 45 Bda 46 bl U™ A
Jit /= 19 38 /E (Holden %% , 2017; Starke % , 2019,
2022) o ANid, N T D S VE I SCHE ), 332 5 vk
H 23 TE F R EARTAY B A RPE AL {5 B
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Table 1 Categories and characteristics of representative affordance analysis methods

ik K5 5

W (2023) JA— ﬁg;gigiﬁ%ﬁggfﬂ@%ﬁz%w@m{ﬁz%ﬁxﬁawﬁ%; U EERS
B BUBE BIME SEIRAT 55 265 2 HUBROEE A B R R T4 | LI FR 2

Zhao 5 A (2023¢) ADRLRE T (M T2 1/ BUBRE B W QR T4 2 A WUBR B AR S 2 T — N HLARR L 114
Frs T B A B A R 2L S 2

Zhong % A(2023) P— ;gﬁig’fj;?ﬁfﬁﬁ W BLHRN I LR B = AR S S s BT BRI

Liang % A (2023) AR HE AT IEPE 1255 AT — AR, I EL U B REA, IR IR T 51 1 i

Chen % A (2022¢) HURLE T 21T 95 A R AL

Li % A (20224) MUK T BEME 375 75 51 SR TT BRI Bt 4% i 1R i) 2 R HE 2 B4 ) B e 3l )

Tang % A (2023a) MUK T A WA KR 25 AR s LI T R AL

Yang % A (2023h) SHA TN ST 4 UG P A SR, 2 ST 0T 5B = A B T (4

Zhai % N(2021) SUREA T ERE 72 SCUREAS T (PR, 425 ST HER: SR A T MO A .

Neuyen % A (2023) FEAERTHERE  CLIP SCASIE RIS

Li % A (2023a) SRUCTRIT b 4o 0 1 ) 30— WA R R 1 35 A 2

Chen % A (2023a) PUBITTAERE SR T 110 Aot OUAST T (4 £ 55 91 25 R e o B

Vo Labadin % A (203) BT el %;fﬁﬂﬁ (1 304 T S 4 O RE 2 B T — A BB B 546 T {1 B

Bl 1 2% %k ir B 55 3 A 9E 47 A1 SO L (Holden 55,
2017) o JRZE TAES AR BB S LA A Il FHEZE,
5] 4n Normalizing Flow (Henter %, 2020) L) K2 284y A
Y i #% (variational autoencoder, VAE) (Ling %% ,
2020) , T SR VFAE I SV E RA —E I ZHEE . I
Hh T AP AR VR T AR 1Y Motion Match-
ing £ K (Biittner, 2015 ) P LR A £ A5 S 1E it f 4
e 1 [ Ff S B 55 i as A7 2003, AT T S 4R 314 T
Tk AR E B

A S A BAE 7 51 G B AVE— R MR 1 B 3y
Ve, PRI Sl AR AR AT LA Jon v iy e e A S VR A I
FKFR o BN ey PLiE if 3 F Transformer f VAE £5HY
W — IR B i i — > Bl iy ] B 3R0R L R R
P IEAT A2 B (Petrovich 55 ,2021) o A= il 28X Bt X 4%
(generative adversarial network, GAN) & H. 7% Ff (1i
85,2022b) S 5 — AT ATRY I . HET A ER —/D
BORBIEIE i HJZRAEIT GAN 28 AT LLTE LR B 7R
IS EBA T UG O T LM R . 5
Li 5% A (2022b) Z5 {8l , Motion Matching 5 7] L) 5
GAN 55 5282 ALY S E P 91 AL i, I AR A T4k

T2 2% (1) D v R B T o v A ] s b (L A
2023¢) . 3P HOSAE BUR A T 55 bk oK RE
MY A, IR AE AR Z2 TARER Y Sose B Se o 1 v o
Y 3 VE A=, T Azadi % A (2023) 5 Chen %5 A
(2023b) ; Dabral % A (2023) ; Tevet % A (2023) 5%,
2)SIER SR . TESIMEA U R, 2%
PRl R B, s — R IR shE A=
PSR o A A A Y OB, IF L B MR AR T A
BN ] B, BT DA b A i S AR i OB , A
e B e AR BIAE o e GRS Bl A AR 42
AT LAIE R 7E F ]S v ofin A B G A A OGS
B 77 28 (Harvey 25 ,2020) , 84 51 A A0 (5 B 51
T 4h 4= (Tang 55, 2023b) , B & 76§ HOR AY v fifi A
“M52 7 1977 2 (Chen %5 ,2023b ; Tevet 25,2023 ) , 5§ #
F]H Classifier-Free Guidance 75 = (Karunratanakul
8 ,2023) AT AE R TN T AE LRI BhAE G R, AT
B P SR Bt IG5 A RS I (Y iz sl , 1
Tz gl () B AR 24 A RS A iR Ok T RE
32 8 (Holden %5 , 2017 ; Zhang %5, 2018) . £ sh{E
A R R IR (5 S R AT R = B VE Y

