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Abstract: Embodied artificial intelligence aims to endow agents with the ability to perceive, reason, and act through con-
tinuous interaction with the physical world. In contrast with disembodied intelligence, which mostly operates on static data
and symbolic tasks, embodied intelligence must handle sensorimotor coupling, environmental uncertainty, long-horizon
decision-making, and real-time control in open-world settings. These requirements expose the limitations of traditional
perception-planning-control pipelines. Conventional robotic systems are often built from cascaded modules for visual per-
ception, language understanding, state estimation, task planning, and low-level control. Although such pipelines benefit
from modular engineering and interpretability, they frequently suffer from error accumulation across stages, brittle general-

ization to novel tasks and scenes, and heavy dependence on manually designed interfaces, reward functions, and domain-
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specific annotations. Recent advances in large-scale foundation models have opened a new path for embodied intelligence
by enabling the integration of visual grounding, language reasoning, and action generation within a shared model space.
This trend has led to the rapid emergence of vision-language-action (VLA) models, which aim to translate multimodal
observations and task instructions directly into executable actions or action-conditioned policies, narrowing the gap between
semantic understanding and physical execution. This survey presents a systematic review of VLA models in embodied intel-
ligence from the perspectives of historical development, technical architecture, system design, training strategies, evalua-
tion protocols, and future trends. We first revisit the technological trajectory that made VLA possible. The evolution of
large vision models and large language models has substantially improved semantic representation, multimodal alignment,
and knowledge transfer, while progress in robot learning has highlighted the importance of scalable policy learning from het-
erogeneous data sources. Within this context, VLA models can be considered the convergence of three lines of research:
multimodal foundation models for perception and reasoning, imitation and reinforcement learning for embodied decision-
making, and robot action modeling for continuous control. Their significance lies not merely in adding language prompts to
robot policies, but also in establishing a unified interface through which high-level task intent, environmental perception,
and low-level action generation can be jointly optimized. A central objective of this survey is to clarify the internal structure
of VLA systems. We analyze the key technical modules that constitute current VLA pipelines. On the perception side,
VLA models rely on visual encoders to transform raw observations into compact and task-relevant representations. These
observations may include RGB images, depth maps, multi-view input, temporal image sequences, or structured spatial
representations, such as 3D or bird’ s-eye-view features. The choice of visual representation directly influences the model ’ s
capability to capture object semantics, spatial relations, affordances, and scene dynamics. On the language side, textual
encoders provide instruction understanding, goal specification, contextual reasoning, and cross-modal alignment. Lan-
guage not only describes tasks but also offers a flexible interface for compositional generalization, abstract planning, and
human-robot interaction. The crucial problem of action representation lies between perception and control. Compared with
visual and textual tokens, action signals are continuous, temporally dense, and strongly constrained by embodiment.
Therefore, we pay special attention to action tokenization and decoding, reviewing how actions can be represented as dis-
crete tokens, continuous vectors, chunked trajectories, latent action codes, or generative distributions. We further com-
pare the major decoding paradigms, including direct regression, classification after discretization, autoregressive sequence
modeling, diffusion-based policy generation, and flow-based generation, and then discuss their respective trade-offs in pre-
cision, expressivity, stability, and inference speed. Beyond module-level analysis, this survey proposes a system-level tax-
onomy that categorizes existing VLA models into three broad classes: single systems, dual-system architectures, and hier-
archical systems. Single systems integrate perception, reasoning, and action generation within a unified model, and they
are attractive for end-to-end deployment, parameter sharing, and simplified optimization. However, they may experience
difficulties in balancing high-level deliberation with fast control. Dual-system architectures address this issue by explicitly
separating slow reasoning from fast acting, frequently coupling a deliberative module for semantic planning with a light-
weight controller for reactive execution. This design is particularly relevant to robotics because reasoning and motor control
operate under different temporal constraints. Hierarchical systems introduce structured intermediate abstractions, such as
subgoals, skills, waypoints, object-centric plans, or symbolic task graphs, to improve modularity, interpretability, and
reuse across tasks. We argue that this taxonomy provides a useful perspective for understanding the design space of VLA
models and analyzing how different systems trade off generalization, efficiency, and robustness. The survey also reviews the
training and evaluation ecosystem that supports VLA research. Current VLA models are typically trained through multi-
stage pipelines that involve internet-scale visual-language corpora, simulated interactive data, teleoperated demonstra-
tions, and real robot trajectories. Pretraining equips the model with broad perceptual and linguistic priors, while post-
training and task-specific adaptation align those priors with embodiment, action semantics, and control requirements. We
summarize commonly used strategies, such as supervised imitation learning, behavior cloning, instruction tuning,
parameter-efficient fine-tuning, model distillation, reinforcement learning augmentation, and hybrid training paradigms
that combine offline and online data. We further discuss the role of simulator-based benchmarks and real-world evalua-

