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SRR . (ChatGPT for Robotics: Design Principles and Model Abilities ) 4% ,
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, %k 2: RT-28¢ S

AFHBAXREFROISSERGAR (KlEsg 0 [ ORI

Egﬂlﬂf ) . Instruction:

. | need to hammer a nail,

what object from the scene

REFIINARFEREN , oJLURAXERAERIRRH T 2142 might be useful?

HES, ZieBEidsRERAReinforcement Learningi## {7507 . oradiction:

HLES AR AT B 2 A KRR TN A LA REE . Rocks. Action: 1129 138 122

132 132106 127
B

BYERE(Chain of Thought, CoT)@—fRBATH | @ iXP i s
MRE—EERE, BEWAMIETERERNES , A EHEESE
. BEEENGIC., TS AKEKEE F, B4R LI A
D EDBR—BHRISER , BT e ITINEE , BFE
HETNESFEERDNNE, EF2E RIS LR ELT,

EARTHEAGRRANES KERIGDRT-20 |, MBARRT E UM UJ
MBS (VM) BBEE, 10 B SEMNSARNNGS i
SFNBARE , INBAZIE, NBASSOL; ILHIBAS -
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SayCan : SHVIss A KRR NHIR , EELLMER S &6 B FEIES

- 2022 AR, B Say-can BE , BESJSHOMUBE NSRS, £ “Say” , BEBLSESHPANESERES,

ERBHNESHITHRE, WEIRESIAITE,;, ZBR “Can” |, BENTE B IEINLES ABEB I ITX—ESHMR,

s NBIDR — B S EER, #Ts0E. flF: WPlEs AR “ BEIRHET , IREEF BRI ” B A=Bt@EdiESEE

HTESIL , XNUTRERSENLASHE —NET L. K1 kEs, H—RGHEBCES . ATl Az@EIMN

ERIFTEEEAVSA , KEBRECRERERR. 25, IS AMKEERIHEENINE.

« 2R BRSIAXKIESEEEINEMRES , EESEIMESRL .

« REB: MBS ANSMENARTIUSIFN , A RERKISERES . KERGEERAMNZANRE . Rt sHisES.
B 4: SaycanGBBRESLLMESHMERE]

Instruction Relevance with LLMs Combined Skill Affordances with Value Functions
EE 3 152}\6 LLMK%E%EE}J » ﬁzﬁsaycan\@ﬁ%ﬁu”gﬁ\ﬂ{:I{ﬁ{EE*aDEEg;ﬁEEE'%?E% Prompt Examples ' -6 Find an apple
i ‘ 30 Find a coke

I spilled my drink, can you help? | spilled my drink, can you help? How would you put I -30 3T R 2P0Ng8 0.8
an apph on the ‘ | Pick up Ihe apple 02

R lable? [ -30 Plck up the coke 0.2
GPT3 You could try using LLM Value Functions
a vacuum cleaner ind & cleaner” el b oA l { would: 1 ‘ \ ‘
Sl & sponge Vid @ 5§ < . ‘\ .5 Place the aooie 01 \
1o @0 fopeh v 90 to the trash can” o ‘ | ¥
\ LS e Pk W B Wponps C 30 Place the coka 0.1 \
Wy using the vacuurm” " | \
LaMDA Do you want me 1o y using the | would v SR i e b Value
A find a cleaner? ' 1. find a sponge LLM : . o 3 o Cosnts : A Functions
SayCan 2. pick up the sponge o A0 e SO 08" —
" “ 3. come to you
find a sponge ; y "
I'm sorry, | didn't 6 10 S b 0 4. put down the sponge
FLAN mean to spill it 5. done | would: 1. Find an apple, 2. |

HRIEIE: (Do As | Can, Not As | Say ) BF, HEZIESEHFR

BRIEE: (Do As | Can, Not As | Say ) B3, .£ZIESHRR
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RT-1: AFhEIREI09iR TSRy B i

- JRIZ: RT-1EEMABRURBARIBESIES, @idETFimage net (BEHEEHIEE) NENERHENE B EH BN
A—ZB 5B /P ESHEXNtoken, B HIEE S S H iR E 48 N EMRISE (image token) , &idTransformerf&E By
RIS ERBISEIES .

