Ei8F5:

> M Transformer F|SIESKIEBIRSEHA SN, Transformer MUEIES
RIBESTZNE, AT EBEEG. WM. SMESESES. B Stable
Diffusion. VideoPoet 1 MusicLM &R T HIB KAVEREEN, #HT
SIESKER (MLLM) BARE.

>  NBAMCIHRELUE(LAYIZENE: RT-2. RoboCat 5 MimicGen, RT-2
B AR -1EST0)14%, BRI SEETSAETES, SWTH
BAEERESTIRINIANERRIEAXZEEN]. RoboCat NETF Gato 1=EY,

BT Z2ESNZES¥EE LHNERERFIEEH , SRR EN T ESFERN
BESHRIE. FEIRR MimicGen BalERAERBZEIEE, BURDTA
T, B THZAZIAE,

> Y5HRKL FSD, IREIREERAER, BIEHXHE., 2020 5 FSD 5|
Transformer 1824, AT HHBEIKEIRIRESEI, 2024 F4]) FSD V12 T£XA
MBI TEIEE], M SRR BRARER G LM TIEE]. FSD
V12 BB AR EINRE, MABESHARET AR,

> B&FiX Robocasa: RIFSHEEXETR, EHIXIGIE real-sim-real, @37
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MEBWET HEIEEFHHITER T, HBIENIESFEE S AR
HEHREXRE TIRISER, LRERBXICUE T real-sim-real 717,

> [GEEEEZE: ENZEA real-sim-real °J1T, EBBTEIE scaling law RIEGE
L ISEEETTIESRYIZHEED I BEEEIER) AG] EiE(: 1)ZF €€ Rekep:
— RN AR EES TR =RHBRARERGZE, RET—HH=(E3A
KHRIBRA R, B XERLREENSEATA, BEETADAZME, 714
BT BERRMEANR, ETIHHRE—M=(ESIARNBRRER. BT, BIA
RESIGAEEFNIME B SHEEY, I VLM #0 GPT-40 45% Rekep £5R, #ifR
TFHERE Rekep IFE. 2) Ix HFREE: Hili BER, StBEIAERS
BEREAERE. BIAXENESEIEFSIFIEIL, H2s ASBTNSZAMIAE
&), EREAERE, HRENTHEES. Ix OHEERENSALIEBETY E
AN, 3) GR-2 BIRMENMERINSZEEN]. AF D EkEIAREFT ZRIE
MBSAKIER, SEEAIEITSMNSBESEIRN, BT EHRYZEE
H5EZEEERE. 4) 8FRE: NBAINGERE, LISERIREFIREELF
ROiZHEEND. ERBHEFZAMNBOEM E, HFFRFERIEH T Eaa0EMNEE
IS, MIISEIl 7 MEIZITISCROZIHEARTR, MmAFEIHER. 8%
BB SCIME RN FBFFRE 7 #ra0mT s,

> BN 1) XERDIGH, FEFERIERSEAE, N REL
Y, NERRLER, 2) XTRASZHAWBARKLT, WEKHEER=1E
Bz, REEH;, 2T USRI, TiMlErE. NE. SURERGD . ERRE
%, 3) REHM TR AT,

>  RBSRTR: VSSABSERHTIREALTUEL, AFAEAZ A ESCIRE
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Bx

1 Transformer 1ZB2RYEH: MIESEHERISIRSEENBISHRE 3
1.1 FFES: Robot +Al BB EEE S FEEETIRTLEID oo sssssssssssssssssss s ssssssssssssssssssssssssssssssssssssssssssssnsssssssaens 3
1.2 TranstormMer RZEZERRUIRI ..ottt bbbt bbbttt b as bbb st s b sassaes s s b sannanes 3
13 B5. BER. IABERIATEIN oottt sa s saaes 4
14 B R, o R S R R AT R ..ottt s bbb e bbb s bbb s bbbt baes 6
1.5 SCAlING LAW FUTFTE ...t eesse st ssses st s s bbb e85k 6
2 NBATLIHREEHEARISEH: RT-2, RoboCat 5 MimicGen 8
2.1 BIRRT-2: EBEBEEEST .ottt ettt st st sttt et a sttt e sttt et a s as s tanes 8
2.2 FBIX MImiIcGen: EITEETIRLEFLZRET .oooovvovereeeeseesessesssssssssssssssss s 11
2.3 BHTRODOCAL: B EEELBETBE ...ttt 15
3 45HAKL FSD: GREIIREIERITRRER, BUBEEREIIFEE .o 18
3.1 FSD V12 EHHTIREIRERTIESIE .cooooveeeeeesseeeeesesssssseesessssssssssesssssssssssss s ssssssss s ssssss s s s st 18
B2 FSD BUBTTHLSAE ..ottt sttt s s a st a sttt a et et et a et 19
3.3 FSD ZEFAZEEE . Transformer FREUAUT N ..ottt saes e 20
3.4 FSD SHEINR : BERIETR AL oottt st s st sttt a bbbt s st as s st a s s sas s sanaas 21
4 IRBIREERRITHFTETR, BUBEEREIITEIR - .ot sene 23
4.1 IRENREE . B EEEIEEIN SIEEIIE DI oottt 23
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4.3 BRI B RIS E AT LBEARTIEE oottt 26
4.4 W BB AR B RAITTEITIRR ... oottt sttt sssa s a s e st ae st a st sae st s e s saes s 27
4.5 4FHRRL grok HEARY : REHURBHERETEZETTRR . ..ottt 29
5 ik Robocasa: R{FEFEXET R, EIXICIE real-sim-real 31
5.1 ZFHIL Robocasa: BT BB RAIEIETIRIIEE ......coooovoee et 31
6 =28 A real-sim-real 7J17, IBRMEIEAI AGI BHEEM 36
6.1 =K KEIBA Rekep: —FhEtXdt e ABREIES AU RIS BRI BLARF AL, BET=ESIRNBRAZE .....36
6.2 Ix tHFRIEEL: BN BER, BB KB R IR I IR ..ot 40
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1 Transformer {ZBEYEH . NIESEIRRSIES
=GR
1.1 #%: Robot +Al iz HEZ%SXED RIS

TERNEEAR transformer HEAE S IEE AT EIZ K KT mSKH,

El1: Robot +Al i CRIEZESXRBT =

» 4HE" Roboti&iR" A >>>) HtXIERINBEANIENES > > > Real-sim-real fIFIRER > >

:EZUZSEGH: BERT-2 (VLA)
VTR VIMBIIASA
|

i Bl +scailing law

120235108 : ZM4KMimicGen
HROERL: RESEIEREE

120235128 : #8RoboCat :
BGEE: B ORI ANISEURE |

1
>
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2024F18 . FHIEFRFSD V12 +imZE

B BEMAEIEAE, SEAGEIE, B2 SimIAGIEUEISHGER; amm3: AR+ ESSIBAT RIE

. FEffikRobocasa i

2024466 : HHRTEAGIoke; = I LUy

BRGPT 400N A BEHE S0SAEAH Bt Rekep SR

{RLEE: R R ISR R
I

12024498 1x Robot World Model
VROEE: RE—MREM S AMAIRASE

20244108 : FE L "HEEFE

RO B AU PRk
FAEIZIEED

120244F108: =TGR2

HEORR: REEEmTY R

BERIR: Anthony Brohan {RT-2: Vision-Language-Action Models Transfer Web Knowledge to Robotic
Control) , Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using Human
Demonstrations) , Konstantinos Bousmalis { RoboCat: A Self-Improving Generalist Agent for Robotic
Manipulation) , tesla, Tianyuan Dai {ACDC: Automated Creation of Digital Cousins for Robust Policy
Learning) , Jack Monas {1x world model) , Chi-Lam Cheang {GR-2: A Generative Video-Language-Action
Model with Web-Scale Knowledge for Robot Manipulation) , Soroush Nasiriany {RoboCasa: Large-Scale
Simulation of Everyday Tasks for Generalist Robots) , Wenlong Huang, Li Fei-Fei {ReKep: Spatio-Temporal

Reasoning of Relational Keypoint Constraints for Robotic Manipulation) , B4IEEHTk

1.2 Transformer PI4ZEEH9IRH

2017 &, Google Ay Brain FRA &1 7 —=s X E "Attention Is All You Need”,
XRENXEFRHT Transformer &L, H—FafRHE N T RRENFEAE,
UK T ER N HIF TR FFIEHE, MRS 7 RNN 8 CNN, iXNHHY
RREEND, RIR T ZSRENEES, ANQET SIFFCR (GR-EEhEEs.
B Z BIRIBIFICRIZEE 7 2 1~ BLEU (B) . A, &8GR, FHaX
AEUEE B IRBUESEYE RIFRI.
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B2: Transformer /{5243

Positional
§ Enc

X ncoding
Input Output
Embedding Embedding

Inputs Outputs
(shifted right)

BERlskE: Ashish Vaswani, Noam Shazeer {Attention Is All You Need) , RAIESHATIE

R O ZRMER =BG L, Transformer #&EEIFYZEMIEEE— seq2seq
2K, HZ1 Encoder Decoder HEEMiAL. Elt~=EH, Encoder 1 Decoder
#EZ 6 1 block, Transformer BATERIEIRERIEN, BEEMERENTEFT
SEENELARTIN, EEE E— NI R R BRIRH TN, IXEHESEIRRY
WER. HLfr ER—Mmigss-fFiDesats, HpmiBsssRaEsnNaHE R
AFERETEENRIE, MEEEXERBEEHRPLREAFFENG
¥, F0ZAE1RY RNN 18R, AERIE, Transformer BN TiEE NS NGRE
fERE, tOELEFTE “Attention Is All You Need” |, E#&iiHHeEER,

Transformer NEMANAEERKIEBKBXRZGEFTIHE, MXRR
HEAFFERENEEEINE, B5%, Transformer SINEEEDHEIREES
EtE PSSR P RIEEEREIR R, 1B FLAER RNNs, BEENMEKFFIRTRIZER
NEF. MEFENNHNS— MR ERHTITE, TFERNN —Ft 4
BATE R t-1 SBIER, FEIt Transformer 581 HERIRIITEERE
=, DEISGAERRE,

E3: BiEhiirEE

i
(S 1 ssueninsn
11— ] 1 -
@m*
W K a

BERlskE: Ashish Vaswani, Noam Shazeer {Attention Is All You Need) , BRAIFSARIEE
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55, B, IBRAERLIAESERNEM], BERRAESEEFAKRK
RITERSES. B LM ReBEREENA, TSRS ERNAEEER
. F—70HE, REMTEMEREERASEERIE, EEESERRER. X
PERMLRRIZE T IS E b,

BT EAFRESMPHNEME, BIES LLM ISR F s ERLE T, &
BEBONEG. MWISMEFFES, REHRT MLLM pUFHTEE. FXL,
EEINRET LLM fIRE, ZRERBRNSIESERANERTHE. WRRE
AT BEAERENAERE, MLLM TJ&ELE LLM ERHEE—%. MLLM ENfFE
ARBAIHFARN, RHTERFRIFNFE (JLUSESEN) 21 B2
ERMESBRE, MYUVBRT NLP {253,

E4: MLLM RIRBEES

Modality Encoder ME, b B Modality Ganerator MG,
b . é Fr LLM Backbone ]
NFNet-FG
) FlanTs chatGim [
= put Projector By ,r Output Prejector _—
image Linear Projector Stable Diffusion -
..... vaea | amwr - = B
aacupvr Fy S, i videa
VVVVV ! == Ces-amenton == Chinchila oPT — ﬂ‘. — m
e Zeroscope
cromer |
PalM LLaMa
U | o = i
e, = T e
T
Multimodal Undzrstanding Multimodal Il(ienemtmn

Figure 2: The general model architecture of MM-LLMs and the implementation choices for each component.

HHISKIE: Duzhen Zhang {MM-LLMs: Recent Advances in MultiModal Large Language Models) , R4S

FESETERSESEREHINE MG, UREBMAGESSHNER
&;%0

Modality Encoder: fAEREARIESAIMASIERISOEEL O IERINERTR,
BRISARTILISSIEMAB R, 50, S5, XYTFEGMS, A kEEG=
IR — MR E, ZAEHE TBGINERER,

Input Projector: ISARESHIBMNEIERGFIZIHZANEN A, XEH®RE
TSR I, EINESBEERm— MR —RIE, LUEREAT LA —
MNE—RIEZRPAMEEA];

LLMS: KREGESRE, BTNEXAHE, JLUSARESHIERNTTE—
MEREREXZAS, BSHARER MO HIRERANGEE, BEeEBER—
Z—H). FEMNENFT, JERENAHESHENXFIHMAE, SEIIREREED
BI{E, SCNERENERIEMERL;

Output Projector: ##&A1 4 B HBRET B RIATESAIZSE), ANRAEERIE
HEMNA, BRARMHIRE ZGHRREMIN A SENSERNE X ZEE L ;

Modality Generator: RIEMIAZIEEMXTRAVHHEDE, BEENNERER
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TIPSRV, WEMER. XASER.