1587



1588

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 29,No. 6,Jun. 2024

JEHLFN A AR, IR e s Bk R BR (B s )
(4 B 7 2B A (Starke 55 ,2019,2020,2021,2022) . 2
FAL R I8 S5 Se I ZE 73 A it 4% VAE Yl g —
A BHAVERAE S (8], FEARHE A W] 04T 55 38 2 53 A 27 )
YL 45 (Ling 55, 2020) , AR AR R 5 5 1
[F) LA B SR BN R

FAATSCA T AT 55, B T S I B VR AR A
ATV AR AR F R LS A B
3, EL 2] LU 1 5 O A S KA AR
S IRAT 55 o B T4 BIOBERL 1 SOAR SR A il
IRASAR KR i o SO A P A28 3 BN il 5 48
B 45140 T5 (Raffel 55 ,2020) , $2IBCRFE , 985 LLZARF
TEAE S 251 IR A BB, BCR H Classifier-
Free Guidance (Ho Fl1 Salimans, 2022) {9 J5 =0 #E 47k
FELE L, T LIS B 518 5 R sh k. —
46 T4 % % Stable Diffusion Jii % , Jeill Zr— 4~ shiff:
() B i , AR5 7RG S (8] B A T BORFE , B TR
i 23 TF] 0 35 T4, IR AR B ARG, BN 2 5 W B
SR F 11 3 JEE A1 K R E 42 157 (Barquero 55,2023 ; Chen
45 ,2023d; Kong %5 ,2023) . A, 3% 82 31 v 41 v]
LB VQ-VAE (vector quantised VAE) (van den Oord
85,2017) 45 P 46 B HUK N — >R IC (token ), JF4%
1 IC (token ) JFFN A — 1B 186 57, Z J5 4 i%
“TET 7MY IR G (token) J7 81 23 [ R K18 25
E] AT R 55, DT 52 30 52 376 i A 25 1) 46 R 5 2 285
i (Jiang 55 ,2023) .

W 1 SO AR A, S 9 TR 2 o mT L
e S I E AR WU A AE 55 (Li 55, 2023b ; Tseng 45,
2023) , 53U sl VR E 4 R Bl HE T A
AP, B SR AR AT e 0] o 1 K B Y R B
IR R SRR BAE R 5, LR TH A SR I S 1
58 IRZ I CHEE . A, fnfar o3 51 i b kAR
TR AL JRR 1 S RSB 2 [ 194 5 2 SC IR I G
SER IR, T ER T A O | & — MEAF IR AT
FERITT IR EEXFYZE AT LA I B SR A
IEFS ] 75 2 DG PO 32 1) 22 il o5, O 30 iR 2 ) A
ZROR A A AR i A H A iR BRI SR 22
Fr AR HINAE AL (Siyao 55,2022) . 535 AR 2B BUERBRAT:
SR SR TE B SO E T e . [R5
AT 550 B 3 FH o A ol v ot i ) T 3443l 1 (Allexan-
derson %, 2023; Ao % ,2023) . 5 H AT 554 Br IX
I, A i S IR AT A R AR DG s

TRV TA) B, — o U A AR 2 dd b o 38
PR B T A X AT I AT, AT 4R T
A R (Ao 45,2022 Liu %5 ,2022b) . 041, F
CLIP %5 KRR 22 8 25 T3 )11 5B 75 S S 3 XA 1k 1)
T A2 — MEA IR R ST 7 1) (Ao 55,
2023;Zhi%%,2023) .,

3)HETEMEEE R . RS R s Hid R
o, — MR Y ) TR S B Y SR R
A YL R IR 2E T B E AR BT VA I B A T
2o ARAEXT RS B m M AT T AL, A
WERRAEH L B ARE M, S MR T —A4 4, e
S PR 4 A8 T 8 A Ak AR SO 8] B A B R
(Starke 55,2019) o [A]EF, 7 2] 2 (Y Zh/F AE BB ARIAR
MEXT B A I PR AR AL AT R A5, 2 2] B 58 B 4
PR S BRI SRR 2. —Fh SR
P a5 =, 08 i Wy B S AR 8
WA 55 H s, IR Re = 2] 33 5B sC 0L 78
D5 FLIREE T 2% > S i 42 i 5w S fin 052 TR X PR
A A SN T I . AR B L B RE AR
FEREfE 2 ) B 5 B9 N WAL B9 47 2 %R 1 (Peng
45 2018,2021,2022; Yao 55 ,2022) , 3 H RE% S 91
T 9 BK (Liu F1 Hodgins, 2018) . ] ™ £k (Zhang 55 ,
2023a) [l FH#EF (Yang 55, 2022b) 55 52 2% HKG 40 11
LHIBH,