tions. Simulation enables scalable and reproducible testing under controlled settings, while real robot experiments reveal
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embodiment gaps, latency constraints, and deployment failures that are not fully captured by simulation alone. In review-
ing the literature, we emphasize that cross-paper comparisons must be interpreted with caution because reported results are
often influenced by differences in robot morphology, sensor configurations, action horizons, training data quality, evalua-
tion metrics, hardware platforms, and implementation details. Despite their remarkable progress, VLA models still face
several fundamental challenges. First, real-time inference remains a major bottleneck. Many powerful multimodal models
rely on autoregressive decoding or iterative generative sampling, which may be too slow for high-frequency control. Sec-
ond, action learning suffers from limited robotic data, inconsistent annotation quality, and poor cross-platform transfer,
especially when embodiments differ substantially. Third, environmental generalization is far from solved. Models trained
on curated datasets may degrade sharply in cluttered scenes, long-horizon tasks, dynamic environments, or safety-critical
settings where perception is ambiguous and recovery from failure is required. Fourth, current VLA systems still exhibit lim-
ited causal reasoning and world modeling capabilities. Many methods align observations and instructions effectively but
lack deep predictive understanding of object dynamics, interaction consequences, and long-term task structure. Fifth,
evaluation remains fragmented. Existing studies often emphasize task success rate while underreporting execution fre-
quency, safety violations, intervention cost, recovery capability, and robustness under distribution shift. Finally, broader
issues of trustworthiness, including interpretability, failure diagnosis, ethical risk, and human-centered deployment, have
become increasingly important as VLA systems move from laboratory demonstrations toward real applications. In the future,
we argue that the next stage of VLA research will be defined by several converging directions. One is the shift from passive
perception-conditioned action generation to active reasoning-driven embodied intelligence, in which agents can query,
explore, verify, and adapt during execution. Another is the integration of richer world models that support prediction,
imagination, and planning across time and modality. Lifelong and continual learning will also be essential for agents that
are operating in evolving environments. In addition, future VLA systems are likely to expand beyond fixed single-robot
manipulation toward integrated mobile manipulation, long-horizon household assistance, multi-agent collaboration,
and broader open-world autonomy. Achieving these objectives will require not only stronger models, but also better
data curation, more principled action representations, more realistic evaluation standards, and more reliable safety
mechanisms. By synthesizing the development of VLA models from architecture to deployment, this survey aims to
provide a structured reference for researchers and practitioners, and to support the advancement of embodied intelli-
gence toward more general, robust, and trustworthy interactions in the physical world. Furthermore, a comprehen-
sively curated list of open-source VLA algorithms, datasets, and simulation benchmarks discussed in this survey is
updated at https://github.com/DefaultRui/vision-language-action-models-for-embodied-Al.

Key words: embodied intelligence; multimodal large model; vision-language-action (VLA) model; reinforcement learn-

ing; robotic perception and decision-making
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(Radford 55 ,2021) 38 i P SO ey T R i 1 ¥ 3 5
AR LR A A 8], © A VLA R 2 A 1Y B 2
JERil s DINOV2(Oquab 45 ,2024) W B6IE T 0 W Bt
RAETENL &5 AL 5 P 3Rz {6 fE /1. OpenCLIP
(Cherti %5 ,2023) \EVA-CLIP(Sun 4§, 2023 ) 4 fi7 A 5
R Z JH T 85 3 58O, i — 20 1 A/
P 78 )2 T, R3M (reusable representations for
robotic manipulation) (Nair 55 , 2022) fl VIP (value-
implicit pre-training) (Ma &5 , 2023 ) 55 5 0% 5| A B} [8]
Xf sy~ S ] — B2y o), A S A g Feh
AR SCOCHR 5 I P O 27, INTITAT 0B T 1 B J58 L i
SRR HERRE

