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B

| '_i\ ] I

i :r - Al : -

T I I
i N 1]' 8] | I
i N 1 | I
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360EHL
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T
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lbmﬁw li;m;&#g ___
BIERSE R R
= £ —  Thh
P4 VO h— 141 —
Rk b4
Iiﬂlm Iim;m —— R
| mmesk M

ik (AT RIEFTHAR QGBI ZAIME 126 R A1), BEIERT LA

53 SayCan HEZE 4 KB TR A0 b T T4 iEx, LLM 4" 2zt 4" (Say), £F
RL 9 %569 affordance M- A &R " L ATAE AT 2" (Can), AN AR R L T AT
B R AE . B EF BT IR 101 4454, PalM-SayCan 52 3L 84% KL X & o &/ T4% 4T

B E9: DK SaylCan FEFH A 15 R o F T T Fr&EHs

PAMLIMIRRRS B SATAFR##ITE SayCani@E FUlIIZR B R A LLMIREL2S
B, TEAHAKNERERNRRER, EEG, L ARRBRITIR M R
RE. KEIBIES.

| spilled my drink, can you help? | spilled my drink, can you help?

You could try using | LLM Value Functions

GPT3 I . .
d a ch —
a vacuum cleaner. ";niiz:f" S oo > ‘
c VO 0 e g o "go to the trash can® |
! pick up the sponge” Pk up the sponge” y :
| “try using the vacuum"” sty o et : :
LaMDA Do you want me to | AR ' lwould:
find a cleaner? ' , 1.find a sponge
: 2. pick up the sponge
I 3. come to you
I'm sorry, | didn't 4. put down the sponge
FLAN 5. done

mean to spill it

% &: (Do As | Can, Not As | Say:Grounding Language in Robotic Affordances), E 4 iEk4F % AT
ZHB: VLABEA, EXBENETFEINHWEATN

SRESBAFE AR RYGIETHATRE “BE”, PlaBE, TARTMEZET. LM (FL
WiEFEA) BlEtaRS T LLM A= VFM, & —#F Bl itdE ¢ Bigfe X R0 SR SEA | Bl itiE
KRB AETEA AN, FHRBETHESREREZEZEME, TREGEEES, KA
P RS IR Ak R Pl FERFRIEZ EE WA LM H Vila Fik, @idH)
A GPT-4V iX £ VLM, {£HLE AR AT RIAFE T L HHTEFK]

RJG — T 4574 5 B
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B#10: BELF Vila ELERF GPT-4V £ VLM £ B F237 55 F 2 ) # F1EHH K
ors

My child wants to play with a Marvel a Lhain-at-Thougnt
O CE RO TR I = Task-Related Objects and Locations:
Curre 1. Marvel Model (item to be retrieved) @ Robot Execution
urre _ —_—
Vision 2. Pepsi Can (blocking object)
3. Shelf (storage location
Language e .
- —
g Model Task Plan l
(GPT-4V) ‘3.Pickuppepsican
4. Place pepsi can on table
Finished Plan —* 5. Pick up Marval model
1. Fick up paper cup 6. Place Marvel model on table
2. Place paper cup on table " 7. Done
"
' o Fin Pl

% %: {Look Before You Leap: Unveiling the Power of GPT-4V in Robotic Vision-Language Planning), E&iE%k5F%
Fir

583k RT-1 A B 13 7 £ AWIE T 700+E 594 T 3500 7 A% Transformer £, &
KIEB T Transformer ¥ AR ZAE SN (BE+HES £4) AEMRISANEA
FHAE, FHAET00 5 /MEH LR T 2, B T —EF-NE R— R L

B&11: RT-1 A ERZ T “FIE 55516 5% — @2 HEG £y

Instruction < Action
Pick apple from top drawer and place on counter / \ Mode Am Base
[ |- /RT-1 s
Images \ 3Hz
FiLM —
5 EfficientNet TokenLearner Transformer

; RT-1 ZHWERS BRESHELEARN, BHERCNREEHSTIREE. RERESHEMN3S007, EESHESEEN
| BEIGI, EIIBSIERENA 3 #2%

Generalizes to tasks Long-horizon tasks

! RT-1 2 AFRETH RIS (13 FEEREIE) SEMTE (3000 REBIMENR) , BRHARSHZHEED. SFYE, UKk
| NBRESMEIEHFSINEES

.

% %: (RT-1: ROBOTICS TRANSFORMER FOR REAL-WORLD CONTROL AT SCALE), I 4-iE %850 57

§A L A AE A AR 8 T mA%E (USE) tA®m 2, Gald4ie&mifls (FiLM) Est
N EfficientNet ST &M 1AH] . 15889804 -15 = Token %2 TokenlLearner % 4 4t
3P EANALFEAL Y Transformer, R AIeHE AFNE S H %A H Token 57,

RJG — A A 75 B 11
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B &12: RT-1 A7 &

Instruction

{ Pick apple from top drawer and place on sounter

" Time

B images

Images
6images
300 width x 300 height x 3 RGB channels

MBConv

512 (1+y) =+ P (FiLM)
MEBConv

(1+y) =+ B (FiLM)

MBConv

(1+y) -+ B(FiLM)

MBConv

(1+) % BFLM)
Linear 1x1 Conv

FiLM EfficientNet-B3
Fuses image and language into tokens
ImageNet pretrained
Identity-initialized FiLM

26 MBConv Blocks
26 FiLM Layers Interweaved
16M parameters

‘| Vision-Language Tokens
1 | 9tokens x 9 tokens x 512

TokenLearner
Spatially attends over tokens

34k
‘, 8 tokens x 512

v

Self-Attention

Self-Attention

Mode

a0, bass, tominate  aripper posiion, ratation, position, ciosurs  pesitcn, orientation

Tokenized Inputs
) 48 tokens x 512

) Positional Encoding

Transformer
Decoder-only

8 self-attention layers
19M parameters

Action

11D, discrete action space

% : {RT-1: ROBOTICS TRANSFORMER FOR REAL-WORLD CONTROL AT SCALE) , E 4if 4 % AT

BT RT-2 AR AR S TVLA” (Vision-Language—Action Model) iX —#E4r, & RT-1 49
HAah ESATT MR, BALE ANEH BN LK token, 5 VOA F LIRS IS
WA, £ VLM %y 35 5 token #9788 /) AL AE1L A% R v il ) 1F token. X — @ a9 391 LAk
WAL G AL 15 5 TR B " EN" TIREMS Ad=4,

BE13: RT-2 AT 5 ZRFARIGI I -5 T HIERBL V%

Internet-Scale VQA + Robot Action Data

Vision-Language-Action Models for Robot Control

RT—2 Large L

Closed-Loop
Robot Control

Q: What is happening
in the image?

A grey donkey walks3
down the street.

Q: Que puis-je faire avec
ces objets?

Faire cuire un gateau. )

P Q: What should the robot
& ' = do to <task>?
D' o N
- “ [ ATranslation = [0.1, -0.2, 0]
‘,m l ARotation = [10; 25; -7']

Q: What should the robot
doto 24

ViT

A: 132 114 1285 25 156

_
De-Tokenize

N |

Co-Fine-Tune
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17 AR B AR

% k: {RT-2: Vision-Language—Action Models Transfer Web Knowledge to Robotic Control), B 4&iE%F 5 AT

RT-2 ¥z LR F —RMET TN FEDHEHEZ R, RETE TRARLIEL, Hlde
D AT P IR B ILAY " BUR D B AR R A R B F 3 LS A5 4 AR AR E A AT .
254 Chain—of-Thought, # Z fEF|BF"FRAr 4R =T A4EIE 42T (BK) "

B #%14: RT-2 iy THHIEE

Prompt: Prompt: Prompt: Prompt:

Given <img> Instruction: Given <img> Instruction: Given <img> Instruction: Given <img> Instruction:

Bring me a drink. Move all the objects Pick the object that is Move the green objects

Prediction: together. different from all other together.

Plan: pick 7up can. Prediction: objects Prediction:

Action: 1 143 129 123 145 Plan: move green can near Prediction: Plan: move green can near

114 115127 green rice chip bag. Plan: pick rxbar green rice chip bag.
Action: 1 128 126 127 135 chocolate. Action: 1 128 Action: 1 130 129 121 131
123 119 127 129 125 131 125 128 127 127 128 127

Prompt:

Given <img> I need to
hammer a nail, what
object from the scene
might be useful?