ZESERIEEN=178D. (EEXFF) JIZHAE, encoder, LLM
Backbone #1 generator —fi{RIFHRE. FEMAELFIHEAY projector, H
F Projector 2RERAER, MM-LLMs FaTLU)IZR0IS L BIFNESEHEL
RN RQPER)  RENEBASEIERIRT LLM &85, R, Transformer
EEREE LLM B9 Z MM AR T BRI SRS AR ELRTZ OB ARFN B i 8 STt
HIRILREEMA,

BE 2024 F10 B, TEBNESESKERAEHEE T EEHE, HAX
EESRSEEEEIRIICARN, %R LSMER ARV EREET, 2
TiEERE, HEERENIBRSEGIEES, AILHESCEIRIRERER.

1.4 SIES. BIRSKIREIMS

H—ERRUHENMESESFERRE: SESAREGD, BTRAES
REIEEE S, BIfNEEIRBERIENSFRESHRTHER. FEES

AR AMAEAR RIES AR TANRI RN RZE P, FEGEGNRASTHSHE
WRIRBISETANE, BENSEEISIEEEGIL, FEEESEEXK, B
HEGE.

H— BRI EER | SRS MESH B EUE T sE PR R BR
HETT R mA TRLES, SEEEERL, NMSERERETHIEEES
BAHIEERART, SEUREERL; BB E RS RS EE o 50l
&, IETNRRRFEERN, MRE/XITHERIVEME I TR,

1.5 Scaling Law B91F7E

EXET, BEEXTNRIESHEEN scaling law, KHERRY Scaling Law 2
OpenAl 7 2020 FRHAIES:, PTLHES "TRBDELE. EERNZ1L. iZLRD
e BAESRAARINMEZE, NIEIFCHNAE, KEERSESEE
B RBRS L MRS B IF RIS R ESE=S.

MNTFATERIESR, IEBREIRMAY scaling law 2, BEE#IEMEN
=B, FEENRMBSMEZRTT, MRENIER, PBAREEEREEF, RFEE
TR EIAMINESR, N EREERAT LAY . —BIIERA scaling law ROTFEAIRRY
t, AT LAFTUERMRE SRR R, RAISSMERVEERES, (B ERRY
ESRHINA, SESEESTEEINTRUAAHE, EAEE R AR

e GRS wroror IR
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1’7,
E]5: Scaling Law A REIR
L4 o TN WD 1 421 1 Na - ~)
6 . L=(D/5.4:10'%)-0 | 56{ ° L= (N/8.8+10%)-007¢
391 | \
5 48| L
3 3 6'
o ‘ 40|
- 4 |
2 33 32
=y
30| |
L= (Crn/2.3+10%)-00%0 ‘ 24|
- p By | T—— O J
lzn-" 107 10 100* 10! 10! 10% 10¢ 10° 107 10*
Comput Dataset Size Parameters

S, I nbedding

BEHIEIR: Jared Kaplan {Scaling Laws for Neural Language Models) , B&IESA5T

FEMER P, ASCEEIRAT A% milestone TRk, EEEAFIFRS
iE 1 ZEAJiE], robot AY transformer & ZiREEAEHAY, MMERTEIER]
iBH9, LA transformer AERAGERIZIRS R,
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2 MBFAMEEHRE=LIBICAETE: RT-2,
RoboCat 5 MimicGen
2.1 A3k RT-2: EB&8EEFES

2.1.1 REREESHREX

RNESEEAJUASTILRARISI A LR, BIRERRR, SIRSELARAIEER,, W
W-ESRE (VIM) NS AuaiCAIMREIRE. LA ERE X FHISCERE
AOBRZNERAIFEGR, AT ENMEREGXLREIEZER. MAIEKETR)
FROUMR - ESIRREIEEREURRINBAERD, LUREZHHEEMEIIEUE
B, BATIEAT—LRRNER.

Google 129 RobotTransformer(RT) R5U{EA T EAMIRAGESIREL
ESHESERIESHE, TAERSERESPREBRIFER. HFRT-1 8%
{557 |145RY EfficientNet-B3 RZR40%AL, LANBRAIRSHIGSEE A E/SIN,
B EfficientNet FFHRISEEMHNE.

El6: RT-1 £518H}15S

Instruction - Action
Fick appl I 16 e arl place on couier v Mode 2o Base
| | 'RT-1 -
Y oaHe
FiLM —
EfficientMet TokenlLearmer Transformer

= B

ZHRIRE: Anthony Brohan (RT-1: ROBOTICS TRANSFORMER FOR REAL-WORLD CONTROL AT SCALE) , B&EIESHZE

RT-1 SHSRAM RIS MEEH TS BEEL, FSaBaTit, ARER
WEFIMRKHE TG, ATENR - IESEAEBEEEEA, BETNE
EHRIX—. ZRRATIFEEBRITE: ST SEATHERTAZ—INES,
BISZA token, FH5 Web MUERIIITE-1E S SRS —HI T4k,

E7: tEAFRTF token {&

SRR ARIBEGRIGET Brohan FAJY RT-1 EURHIERUILTSIE.

WTFERTR, ZRARENES AN ERRANAZRER, XFERFRTLIENEEANE token RENF
B, Flan [1 128 91 241 5101 127 217]

¥EIIE: Anthony Brohan (RT-1: ROBOTICS TRANSFORMER FOR REAL-WORLD CONTROL AT SCALE) |,
RAIESIRET
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RT-2 EBAES LR THEIRRZEED, LIRIEHEIEMAINZEA L
B2 SMOIE SN BERYTRRR, RT-2 7£ RoboticTransformer1(RT-1)A9ERE_Hi#4T,
EiE) |15 R B SREEUASSIA BRI AR R SR ESTE, B8 A
E, FNRAEMEBRNIENIMIIESES. 1HRTF RT-1, RT-2 {=E7EHIEEA
RIS, FBIRTEANEERINN ARG, GIIHEERYAREIsE IR
EHHEEGEANE.

2.1.2 %LFESHE : UilGhEARZEED

5 RT-1 {2829iZ1LEENDMELL, RT-2 RIBIRRIIZNEEANRUZIENERY R
FUIRIREL, HEMNKHUR IR - ESIRBISMRBIR 2 32 (AR, &8, Google
RH—NMEN S ANITEIEFNE BN RN TIE S ESRKEMANT -E5E
BRI XEEIGETEREEIRANR-ES -IME(VLAEER, BE
ZHEFTRISRAIBES]. RS RYRENLARIRIER 1S < BUEHEERTRED.

RT-2 HiZBERAAIISTIGINRE-ESREEN, RESHLLAR
55B HISHIE, imiE RT-1 PSEHIUR, RNFIRXHURTISNER-ESREIR
BIhimiI I ESEMREZARBMESHRRAIG. RT-2 KEHaIanERTH
RT-1 #HEEECER ERBRTIIARRE - ESEERCRNEERS, FTLUEHE
TRTTA B —IES TR, TENRREUE-ESEEEIRIT. BT RT-
2 BATBERNMTKRIEESFETI0)I4, EXE R FESE<SHIEE EBE

ENRN, EESES LEEERNZHEEN.

RT-2 gea$is RE ARSI SR R DS EIGHTZH, EMCHRANES
FRATHEr, SCHRHEIE. IRAERNIRAL. PIETERIGE. Za). MEFEMMES
&, BRI REEIRBIES R RFF BT IS N ER Rt To L.
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[E18: RT-2 fEfSifEI FISHETIE. FSIEEHA KRB RER

put strawberry
into the correct
bowl

move apple to

Sooutyto JalL Denver Nuggets

off the table

[ pick up the bag

place orange in
matching bowl

[ pick robot J

move banana to
Germany

pick animal with
different colour

move redbull can

to H to basketball wine bottle

 S—
R \A
.

N

move cup to the J

move soccer ballJ

move coke can to
Taylor Swift

move bag to

Google the sum of two

move banana to
plus one

pick land animll]

ZRIRIR: Anthony Brohan {RT-2: Vision-Language-Action Models Transfer Web Knowledge to Robotic

Control) , EBAESHFET

RT-2 Bz R AR RBMRK 55 -TIFIRE (VLA) SIXEHE. BB
mT:

$IE—: RT-2 j@id Vision Transformer (ViT) 1IENESISE, IBzE
tokens ¥{L/9IE= tokens, SN ANIEFRIER (F1U0 "1 128 91 241
5101" ) . FEUETED, VBMAMERERILAZSNSE (WBHERE) | &
NEHMETATUEN R token, 1XLE token #ERAZIREHNESHF, 5874
15 token HAE—ZFT=EL

$£] " RT-2 BIESIESHEREESS, @id de-tokenize (AR
BINBAERS. HESEFERNESEE (LLM) BiTES, GEAESHERR
T, aFIRIRER tokenizer ALIEIXER token FERLITRL E’\J’fna%AEM’E Bix
SEFMESIESHRR AR ANERS (NFBFIEESE) |, HMomX
EBFFRIEXMAIFHART. . FLER.

SBR=: ERTESHERES, HERLIHTIRGHE (Co-Fine-
Tuning) : #lERARIBERSMBELRIRNSIEIGER, A ESHTIN
SHERB. MFRESHUTIRFHIMRESIMNE R ET, HERSFBEHHI
TEREFLNE, BEEESTHK. BMEZ, ESEEAEFEIER ISR
MFK, M FERIRIENIERIRSCREZRIRE, WRIESINFIZEM. TailEgS
#MiElE, RT-2 #WEBZWSARSG S, AES T EERME THITSESAYEE
LIS SR PR,
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E9: RT-2 2FiEis

Internet-Scale VQA + Robot Action Data Vision-Language-Action Models for Robot Control Closed-Loop
Robot Control

Q: What is happening Q: What should the robot
) doto <tasko? A RT-2

the g
A grey donkey walksw S i
down the street. m- I i

Q: Que puis-je faire avec m N o emea
ces objets? i}“!
2 a 1

Q: What should the robot De-Tokenize
do to <task>?
~

ATranslation = [0.1, -0.2, 0]

ARotation = [10, 25; -7°] Co-Fine-Tune

ZHRIEIE: Anthony Brohan {RT-2: Vision-Language-Action Models Transfer Web Knowledge to Robotic

Control) , BAESHARER

2.1.3 GRS + KRR

RT-2 RR7MRE-ESRE (VLMs) AL EERHMRE-ES-aE (VLA)
RE, BEES VLM G A e, EiEEsNzRA. RT-2ETF PalM-
E #0 PaLl-X 973 VLA 122, IRETHIRRARIBRITHER, AEMETIRIES
HUET) 1458905, BEAEBEFRNZARENMIEIEEN. XAMNENIENR-1ES
REREXEE, R T BRI ARNKRRIR. AR ABSHEHTHEE,
IR, Frt TR RAANRRIS SIS, ML R P HITRESHAES.

RT-2 thEARRMYE. Z&EX T2 IRRC IR BRSNS AR THEN
1ERIREN , EREMAIRF S T LARRISERBE X IRREREE. B, BT S5uEH
ROIREN S, SERIHERTORER N EEMAN. RERTIERIADREESPFUMTE
THFRIERINERTER (AN SKHR) REFIREE, ARFREESHFTIRELIZ
IEREEFER A RISIE.

2.2 HEfHiX MimicGen: EEMEEURERRSR

2.2.1 MimicGen: AFAHUENZEAZINEIEERRES

MimicGen B— /1 AFAHURNBAZINGIRERTR, BROSERIER
AZIIERATEIRIERFS. HEEEXNEE. SpETRGFEIANS
ARREBMAENALEREBIER)IGEE, EXEHBENREIFEDE,
MimicGen RIHETNPEARETEIRFENERANE, SHENARETEIRES
RS, ZRARBEIBALEREIEENTHHR, £MSIE 50,000 FKERE
17, BE 18 IES, NMEBERFE T ATHEKRENTRK.

X—7EREB IR R AZ IR, (5T AREBESRGRPRIY
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EIRANZ(LAEN, SCHREREESHSREES (WSEMRET. MHPES)
hRIHE, AREREE, FE MimicGen £RAVEIEHTRITZ I BLEEUS
SEFA T EIRRERRSEAIR.

E10: MimicGen MRS KEREHREI AR T iRERIS TR

Small set of human Large, broad dataset generated
demonstrations automatically with MimicGen

Diverse scene configurations

e 13

@ e .