2)ME 5 RIRTTA . S B RSB 1 B AR AR
FEE T T, AR AT SOR LS R AE B Ik B 4
iR g IE =, UE 5 SCAR R P ] 2 A5 (Wang 55,
2025f; Feng 55 , 2025) . VQ-VAE (vector quantised
variational autoencoder) (van den Oord %5 , 2017) Fl
VQ-GAN (vector quantised generative adversarial net-
work ) (Esser %, 2021 ) i 28 [n] £ 5 {0 K BG5S
BIEOE TCT A, LR A BE S AR M 1 R
RS o Flamingo (Alayrac 55,2022 ) 38 o 5 7 &
IR AL AR S R4 A ] K R e A e, A Ak
il 17] 76 B AL 5 BLIP-2 (Li 5% , 2023) 1) Q-Former 5
TokenLearner (Ryoo %5, 2021) Wil i [ N 5%

(] 3R 5 0 BEAT: 55 M OGP AIE , 78 PR FRE 58 21 1 [)
RT3 (iR =13 o< P B A i =N E R vy vl
O #) 5 M EE F R, 1 Mask R-CNN (He %, 2017) |
SAM (Kirillov &% , 2023) I Grounding DINO (Liu &%,
2025b) 4, 2 CHE IS AR X SRR, 7 40000 )2 1T 34 i
Xof AR AR A 2 (R R A7 5 A8 L — B0k, 4 E
TN il 5 LS A E = .

3) e A RAERLG o B P A0 A 2
JERHII ) 25 [A) B, — 4R RAE Ak VLA & 1) i 22
J5 ) (B 45 ,2025) o BT ZHERRIEE DL e R 3
KU ST B R E S AZ R = 4E AT A
DI T2 e BERE 00 o JE FIREE M )7 (Yang
45 ,2024b) I FH B H TR EE A 71 N RGB G 00 %%
FEL A ML B E = A , I 7 S
5 LA — 2obE 5 WX 28 8] 8T 5 Spatial VLA (Qu
45, 2025) fil 4 SigLIP (Zhai %5 , 2023) 55 9 B 4 5 LA
RAG G Fh S RE N 52 BAEE . 3D-VLA
(Zhen 45 ,2024) ¥ J&& Q-Former L) 4b PR A0 £ 5 A,
FEvo-0(Lin%%,2025¢) 5 RoboMM ( Yan 45,2024 ) 2 Bt
22 W BT LART AR A 1 o 90 A, i R 5 B0
YER A $E LG — B9 iR 2R R 1E . OpenDriveVLA (Zhou
25,2026 ) WK 1A 2 IS 352 0 S R RRAE LS 6
FH 45, SOFAR (semantic orientation for autonomous
robots) (Qi %5 ,2025b) 1 Point VLA (Li %5 ,2026) %5 7
$ZFIH PointNet £ 51 (Qi 45, 2017a) &b B 55 = 5 ¥
S IR B A5 () i 5 1 SCE LSS B o B4 iR T
YEHE— % 55 = 5 M 2 58 5 3% (neural radiance
field, NeRF) (Mildenhall %5 , 2022 ) 5% = 4k /= #7 2 4F
(Kerbl 4% ,2023) 254, F @ vl {i Y i 2L — 4k 7 5,
FEGE— 25 () N [A) B A 3R LAAT i S5 T 4R 15 R .
XS vk i AR T TR AR B A A TP 92 4k
RE S 5E e, S VLA (925 [A]HE B 5 30/ B 42 3t
IR ST A
2.2 EEHEHSE

T T REIE G A A0S BT 55 B 51 SRR,
W e 5 S VR 1 £ 22 B — S50 1 S g
W, Bl LLM/VLM PR & J8 15 5 g s A i
A RAE I A sh 2 B B S S e, H H AR
TR — RS M N L IIE S U5 s VR S Rk
PRIA] . VLA T8 3 MR T 508 5 R A i) 36 5 1)
Btk A, U5 B U TS (Raffel 25, 2020) . LLaMA
(Touvron 5% ,2023) . Qwen(Bai % ,2023 ) #1 Phi( Abdin
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A5 ,2024) SFRURL AT 19 43 1) 2 5 1 2 LURFES T
YIERTE S35 A i — 0Pk, 1G5 o0t 52 2 A AR 452 191z
SR RE ST o Tl I 92 I PRAT B IR A2 BRAF- &, ]
% FH DistilBERT (Sanh %% , 2019) . Sentence-BERT
(Reimers fll Gurevych, 2019 ) 25 4% & gn i 2% , L) -1
TR GRS . i RAS AR 5 AT A R
AL B XN RICR GHH GBR, NG 22 B
& HEA AR B