Prediction:

i #

Rocks. Action: 1 129 138 ) an
L

122 132 135 106 127

% F: {RT-2: Vision-Language—Action Models Transfer Web Knowledge to Robotic Control), & &K %P

i@ i A L AAE A A2 RT-1 BHAT2TEE, ST LA ) RT-2 2 A it 509324052 00 L £ 36
T K, LI VLA AR K A T 5T A BB R AL TR | 26 AR b i #2408 ) R g 9t 5
& L AEA .

B#15: RT-2 £E A EB L ZFHTF RT-1

100%
B R3M
75% vC-1
B RT-1
O
50% MOO
25% B RT-2 w/ PaLM-E-12B
B RT-2 w/ PaLI-X-55B
0%
Seen Tasks Unseen Unseen Unseen Unseen
Objects Backgrounds Environments Average

% B : RT-2: Vision-Language—Action Models Transfer Web Knowledge to Robotic Control), & &K% FT

RT-H 3t — ¥ 5] N\ T &5 #4F (Language Motions) A4 P 1Al &, #5LT — ANtk B R &M
(Action Hierarchy), MmiRFA THEA A S HNAES L0, 2R AT LY
REM,

RT-H &k TiE XL S M ROHUBELEFER, BASELEHFIR, 12 EMNeyREHE (o
“ERTASENFET. WA RINT) TR RAMA, Bk, @i )Xk TRy i E Y iE
SAHEAEA R R R T, TTARIAFRAE S A S ) 2R 2038

RJG — A A 75 B 13
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B £16: 2H RT-H AR T 35X B HHE# R A HIEHL FAEH

RT-H Predicts Language Motion and Action

Human Intervenes in Language (Optional) RT-H Resumes

g

(move arm Ieft | v v
T Rotate arm right Close gripper l R Meove armup Move arm down Open gripper
£ i 1 I |
M wm vim im im
Robot Action o/ Robot Action “ Robot Action <= Robot Action ( Robot Aﬂion\\

Pull napkin out Grab scooper Put bowl under Move bowl away

Wipe table

Pour apple in Jar Put apple in Jar Unstack Cups Drawer Place Open / Close Drawer Place upright

% k: {RT-H: Action Hierarchies Using Language), [E & %4 % P

OpenVLA 52 #I 7B FF /R VLA A24% 55B ] /&, # T Llama—2+DINOv2/SigLIP L% 3%, &
97 77 K AALHLIE L% 7B BB TR VLA, VA 1/7 BB EAA RT-2-X, 424 LoRA #A
52 WHE T E—mATR VLA G FEREE,

BZ17: OpenVLA [ 15X ZL EFI, FFAH 1R Z _LE 14 GEFG#E L H] BAEE RT-2-X

( Action De-Tokenizer }—l

L . Ase
-ae-aE AD
Llama 2 7B ’ AGrip
7D Robot
Input Image - NE ) 3 D @ | ® =) Action
U S S | L S R S | !
2 =
. ‘ Q ML Frolsi ) [ Llama Tokenizer J
Put eggplant :
in bow!” ®D|noV2 SlngP ]
Language Instruction by t
“What should the robot do to {task}? A:”
100
90.0
87.0 85.0
80 70.6 76.7
z 60.0
g e 506 52.0 55.0
el ‘ w0
S a0 ‘ ! 388 363 :
3 | 29.0] 267 263 200
0 » 20.0( 250 20.0 [ 23 ‘
= 8.0 7.5 800 ‘ ‘
" - L | - ! 0o k ‘
Average Visual Generalization Motion Generalization Physical Generalization ~Semantic Generalization Language Grounding
(Unseen backgrounds, ” (Ability to manipulate object
(Unseen object positions & (Unseen object sizes & (Unseen objects, instructions,
RT-1X "‘Z‘;‘;ﬁ;c"glﬁ' orientations) shapes) & concepts from the Internet) specm':;;‘;g“age
s Octo
1 RT-2-X

mmm OpenVLA (ours)

Put Yellow Corn
on Pink Plate

Stack Blue Cup b
on Pink Cup S |Eggplant} into Pot &

%% : (OpenVLA: An Open-Source Vision-Language—Action Model), [E & H47F 5

ZH&: An0E 0.7, hELA R/ KERE/ TERFH ST HERE T RE
BAVINA 2 5 U B89 K JE P, OpenVLA 2k T FHRALGILE, 122 B #3h1F token JE X,
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SR EZ RS 7 AbR EAFR

8 R IR AR EHEE T AR F, A T332 token P 474 i 4=
TAK T AUARAS 50Hz 49 5 i ] 3R & K
MR, Bk RS 5 £,

0 W52 HL T 411 50hz 49 53z, Bat R T =ok8kit, AR VLA BEARE 3E69 5 KM%

1) ZEMyscit: M BITARE F4Ta01E3, 10 VA PaliGemma AMH-E2 £F, 4R E

B — MR MR AR TN LR, BHFEIAE— Transformer. HERZ 49 MoE

A E4, k&fﬁmﬂmﬁéiﬁﬁ\ﬁéﬁ, —RPEE KB H=50 69 1EH, A
FIRERI £ R % 50Hz, B mAFAE A Z AR TE S

B #18: MORBAFNEELLBNB ST E: FTHERREGHTEL

HINE R 21X 4 6Hz,
AR B F) 256 MRE BRI ER & ; AR E

T cross-embodiment Internet-scale Open X-Embodiment Dataset Zero-shot in-distribution tasks

robot dataset

pre-training

47 ¥

\1.@

T, vision-language-action model

bus table

Specialized post-training to
difficult tasks

-

&§S§

‘ pre-trained VLM
s

T
lc!loﬂ on ~
w) . R
U '.:

high dexterity tasks

¥

ENEN D I
PSR

High-quality post-training data

|EAteAkeAER
RS

empty apartment dryer
3 R e
batch fold shirts

Efficient post-training to
unseen tasks

B

put items in drawer

/-____-

n dataset

SRR IBHA BRI (V) {EAETFRE, FEREESSERGRMEESNERARSIH USRS, B
IR A FE FRIBRIEECH R IR, IZARRETRICECERESEMNE, SSHUSIHE.
&E%TLAE&R‘??E?E‘J—GFWEE% WEATETFERBLIEHHNE, NNTRERSNRIES, GIESHRY. .

TEANRIERES. fﬁ '

D4 ¢ | [coollocoollcoollcoco]

gre-zr:uneu VLM

R ‘

14 DoF £
Bimanual »
Manipulators "

action expert

Internet OXE

[=I=T=}| C)C)C)j Sl=T=)| C)C)DDJ

pre-training

%5 @

=l 4§

/vn \ / \ / \  *fold snm

18 DoF
Mobile
Manipulators

7 and 8 DoF
single Arm
Manipulators

CISERRSTGE0EE, B5BRRLEFMIRESTTRATSE, BT ZEasuRs)ISma Ak

| B SRR VIM TR, LURATERN,

TN AR SR EE SRIEREER S

| H8Bk. VLM EFINEH PalicemmatItatt, SFEBARNANUETTIGFEIRFAIREN. REGRIREEATIEH) i

| ZMEFEEEAERAEAZRLE,

TRFEFERIES

% B: {m0: A Vision-Language-Action Flow Model for General Robot Control), E&iE%K5F % FT

2) FAEKIT
68 £At%;

M ET —
TR %A% 10000 /) B,

N 2. 0 B9 B K S4B K 903M B i)
52

(2B 106M+3L2 797M) |
7 RMBAMAL 68 £i+4, HEm

OXE (22 # A4K), DROID. Bridge ¥ R, R ERE® 9. 1%,

RJ& — T AF A 5 oA
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FSHEES RS A

B£19: w0 % HIE4

B Bimanual ARX

[l Bimanual AgileX

M URSe ‘ 34.2%

B Bimanual Trossen

[l OXE Magic Soup

B Mobile Fibocom
Mobile Trossen
Bimanual URS5e

B Franka

% &: {m0: A Vision-Language—Action Flow Model for General Robot Control), B 4L %F%FT

3) MR KL: RABHEANG/ BINGFERBE K. B KEFBRA G E/ B D %450
%,ﬁ%%&ﬂﬂﬁk@ﬁgﬁm TR S HIE, FERRF 2 a9k 545
WERS, BINGBEAYTH AT, FE—B AWM ERIBEMA, EIITRERS. T
uﬁﬁnoﬁ% AiTAE PR KP@4TZE, LER ,kﬁm%%mmxkﬁi ET@&%