TEDT B v R Sk — 3R 5 2R a4 il 1)
R, NIEHLAS A ST (58 FH A Ay 13 T A S A8 o 512
WA B R e A B0 P . SRR A4
B e LA XU B S 1R, B D B N B S E Y
YT o A TR PRI — ], ) TRk 2 ST
17128 Zh B & — 28 T e I 09 )7 125 (Liu 55, 20165
Peng 55 ,2018) . F A0 T 1E 8 % 75 2 b & — Bl
VE I 25 B B 2 1 2% (Peng 25, 2018) , BCR FIVZ Ak
PR . ORI Z 1 TAE IR 46 G R A iU R i
Sl R B ARZE A A 5k ol X K S ERE AR BE
H P RS AR G 2 2, AT LS X s o R
HEAT G B, 21T S RE 45 AR AT 55 (Peng 55, 20225
WonZ5,2022; Yao2E,2022)

3.2.2 BFAN—GEAZENEIES A

BF N5 Y5 038 00T LA S — SRR 0 25
SMEA R . FEE NGt B0 R R 5
G kE B 2 i O T BT S iR (e n R BE 4 ) 1Y )
fit 18 X 5 H H 3 (Hassan 55 , 2021a; Huang %5 ,
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2023a; Starke 2% ,2019; Zhao 2% ,2023a) » BRI Z 48,
Wiz % s W ik (Lia F1 Hodgins, 2018 ; Merel &
2020) , LA B b /N W) 14 5 47 R 5 8 AF (Chen 55
2023c; Zhang 55,2021 ) % 4T 55 2 AR A PR M 10
FEAC H. ),

AT 6 AN [] B 58 AT 55 1f, st v A G G2 A R
AR R U R = /T 28 BRI AR BURRZE 2507
Y h b AT VF 280 N—S 558 B A T AR R
Y 5ol AT B 0T LA L35 b e B R, D AR K
Hi B ARK [ R 32 ) A Y R A X 52 o MR s, T L
AR 7 (58 Hb ol FH P M ) 4o B ) S5 B iR 1Y
%% 3k J7 30 (Hassan % , 2023; Liu Fll Hodgins, 2018;
Zhang 55 ,2023a) . 51038 A9 28 BAT: 55 W) 55 224
AZ ALY IR AR IR | ) an it A7 iz Bk R i, a] LA
FHEE K R F R 18 5 5t TP A AE 1Y R i) (Hassan
£ 2021a; Starke %, 2019; Zhao % ,2023a) , M £ 5
YR PEAT A8 HLRE, U SR FORS 40 09 T A (Hassan 45,
2021b; Wang %5 , 2021) | 8 /N 9 1K & (Zhang % ,
2021) | &5z~ (Wang %5 , 2022a; Wang 55 , 2022¢ ; Zhao
45,2022) T INANB /R IL . WA TAER
FH 3 B  (Zhang %5, 2020b) | 3 /5 4 (Zhang %5
2020a) , H 25 B 4% o T YR A B S A (Merel 55,
2020) Aok KBS R MEAAR S fERE Bl
T v ) 30 2 R FH 6T AR B 2 il 9 R (Starke 55
2021) B #5275 (Starke %5 , 2020 ; Zhang %5, 2021) |
AR T RAE 15 (Zhao 55 ,2023a) , 5K 40 14 2% 1fi
J Bk T A2 35 (Hassan 25, 2019, 2021b; Wang %5,
2021;Wang,2022b) .

T 58 B 0B A — KM TACH
TR MR X T AR R AR, f o038 57 =X
AARZF AT RE, B AR BB T SR R SO )
S5 AR RS I o R R S o 4522 53 L i)
#% (conditional variational autoencoder, ¢cVAE ) (Zhang
4§, 2020a; Zhang, 2020b ) 55 A= B8 AT LA S8 i o
X[, DL s i A SR A B SR 1 Ay
SN A R B BT IR 48 g, 22 R, H
B R NE B iR [ sl Az s 1 Rl BB Y f
AFE . B2, Aol S50k 100 £ 6458 B 7
KAEEEAZ AR RS, B s RibdEw 2
I A BB A BRI R S il 5 —4
AT 5 JEL B DO o o € P SR TN 5 3 5 R AR A L
PR A 57 0 A1 A S 28 B B AR 26 501, FEAR H5 52 L

GEEY R b AT MECE N E . Flan e
BARFRRISHE R 4%, 2R cVAE Sk 10l £ {4
R0 005 5 P55 19238 AR B (Hassan 45 ,2021b) , %
TED R8T A 2 T T 0 Al s DL B 22 M 0 (AR s 25 10647 1R
A0 Gt , IO B LA Y AN S5 R AEAS 1) &
BB B O . T3 37 55 b SR R 58 B )
il LAy 7 X SR A S A CE A E