MimicGen

Demo 1

Diverse robot hardware

e “
[ ! L4

BEEIEIR: Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using
Human Demonstrations) , ERAEESHZ

2.2.2 HiESiHE: QiRGESES

MimicGen BT RIEFRIGEISHREERMIAER. RHFEIR—
MBI MR ARTSER) IR ARITTIE. MimicGen FIBIX—IER, BISER
SRURSERT BIEGZEINNAEE. HIREERAR ZNATRSEE
AGZICRES . BTN A AR T RIRBASBERAE ) | AR, ETEIRS
RERGZIRENTNE M. BIRVEUEEES A8 Elest. SN, FHEF, XEE
IRATLAEAR SR R ERIBIT FERGHTHIEA.,

MimicGen BIZUHERBIESEISEN. KOEAKEREIES BRI
RAFORFES, AREFSRPET = EEIRMHTAER, BhERHHIE
TEGRE. &55iET, SRENERETHSZENREN, BTSSRI
ITAEHIRIE. T MimicGen RIBIFTRET, EIRE T — P BREHRATRE,
B "MWRPORER" ERRINFHE, §OENASERERRCNAEN S
WEGE, XMITET I EERARBRIERZEIEET, ERTSIKIE. 55
BERYESS, FEBEBERLBRAE RS EEINSHME VAR,

$QEJIE§%E?:T'&HE% ~.a-.".|'t.!w.i|:)-::-|'|:)0.-::n2_Z
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E11: MimicGen #iEH B 5E5HREE

Parse source demonstrations into segments Pipeline for generating new trajectories
Sut 1 Subtask 2 S 1S

BRERIE: Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using Human
Demonstrations) , RAEIESTHREE

2.2.3 LGS EEMRESRRNEXIRERFA

B XIELEA MimicGen RSB SERA R T CEIBRINERAILIE
th, NBAEER MimicGen ERAIEIBEBRIERE EH. HAREBEENT
MimicGen RI3CE, G T HERRES IR, BEARNGESEEESE Stack
Three (EE=IK) . Square (FFADEANFIXIFE) . Threading (HlE8A
LR SRR HORSAIRIERS]) . Kitchen (KEHAIZHEMES) %+IR.

E12: MimicGen EEMif{FsE

Vel
(a) Stack Three (b) Square (c) Threading (d) 3 Pc. Assembly (e) Pick Place
P Y T el
2 m 2 ey
(f) Kitchen (g) Coffee Prep (h) Mobile Kitchen (i) Gear Assembly (j) Frame Assembly

HRIEIE: Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using
Human Demonstrations) , R4S

FRERER MimicGen IS ARIIERBZERFA, Ha0 “Square” {E5H
BINERM 11.3%FHZE 90.7%, “Threading” {ESAIRLIIERM 19.3%12F+ZE 98.0%.
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El13: MimicGen EEiEZER

Task Source Dﬂ D1 Dg
Stack 26.0+£16 100000 99309

Stack Three 0.7+£09 927+19 BO.7Tx34

Square 11L.3+085 H07+£150 733+34 403125
Threading 1M3+34 08016 60.7£25 380+33
Coffee T40+£43 100.0E£0.0 90.7L£25 Tr3L09
Three Pc. Assembly Lix0% B20£14 62725 133%38
Hammer Cleanup M3+LHT 100D+00 62T7+47 -
Mug Cleanup 127425 BOO+£49 64033

Kitchen M7 R4 L0000 Te.OL43

Nut Assembly 0000 833+ 1.9 -

Pick Place 00+00 507 +6.6 -

Coffee Preparation 127434 97309 42000

Mobile Kitchen 20+£0.0 46.7 = 184

Nut-and-Bolt Assembly B.7+2.5 027435 #L3+82 737441
Gear Assembly 147452 U987+19 T40x+28 56719
Frame Assembly TE68 BE20+43 6BRT7Tx34 30725

BEEIEIR: Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using
Human Demonstrations) , ERASEESH

2.2.4 MimicGen REiEH: EMEEIE, BYAIFR

MimicGen EHRARE (LEHRNWME) PHRMAEHEX. BEIFBD>
EAEER (DF 200 4) , MimicGen sTEzh4EREET 50,000 MEZ= 18
ESHEEREHE, AL AT, BAEFHER, ARG EHEBIEN A
EERARANEREENR, FTIWEIHE. ETRSTSASIERA 2
AN FERISR. MimicGen BIOMABELE: BERFHESRIN. RIFNZIEN
. BV IEHERY . ERTERBRIFES. RIUSRLX, BERN L,
SHFFERET.

E14: MimicGen SB{EHE S RN S SRS R EE

EHEIERIR: Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using
Human Demonstrations) , R4S

MimicGen {XEIF(ESFHRIISHNRAEZMIEESRE, ZTERLKHMK

hSHIRREFERRIE. L5, (VB ESHIISERTGEERETE, FTRESEE
BEEFERE, OREZHEEN. ENBRSREERTEFSES, FHRIRE

ﬂ‘ﬁﬁltﬁf’ﬁﬁﬁﬂlﬂﬁ% www.ipoipo.cnj
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SEOBENRER, RE T EENSMEMSERISR LRI 8870, RRAFTRHE
—ERARKNERGRAOBBND IR, BOWARSESHKRE. TE
MimicGen FEEZHIRER. AR ABRHAMESS LB FRIN FRRES.

El15: MimicGen gEi8iERARBINHES

nrer

10 human demos 1000 generated demos 1000 generated demos 1000 generated demos
(Panda) (Sawyer) (IIWA) (URSe)

BEEIEIR: Ajay Mandlekar {MimicGen: A Data Generation System for Scalable Robot Learning using

Human Demonstrations) , RAIFEHRER

2.3 &3k RoboCat: Z{EFEZEES &5

2.3.1 RoboCat: Z{¥55. SEBEAEEE

ENEBAGE, MEXHEFIBRINBALRGIARNBATIRAEE, X
ZHMEPPINBAZIARERF—XAL—MESHEEF. EVSARART
1, RS T B IGEIES &MU Transformer REESKFRAEFHEBEN
WFIZME=ENZANE R, WS ESS , NTSRE AL IZRE SIEELFI
T ERHREZ BIRVZELE.,

Google B4R RobotTransformer, RETERMNEEATTHEREESH

MZRER, BN T7THELEMINSANERGES, €87 700 S/MESS, MiEaEh
Yo, RIFFHRE. FHEFS, FITRREERIESIES LA—EmiZibaen.

E16: RT HiEIREMiTEin=

BRIkIE: Anthony Brohan {RT1: ROBOTICS TRANSFORMER FOR REAL-WORLD CONTROL AT SCALE) ,

REIEBSHARE
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RoboCat 7 Gato =B ET FiH{T7ol#, B—IRZNRIESEMIEE
EMERERMRLNERMHES(ES. SRBEAEEES. RoboCat AT
Bk, BESHNESERAFIER, & VQ-GAN MmN ZE, R
ttERY DT [EFHRARIER BV, W, BinERRIARRAIE SER s FFINEN
AT, RS, RoboCat RHTIRTHEREMRAIBES. HE#T{ESS L, RoboCat {X3FE
100~1000 MREFE A HAETThL RIEREZZ (L.

i#8d RoboCat, Google BERINEREAEFESTIARRAFE LRZH
BEN, LINBE REns R AAEEL B B S REER N, NMEE— I BE
BUHEIMEHERAOTEIRR. EEIIGEIRIEIKAZHL, RoboCat MY
MHTEESTRRTSR, BeEERRUERNFTES.

E17: RoboCat ZiZ =R ABSHIEHIRT
( Trainingmbodiments ) Held-Out Embodiment

|
!

Sim Sawyer 7-DoF Sim Panda 7-DoF ) Real KUKA 14-DoF

HHEL KR : Konstantinos Bousmalis { RoboCat: A Self-improving Generalist Agent for Robotic

Manipulation) , ERAIESTHATRT

2.3.2 RoboCat: LIZEEEHEMSCIESAIIEIS M

RoboCat MIRLEBIRREE— B BT AENHEABREEHTIE
EitEael, EHEEESESIRRIEERS ZRIH THHES. 17 SX—BfF,
RoboCat BBE— M IFEFERNSHURRIT ARSI ER EHT)I4.
RoboCat EF Gato Zt3, R ZEGE LIIZNIRY VQ-GAN fRigzs

(Esser,2021) , =S MUSFIESH 2 EIESE D T)14, BENEBR
FHRIERIESS . XFMRIDRANERES)IGFMEAEINRE, XM)IghUBR
BEBNBENEREEFEMENE, BT EIEGETLRIRC A S
ERFARELERIIE "RREMR"  (Andrychowicz,2017) . XEHRERS
FEPRIRN BRI LSRN N ERIIER TR, L5, BT
— I ENFE, BTETSANZIITHAES.



http://ipoipo.cn/

SENT;

MINSHENG SECURITIES

TIRE RS/

E18: BirEgTE: E1. 2 AEHIFE, B 3-8 AR

RGB stacking  Gear insertion RGB tower Vegetable Gear insertion Fruit insertion Shape insertion  Gear lifting
(Sawyer 7-DoF) (Panda 7-DoF) (Sawyer 5-DoF) lifting (Panda 7-DoF) (Panda 7-DoF) (Panda 7-DoF) (KUKA 14-
(Sawyer 5-DoF) DoF)

ZE ¥R IR : Konstantinos Bousmalis { RoboCat: A Self-Improving Generalist Agent for Robotic
Manipulation) , ERAIESHATREE

RoboCat GEi{TEERMATIER. BB RINSTERERSHLAIGSE
TG, FTLARBIE 100-1000 JRETMBLUERFHTES, AEEPEEESLER
AL EREZHIE. X, BERITHRINHN F—RIEREIGETESE S, N
TIREE(ESSHIMERE. RoboCat FIE AT E 7R : EELAZMERITIL.
FEBE RS, BXLtHREEFAETIE.

El19: RoboCat BEXi#iH#iz

= Train RoboCat: a multi-task, multi-embodiment,

S i gy .
H3 — )-‘ @ EE ﬁ éﬁ

Start with a large Collect demonstrations

training dataset with % for a new task/robot
a diverse set of tasks 0—0 :
e ooy RoboCat e

Expand this dataset with Fin(‘»lu'l'\c‘.RnlmCal
newly-generated data to specialise to the
. 0 new task/robot

Fine-tuned agent self-
much more training data

& #L kR . Konstantinos Bousmalis { RoboCat: A Self-Improving Generalist Agent for Robotic
Manipulation) , RAEIESHRR

2.33 NBARFKELERE

REHUB|ARAR TR ERTERENSESES L. BRE2HINERY
RIS EREESIRESHES, LAES AR ESHLKIFMIRE BiRE
AN, BIULINARESHNEREEN. Wit RESFMAREERTNTE
IR REARE TR -AIRER (VFM) NELME, BIERGHERSES
e, B, ESEMRGEN LLM/VIM EEA5n seiR it BT RIRdiEH#EERE
7.
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3 f5HrkL FSD: InSlinRiAmMARFTER, SRS
BwoE S
3.1 FSD V12: £fiidinEixEsnZSHE

FSD £#R Full Self-Driving (G2BEmEY) , 25 ARIECHE
BWRE, BHinEsKil LS RAINBELE,

El20: FSD V12 (Supervised) ERERER E21: BINEWHNMETR

FSD (Supervised) v12.5.4 I_ﬂ I_z I_3 |-4 |_5
REANRR saanRR |Asswasne] sxADER READRE

o | & |6

ne ERRRA, SR8
& F. F,
SENE, AT RTAQNQAGSA RSADWA. n8 ‘ UREADNA. N SERRES, BE HEERRES, %
LELL L] LN Ll Ll

a0 58

", F ax H, ERARRES UAEE, RESe
ESESND. RECTRHEER HARGEMRSW, ANADRRASS
"W

. NTABNAE,

a ;:AIIIII-I ‘ M. ‘ RERRAFN. RAERAFN,
\ ‘ ‘ ‘
\
FEESEE: Tesla, BREIFEHTER BRERR: NE5E, REIESHRE

FSD V12 (Supervised) 2l "mIlimEEH" , REEEORETE
R, IBIFERRL CEO RJE-DHfseRR, KL FSD V12 (Supervised) FE
AT FHABRERRE FSD V11 BIESZ—. FSD V12 (Supervised) 55&R M
ZMEHITEBIES, MR AR GRAREDG A RS H TR, 1ZtBE R
EEEE A MR BRYImeL, BULTE#EE 30 B17H C++F8, FSD V12

(Supervised) E> T EHARFXIICIBAIEKE, FEEEMMNEIAZENARSEE
2,

RIBFETRIAR D 2024Q2 NBMEHIRE, BB ANERDEHER: Fi5
Autopilot BIERT, T9ETH 1107.2 FAE (688 HEE) &k4E—iBELY,
MAFEFIETH 233.3 BARE (145 FRE) SKE—IESEH,
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E22: FSD #1V12 BitiTleEis E23: SRE—REMITHIIREBL
SDV iles ® FRAutopilot ADMHBRNENWFL TR
*7F BAutopilot A MM R INENNF L TR