BORES, ARG INGA E KRS ML GE L L L Z L LHIES, chhetk
SRS
B £20: w0 TFF TP 181 58 X G4TA B £21: LZLH G5 2B TZAN
10 Fine-Tuning to Tasks Present in Pre-Training
Direct Prompting (Out-of-Box) MM mg N OpenVLA %c‘s
O Performance Across Tasks 1 mp (parity) [ OpenVLA (URSe only) EM
ap—small Il Octo %
o4
&
0.8 5
ID H | ID
g 0.0
e Laun a ry Fo'lﬂmu Tshle susmq Mobile Laundry  Dryer Unload
a 0.6 (Mobile Fibocom)  (Mobile Fibn:om)
ﬁ W, (fine-tuned) EE m, (scratch) [ = (out-of -box)
E o 1o Fine-Tuning to Tasks Not Present in Pre-Training
@ 0
e 08
2 B
E 0.2 £ 06
’E 0.4 I
0.0 - - = g I
Shirt Fuldmg Bussing Eas‘y Buss:lng Hard Grncery Bagging Toast z02
(Bi-ARX) (UR5e) UR5e) (Bi-Trossen)
0.0

{31 Trnssen) (31 Agnax) [n Trnssan)

&K : {m0: A Vision-Language-Action Flow Model for General Robot KK : {m0: A Vision-Language-Action Flow Model for General Robot

Control), BE&iLK 4 5CHT Control), BE&iEKHF AT

n0.5 m KT N RAE T H#HIBEE T, Bl F—H 5 97, 6%@61‘}11%#1\7% B 52 FRdt
TS50, MARAERMBA, FREES, FTHESIFE ARETHESFFRLS
AR, Lt 2R3, BARSZ 0 AW IRIAE A A MRk EAEIE R R Tk

—, T ERFRKBI R A EET R,

xJe— 45 A 7 B
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FSHEES RS A

B #£22: 105 KRHRBELIBERER, THALHHEFERLFZHETY

Multimodal Data o : . ) Robot Action Data
N m,s Vision-Language-Action Policy ~

Subtask Commands [~ Robot Action In-the-wild Mobile Robot
i | > High-Level Low-Level Action Expert ] \

= K NP ay; & Lﬁ

ose the microwsve ok nitten anguas Shirt in basket Make bed

Close the mi Pick up the mitt u Insgru::ion
Object Detection 1 In-the-wild Static Robot

1

Fold 1inen Item in drawer

T Deploy out-of-the-box in new homes
YN wel B

Multimodal Web Data

. N

In-Lab Static Robot

Q: How many desks
are in the
image?

AT

Fold leundry Sweep table
: Detect and label
all objects in
the scene.

: <locB112>
<loce23d>...

General Robot Data
F .=
is on this i

)
~

. plate?
: Chocolate

J

Fig. 1: The .5 model transfers knowledge from a heterogeneous range of data sources, including other robots, high-level subtask prediction, verbal instructions,
and data from the web, in order to enable broad generalization across environments and objects. 7.5 can control a mobile manipulator to clean kitchens and
bedrooms in new homes that were not present in the training data, performing complex multi-stage behaviors with durations of 10 to 15 minutes.

% iB: {m0.5: a Vision-Language-Action Model with Open-Wor|d Generalization), B 4iE K #F % FT

n0.5 0 ARMNINGARE, F—NEAFIN % 252 FHRIER, 52 LT B4 token
8945 VLA AL, i B A8 Al 2 RAMBE AT 6 KB, & B LAHE TR R AR AR B3k H £
Y3 ML ANVERARB L FAST 04 5598 S WS 1E Sl Ay % #X tokeno H I A B I 4
FREESZEAARGHIE (BARREEZNIETHS), EEAEERSHIRELES
BIKE. S EEE, ZNBERAREE (flow matching) E&EFHENH, BRI FSHE
BFAERE, T AR IRt B a9 R A E 7. R, A MBS EFESAX], B
F iz FAE 5 B AR 15

B #23: w0. 5 LK

pre-training post-training & inference

language subtasks
discretized actions
open vocabulary captions| “a dog catches a frisbee”
bounding boxes Ca) (Gs) (es) ()

continuous actions

G2 (.28) @1) (42

subtask prediction

II

[coocococooocooocooocoocoo|l [boocoocoooooogbhooocoog [cb@c;»ca]
1

pre-trained VLM pre-trained VLA anll‘.n“n‘;l?er[ J

1
SigLIP (4@8M) + Gemma (2.6B) ]
1

- b i

1 R
“clean the kitchen” D D “clean the bedroom” | *+

“pick up the pillow” H

-.5 “oaption the image’ E ﬂ- high-level prompt low-level command noise
i r Sz
" ) il 1

1

I

.

“localize the gripper”

multimodal web &

robot data task-specific prompts

K iB: {m0.5: a Vision-Language—Action Model with Open—Wor|d Generalization), E & k45T

Wit mANHEFESBEE+R RUKEZL, 10.5 EONRELL P HALART 10, BpiEL
Bl # & B FAS
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IHBHRNES RS LR

B#%24: m0.5 584N REMLES LRFHATF O

100% 1 mo.s
o i no-FAST+
2 a0 { ™ Flow (no HL)
5 { mm 7o 300k
s = mg S0k
T 0% I 0
X
]
©
= 40% {
(]
(@]
@©
S 20% H i
>
< ﬁ
0% o ol L I-'_t-l ol L el e
dishes items laundry make bed
in sink in drawer basket

kB : {m0.5: a Vision-Language—Action Model with Open—Wor|d Generalization), B & if#%F 50T

n0.7 & A SR THITING, RFGEERNEESME, LO5FEMLA, Ry
T BARER ARSI IE AR, IARBRET LFF0 LT L, RHAARHA L, LA
ZE AR, En0. 7 B AL FIAMBEALSIENS AR L ESHIE, FHAEHFTXBET
HHE, TRALIE S (DATRAMERIEE R EAHIE, FhtymNR S0 28R
Hn0.7 W ERMAETRE, T BARDOTEKE DT, mAFFREFT S ST
A LT o

B &25: m0.7 #—H Rk T ELPL FHHRIE T, FIREER _LLTHIE

Robot Data R U (( Non-Robot Data
Demonstration Data e z .

Multimodal Web Data

# E
Language Episode
L Instructions } |’ subgoalilnages } { Metadata

T \

Autonomous Data TRAININ5| N

1 f
RTRTR (7
(TRTRTR T,;Vision-Language-Action Model
GRFF EDEDED
PROMPT |
-~ zfe action expert

Specialist-Level Dexterity

INFERENCE |
T | |

High-Level Policy World Model Desired Metadata
a2~ me

K iB: {n0.7: a Steerable Generalist Robotic FoundationModel with Emergent Capabilities), BE&iE%#F %A

OB BRARME AL
VLA BRI L 3T E AL FATPT A A 69 bk KB B, 09 EM 5 XA,

R — M 457 5 9
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IHBHRNES RS LR AR

B %26: VLA BEBRZEXRE, #OIFHGHETEHI

7H 1—6H  7—12H 1—3H 4—6H 7—9H
2022 2023 [G 2 }——2024] @ 2025 ® ® ®- -
#) CLpon G Bez G PaLME ]t Roboflamingo GrH Ghidea DexVLA H TraceVLA T o5 @ DreamVLA
G sayCan T Difusion Policy %) viLa Qoo ©xcor T my-fast # Ao & Spec-viA
O aao @ acT & LEO Agent Qi fesandtiyt O ruse SUTE nora & Tivia
@ vima @) Instruc2Act G rix £ HiRT £ Unict VLA-RL VQ-VLA
(@) Voxposer (@) openvLA hidea TinyVLA SpatialVLA T n05-KI 3 Tactile-VLA
©riarva ) Rekep SIUP-VLA W) OE-VIA Jyt! GR3
& RoboMamba INSAIT ReVLA (@) OpenVLA-ofts 7 Refinevia £ villa-X
£ RoT A ConRFT @ LoHovLA T VLA-Touch
o, @l charvia W) Openticiix VOTF
&} RoboDual @ RoboBrain [@ chavia2 @ reavia
ETRIDP-VLA @4 HAMSTER @) GFvia
“rap T Hi Robot ¥ GraphCoT-VIA
B cogact @ DexGraspVIA
G RT-Affordance W vias
$36 MALMM @ HybridVLA @ Fsp @) CORFT
£ DecR-VLA @ Pp-viA © viia @ omnivTLA
@ RoboMatrix & MoLe-via @ Flashvia ®
© piffwsion-via @4 GROOT NI @) Robridge
) MoManipV.A % SmolVLA W) Long:VIA
¥ Emb-Reas SRR WorldVLA B CogVLA
hidea PointVLA & Bvia © cast
@& CoT-VLA B Fastin-Siow @ FlowVLA
@ RationalVLA £ Lightvia
@1 Robocerebra & Freezevia
A BridgeVLA A? 1aviA
A UnifiedVLA
@ ap-via