AT A B (238 L2 B T IR 2 o A
B —#E B AR H3a s W B AT PR . —Fh EDU 7
SR )RR 43 F G B M A s R [ b 4 P 04 55
(Wang %5 ,2021) , 6 (i F L iR Bk i) 52 B 238 A4 1
T AR HE S 0 0 2 TN DG Bt A A €0 ) 28 L 4R
JE RIS EA AR A e iz sl . X TR
FeBp e, AT LASE i A B b AT B AR LA SR 5 AR
P %A% H b A i 8] 37 (Hassan 45 ,2021a) o 155
— oy U 3 el i A A 2T ok 32 sl ) el 7E 3
YT #4718 8l (Zhao 45, 2023a) , SEdEF R IELEL
P Ziz shFRAiF 23 0], SR 5 DIREE (S BAE RS i
SRR A A AT R 2 0], LS PREE A3 . kR 55
VEh B s Ui Rk, 2 > SIS B2 3
KW, BRUILZAM, BT 1B T M sV A AT S5t ] LA
VRS RAZEALS b i HRME SRS
8575 4 0l il My W 1 (1 PR 1 1 e N 1 €7 8 S
I3 5 38 B 7 A B 1015 T IR R T £ (i 2
UL KA H B R (Zhao 45 ,2022) , 43 1T LIAR 35 3%
SOF 25 78 (1) 32 ) 3 AR A il K R 1932 3l (Wang 55,
20223;Wang,20220) o
3.2.3 PkAkSHLE

B N— 5 58 A AT e (HATS 8%
FELEARZ (MBI . T 0 B0 ] i AR G B
WG BB NES LA RERAEEE B K
D7 R P G i R BRI (N 5 IR R T Y
FEESAE) . Nl 25 G RS 22 SRS 6 iy 4230 i 1A
158 ZE TR SR 25 N RS IR S, A A B AR
TURITE X TR AT . A, N5
St 28 FME LMXEE SN AR S (AN, /1 ) BRI (A8
) PR £ 450 ) HEA T 5 K AR i A, DR S A
)i AR AR 5 R N B AR D BRI, anfal 33 8 0T 45 &
XERAE BTk . BRI R T,
RS H 22 I B S B AL — A ISR 1Y)
PIANZE B RGBS o an o] B2 w25 B0HE R Bk
R LA R AnAnT i FH AR S CUnRARE | S5 {7 Btk
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Fro 2 R — AMEAR R AR . 7eRk 5w, H A
IR R A T SRS T B B, VR 2 TARAE
RZEEER RN G507k EAWT AR . A, 21 s i
B KA RAE “ FUALAE (scaling) ” B BRI IE % 87K
R A ML, A i B 58 B B AR At 2 — P A
ABIFFETT 1) o RTS8 BRI AR (R {5 BT

A RERAE , X A8 IR R AT 2 — A R X 4 7]

R2 HFANGEXEERTE

Ml i, BNk b g — i 52 )iz A m] i
I HE (benchmark ) o 2% HAD AU A EALAE, )
T I AT B T A BT R ) R 2 A R Bl
it TERCF N—3 58 A U AR 55 2 RE 1
20 3 S A I R VA R AR R A PR A, Un ] 22 57
ZNA BRI RIRAG 75 35 W — AR A
L, B N—Y 5 8 B AR T IE IR 2 R

Table 2 Digital human-scene interaction generation methods

Jrit SHAG KIS T ks
Holden %5 A (2017) , Zhang %5 A\ (2018) Jc R 2D ERE)E| L3 e AR i
Starke %5 A (2019) FF R $5H ) F R &
Starke 45 A (2020) Ak SR 2] A E EH i
Starke 45 A (2021) iy iR 22) A E = LYY i
Zhang %5 A (2021) FRik ks HE EmyE % ,SDF &
Ling % A (2020) % 25| B AL Bk, His i
Zhang % A (2020Db) sk Y NicE B A +eVAE R i
Zhang % A (2020a) Ytk s e WA i +cVAE Basis Point Sets (BPS) 75
Hassan % A (2021b) stk YmuieE it i +cVAE o o
Zhao % \.(2022) sk e 18 55 fliik +self attention v 5
Wang %5 A (2021) sk Gl BAMTAE IR RN 4 (i i
Hassan %5 A (2021a) sk Gl B+ [ 5 HE i
Wang %5 A (2022a) sk Gt sl 1S R SR B+ R4 Mz 7
Wang % A (2022¢) Yk YistEesh iR+ A JEe &
Zhao % A\ (2023a) Yk GsEesh k2> (L3 i
Hasson %5 A (2019) Yk YseNae . k2> & =
e S 2021,2022). DTV S T2 o) % R
Yang 5 A (2022b) By R 2! Ak T b=
Liu Al Hodgins(2018) Bk 8450 Ak (A3 2
Zhang %5 A\ (2023a) 52 22 Ak 7, =