REFHA

FRERRRENORES RS

204X N

2024%W—F K

2023 FXREH

083 W=9K

2023 W8N

2023 -$N

BREIR: Tesla, REIESHRET BRER: SHTEN, REESHRR

3.2 FSD RIpittS4E

BRI BaBRAINBEEA R, &1F mEsE Mobileye FIZefHik
%, 7£ 2019 SRHRE N BRI, ERIEH BB E S & HW3.0, HW3.0
SRAISErRI £ BRI FSD A, 2020 £ 10 B, 4kl B E#EZ% FSD Beta,
3t Autopilot ERZRMHTTEAES, 2021 £ 7 B, $SHRIFF A% FSD Beta
VI, ZRARBAMKEENERAER, R 7 ERNEKKEATIBEREA
BEH R SR ANEERET R

E24: SHi B SRFELREHIE

Rt IRTE{RR S ERER

20145108 Autopilot 1.0 EFMobileyefJEyeQ3F&+T1E
Hardware 1.0
20165108 Hardware2.0 EiENvidia Drive PX2ITE RS
Autopilot 2.0
2019F4H Hardware3.0 BB s FSD
20214678 FSD Beta(ithR) 9.0  WEAMAER, HEEXREARERREX
2024%£1H FSD 12.0 (Supervised)  imZElfimfiEpizs
2024428 Hardware4.0 {E#Model YEJJRFS6S

BRER: REME, IT 2%, ZEW, FEHFEET, RN, REESH7E

2024 5 1 B, %8R FSD V12 IERXEAFHEE, S ana st R
NiRZNHHREMLE, 2024 F 2 B, 15 Model Y i35k HWA4.0 BahiEEh 230
HHR, 5 HW3.0 #8tE, HW4.0 0187 5 (5, TR ESCIHTR RS
HigE. NEEBANAIEBINESEMSZICIHT. MNEVIRHEEISHES, 2
SIRBRBEMBIRR, SIHREFES SRS AR ERES.
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3.3 FSD 2295 : Transformer 1 =2EHI5IN

& FSD H%, REARREZERITTF 2020 F5|A Transformer &2
(ETREFINHEMNE) , BEBUNEATL. AN, #ZRE Al, #UE

Xz, FSD EZEDARBFFIMLIMER, FER MERPENIZAZE] T Transformer &
B, BENERINNESiRRmREE LT,

2022 SE4FHRRLI FSD RRAMEIRBIFZEL Y BEV +Transformer+Occupancy
R RRERN, BITRESLRIB R, nEini SRR R R E T EEUE,
FIRRESOR IR MSIRF, 15 FSD #IAMEMRIE 2021 FEIANETFHENLS
IR SRAISAS SRS R, &RE FSD MKIERMAETE MR RIAERED
BT W EAIMRER Y.

El25: FSD RNiRkl=H]SssRa

The Final Architecture

Explicit
Vector Planning &
Space Control

Steering
& Accel

Vision
Intermediate
Features

Neural Net
Planner

BEER: $5HrRL 2021 Al Day, RAIESHRE:

HydraNets 24 RIN—FNREF I MEZENE, XPMNENSRETE
BEEIE S MESEMEI— LR, fINFEEZEN. TARNSER. KBES
ITHNS, X ESYFENEISERIRERXREE, HydraNets 9z OETFH
HENEFILE, ZEFTREBILD IS K" AILARREE STl E,
g1 "L AEAFRES SIS,

A, ARSI T HAEBE SR e BaNitERR, HEBE R
imA) | ERAOHERT, RS T MEARRIRERAVRER. HydraNets BEBGRES D
BEAMEATERARETAMERSE, XN THEEEREENSSUIE
EXEE.
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El26: HydraNets R854 B27: M5 Transformer {&8Y524143

Transformer Encoder
A

- = o Vision Transformer (ViT)
@ @ @ N S =
Bird

o Cr
Extractor _ Head
video queue et m (ResNet) by isorg Car

(N images) (Nimages) 2

Transformer Encoder

¢ 5 ‘ ’
Time Fusion v i .
(3D CNNs,
Transformers. RNNs) Patch + Position ___
: y E mhcddmg

* Extra le
[class] Lmnar Pl‘(!]u.ll(ln ut HJlun;d Pdthu

. -n” r
ke A m*n—»ﬁilmﬁlﬁﬁﬂ
e [ WM S
ches

detection trajectory detection trajectory

ZEISEIE: Alexey Dosovitskiy: (An Image is Worth 16x16 Words:
Transformers for Image Recognition at Scale) , ERAIESATNRE
Dojo B ATIFAN—ESHRETERS, ATEND)IGBHESHER
FrARYSEEUE. Project DOJO g9t A Ganesh Venkataramanan &7,
DOJO B—MiEd MBERAID MV ENZEE, EEEETE. [MENFHR,
B ATEEAEEEERNF SIS, MM Autopilot EAMGEK,

BRISRIR: #5HrRL 2022 CVPR, RIS

E28: Dojo A%l

Dojo Architecture

‘

Large Compute Plane

Extremely High Bandwidth, Low Latencies ". . . . . . . .
Big Networks Partitioned & Mapped . . . . . . . -

Exploit Spatial & Temporal Localities

s t (T

BEER: $5HrRL 2021 Al Day, RAIESHRE:

3.4 FSD inZlim: REEIRF—E

FSD V12 AENREmE SRS, SSIRFIRR—ME, 5L FSD v12
RARERAERE, HR T BafSRAFRIBFMERL. RRFML. =T
ZIEHIMTE, H=AEREE—, T — P ARRIHENE, ERNRInER—ES
HERIEIEEIES, B TEREBEIRE, AR TEEMIRE, RETRS
AUSEEMEANAERRTE. FSD V12 BEBARIUASEBIRR, AAENESHTAENEHTA
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RE&!Z. FSD V12 By "Baby AGI (22)LhWRiBRATERE) " , SERAIMN
BRI ARSI,

E29: Baby AGI %23

i

i

RegNet RegNet

Ego’s kinematics

Video Module Video Module Video Module

Head Head T Head
_ _ _ T

Sparsification Enables Efficient Allocation of Computer = g &

BEISER: 5L 2021 Al Day, RAIESHATRRR
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4 IRElIREERARRER, SHREMAXE
4.1 imElinEik: EEERSERASEFESHL

RRUCENSH S /IERERETRERAN., BAIER, EAMER, MEAERF=H
ESEmETED. MRIRE LB R — R MNEERERERREERNS
EHE<SH Y. SERIMERCBENSIAELY, hElinE S NER RS
TEROZNED, HEHDRITER, B PEEERERIRA, BRTRINRELL
REI2BRM. HERINBESEEAE —EEREEMEEERS, BRRRE
HEERNHMREEE LTHER, TETHEIERE T EREEAIR,

E130: EIRE AR RAIEREL E31: BRI SE TSR EmEI,
‘&P
®
“g’A p .
&
wo =& e o/ 2
20 M 24 /¢ =
§ o B - R e
Z&¥IskiE . Pranav Singh Chib {Recent Advancements in End-to-End BEEIKR: 2023 £ CVPR, EBEIESHAR

Autonomous Driving using Deep Learning: A Survey) , R&EIESHTR

inZlimFALHEMESRERMEESTE: BUREFEIRRMBAS MR
B EREGZEILEENSVIGERBALRSRITH, BUFINTIFRER
BYSMERIEEIER, REERERIHERRACRIRRE, MESRIES CRITHM
HIKFRER, LASRIGRIEES]. SEFBEED mAERR. MEnEIEE
ERERPFEIBRNXE, FIFEABAISLIRE 17 S KA E/IEBUAI) 4545
HURERTAIR S SRR I KR AR
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E32: R{HFFEIERTHG

E33: BUEIERT

Perception Module

(e.g., Segmentation) Action

Behavior Reflex @

Behavior Module (ours) w I

(Action Proposals)

Driver

IL Agent

Simulation Strong
Ground Truth Supervisions

RL Coach |-» "

il 'l

Actions

@

Expert

B&HRIEIR: Pranav Singh Chib {Recent Advancements in End-to-End
Autonomous Driving using Deep Learning: A Survey) , RASIESHR

InEl iR EAtH LSRR AR SIS

4.2.1 BR SRR corner case

ZHIRIR: Pranav Singh Chib {Recent Advancements in End-to-End
Autonomous Driving using Deep Learning: A Survey) , BEIESHTH

TEEFRURFMKIELRR S, FRARSRIEARRRT ODD EXIFHIN, EXIHS
EHRASHEIRINATHIN, 2AEVE BRI 25 A B h L. XA RS
FEFABRIMN, §FRA "BRROE" . ERROERZIN, EEHRZRT
RS, BEFERRE ODD, BitAERY ODD EEFEXAT, MEEAER
FEMNRER NE, MMSSIEEENESAE, SBERFITNGSR, B

corner case i, ERSFRIUSABEEE T TTIENIT.

inElin B XA RAEBH TN, (MR ERES. FiEsk. KT,

HETT, BIZHENTR, EERAXRERRINERHITHE

BB, FrUHEERIXTRES.

. FUT

El34: wrhrhiiEss, EFRNIERIREEEGIE

BRERR: RS EaiET NOA BatEinEns, REIESHR

$QEJIE§%E?:T'&HE% ~.a-.|r'.n't.!w.i|:)-::-|'|:)t:J|.-::nZ_‘1
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4.2.2 YA EH B

Eo S S BT R R R SRR TEMRY T oizE,. BT eI
BIREERISE, SEEBDEIME, EMEIMASREEFRAETE, EX

EEMZAIETR . mAGRHNAREFS, AR LRIGARSHSERITH,

ERRUEELREEA. HREEE, HIBERTE. SalERFES, Mt
WA NSRBI IR TES AT RS,

E135: i/ - RERRE R A

JE

BEERIR: Tesla, REIESHARRR

4.2.3 2Bk, A EEZAMEE

&5 "DAaZ" RIRRILEENS, FTREE T RaRRMETMELIAZIE BRI,
HTEMESERIEZ, ATRECAUREIIMEE, IWEFIERE)IGRES
52, FELL Al HREIEETEIRTHERE, B T RESLI— N/ M. BEZIL "B
BRIE Zfa, XEAEREIAA—DSIRA, BRE—RIBIMERIRE, 77|
TiERE BRI,

SERRIEREBENBSRAGIELL, hElin B SRARRIRITHERR, Bk
AN, FEIBI SR, SESREERRDR TRIZAM. FTLUNERE
MRIHAE, HEASENESEN—KML, 817 S MERATRII IR
BiFFTR, BERBEMETAEEREE. 5—HH, BTREERENRSG

FEPES, MARERET ATIRUHAWSESEIN, FTLARZE T fagrormET/F.

REENEE —RMERE X T RIS RN lnRtse, Nimmb T A
T HEHPFFIFRAIBAS.
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36: IREFKRRAEEBAMBIRRATLEEM

Bounding box Trajectory

(a) Classical Approach
Plpallng: s e s e e e R e e e B R R R e e S
Section 1
(b) End-to-end Paradigm (This Survey) _ backpropagation
— s ((prdtion ] S35 ( -
[ Perception ] -—b[ Module X ] \ S o Module Y fgu’re Planning
b -pp aiN) =

ZEHIEIR: Li Chen (End-to-end Autonomous Driving: Challenges and Frontiers) , B&IESHRR

4.3 BNSRRIIREEFEEARNBABRS

4.3.1 IR RETBME—: HIRERHAEAREN

BB RRIREEAR T —MEIERMNFED e, XIREEHERT
BT, BIAEREIEIS, RERSFIFISRIVSEERFTH, MM
LU ERYE RS

BN SRRFEER DIENEEE, URIBEIEENSRETERARIRERIEL
&, ERILLAAFAN RS AR ISREE 11525,

E37: BEFHRNIIRED

El38: EFEUREIRTN

[—]m

Summarize
——
B .

Guide ll'

Driving Scenarios Serr?gg{}gggace Driving Scenarios Representation Space
R —
“~————  Rule-driven Paradigm Data-driven Paradigm ———
BEERR: csdn, REIEEHTRR BRR: csdn, BEIESHTR

4.3.2 iRl SEFRMET. SEFEUERNY
iREiEEERA "Bev (BEfNA) +Transformer (FTi)llZ:) +Teacher-

student (XRZEXIE) " BICIIAOMAINUE, HBIRRERFEHIAY Optimus A
FANBEA, RIBESFMA, $SHR AR ARA T HERINEELS

IHENREL AN S E B S TFRE AR SEANLVFATEMASTINLIE,
EARSHE—TIHIEA, BEIRHUSERRL Optimus HBEAFEAT Si5Ec2EEN
TTENFIRGL, BESEFHEMNEETSA LIET, EEDAEEENINS
HENRS "B E" |, MR EEMZIRBINE "alfTETE" . XMFERK
BENRBTRESFARTLUIRN, BEAFTE—LHA, EXHoRANTEEE
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ER3RT.
E39: 45HrKL optimus R ABEITE

Itis also now taking regular
walks around the office

BREERIR: tesla, RAUESHRET

4.3.3 IR RETBMB= BANITHARYSER

iR AR EMNEWIUAMATASIIMAOXR R, ERABKRCIHEMNES, &
RN, TS ESEAE—MEE T, BIMARIER (WEGk. X
FERERERE) | RERE EEE DRSS, SLHERMUARRISIITA.
Bl S WinEin AR S IR ARSWAUAAT S, I0FBRYEER. NI

XMUAATAEATASRA LRFEER, SJLARTHIRRARREREDFA
PR, BT ENSHIMANERE, ATANSATLUENEAESASE
HITRE, MEMRAKTFS. mEEREF.