KB (A ET-ERBARLEAL: ERBANEAY, BEIERF LI

T VLA B| VLA A2 AL AR 09 32 R B L 4R M A BB T 3K, MR FHE R X R M
W PUR GG, Bl AT 7 e B, OpenVLA-OFT Cl§ah4F A ik B R H 26 12,
TR A E VM. £52FHE, Smol VLA AL TAAEA 25 1/15 A 33 5230, 88. 8%-F 34 s 2
R GERA"ERIIRRE AR VLA,

BE27: Zi7% LA BEZE LIBERO £ B _E 654 G451 1

VLA & 2HE Spatial/% Object/% Goal/% Long/% Average/%
DP ~300X10° 78.3 92.5 68.3 50.5 72.4
Octo 93X 10° 78.9 85.7 84.6 51.1 75.1
OpenVLA 7X10° 84.7 88.4 79.2 53.7 76.5
OpenVLA-OFT 7X10° 96.2 98.3 96.2 90.7 95.3
o 3.3X10° 96.8 98.8 95.8 85.2 94.2
m—FAST 3.3X10° 96.4 96.8 88.6 60. 2 85.5
CogACT ~7.3X10° 97.2 98 90.2 88.8 93.2
SpatialVLA 7X10° 88.2 89.9 78.6 55.5 78.1
TraceVLA 7X10° 84.6 85.2 75.1 54.1 74.8
CoT-VLA 7X10° 87.5 91.6 87.6 69 81.1
NORA 3X10° 92.2 95.4 89.4 74. 6 87.9
BitVLA 2X10° 97.4 99.6 94. 4 87.6 94.8
Smo VLA 450X 10° 93 94 91 77 88.8
Wor I dVLA 7X10° 87.6 96.2 83.4 60 81.8
UniVLA 7X10° 95.4 98.8 93.6 94 95.5
4D-VLA 7X10° 88.9 95.2 90.9 79.1 88.6

TriVLA “2X10° 91.2 93.8 89.8 73.2 87

MemoryVLA 7X10° 98.4 98.4 96.4 93.4 96.5
FlowVLA 8.5X10° 93.2 95 91.6 72.6 88.1

KRB (MR- ET-HERAFLGR: AeBANEAY), BEIEAFLH

FiA& VLA ARV RE 69 W7 H 28, HRMIBT TR KA R Lk KRR ey RE RN, ARSE
(LB ZT-HERBA LR L : AR@RANEAY P £, A TAEXTAJTHA

& — A7) 5 9
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RN E SRS

ZREARXRAM, BIRARM, 5 & XEH,
B %28: = £ VLA BRERH I

AT R E R
RMER kT REER ik E ERHE
4% — Transformer /&%
) ) o . RT-2. OpenVLA, % (adY)a, 1-
B ARX B, ML/ EE /A &SR AU 4
Octo 10Hz)
AR A
5 BiE L I TF+iz gt 0. GROOT N1,
apx, =~ OAELETHEENEn e (50Hz+) 5 9 ] 3R 4
+E CGREE/F ) Smo | VLA
5 EAR S b EITHE- K SayCan. Cod K 05T R
P = ‘ X = ‘ ﬁg’r K ayCan. Code as # (10-30H2) + )5 o] fig %
BEisg, A8 X b E kA Policies VEE S
kR (LR ET-NEBRRFRLGR: Lol AMEA), BEILRFRTH
FAAK VLA A G SHIE R AR — AR PIRASKRZATAN, EFHEFLEEE
&, FEG—HAETRPRHTERSER 5, RE& B NEMRD S LR AT 1E
Ao
B%29: Z4hX VLA BEZLA
[_Ce_) mmJ '?;‘ i%%?ﬁé?] [@ zm:m;J
888000 886
YVVyVvY VY VY YY VY
EF ML
) 4 7[5
VLA D D

H 5tk
R (E-EF-HERB ARG L : AQBANEAY, BEIERIF LA

BEEX B R AT ARG E 2039 5 S5 34T DR AR, B TIMEM BAT £
Yo B, B ET R GARIGE A KA R T 5 5% A
I35 2 2 3 ) BR 89 B AL 24 R,

R 9T 5 LR 54 AR
J&ET REMAHEE EABS, A£G HRPAT. LA EAB, & ERGE

T ARELERBEE, KRENEZT RIS SIATRL, AR ZRE QR

Px ARG — R 47 5 9

20



El 5 JiE 375

SINOLINK SECURITIES

IRBRENEZIRSS

17 A IR AR

B %30: RBEX VLA BE A

IfELR

KR (BT -ERANRLE L ARBRAMNEAY, BEIERFTH

)& R VLA RAQE T & &8 LR 5 R E 2R 8] 2 X5 A K AE, A5 ILAR] 5 3
e iRz XA ALLE SR FAEFHEE., Z 03RS B RN BED T

B &31: BEX VA BERS

o

v
aeeaee|-
YVYVVYVYY

FEFVLMIY S22

Kk rifm
(0}
O g o,

TR e |

KRB (MR- ET-HERAFLGR: AeEANEA), BEIEAFLH

] [@iﬁ%’#&é}

TAES i

1.pick up bread
2.put bread on
chopping board

PRz

Figure Helix BEAME A BB X a9X k&, 0 7 "System 2 (7B 77 /& VLM, 7-9Hz) /System
1 (80M X X7 & /1 Transformer, 200Hz) "69 12 i 42 H), & Bz M@ &S wm k4,
Helix 02 £ L F & & — /& System 0 (10M &4k, 1kHz. A 1000+ B A K15 30 480 549
AT AR, TR"ZERE", RBFEMB| L E LG LE Y RE,

25 B X 3R VLM 6908 B35 3R 32 (3 BB IR 5 R E & s 41 A48, #imet =T 4% 4 45
B B ATER IR R AR) St ReGErtE CGREERFTAAD), HIZR A KMEEK,
FEYR R B 7 A0 1 LA AR89 TAR K38 2K o
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HELIX 02

SYSTEM 2

SYSTEM 1

FULLJOINT
STATE

Allsensors toalljoints visuomotor
learning

| SYSTEMO

%) K: Figure B R, BE&IERFT R

-3 R #7449 Gemini Robotics 2 4 & XA N £ A0ib K4 S FF 7, Gemini Robotics
2 Z:f«‘i — AR I RAANEAG, SR E AT T A R B R R S

%—BZER 2 (AT Gemini 3.5 Flash &) VLM) L"Z B KA": L4545, HFFES.
RIFHE . BRI, RERRIITVUTEAR (tool orchestration) #37 X" 4+&
— AN J&RE VLA

% — % Gemini Robotics 2 5 On—Device 2 £ A F & VLAER  shit X KA0R), #BHE%
FZHATiL4F, Gemini Robotics 2 AT =3nH /) ik /) 3% R H 4 % SRR, On-
Device 2 #3#M) VLA i#% 2 KM EE K,

B #33: Gemini Robotics 2 99 E X FH

FAL A A 15 R

ABEATVIM, RA2AHZH K6, EMEES, WEER, RS
‘ , PAE G (Horsh. HEHRID. REHA. BRAB. S
Mg Robotics ER 2 .