3.3 HBFA—BEXEERK

AR N 5538 5 AU I TAE, JF
V4 SUCERL A AT 28 A [ 28 B A 1 3 B g 45
EAESS Lo MRS H A B2 RFRAT S5 g AT
S5-fit FH A8 FH T o6 B 58 TAR TR 41
3.3.1 WES A= 58BA RIS

MR8 28 B A 2 9 22 e DLAs N RIS 5ol
2 H AT — v Lo AN 2 10, — SR T4 g
ZEi, — R A EREN. R R aREmr e h
TR R EXT R 6 B RS A B E T

1172 G H B )22 T A 5 5 DU S 0] o 7 58 ol — 4
19 H AR, XA R R — e o 21 5 A T R R RE R
55k 5.

TEIR FHRE S BAR S5 b i T B H B
BiATE ALgs N5 H A B S A AR . X T
S UL MR A AL s AT AT 25 P Y 2 T ] T
R i AR 22 AR F 2T nfar fd ] e K
(Kalashnikov 5% , 2018 ; Mahler 45 ,2017) 8 & R 15 F
(Liu % , 2020; Mandikal I Grauman, 2021 ; She %% ,
2022; Wan 5, 2023 ; Xu 55 , 2023) 2k 78 Wi (R 4TI,
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DL R B T MRS 45 7 (Liu 45, 2022¢; Liu 45, 2023
Qin%F,2022a,b) . Ry FF LR EHFF45H, 7]
PLSE L — 285 2% () F N ARSI — ek iz
TF 5 114 [ 2 40 ) 8 P F-F8 e 5% 14 ( Andrychowicz
45 2020; Chen 25 ,2022a; Yin 25 ,2023) , W5 26 4%
¥ Bk %5 AT %5 (Nagabandi 5% , 2020; Rajeswaran 55 ,
2018) . BLAb, Feli — M WFHRAEAT 55 B & 85
P IR R T 792 3 (Chen 55 ,2022e) . BR T H#L
AR PR HLEE A FI— L8 HA e R 32 |
WAF R T )72 1) 7 (Geng 55, 2023a; Geng 5% ,
2023c; Wang %5, 2022b; Xu %5 ,2022) . X A7 YY)
A& TRZ B R AW TR, e 7 %]
ARG, HLES N B 2R i S R i (5 =X, R
FE TR iz s, ML AR AR PR 1
28 H ARSI AR A TE BRI AT R 40 . Hoh, S5k
AR IR R 52 B A AR et AT 55 A3 T
fift BT (W 55, 2023 ) 5 BUE (Ha FiT Song, 2022)
B A5 BHEE 37 B (Maitin-Shepard % ,2010) %5, 11
Gh T — RS 2 0 T AR A O 5 R
(elasto-plastic) Py, Qg Bz U | 1A A 55, 3 HLBF 5 1)
[P R — e 2 A i LR AL i K i 5% e (Qi 55, 2022
Shi 4§, 2022) LA S 41 4 J5 % (Lin 55, 2022 Shi 5%,
2023 ) K5 HAR R AR . B2 F B AR YR
LHAT LIS Yin N (2021) iYEER .

A B HAT 55 1 32 B T 7 - AT 1 %)
A AR e ag B7 =X, B o6 A 24 AR 55,
MR HALHOSF o Bl ORI () 2456, G far £ Bl RS
TSR I U R BE R R UK P FIT 55 1 K A
g —A 43 0T B35 3 (Brohan %5, 20235 Driess 45,
2023) . TEX—KALS 1, HLER AR RERR ZAE S
PN [ -l 5 e AR R AT 55 . B T3 KBS ASE
H 7S A], — L TAE IR e 81—l RS sl
FEPE L EAHLEE N RBSAETE KA = N 23 MRS 3l 52 B
RARMELL AR HAT S . X TAEC &L A BE
e AE— > Hh i SR YA, 76 55 b — M SN ik
(Yang &E 2023a; Yenamandra &5 ,2023; Yokoyama &
2023), MbAh, S TAE & BULE AT A HAT 55 1 2% &
R SR B (132 s [l (Jauhri 55, 2022; Zhang 45,
2023b) , £ 2 F IR i P sh 42 i R 75 7% (Fu
45,2023) , AT LAHS BIHSAVERC T 4 b 58 iSE BAT 55 &
3.3.2 Hlas A— 58 B A T

FEALER NS s B AR ik 2 T, — T

AR R A 2o MR AR B S 45 B ) 8% H 5, 53 R T35
(open-loop) J7 & HIHA FR (closed-loop) J7ik o IR T
— PR ES R BOE ML N FN S i S B, A A
SR BEEE NS BALCE  TER T B AR 2
H H bR, I AE B X GORZS AR A 2 B TR
W, Mo A T s 18 AR Y 58 BAT 55 5 PRI T ik
L ALES O S TR A B T AR
U R IEE B B AT A E bR X 25 R 2E T
PeEE e , RS AT 3h 2 s s BAL 55