4.4 RN IRE iR E AR
4.4.1 XRBE—: HEMEESIRE

InElinE AR EAREEN FIBSIT A TINE, XMETRKE.
RARDEASNIREATASRA LRFEME. AR AREETEINEZEIA
ISAYESS, EERIERRIEERA L E S, RiY, BTARNRARNREES
BRI, REIRRERERIEEERES. ASARTEAELIRAS
B SCHYSHRER ST AT |4k

SWERBERARTD VR IR ER LA AMA N EEIRERERIE
B2, MFBERABEEARKREIAM LRI REERIRIEERGRES
I, FHEARRIEEIESIISESUE. VRITIEHBIEHARAZREE VR IRENFE
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B, BOnE R R TR EN S ALUE. XEEUEAT LA TIISGATALRA
ROHIFIEEY, (EEAEIBRIMHIASKRIZI AT,

E40: IEERAREEE

BRERIR: BINTEDHERL VR, REESHRSR SRR R, REDSHAR

4.4.2 XEERT: SRAEURRYSERFN(ER

BT RIEN (Scaling Law) BYFTE, Hles ABRIEHREA/INVATE 7HEIERERY
YFIR, ESEURRIREEFRARIATMIIIAA, GRlEEAKE Al BiESCIIEL
TRERY, BUERERITEAAEER.

R AR SRAHIRERDRERESRELZHENNIM, &REEEEN
HFHERFEE] TRARER. BalSiESEEAt, TERFETTNAMN
SEHRIAES. MATFASAZTENATZENS, 1. RE. DAES,
2NN EXRITE T BB E. ETHFREEENSRERNZMEIST
LIRS, PR PEISTERESR, MeEBRARFIISEL.

BREIRE AR KRR RISEIRSENBIS T, BREMIEESE
SLEREIRT KRS E B —,

El42: FFREpEURRIER

Future Al
Data Used )

forAl | | Today's Al

2020 z 2030

BESEE: Gartner, RAIESHARDR
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4.4.3 XERM=: ERIRARRRRIE, RINIRE DY

TERAIRAE RS PTIRRE, XA ATNBA LR,
BT ATBEABES ASHTRE, RSB E FIRA RPN
EEEEEXES,

B S BN SIIRE BRI Andrej Karpathy 3tH, ELBFOSORHSE
SUEFRSFELNTERR, EEHTRREE0SE, MEREBENEA
BPUEMOBAENIL. SRRIERINOBAETIE, ARAEERR HERIREOIR, B4
AGI SHEASEHLT. 441, ERIESERANSIE, Bt URIEHRSHET
TR BRI L PR B U St, FIRY AR A PR MUB AR
PHhx—aE,

4.5 {5HRAL grok 1REY: 1S B4EHEREIE

2024 £ 3 B 28 H xAl %757 Grok-1.5 18, Grok-1.5 B9 METF(EA

AU 1ES. XIESEIISESHERIIZR, FIRMNFIRELHTHE,

FERERE, XMEFTERISRSEMESRN "GRETH" REHEAR &
SENESRTE" AOFIEC.

B EENSEEEAMENESREN "ATEBRLZ" , Grok-
1.5 JLAEBIERESEE, SRS THTEMASNMNSESHE, X
MYEBTHRENSEA "BEER" , ELERFHIRRENMSEHAE.

E43: Grok1.5 {SBISHINLL

Benchmark Grok-1 Grok-15 Mistral Large Claude 2 Claude 3 Sonnet Gemini Pro 1.5 GPT-4 Claude 3 Opus

73% 81.3% 81.2% 75% 79% 83.7% 86.4%
MMLU

50.6% 58.5% 52.9%
MATH

[ Q
GSMSK 629 90% o o 91.7% 92%

63.2% 74.1% o % 71.9% 67%
HumanEval

86.8

61%

B

TSR REREN, REESHoR
EREREREIEEE=S BROME. MUAIRSETHEE, RRHEE,

BESE: MUSHTRIZEEEE, Grok-1.5V HERY, HRLSEGETEGLS
ERGEINERBERRIER, FARXLEREEAIHNFES. A, REERR
UEHES XSRS IZRHTORE, BRIFDRS N BRI FEREES.

MNFIREERE : ERRIHERE, Grok-1.5V SFIBFEFEIAIMNFIRESE
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SCHHTHER, XA RERESEAN., BRGNS X, EFHNFERES,
[RESCHEEN RSB SE [RAIRRBEREMITH), IR REMAGER, FHELHE
HIRR.

RERAERR . SERNENERARFAE, Grok-1.5V RNMUEEBMILIRER, K88
BREBRHRRIRE. RESBRERES PREREL RGN AKTIERES
FER, IMESHREIERARTBRFERVRTRIKIE.
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5 ZfFiX Robocasa: BFEHREXHETR, HIXIE
ilF real-sim-real
5.1 3i{EiX Robocasa: EFEEIHSANEIEIEILE

5.1.1 {RERIESHFRENX
REEATEEE (Al MRERR, NEBEATHEERE AR ABIEETS

ZUBREL. 2RI ARSI CIEAIIR, SHERVEESR) 4B RT=s ARE,

EXEHHREIZICREN EINFEEIE, Hoh, WERMRIMEREZR. (E5MER
FFERENEFERE, BEASHIERRBESENIN Al TH, ZEARHT
RoboCasa, XE2— 1 ATISERE ARIRBRRIER, EFTMLEEFNE,
JWHEBBIME, Robocasa HIEEREM THEIT 150 MIKREHIAIETA 3D &
PSS FRI R BRI EMEES, BEIT ISR BINE. (E55FE0E
& LMBHIERAZIITERT R, BIRA T BRIMTESRIURRRY RN =5
AZIFERIUR, 15512 B RANSEAEREHERRISRRIMEE, sSCIeER
RIA: IEERAERRIN R ASEH TAMREGEI S EEEESAERIET, &
BISCH FYESS R AR SRR LR R S E B~ B KRR R,

Robocasa BUATHER: 1) SHAEF: TEERME Al TERIEEITEIE 120
MNEFBEHSEF 2500 24 3D WK, LI AR =H#ERIIRET, LUIRNAX
AR EGIRERINESEE; 2) BT SOFBMFEBANSEA; 3) £
FHURVESS . ERBUESER (LLMBES TEIRMES, 4) KHUE)IGEuESE:
BB 100,000 LK%,

512 &b AiEE#HE
Robocasa FUEIIEZEHER 5 NOHEAS:

1)1 4 : Robocasa #JE27E RoboSuite Z E, FHEBSIRHE T AENIZS.
WEFEEE, SR T I MeOEY, BIERESEEETURINIEE AIzHIss, (ELL
7 RoboSuite HEZRFEIRIL, HUR. HSERVRHE, AT IFTERERE, BERAE
¥ T RoboSuite LUERNaiEMaE, SELEELEE FAEEA. AN
AN ERIEN=EA.

2) B : BIAMRIERER TS AN tH RS SR B TEAR,
FHRES— AN RENRENNAEER. @h. FPF. kP, MHEES
FEHEDCES, MERINERNEREZR, FERABREN Al EaASCEREINNTS
i, XESGEeT LA B IR SEUSBE LRI —FPAZal, LARE A0 SRE0R AT
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El44: Robocasa t{&RBUEANEREIGS

EHIEIR: Soroush Nasiriany {RoboCasa: Large-Scale Simulation of Everyday Tasks for Generalist Robots) , R4IEEHFE

3) #r7Fe: Robocasa g #T—1MEE 2509 MNERERAIE, #E 153
MERIRS]. XEREERE. BRMEMEFRR, KEoH lumaai &
ml

4) (FB5%: ZEIEE 100 MERFAIGFHHEIMES, 7 25 NEEMRF
£S5 (GMEFRE. FFRI1%F) | B 75 DNEERBIESEKEE (LLMs), 7TH
2 GPT-4o RUES TERNESES. WE 44 i, REEHFERAER LLM
KIFEAERES. Bk, B GPT-4 BHARNESRERSE, HIINEMHE
et EIA I RH T 20 MESER; e, WFENE), B GPT-4 (8
Geminil.5) RHE—ERBRIRIEES BIF: E5. Bir. MR KB, XEEF.
HRINZIEEE.

5)¥EEE: ATIGINEUREE, BB BT MimicGen, AFREFES4ERL 100K
TIMOENE, (EREEER TERY REUEE. FIABMIHITERET ERIE XN
IRETEIRE. — M HEUE AR ERBARIERAER 3D AENERFHESKET
50 MERERERE, 8MISERSBRE—METNERZ SHUIERN (BB
NEEFEE . BENREEXAEFIENE ai £ASEE) . XEIT A LITfERE

(1250 NER) FET REFISHUCRIEEUES. A, AMERXMUERNA
BB ARLRBRAZEIES. MimicGen 55F Robocasa HIL, FABNIEESE
FEIRER TR MimicGen R EEIEE, MimicGen AN ASEERIFIFE
FENEREENHES. BU—REREBNAXKBRIBI— MR IH
CHSRERER. AR, NWF AR, SRIEEXESHLSNESERE—
MASIRORRER, FHISREBRESTE—IE, ILNB[ARBIREIEFTAIE
SR, MimicGen FE—LXTEINEARRR: ESEBLUNSRAFONT
ESEFRN—3E . Tl RO ERNRTES, SR —ReeInm
ESHEBEEFEUNLNS AT ONTFESFS, EFXFEXFIRETF5IEX
SHSMH. Eit, EEFESFIREZEM. b, 1IZHELE MimicGen 84

= GRS wirovor IR
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AKEREGIRABSE NS AT O FAESHRAIDERE IR, XATLUE
IRNENFESERIBNCEERLIL.

Robocasa SEMRITAEIMESRBEEL, HEUT: 1)Robocasa STHRABRNE
e, MIMVPRTREEE, 2) EBEENER. KENES. BELHIFIXYS;
3) Robocasa ZiFimAZEMEN, EMMEEGHFER RPN TERE
%, Robocasa 22— M ZIFKE(IS. BRSNS STIYESIER, RS
BT AIERERNESNE=ESRFERTISTRTIRSHME. Lo,
Robocasa 1R}t 7 KHUEAMES BT EIRELIR MimicGen R4, FHRHUTEKX
BISESPESRAEEIIIGHRENLEST. SHigSR. ESNE=5
RoboCasa 1RIHRIIZHIREIEE S, BHENSBAFZIUXDEATEMISEIER
SERRIRER,

LI, FAEEIRIT T AT : WEREIS(ESHRIEHT, Yes4mavHh
WEZER? 2)ME)IGEUEENRATIEN, BUF I RBIURRZCREE
MiRE? 3)ANMEEINEIESERHERIRERE NS, FHEERLHFESH
BIERF>)? Robocasa #i¥R 7 REFIS. ESESHESHRALM=1ME=.

EXRFREESHIEMFEI P, BRI T 25 MNRFESS, s/ \MEMR
BE (AMENFOME, FFRIIF) BT ASEER(ER MinicGen SEpEiESE, 550
BEESRE, FAHEEEARSIESE LRORI. EARSIEL, BIRRIIERA
20.8%, TE(ERSEBERRIEIRSE L, AIIREZRTTE 47,6%, MERBIRREN
HEPMREEEGES . EEEREIEREEIN, KA DRES, RIAARE
IR T B R LR BRI A F I B SRR,

El45: Robocasa ([ GPT-4 £ AT SAIEELEE

| Activity Prompting 1 [ElopT-4 List of activities Task Generation Process
r i ) 1. Chopping Food )
Can you give me 30 simple | | 2 Frying picklvegetabie) | placa(microwavel |
| everyday kitchen activities? P | 3. Serving Food ...
Task Prompting -
) Task: Prepare Microwave Steaming L
. . Goal Put a bowl of vegetables inside placa{bowl) close_daorimicrawave]
"IUL_” goal is to come up with 15 the micrawave to steam them there. i3
unique tasks that a robot can Objacts: bowl, vegetablas i
complete that all fall under & Fixtures: sink, microwave |
{ACTIVITY FROM (71} -_f Sils 6} =
1. pickivegatahle)
Availsble objects and skills: 2 put(bowl) placa{ow)
3. pick{bowl)
Example tasks: &, place(microwave)

5. close_door(microwava)
6. press(microwave)

EFEISER:  Soroush Nasiriany {RoboCasa: Large-Scale Simulation of Everyday Tasks for Generalist Robots}) ,

REIESHRER

ENEEESIENFEIFEI, BT AMERENESES (NNHER, #
REVE) 2 BIRAMEIFRZ IFGRIETD) 4RIt Te, S MESIE 50
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TAKER, HER MimcGen EEEE’J?SHEJ_ TR, MRERIEEIERE R
WY, RERZRNE. FIEEGUERIBRIE LS A s R T I A E RS2 ER.