. hliE, MBRER SR, REREMBIT"IEHEE—NK

JE VLA" & i) 3@ if T L3 ) 7 4%
AT H A6 A VLA, FIAL F 14 (BEFER). WK
’;F)TL FoF+kON, EATEREL. A2 555

Robotics 2
WAT

3 A A IRE VLA, SRR AR bR E BT, &R TAKER, 12

On—Device 2

fa. BB F

% B : Google DeepMind & M, E & LKA 5% FT
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Data Factories Residential Commercial and Industrial
High-volume centralized collection operations At-home collection with globally-distributed In-field deployments of collection platforms
collectors
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1600 77 BLALSR; -F & A4V 4805 30 4P L3R o

B %£51: Figure B 24 REFEI)H XK IERE

Fold Clothes

Sweep Patio/Deck Fold clean laundry and place items into drawers,
Swaop outdoor hard surfaces cloar of W shelves, and closets.
ebris

loaves artanda
[“ouncey | cotniog | Mintime: 8 minutes

Vacuum Room

Vacuum any floor surface of a sk
o ot entire floor untl clear.

| comirs | b |

RECORD YOUR DAY

Start Task

"/,

kiR: Figure B, EE&IERH I

HOBEREROEA, FAN A HIB R R AR D TR E kB3, RBHIERET X
TRFIE o 64 AT HLE AR/ B/ 0L/ INU/ k56 1 A 5 4,

e — T AFH 5 B 30




El £ Ik 75

SINOLINK SECURITIES

RN E SRS

LR R R
B452: B PATERRIERRRIFE BA53: A BAEMIN AT FAA
- ﬂ L2 )
wm”:-“mw %ﬁﬁ@ \{
= iLEA IS
s ﬂ \? (Jf s
- S — [ amey | 5 LESEY
WristCam nn--n
&/ : nERnN
H k)L?!LﬂI'II Rt IE;F” -n-nn
- m itROS p nVIDIA > HERSY

KRB Bk AER, BEIEFR LA RiR: BUBER, BESIERF AT

BB &4 A 2 A/ SRR ARG R R (T /5 B/ ) /NS E 8 FMBAENXE,
Bl de e RAHHOA CAE W3 KRB 5 R TH 4" F 6 AMs, fEAH B RS RFEIKEWDE
FIEE0Y N 5], AAIE Al RAE “ApI EHM,

B #54: #RABRIERE CAE B EREZEREHBEIAYEA F 4

MEEEER, 4532 BIRALHRNLFEE N
ARSI RA Bt E SRR R R RNIE
AREREE SREMRR B G STRRTTH

AR ERRSZ BinSh
AT ORI TR SEIN - St AE SRR
FREINEMA R SF ORFFRRED

Rk RRAKER, BEIERFLH

2.2 B EIAT: BHERTREMRRAR, “EF T HRMR

HIEREAEA BATHIZ Al R KA E KRB R R & LA — 58, R E/PATS
YA Al FHb L F B LR LR RTHERG AL, Rl BARE T 0L
IJ\

#)4m B 7T F £] 5-9% DeepMind & 7 49 3 -F SharpaWave % 3§ R 75 F #:4F s 2 B4R B 0K, 3%
AR E PR T “BERRNGGIEH” LF AR E Az, B8 LA R47 T AT /47 EXT

ERAFREKREZF, TZABTIT AT LR s 7 LVNRIBLOHE, AR A 42
W, KRECEILERTH Tz,

FF ARG — R4FA F

31



El 5 JiE 375

SINOLINK SECURITIES

IHBHRNES RS LR

B #55: $15R 77 FLRIEA 208 H 7T I8 1 1%

Multi-finger dexterity

Apollo with Sharpa hands

Accuracy

Tie trash bag

F R, B4R R AT

Bomin R A L R OFEMNEHERSE Gk, BLEFEA, z#&m:\.\ HaIMEREF

%% : Google DeepMind &

I RE (e AR, BHAE RS (%m%ﬁﬁ%) %%u(@%ﬁ%%u
WAL FE . IMU %, VAR IR Sm e AT SN SR IR B A a%& B, RILEFE K AR
At 4

B E56: ABREAREE b BER

EILMBATEHER

HRELR

fik S0 RS VAKX, BB X, EEX, EFX A, @R, 2E AMEME ARINEL, ' K=
) A-HLEAWE (HRC) . FAL. HARFI=H], KB, MEA
AL AE R 5 CCD 2% CMOS sk 1% A%
HAZ

XATEE (TOF), =A%, kT
KA B - EH. 2t A-BAMME (HRC). FAL. 1RAEIEH

w
HoP RS Kl mEME, WM, wEN AfzAs FA BB IEH
BiERE #EX. BEAKX, AKX PRI AR ATME (HRC). 4RI

) ek B, ARE. Az ]
TP 4% B B Az HEH (DR) # FAL. BRAB IS
HIEAERE Vo YSAALY 4 AR ATME. PRI, LB ARAE
PAERE &, 55 64 #BEES A-HLEAME (HRC). 4
AR R ERMRE B39 7% % AT
AR B HAERE AFEFE (TOF) i [ 734y =) 38

KRB (TUMBARRERREGRY, BEIEFTF A

ﬂ%éﬁf%%wﬂﬁ,ﬂﬁﬂﬁﬁﬁg

AL
AL
AT

573,
A ) 1% b ) A

SHTRIE, KA

FRFERA PO RI R
%1%3\ Kk, Bk, ThfamEat T BERE, B
h%w$m%$aﬁ%7,%%ﬁlﬁﬁ%%&ﬁm\
ARG T A AR A 7R, KBS HRRE,
TEEAL, EMAABH TR I, ARG AEAT T I LT AsILAE

T ABARA AR &) K HAK,

JHAR, AR A Tk EJ ﬂf]%é’a“ IR AF B X7,
ZALEF R G HF A%

Az, M=

FHAFE BARR M, R FanHiE bk b R T R ARG R AR T,

B — R AFA % 9

32



El 5 JiE 375

SINOLINK SECURITIES

LR

=
P

A7 kK

[emE#es | [mateses ]

Wwfn

#h «wm

I
— 00—

KR REHNE, BEIERF AT

MEAEAZS AR VBARA], M, AL 5N, 375 2 488 i 448 to 3 52 I 5 A5 3
B, FHEA, B ETEAESRTRE; Wz%uT%@@@%ﬁ&ﬁﬁéKT %
W5 A LT E A, z&ﬁ—’l%»ﬂ%%‘% % RAnhRe a4/ S EE L, RIER
wmu%%ﬁ&mm% s AR RN % B ERTG, KR EMEFE 25, L2
ﬁﬁﬁﬁ%\ﬁmﬁfi%ﬁﬁo

B Z58: MELILBSDIFEALRA, WE, Z1z 54

A

%

R 3 FE A K

Rk NENE, BRIERF LA

MB AT T EEZEHH 2D A A= 3D AL

1) 2D AL« 83T 2D AL AT R E R F & B P a1 F & %&ﬁﬁﬂﬁ*%ﬁm%&,
PR A IR K A%x@tw%m ﬂi&%w;%%ﬁ%

2)%%% % EEE., R K (Z4B1%). EaE ERTF R WA R, HEY
WA WE K,

MB AT BRI BT B B R MM T %, sHFhiR, "R, HERHARSEZK, B
B 3D A Fm A E R A, HESORE R ELSMBANT T, BP A S LRI
B, 2024 F EAENGL T H P 3D A EL 8.3%, KEkmKFNH) H,

Px ARG — R 47 5 9




El 5 JiE 375

SINOLINK SECURITIES

IRBRENEZIRSS

EEE9: 2024 £ F EIMBHAIETHF DG L 8.3%  B#60: WEAI Ay 3D X R

st b 547 2D 3D
) AR B R & N XA L
A A o
(ARA X)) (B EER)
R %% — A B & Ax%%
B A IdFEERRA ERBGEZERF
Y FEAR SR
_ HAEX B HAR 457
2D,
79 Rl % 4. FacelD. % f¢
91.7% THEFEH  RAL BA, g ety
MBEA
KR PR LRI, BEEIER I Rk BrbPRER, BEiEAF AT
3D AAAE R MY Bh. Hik. 4%5&53#%@24% A%k, BEAETREAS

ﬁ\ﬁﬁw%ﬁAﬁﬁuﬁM&iF¢ﬁ&\ﬂ S IV teis. WA EA, 3D AE
REMNTFHEFL, AFREEFARSELK,

Mﬁ%%%%% Hﬁ&?%ﬁxﬂﬁ\W§%@\%%$
S E . RES—MERRELIIE K, SHERS

R W? MEAZ, AT T LT,

MR/ METELRE: AR/ NECREKRFEZDFTEAMLK,

A ARIL 3D MEHKABIE L A RALZ W69 £ Fo

A BT, HAEAKE AR,

ATEREEAT R AT, B K30 TR LA 2 R A R ARARESEL 2 X AR TS 2 A2
SESSEEN T, RSB AT B EABK.