- = BES@EidSaycantk o M EARRNESS , ABEART- 13217, ofAHIT700MN LY FIES , HEIZHATHN
5D (JUUE=ZARNINEERITES) . odLUEZERERBA . NETEENEEEEMER , FH13 WAL
ZNTPTAWETEI 13BN, imElimAEHIEE

o AB: WHMESBZMEPR E2UBITENZES , REEESEMENES . ANELEZERES , TEEHIEERNEER
£, RN AR “XER” | FENEBMIME (internet-scale) #iP =5,

Bz 5: RT-1ILEZBERUKRBRIES , WbEshiE<

Instruction . Action
Pick apple from top drawer and place on counter / Mode Arm Base
| - / RT-1 | 4
Images \ 3Hz )
FiLM \ \-/}_»
EfficientNet TokenlLearner Transformer

—

HBREE : (RT-1: Robotics Transformer for Real-World Control at Scale ) &3, ISR
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PaLM-E : SESMRIESASAER (VLM) B i

°Eﬂ:E%ﬂkﬁgﬁmRﬂM%%EZMMA%ﬁm%kWﬁEﬂWFZB%QW& %AL mﬂkxﬁ§\2$z
5, EEZMmI 155 = T B w4k 0 TR [0 A
Aﬂl%ﬂﬁ?%mLoﬁ%ﬁ&ﬁﬁ%ﬁmﬁﬁﬁxﬁé(Tumﬂﬁm % @TumﬂiMEuK$%T$Wm 2
PR, XERRNBHIARIT) -

« 2RSS AR ERGF R SRS EA (@TEKZIS B, WESUREMERSES) , ELERUEMNTIES
FRCRATOEATESIER D | FES TR . SHEREHEIZF, 5620ZHS KSR

. \;F%/Z\Zlifﬁﬁj(iﬁ%_ﬁﬂ, S FenERN R lis 55&550 DRIV ANSEANIES , BREEREMELRNBEMK RG]
UZES LR B 7: PaLM-ESXE=545628

- -

Robot Mobile Manipulation Robot Tabletop Manipulation

Bk 6: PaLM-ETJLAESZSEEHNEA

Mobile Manipulation PaLM-E: An Embodied Multimodal 1a0¢ Model Task and Motion Planning

- . -
B comb»
et f b» . «<img> Q. How to grasp blue block? ¢ y ¢
S P . N a
. VIT First grasp yellow
"~ ¢ ' | block and place it on
’ » the table, then grasp ;
@“ - 2 bilo : Bes R
” B . -~ m the blue biock op: Close the drawer . Next step: Push green blocks to the left

Tabletop Manipulation Task and Motion Panning Visual Question Answering

<img>
<img> 3. Pick the green rice ]
P Hig romiha driiver and place itan the Control . A: First, grasp yeSlow block and Push the green
counter L Y
2 % star to the bottom |eft
. Ston 2. Pyus y o]
Visual Q&A, Captioning ... Stop 2. Push the green
: - Language Only Tasks circle 10 the green star
! <img>
(
\‘
-, “ nma s
b= P.PL906
A: Place the orange biock on the side A: Rooster booster

%*4%7& << PaLM-E: An Embodied Multimodal Language Model >> ’@‘%ﬁ s iﬁ%iﬁ#ﬁﬁ;ﬁﬁﬁ %J'J/E*SI';ET\E . << PaLM-E: An Embodied Multimodal

Language Model ) B3, fEZIUESHRFT

Atlantic 64694
Embodied language. Models learn to understand

s, Y. RIE. 5% BHRERE—REEZRREH



RT-2: 4B ARNME - B - shfE (VLA) XiESnY B s

- R NS ABEDNABROER T, WERBSI S ABIBEBERE AKX . FIEHRT-21F 7 RT-1 ALl Zx
TransformeriZ 2N AR, MEEEXAEENMRIESIEE (VLM) fFAEER | BEHAEEEHS AMESHNAENEH
gﬁﬁliﬁ (ESRT- 1M ENES /NS ASMERIRE S BRI IR B AACco-fine-tuning) , RZRHEWEBAITAZER

s XIS T, Ylss AMBRERE— T ELMIISFNVLIMER , o] IR — T EENEIERAINEIRRS , feis
IRAMIR . THREE . MEREAUARMER , BAIIANZS ASEFRIMEYMARIEIESE |

« BR . ERSIEM, BEENARR=IEZD, RT-2MERREXNRA (RT-1/VC-1) N=F. mEZeE L, BR
SR, RIESHNES, RISHNKEESE, RT-2EYRAET—(ESHIEH .