E46: ATEFRHNEEAERAIEIRE 2~ FRIELIRER

80
70
;\; 60

2
@ 50
0.J II lIIII

Pickand Place  Open/Close Doors  Open/Close Drawers TW|s ting Knobs Turning Levers Pressing Buttons Insertion Overall

Success R
Ry o
82 8 3

=

B Human-50 Generated-100 MM Generaled-300 1NN Generated-BUOUl

EEER:  Soroush Nasiriany {RoboCasa: Large-Scale Simulation of Everyday Tasks for Generalist Robots) ,

REIBSHRE

e R B HRRET, R TINEESEUE (Real only) FtEH)
i (Real +Sim) EHENIGHRIERIL, FREENARIIZHNIEEHES LS
RitiToE, BE=MESWMNESEIKENMEIKNE), WFEMES,
Robocasa FIRAKIEE T 50 MNExR, BNERENEE 5 MRS5S, B
FMESIBE—ER, FEbik Real only 1 Real +Sim fFigE., FRF, EBA
HRT 3 MMESHEBERARIIE (HYEMmESUERE, BOtL) | FRhT
5 MR IOAIXISRZERIFN 3 MR NAINI SR (EMLHFAGERFEARR) . &
RER, ERUWSRE, EEIEUEL)IGHNREESHNSR ERFIRIhHES
13.6%, MTEESCAURFNEL E0E X EIZRFIOMINRA 24.4%, REiRE
79%, R ERRF B S AR IR RS BERE 7RISR,

El47: Real only 1 Real +Sim FARREIISI)IEHINZEITE

Setting | Task | Real only | Real +Sim (Ours)
Seen Obi Counter to sink 127 £ 2.5 22.0 + 2.8
)| Sink to counter  [20.0 & 5.9]  29.3 & 4.1
Counter to cabinet| 8.0 = 1.6 22.0 + 5.8
| Task average | 136 | 244
U Obi Counter to sink 3.3+ 47 89 + 79
nseen L1 Sink to counter 1.1 + 1.6 7.8 + 4.2
Counter to cabinet| 3.3 + 4.7 11.1 + 11.0
| Task average | 26 | 9.3

Fig. 10: Real Robot Evaluations. In a real-world kitchen domain with
only a handful of demonstrations, we explore co-training policies with our
simulation data. Compared to training policies exclusively on in-domain real-
world demonstrations, co-training substantially improves policy performance.

EHISEE:  Soroush Nasiriany {RoboCasa: Large-Scale Simulation of Everyday Tasks for Generalist Robots) ,

RAIBSHRE
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5.1.3 L&t + KRR RE

FEIXIRHT Robocasa, —/NATFIIZEREE AR AMIEELIESE,
Robocasa &5 74T Al TR, ST S1#, EXNERZSEMNES, i@
ERAMEEIEERRS THS AR RIS PRI, LRERKA, SR
FEEIINEFZINRARREEBR, FHEAUEERSANNREBE THE
SHIELHFESH.

(B3L305RAF, EGESRIMIEFE TIRIERE, RRATLIARE IR ARSI
MZEIFE, FESVREREIEEENRE, £ LLM SI2ESa0IEN
REBEATIESHKEEEXTR, RKMEE LLM pEEERR, R LLM 12
HEFMHBRIESHRENE, URIIES KLU LSS BN
79AJ8E. LEHh, BRIASEIRTREMET , REALGERETZIMEMES 25,
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6 Y12 A real-sim-real 0J17, 1BEEIER] AGI &
gelt
6.1 Z=K KHIPA Rekep: —FhEt3NZEARE(ESHIFAEY

FRFIRELYRERTRLZE, BT =(ESHARIBRRSGE

6.1.1 IRHAIMESHFEENX

TN MR ES R A KRR AFIRIRRILRSEM, FEIRE
BFSEAAESS, XETBFMTC, BREHILRERIRAFRZ LRI LA =R AT
£, B—NBRFEFRRADE,

ZF ¢ CHIRA Rekep BRI T XRXERLIR (ReKep) , X2—FPEIIHN
BARIELRHMIEEMF T E. ReKep A Python H#iFRT, 1§—4H 3D %
BRSIZISERAF L. Rekep BRTEBDISIRIEESRETH—RIXREXESR
23R, AILARARRGHRAGTEZRRENZADE (B—RFIKIRNITERES SE(3)
Fr) , FEMSCETERARA-REMIR. o, BT EGHBIRHIESFNE
iE ReKep, BIPAIZIHHT — 1 ERIMLTHRE, FIFARMEGERMNE-ESERNE
HEXMIESESH RGB-D MMl =4 ReKep (Relational Keypoint

Constraints)

N/ ABRELSRSNEHRRHTERIIRE, XEREBHEALURRA
ZEFNRSIEIERRILIZR, BIa0, HARBINKRPENES, TR ALREFIRLEIIE,
SRR FEY, XEEES Bina=s, RAEMFIHAFLAERSBERER.
XELTRARIS T FhEFBix (Fla0, EEE) | E4wE TR TS (Flin,
SRR R FEY) | HRRE TSR ASHHE SRR R PRYZE,
RIFNIEMESER, 2T, BN H R EESHEXELREMISH
IRERAIB L. BACERERM ZERITERETENESZERIZIR, ER)
PRI RAREER T UIETS , FESIIREIRIER, FEARREERIISR ETIE.
B—1HE, SIERMNSETUERENRESEPLIFEINR, EXRRE, B
FEEXNSANESHILREEBSIEN, WAESSE)IGEEDAERE. AR
ToRERIZIR, = C REBARE T REXRERLIR (ReKep) |, ZHEMEIBIES
FTH—NXEXBRFS. #H, ZEEREERIFS GPT-40 FBIREX
IRBIRIFES.

6.1.2 L TTESiEHE
1) XRXREARBOARLBIEFE

ZOSEIHGE  WTEIMER i, BB RE: ETLEER ReKep

mﬁﬂtﬁé;ﬁﬁﬁﬂﬁﬁ% www.ipoipo.cnj
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LIREMHENRA , HE— P RIRHITRREBIEA T —PFBiR (REMBXEE) |
AN SERliZF BRI S, i RTUR AR IELHAY direct shooting,

plgn, TERMFESTOA=ALER: OFBR—: NS AUEFRFERZE
MFEHMRIFEN, BHRF/KAH. 1ZdE R, FERIRERRGHIITREERE
IBF. LAY Rekep FREREFERIMMME (ER) . QLB BREOSH
FAMNTTF, ZIRBPFETYIREUEREOMVTHO LT, BERARERRE
M, BRFVKEL, ReKep BHRTHM (L&) AMEMAONIRE (F&) . @F
B= EREIAMMIOBE, FEREPRIKEL. ZIEBRIRERAEE
RIEIRMAE. ReKep BITXEAFW (IEE) MROFKIXE (A6) RRFIF
TR A, ZIREPLIRRIE T RETFER (I55K) | REB THIRMTH (Es
PRI TEL) | XEHERE TS A ESIMEIEXAIZE. AIEFEME
HEEER, XPBSIRENESSEASA BIRILIRSEM, B KRR
SCERANRRARAT .

E48: XFEXERLIR (Rekep) BARBNRFITAIEES
EEX KRR J:Isﬁl’ﬁﬂgiﬁlﬁilﬂﬁ‘éﬂgﬂjefﬁﬁr 2

El49: Rekep f3i2—HFBEIRLIRN—AEBRELIR

A Relational Keypoint
< Constraints
npu:QQQ -

Output: Cost

Optimization Solver
S,
W

+
= = Actions (@)

Figure 1: Relatlonal Keypoint Cons!ramm (ReKep) pecnty leCI’\C mampulauon behaviors as an opti-
mizable spatio-te ral series of Y . In the pouring task,
one ReKep first co onstrains the grasping location at the handle flhe teapot (blue). A s ub sequent ReKep pulls
the teapot spout (red) towards the top of the cup opening (green) while another ReKep constrains the desired

rotation of the teapot by associating the vector formed by the handle (blue) and the spout (red).

(%) (1) (2)
Csub -goal { sub-goal, 1 k) sub goal,n (k)}
o —ETFHEFIR
c[()m)h = { p.nh 1( ) e pa(h m(k)} where fsub -goal
o —HRREFLOR

##IkIE: Wenlong Huang, Li Fei-Fei {ReKep: Spatio-Temporal Reasoning
of Relational Keypoint Constraints for Robotic Manipulation) , RIS
Rk

BHISkIE: Wenlong Huang, Li Fei-Fei {ReKep: Spatio-Temporal Reasoning
of Relational Keypoint Constraints for Robotic Manipulation) , R&iES
A5k

£/ ReKep, PIISH=28 ABRIFESILIRA— T N F BIRIRSERILIRILE

B, —MRMEESEEERSNTAXRR, FEATEEES M SHEERIIMER,
HPSMEREEAENTEXRER, Rekep 85— MES M N M ERFHER
ReKep IEMHER | € {1,... N} IEEMRLIR: FEMLIFRMEFZLIR, Hep
F BRI TR | SR B — MR RRR, MESELIRGmS TR
i AR MIESEREN— N RERXR.

NEOMNEEZREZT, BIHREESHTERES, E—MEBRITFBEIRSRA 8
B (ELUNBEIREFEMEZEET) |, XEHEFEEFNK. ZEANOHGEEICE
BEESEHIE@, RAWTR, FERLHBEIHAZIEI—MER Rekep BOKEEF
=V

(1) SN : ReKep REIZAME RGB-D BB R HIESES,
FBEXEMTIER! (40 DINOv2) fIiiE-1E=HEE) (W0 GPT-40) KiRFIHSESH

zmgj‘}?fﬁﬁﬁﬂﬁﬁ% www.ipoipo.cn__7
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9K m, FERL ReKep 495,

(2) B BIBEREFESOEASZSITINER, A8 MHBRIEETHE
IREITRFNERIZZIR, ReKep REBEXMAMACTTIERSERSRFNRZAGDE.

(3) SCRIMHEE: ReKep BEFETEAL) 10Hz AUSRER FCATRRRAILIAIRE, (&M
THRERERMAWRAREES.

(4) BB AIRINANZIRER: ReKep BISEITIE, BT FEHE
EESFHERENTR, RETESHNIT RIEMERM.

(5) BZLI: ReKep EBREFWENRATE LT TRALM, BRT
HES RIS PRIN AR,

(6) ABFIHBREAIR: ReKep RUTAFEIBAR M THEXABFIETISN, LAE
HFt Kt — RN RIX—T5i%.

2) ARR-ESIRERNEEXRXRBRLR

NTILZRGREELPRER TR TEMMESS, ZBIPAEER T KIRE,
BifskiR, ilERAARMEERING - 5SRRST T —EEERERSEN
KESIRINAD ReKep 4F.

El50: Rekep SEMGNHEELE

N RGB-D 0 Pour tea into the cup. —

Observation 2ot
Large
Vision — | Model
Model
Relational 6 - 6 ™ 3
Keypoint \ -Gl v O .
Constraints | © B LT T e 0 S
i |

Constrained Optimization Solver

Optimized ¥ P - ) ¥

Y 3 ‘2 J | | {
Actions : & %
i 3 ? b t t 2 3]
gripper eapo ﬂ/ cup

Figure 2: Overview of ReKep. Given RGB-D observation and free-form language instruction, DINOv2 [5]
is used to propose keypoint candidates on fine-grained meaningful regions in the scene. The image overlaid
with keypoints and the instruction are fed into GPT-40 [6] to generate a series of ReKep constraints as python
programs that specify desired relations between keypoints at different stages of the task (Cf.:nz.g.m) and any

requirement on the transitioning behaviors (Cyy,)- Finally, a constrained optimization solver is used to obtain a
dense sequence of end-effector actions in S E(3), subject to the generated constraints.