T AR

31“\

BZ61: ZR/) BALIE % 3D I RB MR B£62: 7] B KIEF 3D I E G
il p
A FeAFR IMEE EE @ 3 L S5 HA AR 0
: Fa s A Lo
RMSL201— f- 24 4R *HFR LT SE s L EAEA
| o L  Min
) D435 50 A100S+mini AstraE  Astre—Mini 25 Kinect1. 0 R200 D435 AT00M AstraPro
12{;&&?29 - 1280x102487f
P 1280x102407fps AR, 640X480@30 640 X480@30 1280x720830F 640X 480@30
%E g j; 1280x720630fps 640 X480@30fps 640X400  640x480@ AN fps @ fps @ e fps @ 10.a808
@6 30fps 30fps
_ Ofps wAAHY) 57,43 59, 46 85.2,58 60,48 60,49. 5
M5 (H,V) 85.2,58 46.0,68.2 60,47 67.9,45.3  60,49.5
. . . . IR 0 873, 472, 1 4~ 6
WELE  0.1710m 0.28"1m 0.25™1.5m  0.35%m I$Rm - 0.835m  0.472.6n 0.1710m 0. 4=6m 0-6 &m
+ A timm@im +12mm@2m £20mm@2m *20mm@1im *imm@im
e +20mm@2m tsmm@im ol +imm@tim ]
) hit <250 1.371. 6w 4. 50 <3. 5W <2. 4w
bk <4, 5w <2. 5w 3.2w 4w <2, 2w <2, 4w
Kk Bk oRIBRLS, B ALK KR R obiBRLE, B AL KT

BRI AAAREAL, BN ASERA G, @S H A BRSIT AT %, &Ik
ﬂwnm%%ﬁﬁrﬁﬁﬁﬁﬁaﬁ\aﬁﬁmﬁ% W4 AAEE K, BRAKRENS R
FAEET QAN , FI 3D ML RE RS BHRGATRIBL IR B, KkA
2R NE B

R )G — R AE A 7 B

34



El 5 JiE 375

SINOLINK SECURITIES

Wi (3DAIANR)

kA AH A IR BE 0y DL A —IALREILTRI FRRILA, SSTMaSHANES LTS, Sk Lo HATLES

HE SR, AR LT aEA

£ EHEATOR S i K 8 95 B B 4 T %§§£;ﬁ§?§%;iﬁﬁﬂﬁ%ﬁiﬁmﬁﬁ‘Klrﬁﬂ
A @t AFAL, TALF A0 SR MR
D%k g 24 4 2L TR R
T, s DFRMABHAZM: AR (BB e Rk P LA E L i T — A Kinect3DALIE 4 B 5D
sk smhkiop  DETHEBIARBNIENE Gy ann. srumm (KD
" @itfe: HHE (RS F6. 2itHFS6 (Azures) . #HAEA % (WindowsZ 7|) B A AL (Xbox)
F4E AR
P Cr A 9 ok g D%A aEk: RADFAFISEE AL, B O AL RS ROMARKE
eI PE T e K AMARAIE Qyma g 2it: A2ittmin
Lidar LS @F Fih: aAR
. - BEFLEMAIDIER BB, H—% oo 2. s s
ERIAAK SEHE G YV EEX T LI = R R T
B 53D & R 55 S %iégéﬁgﬁﬁiégﬁﬁiyiﬁﬁa;ﬁﬁ,mf%ﬁtﬁaiaﬁ.mm,ﬁmtéiﬁﬁﬁw
- 2H Al MBA, Zhias som S0 : AT
Rt ToF/dToF  #4mk, THABAEFI K, A% %ﬁi%fkigiﬁm+$iwﬁkﬁw§+$iwmk$%m&<W%@% A3 LHF) , BT HE
Lidar P o 6N THE IR 4R ST e " : PR

FFE Sk £ LA AR AR, A B A b ok ad 5o KA B & AR RE 3

ROR: RICE RIS, B AR A
it : RFUBEERBRXBLERAM AE+BRETELRAES K

kAR R RARIBAR IR R e 5 miRF o) TR B R A LB T ERRRR

A AR B Ay 3R A A %m%Aﬁfﬁﬁfﬂ%%%mﬂ%%%ﬁécﬁmmﬁﬁé,ﬁ%&
BT HIIBEAFNERATING, %il%ﬁ%&%ﬁ%% %, XA T K& R ARR
%;%émﬁ%?#ﬂﬂﬁé,ﬂ%A T i — *M%%@%%%Mﬁ%%%,ﬁ%ﬁﬁ
8 mA a5 Re AL K

B X64: BRI RF R LK I RE A2 HE B

A |
el (mr@taenrss ) | ( mwe )
5 A ! Y
B Y |
fEiR d A i
| Y
O ateee )
E i A
# |
Y | |
SRR IR | | (mm e
[miﬁm@ﬁwmmmm>j - (g )
X |
o Y | v
( meegstem ) [ feRuddEn )
A | Y
| Y
RRE LR IR " T
. [ BT ) ] :[ﬁ*ﬁﬁﬁﬂﬁﬁmj
J |
= i
Y I
| Y
EEBRE (3Em. ) | r——
[ A ] | [%?%Iﬁﬁﬁm%]
A |
Y | ¥
NIRRTV
(a) EUsh | (b) %k

kiR (RREAE RS BT R RERY, B EERT LA

R 4571 7 B 35




El 5 JiE 375

SINOLINK SECURITIES

EL S AR

VI EKRBTERBREE RN EESFTERBABRNER T 6. A5
HILEHFERE, MRS %Wm&?ﬁﬁ%fﬁﬂwm% i A 3 — A LA A Rk
WAREREDR, QS EN., AL, AFTEWEMN, URMNEE. BE. BE
Fofb 54 B0 R4t ), AN BARRT R 45 RAELA L R ILE R .

T HIKEETALRE, FEEFMEEE:

B ORRE: BRREACTRIKGRAE, BF G EEARE R, ABIAREIK 6 5k
Fa etk . XA XIFE, LB IFEER,

B PR FURALTHK PRI G G TGER, &%Lé\%—%ﬁﬂ doF B
RN ENFELRESD, ATRAFEHE AR RN CRE T TN FEENK
AR T F R R A A R R E X TR,

B ERE: BREALTET KRG TEE, €67 KA EELME, RTHFARAE
) Ao AR T) R A5 %Fé‘s/%ﬂ‘uﬂuﬂbﬁi B A 2w R, AT R
Hrs M At

B%65: ETHHKLZRPHARRE, FEE REE

3 -
\ [ PDMS $34 \

T4 A :
D ETALLIE oy g :
.~
h“FmL—q.p S
d @ - I PDMS FIE ___\= e — E-.j..
HLBETF 10 mm ‘ . '_g"'"f‘“tu‘ll
v

R (A4 AR T AR AR AL T R R AT LR ), B ATERAT AT

IHMTIERBERETF B PRITZNERA,. AN F ERE, THBTCEREER
HTEIZOEREEX, BEX, EBR X, BEAOH XA,

B K66: 144092 BMIE A BE TS RKANE

: e | Al _—::‘"" 2
9nax< =T =

A RTLROS, BRHAL
WiETHBERLES, £
R ARBUH @45 MR B LR
2| T, AR T

wERE, ¥HFET AHEHEMHAARE
HAACEES, @i | BRRE, B | W, BEEERE A
MEELEAQOERRR | HETHERSE | HERZBEHER

PR P ST Bk 58Tl k| | AL 5 91 3R B B 4
. T emans e —_
S UsA
AABK, HiE AL _
| PAEEREEART ) wam, wemn | ‘ N )
RRARS. ARAH 0 | BAEMK, gt | BHMEE, HERE
& A
Bk
EEMAEFET
S| CMERTRAIAR | RFHE, Ao | F%; LFEAY K,
& | FeH0 % % B\ FHIBR Y AR ol 3 4 JE 7
%‘%%M”

KR (FHARTAERE TR Y, B AR AT

FOFE ARG — RA&EH E A




El 32 JIE 75

SINOLINK SECURITIES

FSHEES RS A

AP R XA ERZEARAK, BEBTFEFEIAMAME, ZAMGEIATE, L ITHR
ﬁm%%ﬁmif ﬁﬂxﬁéﬁ%%@$ﬁii% KRk B T A # 4 R ST