TEHETIF IR IT A R RE A AR 55, 28 B
7 B — AR5 H P 2R ARG SRS ], —ut
P AR 1 oA 1Y 114 48 5 3303k (Miller AT Allen,
2004) KR 2 HALE . R THTZ R 00 A AT 55 ok
W, B L P A o o AR I A A 2 0 375 5 114
22 B A ' (Brohan 45,2023 ; Liu % ,2020; Liu, 2022¢) .,
H1 358 AR [T 55 19 52 B 7 Xl BEA 20,y 1 4R
TEAE BUEE R 2R, — 285 W e PRI 25 7 1o 1
AN SR JE IS8 R BES B 22 B4 # (Mahler
85,2017) 5 53 b2 5 0k 487 A A X ASE Bk fRAIE
TN B A 2R (Lin 55, 2023) o & HIHLES A S35
e AL E 1Y 7k AT LUE A iz sh LRI gk e 1l

TERE T OB IR T RE S AR 55 b, &2
S FsRAR 7 2] D7 ot 2] — AN BN B Zh S 114
W& bR B 458 1 AL A (Chen %%, 2022a; Geng 55,
2023¢; Mandikal 1 Grauman, 2021; Qi £ 2022; Wan
45,2023) . W5 IR ) —REE R Tk
oA 2] — Bl FH ASE T A7 S S g
Fit, —28 R FEAE TAR R AT T
B BVHFE 19 R I5F- L, A 7 4510 348 5 ) 5t A2 > O
7 (Rajeswaran 55, 2018) 1L HL#8 A GE WS 5P 08 47 3
A PURONIF A5 55 (Qin 58, 2022a,b) o 53 5h—
S T AR A v by At 52 o il s 14 2
Jily o ESOR A B LA 27 2T 4 Bl W) 4 25 4T 55 (Kumar
45,2023 ; Zakka % ,2022) . A —LSE TARGER T i
2 2T I 2, B ATT A SR 2 B I A T SR R
24 SRR 7 491 SR ) S AEABL A T 197 79 S AR I 44
47 (Arunachalam ¢ ,2023 ; Pari 2% ,2021) ., A[AZEAY
YRR R RE A AN 2 s .

X T A HREAE HAT 55 vh iy BRI )t , 28 )7
R 1 £545 BA (Nau 55, 1999) FRE A6 75 122 3k fifk e
(Toussaint,2015) , {H 23X B 5 h A 11 77 22 U e
SUTF AT 55 USRS . T2 2] 5 s il LA
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1l ,

(a) HIVERI RO TF-NTiERE (b) KT ERAE (o) AT ke

( Andrychowicz4E, 2020) (Geng%, 2023a) (Shi%g, 2023)

K2 AR[EZEEM AR T B RE R S H.
Fig. 2 Skill-level interaction with different kinds of objects ((a) in-hand manipulation with the rigid object
(Andrychowicz et al. ,2020) ; (b) manipulation with the articulated object (Geng et al. ,2023a);
(¢) manipulation with the deformable object (Shi et al. ,2023))

T A R, i, R P s FHBX A SR IRE J1 (Brohan 45,2023 ; Driess 45, 2023) , 1M
7] 00 O BUAS RAF RCR (Huang 25,2019 XuZE, 55 A — 28 T4 WK KR AU 54T 45 )2 i (Ahn 25,
2018) . KREIRIOEHAE T HA B RHEBAE A AT 2022) A% 5 2 i (Huang 25 , 2023b) A4 0] 4774 i 1)
PR XS B P SUE S5 HRE I ARE AR AF 9 IS S R PRIEAE AT 55 I AT AT . 1 3 FRIET 4 43
Sy A ARt T2 X3 5 L RALE AR SRR T HA SRR T MHLEE A 58 A A& B e 5
INAIRE ST, AR B R R BRARME T e b AT R T BB R RIAT: 55 A R s b T SRA TR 19 7
KT R A ), — e T AEM g om KBy ik ILas A— s s BAE O R iR 3 iR o

S

Toy Animal

Chair
Move toy animal from chair to table

(a) IR EREW (b) TEIFEAZ Es e s () KEVEbREvds (d) 7E BPRAES I T ot
K3 HABSNEE T PLEs A58 i & R 55

Fig. 3 The mobile robot achieves complex scene interactions by combining various manipulation skills

((a) find the object within the initial container; (b) pick up the object from the initial container;

(¢) find the target container; (d) place the object in the target container)