Bl 8: RT-27E M BMESFIR NS BESRMINBAR M TRT-1

8% ve-1 100%
. Fr-1 ® R3M
B RT-2 w/ PaLM-E-128B o =
o B RT-2 w/ PalLI-X-558 75% VC-1
B RT-1
o > MOO
= % A
20% 25% RT-2 w/ PalLM-E-12B
l l I W RT-2 w/ PalLI-X-55B
S = — - - 0%
Symbol Reasoning Human Average Seen Tasks Unseen Unseen Unseen Unseen
Understanding Recognition Objects Backgrounds Environments Average

HHRIEIR . (RT-2: Vision-Language-Action Models ) &3, 2 IEAEHRA
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RT-2: =HIH s AL -

EZx 9: RT-2AFE L2VITELLMNES , Wbiss ARRIRERNE - =& 888chain of thoughttE— B . Bix
R B IRED A TISS . BEAEGS BB
| BRIEPZS) (RT-UMCRS) |, XAESH AL AR
el Uk mmﬁﬁmﬂﬁhvo(%wmﬁP&MEMTﬂ)o
A .. y oo FIRFSayCan5RT-1895 ki1 E@XYEE%MD*@
RT-2TEI BRI R E SIS . 1B5 . NBATH,
B ARG .

g N

u ,_G - « REB: BEMABR, EEAEZEES . BART-2
N 9 ﬂ-’“ X FYMRFIM B BNA XA T BB 5 B9 ERI1 2% |
ﬂ..; it 2o AMEERFNES , BEARDIERBRNIKER

| RT-1 USRS | ML XEURNARASE . AR LA

3N R RS REAEVLMIBX 5 . AR EfEiE S Al
U, EPREHEEREINERSERNEEN.,
EHINESKBRTMEING .. &5, BanNafT
] (o7 0n 0 | VABEORERAS. AR AL E S

I A: =132 114 128 5 25 156 | i >[ AR =[10°, F“E *@VLMEE:’IHXF’ (EHUI@YEEEZEPaLM E

De-tokenize %I]PaLI X)

Robot action

-
\

HHRIEIR . (RT-2: Vision-Language-Action Models ) &3, 2 IEAEHRA
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RT-X: ESSEaEAEIEEOpen XINFMRT-25RT-1 B =i
- B2 FEEEBHA—TNERX-robot, O S ENBFHNBA . 5. K.

- JRIZ: SIiE T HRENB B EREAEIEEOpen X: ICETRB21MIMBI22 M RENBANEIE , B85527 1%
REFD 160266 ™MESS . FALLEWEEIZhalk BI85 AMZELRT-1F0RT-215 2 FTBIREELRT-1-X5RT-2-X,

ElZ 10: RT-15RT-2EEEENFE B TIIZRAERT-1-X5RT-2-X

i ‘10 Hz
Route cable \J Discrete Closed Gripper

Action

Instruction Velocity
— . BRE4- Yl Z-Rot. Velocity
Images

and place on counter FiLM EfficientNet  Transformer Sg:iﬁs ; Bdia

. 3Hz
Pick apple from top drawer ]
Rotation Delta

- Discrete
Instruction Action

5 Hz
Pick up the orange fruit ] Image . RT-2-X o Gripper

ViT LLM De-Tokenizer A Position Delta
No Rotation

ZHRIEIR . (Open X-Embodiment: Robotic Learning Datasets and RT-X Models ) &3, H£ZiUEEMATFR

s, Y. RIE. 5% BHRERE—REEZRREH



RT-X: BB REXEIBEOpen XNIHFHIRT-25RT-1 Bl &=

CHINA FORTUNE SECURITIES

« MR : RT-1-XRBRFHRT-1 S EEERIGRE NN INERE50%HiRE , [BSERNZERT-1-X5RT-1HEE2EE, BItHEENRS
TEERESEIIZNET .

BZE 11: RT-1-XESTESPHERMBE R R FRT-1

- »
o,  BEMT RAIL T Faw ~  ([@TOID< als e
e : e Multi-dataset 1 Original Method
80 m L | & MVP BC-RNN
lz’ ©1 Resnet + MLP
60 68
- o S o S 63 | VINN
N N :
40 SN — =, |7 | @ TACORL, HULC2
20 ’ % N o
NN 24 e |25 i
NN - = R
o L A\ . — — - — LI I =RTIX
Kitchen Manipulation Cable Routing NYU Door Opening Autolab URS Task-Agnostic Play Mean

« MR RT-2-XIEE GG RMRT-2U I PA A RS HRAE, HAOXABXAIE MV ERIAKD . ERIEES] ERT-2-XtB@RT-289=15

B3E 12: RT-2-XIEEEME BN NRR

i 4ot s = RT-2 = RT-2-X

mave the chyp bog o the put sppde on clalh

100 1 Gattom right of the counter move appie cloth 80.00% s
60.00% -+
40.00%
(b} Object-Relative Mation
move appl betwean cots i 20.00% T
u
° § ° ‘} 2 0.00%