BHIEIRE: Wenlong Huang, Li Fei-Fei {ReKep: Spatio-Temporal Reasoning of Relational Keypoint

Constraints for Robotic Manipulation) , B&EIESHZR

ERNUREBEERHNESMESFIENN, F K EEETT ReKep HIEIK
FRAEAERENNS, BEMNTLIBERISGaAENEER (LVM) FIREIES
#&RE (VLM) LB, MMeETsRIE RGB-D 1B B ZRESESEE
HNAIZIERE ReKep, BFFIER: FIA LVM Efa=hiREANERRRIENE
XRyKER, HFA VLM B8N 7T XBLRpEISTIESWA GPT-40, LIAERK—

= GRS wirovor IR
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F5I ReKep £95R, RLLREA Python R REE 7T EESARME (FB
5) RBLRZEFAEMXRARSETA (BBE) IEMER. BFRIAXRRRER
BIFMR-ESIRB B abitt A B R R0IE S5 SH1 RGB-D XsRAE L ReKep,
B2 7 FahiEE ReKep BIFRE. B 7EMRAR, HAILAERAIMMRATKFERRET
IRERKHE REBFTTHSELISRREMN R AZME. T CHRAD RIMER, Bt
KF—REAFER (FFRA SEQ)RRHITRRES) MR, AEREREIATE
R RS STEN F B s E RS,

FNBEE—RIMESHRETZRRNISHNER. BFI/LAZR. WFMRNIT
7. XEAESBEEZR. BRPAR. BREF. L2FURT. 8RR, REFN
iMETE. ERET, MERBRMSETESHEIESEMRER, FRENRSR
L RETS AR tH IEFRROLISRAF A RESMINE R TEN]. BSIETRIZ, ReKep &J
LAERUtEE MES A9 DXERR,

LA, ZEAEE T ERIRESHRR THRBRGZMERE. = 7 ARERIWLES
ABRRIDR, BRETR, RERAFRRRKA T AERE, Hh—L8KIK
BiES AEKERRGIE—.

£x LA, ReKep MBI XERKISENRABEL. 4K (Fp4) FIEhCE

IR KRB EFTTHAE T IRER KR RRLIRKEN AN, AT
DFNIEEHTESER ReKep WIEE, BBARIHTY — M Batinfe, FIAXE
NERBIN T -ESEENEBFARNESIESH RGB-D MAFBE~4E
ReKep. Rekep ELIIFRAIBREMNXERAZ—, CEIIRH—HEEEHAR
RIBRBMIRE=HESE, Mifnldia 738 ARZRIFFR(ELEN.

El51: (R ReKep tRilTEARZRIRIBRED FRINE

sweater shirt hoodie vest dress pants shorts scarf
- - X »
s A f = s

4 \ - o N
- k -
: VumS VL ‘ e
o - '/ & ‘;\ %
- e )

Y-S =

sweater shirt hoodie vest dress pants shorts scarf  Total

Strategy Success 6/10 4/10  4/10  6/10 3/10  7/10 7/10  5/10  52.5%
Execution Success 6/10 5/10  6/10  9/10 7/10  8/10 9/10  9/10  73.8%

Figure 4: Novel bimanual strategies of ReKep for folding different categories of garments and their success
rates. Since ReKep in this task always associates two points at a time, two keypoints are connected by an arrow
if they need to be aligned. The coloring of the keypoints denotes the order. In the sweater task, two sleeves are

first folded simultaneously with two arms, and then the two arms grasp the crew neck to align to the bottom.

EHELRIR: Wenlong Huang, Li Fei-Fei {ReKep: Spatio-Temporal Reasoning of Relational Keypoint

Constraints for Robotic Manipulation) , BRAIESH5R
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6.1.3 L LHIE + RFKiH R

REKBERLIR (ReKep) B—FMEMESFTR, ERAXENKERHITERE
HUZIER, LUEENSBAE. MR (84) MARPEMAREZ BRHEXR. &
BRIRERRR, ZF € CHBAIAYI ReKep RALAERRIGHESRRRES IR M INE
R, MTEALASERISTERIS{TROMEEDEIASRES, ReKep ROIRAF LB EERHEAE
AR TS S1RE S ARI4EAE.

Z K KHIBA Rekep EETHAZ: 1) HERFESTRNEBREXERLIRL
PERENERE; 2) it 7T —FERAREN RN RE SRR ENEERER
MARAIEE; 3) ERTEINBAFE LRR 7RSI, XERGLUESTE
<F0 RGB-D LA , AEFMEHESTESIMER. B WFMRMNITH,
AT EESHEIREIMEIEEL,

BEETLMRE. &%, AUERKRTETIMRIRIXERREER, R
BRI EIRIREIR, WETHEEABEER. HIX, ReKep (Kt THEHAYR
PRERSRIERMBOULITIASIE, XASHE—TEEMMERI =M TS, BT™
ENEEES. &E, SRNANRREMESEHE— I EIEMREFS (B8
2R) . EAARRBREFNYFTEESMN LS TRERRENN VLM, XHiHEFk
TAFRIT BB,

6.2 Ix tHtRIRE: HiE BER, B ASFIERE
ElIRiE

6.2.1 AR ESRSTENRESELNRERHITERRRER

ATECMRIISREZM, AIERE—ER, BSEmIRAHRIZW,
SRAERENERZBER T, SE/VRREHHEERIRIE T,

El52: #25AtEERERTIRISE(LERLE

Model Performance

BRISRE: Jack Monas {1x world model) , RASFSHATR

mﬁﬂtﬁé;ﬁﬁﬁﬂﬁﬁ% www.ipoipo.cnj
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TX HFRERRA I O R A A B A EE RS BRI E SR TH
FORRANENL, ERAERIEIN T A EELUEN RIS RAE, BFzh
BRSNS, M 1X HFEEET NFRIAERESREIETES, B
as, BEBEHEAMIARPIHENRARNTA, NIAKIES THIRRARIER
AIERREME.

6.2.2 IR MIRIREREREIRP EIES SIHIRIRINRR

TX HFRERI DSRBAE T HAE BN RIGE R EIRTERF S, WEHee
IO H A N =25 A S ERIIERLRS . X—HRSRH T &St IEAR U T3 14RY
B, EENBRARBBER 2. EELAMSETHITEIMEN.

I ERN—F (2023 F) B, 1X KL 1X E~m EVE NS AREIES
EET/N, XEERESRERTNDREPR TSN EESURSAR
SRHES . ARARGXLEATHRINFEIRE SR, )47 — MEFIERE, 1248
EERIIYS NS TV SN

E53: tHRIEB R

BESEE: Jack Monas {1x world model) , RAFEHT

MR ANBINE LT/ BSs AU TES RN 2R 50, RE
BETSIRSRIRIHFNE, FIUT R AEREIE T aRER 4.

EVE ATANSR AEREAND R EMEPHUTRISFMES IX—RERH T =
R "EEEM"  BEAS AKEHFREXEESTHE, REESTIEE
MG ESCtH R T,

[El54: EVE AFHNZRARERRIIS

E55: EVE AFHERABLERTINE

BRISRE: Jack Monas {1x world model) , RASFSHATR

BEEIEE: Jack Monas {1x world model) , RAIFESHARE
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6.2.3 EiS: Bl RER, fBIXEFIERREIRNR

IX HFERROECRE, BT RENELEIERFIME, AR
WEFRMWIRER, BREEME, ARENSAEES. X—&EEETI=RAR
BIEFHE N BT RN TEREIRLFIRUERE, NRE T EESRRRFR
ESPUTRENIEROKT. I X BFUHRENRENSRA DIERR T i REN : fEEUE.
THEAMRERIARRTIEN, FRR ATEARFT A ERRED s BERT .

R, RERETEZHE, X HREEEYARE PR se AR R
BOZIEEHIRIVISR, BERITRZEIERBRIAR.

El56: HITIKIREHMESS E57: TiEIffiReathmBRiA

& Eric Jang @ericjang11 - Sh

"W’ we installed alarge mirror in the office so that the model could learn to
"recognize itself" in the mirror. It has the beginnings of understanding
reflection, but isn't quite self-aware yet

BEISEE: Jack Monas {1x world model) , RAFEHT BRERR: e, BEIESHRE

6.2.4 X RERAME: FIRERSEERLNRERIIREE

EREREERS . IX HFRRE AL — P RIGRE A RICREIEIE, iR
&k, BOCER. BENERTE, LISEESE. BHEHIOHMEE, BIHE
RS ATLASCHIRSIMGRIE S AR AN IR NI, =R ARYRRANAI R E
FERISESHF.

ISRINETRARAE ] FIRREREYER, 1X tHFUERTT LUt —S IR F IR ERY
EiRRe, SIERBMARIRAR. BE. SORSE, LURIEMAZ BIRZSER
FEAzsE. XEWNTHSAESRMERHITEERIIEN. ShAbERE.
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E58: MR&ES TS E59: YIEEREREXTH

BRISER: Jack Monas (1x world model) , RAEIESHTTEE BEIEE: Jack Monas (1x world model) |, ERASEAHZE

6.3 1 GR-2: FHEMERNSZbEED

6.3.1GR-2:F e EFUFIIRSTERY

DN ERAI RIS SIEEL AT LASCH BRI AL R [BIRERRIR. BIRS/ELARAHS
4pk, MR-ESEENEEBTIFARRICRIM IR, (EREMRSTE A aIEFRE
XLEENPEEH—PIRE, FHbka) ByteDance Research HUJFiLHNZBAE
(FFEIAERRKIIRE, BSIESEMNEISTRUEEERIINB[AEHD, LR
HZAHEMEEENEFTNFINAERE, FRFESEEREH R TIRIFRTIGENE, P
TNMBAT—ERREHERE,

ZUERNHSSESERANERNBAXEEBNSEENSRBES®, 1£H
ByteDance Research RUSE_({#88 AKIEEL GR-2 K THSAIRAIRS, &
~HEEIZEENIZESERY, fINESATR, GR-2 ERALIERKEES
R BE ASSREIMHEHE SHAEMM, X—HP TRETSR AR KR
B E X DITIRAT8E.

GR-2 BT EMERMRANSTEERSE B T4, BEBE T ERIEEA
FUERREL, (a0, 2RISR (W0 RoboCasa) FE(RIHTARAINEEAZUE
SiT)Ig, MXEHREEERRS VRIS, SEIEREMIRHRN
ME. BERZT, GR-2 FREIRRENN ZHSHE, HE T NEERIFIME
BigR, FEESTSIRTRNSALEES (40 RT-1 70 Bridge) . X5
GR-2 BEBSEIFHIERTRY. RKIIHRRFHRITES, BNECEBENKERENGS
SPFEI BT FNEN A RZEANES.
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[E160: GR-2 tREHZIXEIMMNHE SHE MR EE E61: GR-2 {R-IBSIRE 5SR-S -t ERERG)

Video-Language Pre-training Video-Language-Action Fine-tuning

In tRISW,GECNEH

A WHE
wantedio JECUPIOICs

BEEIEIR: Chi-Lam Cheang {GR-2: A Generative Video-Language-Action
BEERIR: CVer, RAIFSHRR Model with Web-Scale Knowledge for Robot Manipulation) , EAEAH

Iayii=l
Rk

6.3.2GR-2 #&LT5iE: SRR

MIFB KRB —H#, GR-2 By SIEFWISFIREEMmANZE. GR-27E 3800
PABEBMMSR R bt TEmMIZ, tERELE® GR-2 (Generative Robot
20) . XEABTCREFALTEUESE, BE 7 ALEFARZET (RE. P
DREE) NSMBEEEN, LHIREFS AR EETPRESMISTITAER,
XFF) 1475506 GR-2 E& 7 FI SR EHESESHMINEFZ LYEEE.
FEARRIEIIRMER, ik GR-2 A TIHHRAGRZIER.