Instruction Relevance with LLMs Combined  Task Affordances with Value Functions
. N
Q: What should RT-2 Large language model EiewwoLia oLt ) Find an apple 0.6
the robot do to an apple on the -30 Find a coke 08 >y
ctasks>? A: ... o ED OO C IO ED & < Finda 8ponge 06
= Pick up thy l 0.2
1 would: 1. i
-30 Pick up the coke 02
-5 Place the apple 01 y
-30 Place the coke 01 Value
] M - 10 Gotothetable 0.8 Functions
b . . -20 Go to the counter 08 N v
I would: 1. Find an apple, 2. ___
Robot action
ey e N S =) P
(a) HEORRBIAVFHIBE ST (Brohan%, 2023) (b) PEAGAERRATL S5 MY A 471 (A&, 2022)

B4 ARTFRBIIINT 5 1645 E Yo 5 rp T SR A TR D7 0
Fig. 4 Methods to improve the feasibility of large-scale model planning tasks in specific scenarios ((a) enhance the perception

ability of large models (Brohan et al. ,2023) ; (b) evaluate the feasibility of generating tasks (Ahn et al. ,2022))
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Table 3 Robot-scene interaction generation methods
Jrik SEER A 2 R Wi
Kalashnikov £ A (2018) AT H [HIREZTEN PR M BdRfE+ AlE ®
Mahler 55 A (2017) FATRA LIRES 7L ML T T7 1 e/ i
Liu 45 A (2022¢) SPATIEH [FIRETTEN A E TF 3R )51 e S I
Liu %5 A (2023) PATIH [FIREZTEN PR B IEIVIRiS AT S &
Zakka % A (2022) AT IR, FINERYTES el e sh I BdEE + nlE R
Kumar %5 A (2023) SPATIEH GINE/LEN B HfEsh MO BdEE + AlE 2
Liu %8 A (2020) RIGT GIRESZIES MR Trers BdlEde + ARE &
Mandikal Fil Grauman (2021) RIGTF KIRELZEEN E70:11 I BdEE + AIRE 2
Qi % A (2022) RIGF GINE/LEN P MO BdREE+ AR 2
Wan % A (2023) RIGF [HIREZITEN PR ZiBZVIRPS i &
Qin 5 A (2022h) RITF NITE IR £ (S MR BdRE + AlRE 2
Qin 4§ A (2022a) RIGF GINE/LEN A M BdEE+ AR 2
Andrychowicz % A (2020) RIGF [HINERLT/TES FERIE ZiEZViprs i &
Chen % A\ (2022a) RIGF NITE IR T-HHAE EikZViR7S B e
Yin 55 A(2023) RIGF [FINETTEN FRME ZibZ VPR A &
Arunachalam %5 A (2023) RIGF Wi i FERE M Bl + Al 2
Rajeswaran % A (2018) RIGF Wi A FERME M BdEE + Al 2
Nagabandi Z¢ A (2020) RI5F KlREL7IEN SRS [EIEZVRES H g =
Geng 55 A (2023a) FATI A PSRE7/S KATIE ZiEZViprR i &
Geng 55 A\ (2023¢) SPATIE KATYIk KB ZibZ VRS i I
Wang %5 A (2022b) AT H ESRTE7/JLS KATED ZiEZVipPR A &
Xu %A (2022) FATRA Ktk KAvisgh LiEZV7RS i e
Pari % A (2021) SPATIEE KAk KB ZibZViR7R e S I
Maitin-Shepard 45 A (2010) WHE RS  AkEEYk P BIEIVIRES Jed B2k 7
Ha Fll Song(2022) WHERG AR YIE JEFF EiBZsprS SR &
Wu % A (2023) FATIEE AR YA et PH PR 5 7% i I
Qi%F A (2022) SERTH  dmkyk BoERdRE Rk Ok i &
Shi % A (2022) SPATICR sk SURRERERR WS SRR &
Lin %5 A (2022) EHTH  EmAEYR MOBEdE R RO H I
Shi % A (2023) ERTH sk SUBERdRERAR R i &
Ahn %5 A (2022) LRI N -2 C /1N TMAKIS TRk KA A I
Driess % A (2023) Bold N SRk TMAKIES TPk KA &
Brohan % A (2023) Bahbles N SRk TMAKIES Ik PN L P
Yenamandra %5 A (2023) BablsA SRk ER—BF FETE KR OFiE) 2
Huang % A (2023b) FATI R R TIMAKIES TPk KA &
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4 ARBEERE