EREIR: {Open X-Embodiment: Robotic Learning Datasets and RT-X Models ) &3, #ZIEEHTER

B B B BHRERE—REEZRREH



RT-X: EBE s XEIEEOpen XIFFHIRT-25RT-1 B &z

CHINA FORTUNE SECURITIES

RT-XE ABRRMIAETF OIS 7 — MR SIS KR E5FFRNHIES (RAMBEERFEISE , RT-1-X5RT2-X{EIZBIIHRH S

1-X 2-
I23EIE) . MBS ABERAMEKXESEESIHNERINFAES SRS ,ﬁEﬁlﬂ%g/l\ma%)@ﬁEﬁﬁ#E E%Eﬂ%%ﬂ’]%%'ﬁﬁﬁo
—R5F F“%TEPEI’JImageNet*EM

B 13: Open XEE& 7T BRIRZHNESAGSSESEUE

25 1

&FE'

R

o

O = N W & @
rOT U Y SV A

WidowX Sawyer
(b) # Scenes per Embodiment (c) # Trajectories per Embodiment

140001 Shapes

12000 4
10000 Containers
800071 Furniture
6000 ‘ . Appliances
4000 Utensils
0

Adyrxax ~ 4 & ~
SESF Qa‘q%o ,; {eeg g?é’fsv“ fc 51 5 é" 74
F& < uo%* & o&;é‘ SEE £5F
< Foke) &
&
(d) Common Dataset Skills (e) Common Dataset Objects

EREIR: {Open X-Embodiment: Robotic Learning Datasets and RT-X Models ) &3, #ZIEEHTER
s, EY. B, 5%
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B3k 14: Open XS T BRI R A 5ESHIE o BITHINMBAXKERBAESEEENME, F485
BREL , BBREW, ERT-18IEESOpen XEUEEEM

PaLM EZxRFoEERIZERFARE.

BRKIESER

(LLM)

Vision
Transformer

SayCan

PaLM-E
SRR (VLM)

RsnfERox
PX A EB

Robot Transform — 1
yeayry) b ) ik

Open X-Embodiment £
e

Robot Transform - X
(VLA)

Robot Transform - 2
(VLA)
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22 FEMEN—H 38 A KIER AR TFIESE IR B =i

o] LUEE Bair Ko Hles AR EARLIBHMEITBUONIE , MEHREHBOpen XEEFRE , RFEHINSAEAMASET
BREH , BERRNMBTEREART T AHEAZARNER, FAESH, BEIBES ¢ KHMEVoxPoserZt#s
EFBEEYI MBI, EEENEENRE (WTBRZITIHEKERRE) *ARKERE.

SNHEFH WA RHE , (RIPHONE4ABPARESRENWARIRE , ABB RIHLES AT AN LU SEN B B ——
o AR . oJLARSESS , (BRIZEMA—TEEMBIEIR .
B 15: Open X{EiEED , ABHNARLFHRHR % 16 ¢ KHEIERVoxPoserEHE LS E BN

"Sort trash o blue lu/ IJPL out bread from toaste “Take out a napkin “Turm open vitamin bottle

LAZIRIE, 6
“ ¥ 5 ;
AR ' 5
s RAEA '
RHAE A . ’ Gios opdrawer_
MFIBEA
‘Hang towel on rack “Press -jc-\vﬁ mcls‘!unzer pump” “Sat table for pasta’ “Tum on lamp”
HBRFEIE: {Open X-Embodiment: Robotic Learning Datasets BRFEIE: { VoxPoser: Composable 3D Value Maps
and RT-X Models) &8, L£ZiESHRFR for Robotic Manipulation with Language Models ) , #Z AR

s, Y. RIE. 5% BHRERE—REEZRREH
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CHINA FORTUNE SECURITIES

- M2022F 45 BHMEHSayCant&EBILLK , MEAZINGYE, AFHISANXREEZZHEZ XEREER, BEENA
MABKERZNREER . KIEBENARLEARS , MRS HEBES BTN, Kt ZBEEEESEXEREAR
—f . PIITERBMES LI AN S TEEEHINA R ZENEERENARED , SI;RT-2XKEHIRaction tokenization,
VoxPoserXE 2 value map, SayCanFEUH2value function, XLER R4 A GBS . FA1IAI BRI A KRR
AR EREARTFBWSN ., BESEESEAERNFELRE, B AENNEERERFEEZTIEE,

- HRKRE Hul R B REEBNIZFIREN RS, REHURKENZEES . XEZEEA BRI ARE B iEfH D RN
tokenization B BFIRA , RERELEHIMBFRME . BEEMN . ESTIINER, 5—HE, N TRBHEEEXK
RENES, dLl@EEModel-basedmiEAME , FHRUUERIETIHlss A, REEHBEEXRRESNITIEZRGHE
BRI HSA, B AR NREERBEETIVDPSIINA , BSANREEBNARIE.