FHRAZET, AREN T K. BEE T VAT, B AR SRR EJ%H’FEXLZML&\
S EABEFHAEL, ﬁfmﬁﬁf& W hdyh 37%, HARCEXMBECERS, Lt
25 % 28%,

B£67: [ THA T 7B 2R 4 B B £68: 2024 F 1% [ X fh 5 14 B B 7 47 oL 1 29 79 37%

ok 221 b
iR 2k

PHUBE AR 7 T Hfth, 35%

ZEIR P

=R RS
(a) it (b) & 28%

KR (RREHERB ST R REED, BEIEFT LA Rk % F LRI, BEIEFRF LI

B Ak B RRE TATHRE T E, ARTHZABERIGRENNL, HL2RA
AR F IR T E A 20240RC K4 £, MR IEXEA T H =K% 4kt 759 F DexH13,

BAET ITPU ARG % % 5 ikt /4 % ITPU GEN2. 721 & B B4t 69 DexH13 5 L,
2 T 1 2000 B A AF A 69 S0 AR A RS I TPU GEN2; sk 9, i FiE £ % T DexH13
# 800 1% & & iF Al FRkAadn, BT shutey B Az BTk, 9% iR Al A dam
Mtk sk, &g S RIS A S

BX69: 1B EH) DexH13 # LM IER 75 F 44~ T HIEAMIE

SO BAIN B R S

BHAMCEMHTHMEEES 800 A5 Al FRIEA
HemeRmeEn, BT RIME

RiR: MERER, BE2IERT LA

g oG .89 | TPU GEN2 Ak it 1% B B /8 % R K AR e . Bk Ak, ARIEMBH R E R, ITPU
GEN2 % 4 fb i AE BB AERKE . M FTHREZAKFENK T, Lidd4EmT £ Fmﬁ
i#ajd‘!bk'ﬁ&o

) 5% J6 — W AE A 75 B

37



El 5 JiE 375

SINOLINK SECURITIES

SR EZ RS 7 AbR EAFR

B %70: 15 ITPU GEN2 At 55 £ B 25 7 % T 75 #r KT A

PaXiniZ LB #AITPU GEN2 FFMEER R RS BEMEER
R & % & %
MEEE = & & ®
MEEE = e % "
& ® # # &
R~ AN X E N N
HFHRAED WEE I, ATFRENE + ]
FHLMEEEN = .‘a I &
SLEFAE L sm;ﬁj;s;mﬁ@ﬁ Eﬁi;ﬁmsmgfgm?? x x
[ A R, R, A
W, 5. s T LATHLR M EHR A B ) B EESRRLEER B PRSI
m LA, R oo vkl RERERAF RERARAF

KR MBRER, BEIERT LA

AEFTHUI TR EZ ITLEPEZ 2 RERBEERRTHEIZ VN T BN L,
H % CR5 H 57.1%, K3F) B 6.3 Novasentis., Tekscan. Japan Display Inc. (JDI).
Baumer. Fraba, E M ZMHAZRE B A G REAE, XBAHR. KEHE, BEZeFH
Sl ARE, HFRRZEERE,

BET71: 2023 F2RRBBIEFBRETLE LS

ECRS mHi4h

42.90%

57.10%

KRR R2FLHRIE, BEIERT A

M B AT AR GE A% BB HARA 0 &k 2 &4 A1k oy &) BRIRAHEL, FEFAH ZMEM),
BN 8] £ & A R BATEGLT 6975 M REATIE

R G — 4% A 75 B 38




El 5 JiE 375

SINOLINK SECURITIES

RN E SRS

BET72: BIERBERE BRE

AR

LEREY

IR

FFAHR

5 28

Tekscan

R
ENa A
A B REIS Y i RIEF AR AE RS BAABA S S F H AN 5], N8 HK
FBRAHBATRARFEHRBE, BERELANEAA DA EEABNE
HHEFFFEE, KA THIATLABYATMEA, AIRFF~ &

BARRGMAREMAIRE, BREM, EFRES, EFRBEE. EREEWL
HSEA; —FFF 1000 77 & F bk 1 R 35 69 AR Ep R AR 4R X

FRFAINA AR A REMOMEAABRBER-FHH X ERERFITS) ., &
BREFEG, HRAEE. CRFOMRIE/ENRES. FMALER. AFERR
AR F R
MET 2012, K O EF LGB FRETHR, HHLARRTEHVEERET
B BIARBELFRI TR E =&

RETF 2014 %, ZREAN Y HKEBRBEA LRI R T EOHRIERE
Bt #
NIMAFAMEAERBRR, FETARE, FRENERE,
ERi YRy

T 1987 4,
EAMB D P EAAREN, BT AN XA E THL, T REHAN
T 2002 5, NEF DA R TRERMMR T RGFR. £ 5 FE, @idss

TEER

LR S RBEAHMEA, $AHMERTF.
ITPU % AR B F SA > 5

FMEAERE, FHAECHRSE, Y

FMEEAERE., FHBEEARE., FHMAK
EBLESERE

MATEME ., B AT, FREANHREE.

MR RE . EAEIERE. R HEA

B ERASHANER G, BEXEAHEEE

£Fe IR TR ENARE

FWHERENFESE . ARERS

JE /) RE 5051, JR A 4 RE 3000, JE A 4% R
% 7202, JE 45 6300

JapanDisplay HUEE XWIBHEAERBARFERETARK, RAFAFCEE X FHI504 HE RS . F 1 OLED @4r
BB
Canatu REZT 04 4F, & 3D TRAEATE Bk FEEE kB E AR GTF LT fhliEH A% 3D fik 34 ) E AR
Sensel RETF13E, FRT A5 SaEHALE, BEREEZSANE LA JE B NE
RETF 2015 4%, TFHREE. AFEFRWRTLGEAERBUMELE, HASE
Forciot Tl ER KRB DA ABREH. EHF S, ERTEHREIRE, iR K TR ey RN RSB
Fo A FIRIT, ARAL 0 BRI AR AL A4 S .
KB HREEER, CINNO, ABMEAGFE AFLE, BHAEIERT LA
RAF: qEAES. FRBAETHRE
RIAFET RBEERRBRTARLTF G L L EMA i, CEIFHIE ARED AT Ao P,

#o £ EZRLF SHENLS

,Aﬁ%%ﬁ%f&&?ﬁ@AA%ﬁﬂ%RKOﬁﬂiﬁ

%mww%% B R, s R GiAeizh) R MR BAT R FHORRERT@IEF

EE. AWK FRAT A K.

RJG— W AEA] % B

39



El £ JiE 375

SINOLINK SECURITIES

17 A IR AR

1

BT Bde 530 5 2 R Atk 4h sk

SAed . ARSI KR A !
1
]

_______________________________

Wi RG> A ) 4 F 45

# T HIE) EHIRE
K5 R A 2% R 4%

_______________________________

3 koo S (R BR A B i Foth )
RGBT S, ATARR
1
1
1
1

% ik

e
o

EENTREE D, EFHA

T &AHES FARIE A AE ST

%% : {Towards Robotic Dexterous Hand Intelligence: A Survey), E &K%
B RBFHHTN: TOHECMARTFEMNEIATE, LA STECIAERT £,

WAUIRS) LA AR v B AR S AR AR SRS, RERATRIF. B R AN

RARAGFREF ), TRIEFH T NOIECHIRS), RAEIRS), RIS Fftf RITIC A2
R REIRF A ) 5%, RARTRERFHI., FAIRE, dHRkfeih 30, 2
AT T AARF A RBINBAE L ; ARIRF) L &2, SF, mAE T RIYEY RARF
o, BT RAF AT A A AT RIS 2B vhp Rt 2K K, EAT
DA SRR, 2 H S TARR A AR FIRAMMRA R, BhR T, TREH G EER
B EHHE. RALRA, ARFH AR EARE, R35FIR3)F RGBT
MR RS MBS, MAENIRS), FF). Bl BEFFFTHRKL, AAREH
A FE R ASFIAF R A BAT T

B#74: DBEARTGFERIF) G X0 XA E S 97

BHFR  FRMARI R
385 F S — A i A b
sy | R AR | G, e ;ﬁéw% z; TeARE. K
TEET R, mtis R amei Bk AK K ;%%'ﬁa A 2
%3
W AN S
WA, k. | BRARRE 5 _
Wit RIS, SHRAR. H Ao
B A . Wi, AR | B, AALEE | -
Bo b th o 5 Ji ) S5 91 o o Pl e B K 8
353 o sn SRR H | el ke |
7 iE =0 R
rrs BEKETH "
3 i kAo 2 B AL
N B, RE ‘ -
BB 4 % A IEH PATAL THRAR R, 4 | B, HAE
5 R B kR, ‘
iz e Ak TR AR EARA 5
ik P, Yedr EAE -
‘ FRH RIS L SRR | T ARIES, 0k ‘ o
4 KTl ] ) Fik K ut A Ak, DAL B B
A EFAMHBTEKE | k., K. T4 ] o
] JRP— - 57 5% K BAKEAE
R A ey

KRB (MBARTAFHRLER), BEIERF LA

AR A A miE S R F A FAE R0 77 X, FAE R 69 B AT 08 LA A FAE B A
AT HAR R, KD AALMCIAR LA FE LT, S OHRLIE T AHEE, B
BNAR, HEEDDERE, RLYAMNBARSFENG AT E., LAA LI L
BEZOHREME K, THQPBRKEOHENERSF PR, TG RFF%EKT
%,

Fim AR R e — WA B 9

40



AL
,cl, J’O'

O

EEIiESHS : K
SINOLINK SECURITIES -;T . Eas &
h i ‘@ FRSIRENE Z RS A B AR
BETE: BSIHREIR G EIELEH B E76: FhAEEINR T A E NI B
AN TS
' AN BEEvsTEIEEB
<\ (GERSERTRER) _—
[ x5 | ARAEEA
0
@

KR B RVHIE TREBAKRT, BEIEAH LA KR AREME RS, BEIERF AT

B FHHR: MBLERBEESENEARARRTFEZRTE.