VT3 VLA % g AT 1 8 ML) S B RS
T SCHHARLBE X 5% . FiLM 38 o 3 18 22 R il ffi i
5 A B AR T R AR B O 5 A AL R )
AT F R FE M AR, EE AR S E A T, 5L
2 0B LB . Perceiver Resampler (Alayrac 55 ,
2022) 5 Q-Former i — 4L T 28 B3, i & LA
Ifi] G KA i R AR TUR TR R Ja # I T 2 2] 4
WA TR T 55 M OCHRAE , B3 BRARTH B AR . X
SEAL T B PR 1 T A A Ak B B A T B AR
JHNITTAE S A0 AR AT SC s s i H AR B L IX
R 5 ES] S . BLIP-2(Li %, 2023) £ By Q-
Former B 5 S A0 518 7 1Rl oo i TR B
SECH. TR F AR B RS S B 4 P A
PaliGemma ( Beyer & 2024) fil Chameleon (Chameleon
Team,2025) {03 T I 3CGE— AT ], R4 VLA
& ) VLM B T 2 fE 3£ 6l . HybridVLA (Liu %% ,
2025a) Fil CogACT (Li %5, 2024a) 5] A ¥ # 2 sh 45 4=
J, AT A B A S SR B
2.3 HMEESHIERDG

DR RS . =4 = HHEERIEFR Y L
Al 2549 (383 45 ,2023) , 2 H BB 5 I R
R EEAE B H LA AL B T VAR FHIRI 2R 5
7 Transformer #1743 18] 5 #x A L AIE , H: P PointNet
£ 51 (Qi 5§ ,2017a) 55 Uni3D ViT (Zhou 55 , 2024) 5§
BT ML E ) Z T SOFAR(Qi 58, 2025b) \LEO
(Huang %% ,2024a) .LMM-3DP(Li % ,2025f) . General-
Flow(Yuan%§#,2024a) 5 DexTOG(Zhang &5 20251)4%
BEHY A, R ISR X = AR AR 5 T U
fEAHRAL A, 40 LERF-TOGO (Rashid %5 ,2023) 4 Splat-
MOVER (Shorinwa %5 , 2024) 43 51| % NeRF 5 Gauss-
ian Splatting 5 8 i) =4k B X475 5 CLIP 1 SCRHAEXF
5%, B4 4 GraspNet (Asif 45,2018 ) ZE Ui 5 A= B,
i S BLH SCT | Y S 4RO . SR, s
I e I R T 5 1 55 AR Z ) A7 e

BRUT BT A A TR S EZ 5 AT B
FEEAT 55 b S LA 518 SC— 3k

2)EIRHIE GRS . ER IR I R R S
R B AR i A (Lu 45, 2024; Jiang 45 ,
2025a) , AL BT AR AR A 5 B
PR 51 Gt e HC e 4 o BRI T o A 2
8 T 4145 VO-GAN AL A B (Esser %5, 2021) , LA
K RVQ-VAE {& £ ) SpeechTokenizer (Zhang % ,
2024d) S5 I ZRAIAL , 2 25 it 2 RE W5 £ B2 X L 52
BB 5O SURRY P A A0, Ry BB R R A B 5
B . 7E %85 v , 3 % 2% ] SoundStorm (Monache 45,
2024) B VQ-GAN fi# ith 5 LA H A 5 %k 5% 75 M R AL
TE T FRSEH E, RoboNurse VLA (Li 45, 2025¢ ) Se i 1
F i 8 U & R 5 O SOAS 5 1 B
FRIERLA

3) fil vt 5 ) AR S G . TEARAEAL S5 fib o
591585 B ARAE S BB R PR . FuSe
(Jones %5 ,2025) .TLA ( tactile-language-action model )
(Hao % ,2025) . VTLA (Vision—tactile—language—action
model) (Zhang 55 , 2025b) | Tactile-VLA (Huang 55 ,
2025b ) SEAE RS fih 5 5 T AE R AREEZ — o T
REAFJZTH L 5 9 DIGIT 5 GelStereo 2. 0 %5 #1382
filh v, 1 SR P i s PRI 1 Sl o LN 5 7 LS J2 T
A ELHAE ) VAT B fih i B i A R R DT, B0 B
WIZRAY fih o — 58— 3 F AR SRS AR 5 o I
FRMEAE T 5 RPE EATHR G 5 ] A B TTEAh
THE AR S5 BE 2 R 55 J7 T E— 2D R THE 55 AT
MRS P S
2.4 ETOREHD