B 17: RT-2BmRLtt AR M EEEIs{Etoken , B1IFFE NNV ERIRUUREEN B MRE
2 : N

WS- I0-nake A Pos X || APosY || APos Z | ARotX | ARotY | A Rot Z Gripper
or continue
Positional Rotational
change change

HHRIEIR . (RT-2: Vision-Language-Action Models ) &3, 2 IEAEHRA

s, Y. RIE. 5% BHRERE—REEZRREH
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CHINA FORTUNE SECURITIES

« BRI EAFRNAERAZURFEWERATS |, TRSSTESHIX, B LREEM AT B A, XFPAIZE
BRBINERESR TR ERBITE—FRinHinl, SR RR-MY-ZHE2PRENXER , ISR AF, A
SayCan#l X5 AXREL A FUES MRS, BIRT-1EREFHENZNGERNA1TSayCantifEss , BEIRT-2KVLM
KRB SRT-1 BN SS AT EIRE —EMA)IZ , SRNTEARUNZAXRREMEMBARIIER , ME2REEN51E
thEFEHD,

- MmE—8, EEENSARBEENAES KRB SEEFES , RBEMNREEFIAF, FAXEREHT-EEIR, RERS
I , EUSayCan, EXEXEBERERAME—TAIESFENAR , MASE REEEHEHIET .

- MEBHEXE, EABEFWHHERNMSER, ROMEMNSB AL ECEHBIBAAIKRR RS, WS TRHEEAT
EA1 , XA TIBSESIEE WorkGPT, 467 LLM #0 VLM & Al 5K, seB AN S ARMUBEXANNIE . BRES . &
HESIERREN . BATVANEEIZ REA KRB RBUEIRIERE . MRB4 . SR | BiE&model-baseBV/IME R Z REIS IR
EHWHNEV AR, PKEBE, MEAFRTSARS SN, BERRT BEBZHNBI NRIELUESIDHRIGEEIE , BERAXE
B+ (EURT-2) #HT2ebmiEelsk, BB RN EEIFNERN,

B 18: KRB Fi=shi=Hl AL IR B alikis BTEshELR B3 19: B8 ANEl BriantlEZREHERMBH X
=H B ES% SER B2tk Rl AR 2%
e o o —_—
BHal#E
AIIXIER BRERE
2 fE554R Task Level FRRED Skl Lovel 8L Command Lovel BB R Servo Level
EJHEIHE1 MARSTIEFS RS AR 4052 L}
mEE—NK MEANNmE iﬂlkﬂf:*u ?ﬂﬁ,
*;EEE E_]"H"Elli:tz if..ﬂDlﬁﬁ&l :::;?1 :::;:; ..ulﬂ
oJRet3
ZHRIEIR . {Robotics modelling, planning and control )) , #ZIEAEHR REERIR: BITHEA, ERIESHR

s, Y. RIE. 5% BHRERE—REEZRREH



FVVER : BANSEROTERREENE 2SS

IIIIIIIIIIIIIIIIIIIIII

PUBEIR KRR+ R 5310 =R BIEZR A SR IRARBIFSS AKIREISRE | BADAATWRKERTN . FUFER.
RYBREB =1 HEEEERENR

1. 81 IISAFTERESENRRRE, ANARREASEHFTNFMEZE, —ESNZ T ARENSEA
SN BEHERURKIESKRBEEPEE KX, BN TFENNFIRBEBELEZLH/RRI , EFENEX~IiER
&

2. #UE . EERRENHIETLR AR BN EES , MIlsS ANEIERE, s A\FEEL S MERXSR
MBS, ABPITIRIERTMES , —HEFEIDRREHRE, 5—HEFENSENEEE, FEENS
AESEFRRITA BESRIBEEE , WEEBIEERERIR, ISHBIRT-1NEIREAB, AT RS 3H M HRITHE,
REEAATERFERRENLHEHT AR 7TTIRNKE . BARAEUREILIESRAZEIRFITFES, &
REGERAK , BREFEANIITRLNKERIZNINAATEZB IV S ALREEAT. (RHUFIBTENTRE,
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