RAFHRAEN T KT A REEF) EFEF ., HEHfRg5h. HLEARTFIR
AL T A R E AT R T A 4%, &ﬂ@%ﬂﬁﬁi\?ﬁﬂ THRAF 9 AL
ffJ EATED) . HRAF AT AL EATE S EME R QRR N EER, IR ] Foiz

® o RGARR: WA RS, THEER, B8 FAREME; THENLEHE
$ ﬁxi\n&ﬂ& EA R BEFe B 155 RABEFREB KR R RS IMNRRE,

EAkK R R F S B d BT, EElE B R R B REBERETEFN
%’io &ﬁi;ﬁ BT EOABERENREN. AGE, R, ZFEATEEZMEITR

BE77: DEARTGTFEREH T A X

MR R, THBREXNIE
EATEH) HAaH) 1, feBINER KA Y

TR EREEE, B | Tk, FkAER KK

o KA, IR R Mo
AR TR B 25 DB
gy | TR HAHEE, | A G LA | 3 DRI T
b T4 P 2% Fet IR E EREHOHE

MR, AR, BA

12 AR AR, R FARTREA, REAET | KEbRIE, Z4Z R EF)
B HEY| LN, Twm

. s fedr. IEHATHE ) H i

R, gy R
BIMAF I LA, TH K ‘ . )

I REREAEE, MEAE | o
i‘“ﬂiﬁﬁsk%*% A& 7 . ) TRk, BB A AR

MELAE ) ik, fERARXES R
HEARE, REMBRE; ) %075 F
FARARK
Wﬁir&

KR AMBARIFGFHHRLER), BEIERIF AT

M it g RE, TRENFHEREFRYE, RARFFF R AR OEFHTE,
AR LA ARE N T ERE G AR, mAE, GHE. B TERFRE, KRMA 240
HIEBE A MEHRRERT E, 2024 511 A 28 H, TeslaOptimus £ X F&6 F 5 K5 X
AT Optimus LB ABEHRAME TEH—KFHFRTF, THAMA RN ZRCAZA
A, B IR) F A5 . ARIE (2 B4 R T4 R Gkt _$hi54), ARk 44
ShETFA P, wAGB IR S AR AT, WAL )5 45T B AL AR AL A AT IR ARG -F
#ia o), LATIRE S LR, B S — R TR E L, B F R X T EX T Hhik s,
o F485 iz,

WEA ARG — AR F




Al ey

A

Noj \“‘.‘I':'J,I'O :
E £ I % ;
SINOLINK SECURITIES ?Hﬁggfm@%ﬂﬁ% ,f’j—ik‘;ﬁm{ }%Zﬂ__ %
B 78: BT TTF RN E£79: BRI+ 2IE O (25D EHE)

R (2 AR5 F R R RAGE R, B A IER ST R (2R EAE R F R R AT _Hi598), BeIERTIA
B RwA%: v EXREERERLRA LR,

RIOFRBmAGTERGIEREO LS Aats, b, A AL B, A4, [2F.
ERAR BN RS F AL GEN2 KA &, BTN B A LA ZERT TS,
fR A BB IR T R 55 F a0 B dm it 7, B AR Z ARG M IR A AR, A 52 LT B ) 3R
Bty B, ARIERETE, MEERBESNEER, AKX, ERXLFXF, RFTL
HREMKX, OEKXEE XM ERE. 8%, CAXEANTROREE, TATFH
%i%%ﬁ;%Eﬁﬁm%%ﬁﬁ%%,Wm%%@a#%ﬁﬁ;ﬂ%%iﬁ$%ﬁﬁ%
18] & S i o

B %80: #4742 OptimusGen2 R 75 F#E BT 4 B BB ERGF

= B ST

Delicate objects
manipulation

kiB: X-F4 TeslaOptimus B Z K5, EEIERF I

Px ARG — R 47 5 9

42



El 5 JiE 375

SINOLINK SECURITIES

IRBRENEZIRSS

3.BERTEAER? EiRiTRE, MR A BITHEMNBGS

31N AR RHBE, WME/AF/AEATBMBANTRESS

AIVLGZPH2ERSHEOMNBAFITHELEZN, Pl f L EAESHAE RN T EME
AR EBARELFE, AEE KR+ T RABANLR, BRI R, Flhef xR
FAT WA 4 h 7 5 3 F AT Wby H D

B #81: LoLGF P LT AIBA+XBEL T80 T4 B KR BRI N Al BH G F

ThAEEEFFHESE, TRSIRS]

EEEELAE, BRAT

B i I TN AT A
/’ * /,.' P \\\ ) o
/ el ; el f TS R
f r ': AR =B
: . , .

\

i ,‘

HERSR

\

- |

5
4

/

\r

KR BPHEMBEARS, XERA, 44T R, BEIERT TN
BAT T LE AR A FALE 2 4303 LAl b T Bheditiz, E T4, . %, {24
805 m AT 6 A B R oA R, AATAA EER BT AAN R0, A%
BT ORI o ARYE SR B RIL ey eit, BRI, R&m I, KEFIT
LA B S TR TAAE AR R B EAR

B 482: TARHEA E ARSI TANG B E 15T SRR F R

E e If

N L % [ HE |

54 e * & e
~ E *okk ok *x ok *kh
7
' 3 *odedek ok ek ok .. *h ok ok
¥ kK * Rk * ok * % *ok * % ok
bE . *
3 =) BV A *okk ok *oh ok
17
L3 REANMT ke * * ok k&
P *hk ok k *kk ok *ok ok *ok ok ok
i -
h X *kk * ok Al ok ok " *
3
=
17
N1 E * ko * * * * * & * &
EHFLs * ok *okk ook ke ok
iE: 1) EAAERERETRSRP TUHSANSBNSR, NEREE—TPAAEY, H1SSMEAREEE, 2) RAERERUARY. RHTUPFARENTZHR, 3
REFLPRNETE. ENBANBER, 4) BABOARTUPRIEE SRBRCSONIAGR,

Rk REFWHRIL, BEIERT A

IS H WM AP, L2H—EHHFEURREEFSE LHHEF RS TR E R
ARG BEENERE B E HIF L TR, fe9 B B ARG, %4 8 LA,

B A R G — WAFA B 43




El 5 JiE 375

SINOLINK SECURITIES

SR EZ RS 7 Ak R R

¥

IS

I T8 i AR R PAT 8B LR R T A KRBT RAL 5o B AR ILE B A 5 AT
B Rk, BF AT, MR, 50, EFRY FRRS . &K Tz, L 49%
82 Bl A S iRAT Ak 33% K2 A A g Ak,

B %83: BANMECLEFILTFHERGE

MORO (1984) Hilare 2bis (1996) Romeo & Juliet (1996) Untitled (1999) DENSO Mobile rob@work (2001) PSR-1 (2003)
Fraunhofer LAAS-CRNS Stanford Manipulation Group Siemens AG Robot (2001) Fraunhofer IPA Department of
Stuttgart, Germany Toulouse, France Stanford University Munich, Germany DENSO Corporation, Stuttgart, Germany Mechanical Engineering
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Base Dimensions Reach per Arm Payload Max Speed
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+ = <> ¥

Embedded Sensors User PC Connectivity Control Freq.
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