i byt (LTl ) 18 % 8 1d ViT, ConvNeXt
SR G i A T 4 S BB AL R A 5 A ORI 1R
A 3E ik TS LLaMA 55 K18 5 SRV A6 A i S A
(Liu%§,2022) . —3& 5008 AAK L2 R,
5L E AR B AE bk 52 2R BRI
LiDAR (light detection and ranging) ¥ 4 . 15t V£ I &
S S [FA S BT SCIRAS TR TTIR A, X i
RSP XT AR o GE— 5 07 91 i A SR w7
SR i A b RE A% S IR I R 4 i 4 4, TR L Ak
TP AL Y A4 DI [ R S e 1 2R R S
RS G T A 0 9 80225 Ik ) 1) — Bk 5 2R 5. —
3 TR Aok R P 7. e B o 12 283 O P s 25 i 22
TR s 53— 7 AR B Z2 BESX 55 5 13— iR T AR
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X, EXE, £R, 55
HEESERNAR—ET—aEEIERREHRE

W IR EY , TS E I B 5 B 12 R
[F]— 7 51 PN FR S5 G s S kR G . BT
— R, VLA BB AE B — B [l S s 25 vh e — Ab 28
RIS AT 55 BRI ST 200, b 55 5 s A
KEKE M ANET S, i R el = = 5 AE 5 Ak
SER AL HOE S A S S A g
2.5 HERT SR

1] ] 2 B 55, VLA (9% 0 B bR 2 2 B8
BRI Ry AT AT I A o A S R DA SRR 38 4
(1) 58 B AL BR | 2R 8 7 IR 58 U 7 B T SUT& B,
5K 2 S S A SRR T . B R
BT 55 05 2t 5 TP | X e e ) R EEAE ST
BBl AS U S IHPEH . BT Trans-
former 55 [ [ 2B 4040 000 15 F RS S 1ES
ZRSAE T BB I i A G — R AE =S ], fdi A 7Y
BENS 75 AT (Black 25 ,2025) (i o5 PR 5 shVE 4
(Yu%§,2023) 55 2423 [l A TR AR HE B, IF LA s 5]
vty AT 4G 1 7 22 A0 Al AL B T BT AR i
(Bruce % ,2024) . Hi Robot (Shi % ,2025) i 2 734 4
(1) Z2 BEASAR TR AR i B ARIE 5 T8 U TR 55 11X, Bl
J&i FH 5 pi-0 R B AR T A A IS 245 148 2 5 Vox-

Poser(Huang % ,2023¢) WG 5 15 2 90 1155,
PE— 25 A T SR AR I iz B AL A A5 3 Jit
REE. TESCETD, VLA RE0K [RAE )43 £
ATIRERLH AR, IR i S AR By H ) r ] R A 5%
TR —FR RS ERTT, " SRR ) SCRAE

FRPEBA 15 (Zhong 55 ,2025a) , shAE iR o Al 43
MU LR ERS, Bl e — R G h A G 65
TR (LA B SRTE 5 ik HARSh R, T 22 e J2 0
RN AR SR ) ARG FRAE (L] $hAT AU s DR
ek s Ry B S 44 ) T R SR AE (il i 5C
BHE A G RE | B A m AR R A5 s TR AR AE ) LB Bl
U (A P I P bR 2 e 97 4 3 ) AR B P A T 2 A B 2
HAE)  AARIRZS (LIASR EHR 6 =S5 R B 8
FESIRAS) AR 72 (LA A AR08 & SRR e i
). TEG—HERT A AR SRR DT TE R A BE
T3 EHE VT AR A S ] R R AT
RV 55 07 THI A 7E i 35 AU, 3 S0 e P 0 52 i i 1
ar GERBIR AR S A G