DAEEATE, BT 8T AN
SEH AN W7 A B R SR 5 AU A A I B R
UL, FEAFELUR & RS vl P e al iy ol
o). B IR SE B ARSI I IR R AE
SR B AR GE b1 oF o) AT 55 (Heiden 55, 2021;
Huangfff ,2021; Lin 2¢,2021; Xian 25 ,2022) . AW
AL 55 X5 B & B A bR b 1 0 i 1Y
oK o MRS EYF, WA AL X R — 158
— 05 ELHEZE AT DA M AC BRI iR SRR
WA Gt . HUC, 5 H5 |52 W T I O T 4 Ak 5 A
FAS H 35 15 B (Freeman 55 , 2021 ; Werling 55 ,
2021; Chen 4 ,2022b; Li 5% , 2023d, Shen %, 2021) .
XU R AR AL T T B I R B E R L
1 8 ) O R R B P A ) AR A TR T
faf 1 R G mT G0 AR A 0 X S A ME BRI — A
TER IS IR, R G TARDER R . el , B
15 FLAT 55 BOR BRI 2%, B0 BBk B g, AN TAE
THIGIRZOR 22 B ) PR LR 2 S T R 4 5
(Chu A0 Thuerey, 2017 ; Karniadakis 45 2021 ; Pfaff 4,
2021; Raissi 55,2019, 2020) , — J7 A T3 284X
B 5 R ECEIT L, 53— Oy Lk 0 B T RS 4
1) 25 R T B 2 ) O VR T SR A B R ORME TS
Kite

2) S H A G . B AT E NPT anar 4R O B
o BT i 1Y 3 5 A8 HAH OGS B R AE W] AL BT
Yyt A s D K A8 Has s s SeR 5 A shi
Fo b FEAC BB A HE T T RF Ok 8%
b BN BNE G = AT 1 SR BR A, TR 2 )
PRIE 2 5 n B S 2 R b R EE S e 55 HL 5L
S RARIE . T S HACF R A 3 AR A B =2 i
S BRI 7 1), A2 T, A B B il £E A
T B B 22 1Y A T DUAUHREE SCAS = &5 5 A A=
BANY 3 5 LA 36 B = 4R AR IR X 2 = 44
TR A AL A R AT A Gz gl AT
HEPERRIE B BE Z B B PSR NS5t 2
BEAMl AR U — RO TR Z LIS 5 Pk, an
o] ST BAT 5 57 K0 4R 10 Jmy R, 2B IR JLART VAR
Aii Jay Y3 A 2 T LY — 4k R TGP IR 55
MR AR B A BB AT RS A 2] 1Tz K. TR

S35 SR AR D T, — 7 TR AT 2 AR
PEoR S R G A 3580 L5y F A LA (8 R LA
B R AR RAE AT IR A R R A IR AL 5 5 — 5, R A7
HL T E 1) FIAR R B, SN A S AR R MU B A
SEHIBF) R, W S BAT A8 AR SR BRAAE T Ok
THTRIATRE

3)EIERA . ARAKA A PRI R S LA H 2
FAR R SRS TP 2] AR S ) R M
Ao e, BEE ORI KR T AR 27 >3 e il BEPEBIESE
R E PR H AR . X v S B AL AR A
REAS A R4 SRR BITE DI ZREE b AR s B i ik
a3t SRS TR A B S B 2 AR PR v ) 3
g, R T Al BT SE h  NVREAS 2 2] Y
TR ARSI, 5 ) A B IRAT IR s A ok Y
R, o R e 2R DA D BRI e ) MR A
WY RE ST, AT UK $2 300k iR M I o e
Jei s B 2D O i A R R AT 5 v ) I A 4
PR ST % AT LI A e R T R A, fi
B RE S AR R LU (7 BRI v F F2 )
AR BCA HIE B X0 T4k B 2 22 BEAL A SE B
Yy U B PRREIX ek R, nl PR 508
PP Eh N TR REFIALES ABOAR B R R, JEH R
TEHRE i F Bk 2R G X B2 2 PRI A LA 0 2R 35 1 5
o XA B T3 R e L H AR S A
FKEBIMERIPLA RS

A)AEHHE I USSR S S T )
JEEE 2200 A 0 SRR ISV BE T EIRA LS
B R A SSH AT RN AU BEE PLA
) AN TR RERY A B BEMR IEAE AR A A 32,
EATTRENS 7E SRR b B R0 N BRI | A 3R~
FBCHEHAT N o B BB ZLAEA5 RSB & FIZh A 1Y
PRIE R A A4 00 AR SRR S5 ) PR S S B A o
B A SN IO Xk S AR DAY AR BRAE . et
BEE A X R E LA N B R R, FLas N/ TR A
Mo PEAE A5 N B, LG RN RE S R
R, EARFA 41977 05 NS 8., O AR BEAS TR
R 55 A By . SO [Elin  BE A R REAR S IR AL E
AR SR 2 PESE I, i e (R S LAY 2 Ak D7 L IR
X N BRI i I T A T 2 SR S I
Ja , BEEBOR M E  BEREHEAT A 325 B A REIR Y
IO FH U S SRR, A2 i A Tl 2R ™ R
JT AR SREE AR 55 I SRR TR AN A Bl A5 4% i ]
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