FERIAMER, GR-2 @3/ LIRS R 7 HELMESFRIERD. &%,
GR-2 SINEHEIEER A, BB GEIEFNES =M, FEERIET
BEZ{EEN. Wb, BESEEZMAIILG, FRAARRENTEEE, g8 7=
EEFFEPIHRMEREMAIERMY ., AT HRIENENRSMY, GR-2 (FRT &4
Lo EmiSes (CVAE) , EaiEst. FanaERS, MIRESHITIIRIsHESR
NSRS,

FEERAMEMNISGRE, BidENSANEEE E#{TRE, GR-2 §EI8FRN
EESNEFHEREISR. GR-2 RYUSREREEN , iLCSERMIEIRNA EBERIAMIMK
3B, EERS T HRE, CeEBBEIRA—MERTI—EESES, TUARERIN
W, HETAERAER AN EHIE, WTERR, IFEMA—DIESIES: "pickup
the fork from the left of the white plate” , BiATLALL GR-2 AREH/EFISA.
BILAER, MWMBEMNBEFZOME T ¥, AEHTNASRAIEN RS T
WEEL/ L.
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E62: BENFRNERSIEIMISRFRNSRIILL

HET4HR RESATN LS R

BRISKR: CVer, REIESHATEE

6.3.3GR-2 #Z5iE: PR S Scaling Law

S SRKIRBEFIGSHRAE, HREIALIE GR-2 RIMSRERSINER
MHEBIFAFS Scaling Law, F#HEMF GR-2 EHEFRNNBAMERRNR, X—EHR
PXRE, FEEREAEAEN, GR-2 MMBEEMHBERRTT. & 7 Z5EHM
HBRAYIIETR, GR-2 EIAAIE, EARREAMYBESAMEESERINES, MEE
ZHEIR NSRS R ERIEEMNHE. WEMR, EHl4gdES, 3
SAFMRYISIEIR R BEER B X AIE IR, LB (a) M6, F£ES 150k
TllfE, SRR GR-2-S FAERIBRIERAER A, 79 5.54 B, TIREAR
1R2 GR-2-B 5 GR-2-L FAERIMSIEETERAKRIIME 5.4-5.5 B{UKXEN, H&AHIME
B GR-2-XL FPAERISRIRIEIREER /N, 79 5.38 BAiL,

E163: MUfhMNEIAIRBIRIHSRTRNIISIEIR IS

25

o GR2S b o GR2S by o GR2S 0] mm GR2:S
© GR2B 241, © GR2B 261 GR2B | 5 | wm GR2B
5. + GR2L b, . + GR2L ” " o GR2L | T % mm GR2L o
2 o 2 -
2 o GR2xXL | & B e GR2XL | & o GR2XL | 5 | mm GR2XL
S 3 22| = g
3 3 3 b
21 20 é
. 30
Srese—e— 18
20
30K 60K 90K 120 150K 30K 60K 90K 120¢ 150K 30% 60K 90K 120¢ 150K Model Size

Iterations Iterations Iterations

(a) (b) (c) (d)

&EHIEIR: Chi-Lam Cheang {GR-2: A Generative Video-Language-Action Model with Web-Scale

Knowledge for Robot Manipulation) , ERAEIEEHTHR

6.3.4GR-2 #0setl: 1HEEE GR-1 SHRILHESIREIRAR
=

LSRR 1: ESHRIRFEWRP, GR-2 FHIKINZEIRE GR-1 RFHRIE,
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LAKIIIZR(Unseen)imRlimFiEli 61, GR-2 R (Unseen) 7R FRIAIN
KEERT, FERRNERBT AMRRMREIER T, 5 GR-1 UK
MTERAMBALIEARRE, GR-2 BAG T REMBIWBREIENIZESES, X
LHIRES T SRR SINER(E. BIT)IZMER, GR-2 22T MR
SRHENMIARIENIESMHRIRE X, 187 T B Rz (LeE . 15, GR-2 1
FUBAMERS INT BIEIEERA (WFHMAIIERETHR) , #—PRETENIER
DB SAGERNE. B, GR-2 BEBERIMINARERIIERM 33% BT 79%.

El64: Fip=imsiRlin, GR-2 AYMEEHEER GR-1 IRFAHRE

GR-1 mmm GR-2 (Ours)
_.100
Be
o 75
[*]
o
a 50
4]
o
S 25
w

Seen Unseen Cluttered Cluttered
Seen Unseen

ZEEISER: Chi-Lam Cheang {GR-2: A Generative Video-Language-Action Model with
Web-Scale Knowledge for Robot Manipulation) , RA4IEEHREE

%I 3R 2: 7 CALVIN #l=R MREEEENIXAD, GR-2 XiFE#At
mAHAIELZAE RT-1 . MT-ACT . HULC . RoboFlamingo #1 GR-1 .
NERR, ARV AREL 5 MESFIIPeEBTANTIHESE, A
HRMINER, GR-2 ET 7T —METRIRAKTE, ERINFAIEIRESENTRE
HREZE A,

E65: CALVIN MARMEGENIR, GR-2 XigEEMATREHEES %

mmm RT-1 == MT-ACT HULC RoboFlamingo GR-1 mmm GR-2 (Ours)
98.6 i
gloo 9.1 93.1 90.1 35.95 4.64
@ 75 i 4
© H
- 50 i
wn H
4 { 2
2 1 |
(7] I i
0 i 0
1 2 3 4 5 Avg. Len.

Tasks Completed in a Row

Average Length

&EHIEIR: Chi-Lam Cheang {GR-2: A Generative Video-Language-Action Model with Web-Scale

Knowledge for Robot Manipulation) , ERAEIEEHTHT

6.3.5 GR-2 R3KRH: BKZHEDTIMSIHSES (MikEliE
i)

GR-2 FRREAZAANEFT CHEBLIECIHES, EETFHEKRMARH
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PFRIRYIZIbEEN. TTICREFHAVAER. MIKIAR(ESS, GR-2 HPRetBuRIENFT
HEIRRARER %, ESESFIWAF, GR-2 g5 105 TARRISE
15, BIRINERIL 97.7%. Ik, GR-2 FEHESKESHEMBES, TR
SZRMIKAES, ASARHTED, FAUUSEMNEIMEHITFI, FEiiEN
THREMERINTE R ES. .

TESERRRIFAR, GR-2 HLLAI—{URI— N EASERIET sEss iR T ik ith S A
MEHEZERMSRE, TICRERWIK, ROUWIK, REMIFEEEMEEH
MERUIUR, GR-2 JREEREITEY. XM 7 BT UEFE ST e ifnRAIEE
A BRTEEBAIEZIA 100 RFEFAERMDK, WNIRL2T]. BERITR. PEK, T3
E—HESN—REH, GR-2 FEARENIRIARIWIA CthEEH BRI,
El67: GR-2 TESCIEFRIRFISERE 122 Biyidihit, Heid

r=2 . - [—] 25 s FatT) S == == o
66- GR-2 mﬁﬁmu%!ﬁiﬁ“ﬁﬁ%ﬁsﬁﬂma *ww GR-2 *Emﬂ

y "= ‘

BHISkEE: Chi-Lam Cheang {GR-2: A Generative Video-Language-Action
BEERIR: CVer, RAIFSHRR Model with Web-Scale Knowledge for Robot Manipulation) , EAEAH

b=l
Rk

6.4 BIFRF: NIBAINGEMKE, PASEIRRIRLASRENETF
AYiZ1LEED

6.4.1 [RRERER: TENBAVIGRIRIBHRAF 4 BiZILEED

RIUR— RN BEEDRRNIGETERIR, EEMEIIRSTHFRRIRZ
[EFEEXWEEES, XEESTLIET "#FFE" flg&IME, BEFX
FERRfF ARSI RAEMBRIA, AT, X—INERVEMMARARR, BFRARM
RIFRIISEIZ (LREN.

ERNBAMIGZNERHAER, BFRFNDRERBAFRENISFHENE
itk PEEMESEENRIMRRIE R FFHIRB ISR AR IZHEEND. X—R5
RENBMAKRRERIRES RAH TN, SHFFERR, CREEREIIISTH
FAVSEXIRA, (BPARERIME LRI UTRSRFIE INRE. Eitt, HFRsiE
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BT EREIEMIMERINA, REHEET R —RIIBIMERTEEEIZ
7R, REMNENZIESSMERITR SR, Bib, HFRFTELINGRIRER
HiR N ERERRER, BRNeEmEERE, TEALTIR, #E
YIERHRINER A RIS AT AR IR S P T TR RS,

E168: #FIrdSHTFRFERIMRIINE

ZRERIR: Tianyuan Dai {ACDC: Automated Creation of Digital Cousins for Robust Policy Learning) ,

ST

6.4.2 i Hi%: BiitlE#FRFE (ACDC)

AT EMHFRFNENERN, ARENRETEH ACDC RIEE. ACDC
B2t DIRRE, MBE1 RGB BIREMZSTERMIEULR,
HISSRN. BFRFLL, HRERSAIXBERAR. BEETNBARIRK
RGB EM&HERE ™MIKRNXRES, SFEME. X\ B0%, BARXEE
BEETITHESRR 3D RERE, MENRE MM AR SERNSFREE
B, RESENSFRFAREHTEGIENAS, £— ME LSEES ST
RERIEIGR.

BELAELE, ACDC gitg Bt SmABRGIE ARIMER T2 EREAIE
WpR, PR ARGRHS RIS, NITEX LG FiH—5) 144125
NERHEE.

mﬁﬂtﬁé;ﬁﬁﬁﬂﬁﬁ% www.ipoipo.cnj
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E169: ACDC HiZRYXBIR

|
= 4

e e = - N A
Real Scene Object RGB amchalr -
bench
"sofa”
Object label cup T K ey nmo nmo model + z-
°"' +GPT rotation

-
I==] Asset
dnh.ﬁ

Input

Digital Cousin

@ pigital Cousin Matching

o Real-World Extraction 9 Sim-Scene Generation

. 2}
B '.'Vf‘ o &4
o ‘ table. Masked / mm w":‘:f‘{d.
GPT ["sofa", Object Depth cbjects
Mw' mﬂ
e S ™ =
Am Rotated +
> ®

Input M map Zz-rotation
Output Input

AEIER: Tianyuan Dai {ACDC: Automated Creation of Digital Cousins for Robust Policy Learning) , &
EIESH R

6.4.3 ZLEEIESRE

HRENIRIT T —FRFILR, EmiHE $FRE" AENERE. 8%, #
FRE(NE sim-to-sim HRFIF ACDC HpEEEHT T EEFEMIT M, &R
7, ACDC BefigiRiE, BahithERSRKEEHSR RGB Eeibjlﬁﬂ’:‘l E‘tﬁia—%
FiHs, XEENEHRAERRE ERMHE , meeEmr R SR

VEMRYT.
El70: FsERRETHER

Input Scene ACDC Output Scale (m) Cat.  Mod. £; Dist. {cm) | Ori. Diff. {rad) | BboxIoUT Cen. loUT

gg
\\\ \u
34

Wi

342 6/t 6ty 415 £2.04 0.10x0.14 064023 073£022

\\\\

h h 417 &8 BB 7.65 £5.62 0.05 = 0.00 066021 074016
H{TL" ME*- 6.89 1040 100 477338 0.03£0.01 074020 0.77£0.19
- =TS
= 231515 1515 15.67 £8.86 0.12£0.11 0.59+0.14 072014

ZBI5RIE: Tianyuan Dai (ACDC: Automated Creation of Digital Cousins for Robust Policy Learning) , E
ISR

HFRFEERSDHNMRENRER, FeEREEFNSmINZHEEN. & "FF
1. FIFHERKGREN" =N EREUES, ?ﬁ?—%ﬁ%ﬂlléﬁﬁ’\]ﬁ%L%ﬁMﬂﬁa E
EMTFHFZEERRI,; A, XA All Assets BT BRIRELLEF
HEEZ, XRPIRAOTUSBIVCHASZEERN. 1ok, BLEBLE}LJ&W\%'—S

z:aﬂtﬁfpﬁﬁ?:mﬂﬁ% www.ipoipo.cnj
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JIEENEESIER, BFTFERNRIKEEERE SO EZETE, (BT
TFERBRBHARNENGE, XFH, HFEFIIGMHNRBRNLEENSEE,
FRIRESHIMARTR.

Bl71: sim2sim SRARFE SR

—o— Twin 2 Cousins . { Consins —+— 8 Cousins Al Assets

100 100 Task 2: Drawer Opening 2 Task 3: Putting Away Bowl

=

]

60

Success Rate (%)
%

w0 *

Task 1: Door Opening
0

a8 7.2 750 wos X5 912 197 17.60 0 ERTS [ERT] 1773
@@ DINO Distance

Ol

BHRERIR: Tianyuan Dai {ACDC: Automated Creation of Digital Cousins for Robust Policy Learning) , &

AR

HFRFERIHFAPHNARMAFELS, SUEHFRFENMENEIE
WllgrE, Hes AEe2 ESCRIEEIME R RINTeR T TR EEREEIES , MR
EIISERSERERIhEEIA 90%, BIERT ACDC FFiEERESLZRPANERMY
aERME. SRS, HFEITENNBASTE: ERED ML, Hitse
SETHFFE)IGRRES,; EENDHIMIRE, BFRFAFMH T ERN
EREENFIEEN, RAKBIE, XLRIRAIISEI 7 MEUZIISCRIT AT
%, RN P EREE, MBAFIEER. ZTMEL

E72: real2sim2real £F2I0IFER

INEPRIN TR 7 YR REME.

Policy Sim Success  Real Success
Twin 100% 25%
Twin + 1 DR 70% 55%
Twin + Cousin 92% 95%
Cousin 94% 90%

BHEISEIR: Tianyuan Dai {ACDC: Automated Creation of Digital Cousins for Robust Policy Learning) , R4

IESHATBE
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7 1 EERIN
1) ZEEE) G, FEFEANERSEAT, =Mk, HZHE
I,

2) REESZmAWBEAREAE], MDD REREE. SRR, 4147
NEACISREEL. hiMERE. WHRS. IR, =R

3) KiFEMbF AT R AT],

8 MPEIRT

1) BARZERHSRERRTR: S AN EHISEE L
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