TEfRS 5 S VR 2 T, A Jr vk R R L
TILEH AL S R FETTREA RS, £ 1)@
78 T U 33 00 SRR T A Ay =0 e

®1 AREMERTHELEETXIIEE

Table 1 Comparison of different action token decoding methods

R s 53 E A
AL, TR A e I \ o

iy e LI E R RIEDRIIE ot esn s rpomimtinn sk N R

B BT R R LR e ey OO ShA Y

REAEAE AT e sl AR oA, s 5, I

AR PR AR SRR

PRI R

TLVERL

BEICINIRC DI PN

NSRRI o 2R

%
ST R A I

XS PEAT EOR AR AT 55

DT 56 0B BERIIC . sh V4 A 454k
JE B R R T X R], PAIX AL R 5 R R B Rl T, >R
FRAE U 2R A7 N 25, JF 56T A [8lE Oy k7 i
i, OB 5 LLM A CAR L, ACRE TAEA
RT-2(Zitkovich 4§ , 2023 ) 25 & Pal.l-X B #2 i ) £ (E
17T ; PaLM-E 5 OpenVLA 7E 7 £ H1 1 88 256 ™A T
Y ]y sh VAt A7 (Kim %5 ,2024) . IWAMBAEAERE [ ]
AR A ) JF A7 A T A B AR 1) JC (Zhao 45
2025¢) , SR 7 5 A R A7 T 1) I [ B 5 5 Bk
JiE 45 31 (Brohan %5, 2023) . B E/0 46 5 BE ) 5

[ALREAE T C e S, P RERZ IR 454 . FAST

(frequency-space action sequence tokenization)

(Pertsch %5 , 2025 ) 18 oo 5 1 (8] il 25 17 25 #0 4% 5% A8
e, XSRS A R AR DA S SR ST A T
THHHE PR A% % 5 Spatial VLA (Qu 45, 2025 ) Xt 81/ 25 [ 1
PGBk, A e s 3l 53 e B v 4 HE R DTk
D2 [ SRR ST AR TR T R A RCR

2) TG BN LS E R [ f# RS . LA Transformer
i 13 3R] TR A A L 22 )2 BT S B
o228 [ 28 6 I B Ay 3 A ) G R ] L2 B L1
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P AT Ak , 18 H 4 B8 5 Rt AR 22 1) T K 4
B BIAVERAE (Li %5, 2024a) LA K itk — A 1 £ 4
ISR DL A B S AL (Kim 45, 2025b) o

3) BT Bk Ve B E SR A . B B
T 55 9 DC JE 1E 32 7 A VLA R AR B % 22 SV A
F-B, Hod Octo(Ghosh %5, 2024) 5 pi-0(Black 45,
2024) & R THE A mIE S Bl § R i il e ) o
MR TG WO, VS L N B 35 A />
B Al . pi-0 >R FH ¥ DE BE L ks 5h
VEA: IR N % 22 0 — 1R, TR OR R SR o i 20
PERY R, SEI0T Lo AR Ge 7 OB 80 BT 5 2 iy 4 3L
FH LG T A TSR A B A i f i 2 A O 76
T HE R AL B, 7 DT R 0 7 LR AR I T R
JEit s BURA aiL (s [N W] B ST 5 i 5 L
B 7 £ Transformer 2 J5 #MEY BN VERHL |t ] %
H. N #x & Diffusion Transformer 4% #4 1 (Song 4% ,
2021) , 38 2k 75 4% B ) 20 O ep 2 e — 35k, DA$E T
AR EE S RCR

MR KRS FARE |, 3 32U A 5 AL
SRR e SR G RO E R R
Az NS 2 SCRR A O T PR O3 (B R 91 AR
TP 1A S B B A AR A 5 ) PR e A A A
S AR ENE o3 An TN A B2 AL SAT: 55 5 T AR A 5,
HE PR R R 5 A 22 2D AR SR i Al Ok
BRI 5 PVE RS 7 VA 4 BB Y Je i, 3
I B A HEBAD BTE R IR RE ) SRCRZ A US T
U, 0k S S T 7 S0 DT %

F 2 AR TR TP HORME (Chi 55 ,2025) A DL
e 5% m& (Zhang &5 2024) 1) VLA 7E Push-T (Chi %,
2025) Fil RoboMimic(Mandlekar %, 2021) $45 4 |1
PRI PERERT L , 2 Y EE 25 SRR T8 3 Stream-
ing Flow Policy(Jiang 55 ,2025b) o X5 9 HUR W5 7
DCE SR s EA 5 0T L S 30 T 4 5 R 25 2R, 20 LS 3
TEAATR AT 55 508 EE R0 70 5P DS 2547,
WPk T A R A N ER—EhE . A SO k4714
I IR IESCRPE S TR bn 5 LR B AL

£2 BT BORERITER VLA MEEXTEL (Jiang % ,2025b)
Table 2 Comparison of performance of diffusion-policy-based and flow-matching-based VLA (Jiang et al. ,2025b)

. Push-T RoboMimic Square
ke SRR T 15350 % AE3R /ms SRR T 5050 % FER /ms
PECRIE (Chi %5 ,2025) 87.0 127.2 77.2 53.4
L VE L 5 (Zhang Al Gienger 45, 2024) 71.0 12.9 54.0 4.8

TE IR TR 7R 0 AR YR RETE %A AR de L

4) NI > B R s/ E SR AE . ik =
BN VERR T I, AT SR T AR 20 B s 2 2 HE
B AR AT rh 42 B sh VF AH 5G9 B SR AE , DA T i
EY RGBT R ANZ fhe ). RN
TAEAIFE LAPA(Ye %5 ,2025) \Moto(Chen % ,2024) .
UniVLA (Bu %, 2025b) 5 UniSkill (Kim %% , 2025a)
AR S5 (S AR 2] By Hh [R] 3R AE )2

S)EEARBRGERIE . B LR SIES A
AR 2 S I ol R VLA () E 8Bk . Open-
X Embodiment (O’ Neill &, 2024 ) 15 X & G 142 H 55
AR RAEA T TERHNEA GBS TE 252 AH
FESER S —4% T RA A RILES A E s, Hvk
AE UL T Ak k. 51— 50k S AR Ry
WL 55 A bR HE AL 22 55— A FRRE AR X0 5%, AT 4L
T UL 5 H AR KR L 2 LR G — 45 6l (Yang

A5 ,2024a) s SR, 25 XIS 28 sl 4 il 422 11 22 S K
B, 48— RAADTAIGE PR . M, CrossFormer(Doshi
55,2024) 1 SR RS & F 43 1) 4 X0 AR AN
155 M2 55 AR 85 5 A TR ok, PR 5 —
JF4 , 15 H =2 A At 3 1o 152 1) o U 55 A
KR, B AL S EB A BUBIE . Uni-
Act(Zheng %5 ,2025a) 7| A A AL 1 B @ s 1R 0]
JG, FH AR L F AR 28 08 i A it s il i, U i
HHERSE . A, LangToMo 5 ATM Z5HE 42 7]
JH b ] AR 52 5 AR~ 2] (Wen 54, 2024a; Ranas-
inghe &5 2025) , BEE ETEXT SF s ESS R0 48 4=k
WA B T IR TE AT FJRAE SRS S
P Z TRl A A , HEAE A B8 2 T 1 R IR R ) 25 5+
LTS PERERYSZ I AT - MAE 5 bR B2 R, ZhPE
BTHUESIA T SRS AT 55 M 01 AR Bl i kS
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X, EXE, £R, 55
HEESERNAR—ET—aEEIERREHRE

JELMERR T, MR AF AR SIRLN o 24 25 B R AR
TR — R, i i 22 STy R, S 3 A
il v B Bl ) 2N R P 5 SR I e A B OGB4
AR JTRIEZS [RGB, G B AR TE Y ZRis i 22 X
IR MBSO . L, 5t sh Vi) o Ak & e AR
e/ AU il 3 PR SR 2 SRR Z B AT

MAE BT A, X — 2o B ] AR SR
FCHEZE N AOE 1 45 )81 ( Davisson, 1972) o X —
BRI HEA G 7 T SIAE 1 0 Ak 1A% O AU - 1) 38 K/
(14232) 5EE R B (R I Z Bl 29 6 R, 1
FA) R R AT R A5 22, (0 23 o 91 ] R« 3]
TP AN 30 B 1] U3 A i3 H55 5 2 B2 5 TRl T
AL R B 4 A SRR B, OB R 2% ) ME R
R Z i /N iR R AR AR T RCR  (H i kiR 25 455
AN AT 28 4 Tl 22 | 2ERG A BRVE AT 55 h T fig
BULFF R X —FRIR O FR PR A Rl ool
PEREZE R E T4 — A . 40 RT-2 SRR
58 R B S EIR A 2 0 A TEAS BB )2
1, HFRIARE ) 52 BT [ 2 AR, 3O X i
JINIE 5 ARG A B A T S A AR A R
2.6 EHIKEE
2.6.1 fESHIIBIH

TE VLA 56 5w v, AT 55 FLR A Bkl 42 18 L
HAREEAL N /I PAT D BRI OCHIRRE . IZ AT
BB R AT SRR AT 55 P 91 IS T K i 58 1
of AR ARl PR S AT S AR R R AT 4
T+ 2 G i A 5 A 55 58 iR (Ma 55 ,2024) .

YETAE 55 FLR A I S K FE LLM A i 21
HEFHBE J7 , SC 0B i A 21 5 S R ) T
B 40, PaLM-E (Driess % , 2023) i i @i & ViT 5
PaLM [ ZEH B35 5 48 2 7 A AT AT R gy 41
JF B2 T 45 28 b 1 7 26 5 A4 B8 T 5 Embod-
iedGPT(Mu %5, 2023) W3d i % ] B A& 5 4056 4
15515 5 MG B A2 R sl B 3 VR 04 52 1 9% e
fiE o Ry 358 2 [B] HE 3 A0 HER 1 , Z TR 5E 8001 T8
= YE N5 LR B8 1 R EE A . LEO (Huang 55,
2024a) K FH W B Be Il 25w | Je b AT = 4E v —i5
FXF IR, PTG 1 S R S B v B S
P, AR T S 2 S 18 S AR D R SRS . 3D-
LLM (Hong 45,2023 ) i i3} 1 A 5 = . gradSLAM (Jata-
vallabhula %, 2019) FIMA % 5 5 = 4EFFAE , 1 25155
X 5 AT 55 23 R HR R BE 77 . ShapeLLM (Qi

%5 ,2025a) W I F e it i = 4k g a5 , A 2R K
8 SO W M 2= 3R AR, 7 = eI b JRe B
Pk B 532 HERE . SayCan(Ichter 45,2022 ) K15
B R T OB AR RE ) 5 IS SR B AT AT R A AR
454 AR S R Y Oy 2T R B L L RE L i R AR )
BERAE BARIREE Y ] St

TEZR G BET 5 L, W20 W58 R A e Ak 8
BT EE . Inner Monologue(Huang &5 2022)iE
FUAR TR 3 1 3 = 2 LR 5 IR 2 0T, A T i Bl 2k I
RS RN T 35445 [t sh A8 0 8 5 220
B%. LLM-Planner(Song 55,2023 )il 1 B =AY 432 K
WESETT, e J2 AR B 5 AR R T HAR IR JZ T 50K
AR g B S S A5 415 LID (Li 45, 2022b) 1
3 X6 2R ORI 1 23 B 5 AR, SR DI G
I PRI EAR B — A SURHE R, TR
G 42 AL AE JT ; ProgPrompt(Singh % , 2023) 1| ]
PR A4 7R 8 SCENAE 5 X A, i 2t /b B 7s f5i) A
A F A 1) O AR TR, IR P AT 5 3 )
S AT R A B RS 5 1B IE ; CaP (code as poli-
cies) (Liang 55,2023 ) 783 A& 45 AR 0 AU 2 i B
J3, L H A AT RN 5 4 i v 11 A R s AR
COME-robot(Zhi 55,2025 ) #E— 5 Bl Z A5 25 KA AL
(R RHE B RE ), B He NIRRT AR, e
R & A RASEER AR, S R G d it 1 mT 42 T i
TR R
2.6.2 JRZEHIRM

UG J2 ) SR W 57 D00 1 2 R A kg BAR 40
Franfe , BTt B HS M0 2 G 1Y el 17 B 45 A 2
FE S5 DA ST 32 I A i SR = A AR T
PRI B 7 A AL T B AR A U5 %, T
PR BE HEHBORFIE 55 18 M T 45 HLAR €A

LT OB ) HEM K Sl AR AR A Ay 2 25
Mot A, 3 2ok B A0 25 BR M P IR SR A A 55 R Y
ENAES AT o XTI VR BE A RN W] 1 B AR 43
Ay, AT g SR E WA (R AR, 4 1
B B B K B P AR 55 . Diffusion Policy (Chi
5 ,2025) 3 3 5 ARG A PRI e BB, 45
TSl Ed A IR IRATPIL , 72 2 DR E 55 1835
BB L G AT O v e B9 TR BE 5 DP3 (3D diffusion
policy) (Ze %5 ,2024) it — 20 5| A M sl == 1) = 43R
fiE, BESRGHRLAA AL AN IR A ) S e D R
SE N ECE T RLREIBUS B A RO FE T ASCR s MDT (mul-
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timodal diffusion Transformer ) (Reuss %, 2024 ) i 13
RS I T BB S5 TR S B TR A ]
XTS5, SR 55 W B T PR R S5 PRI AU T T R
RDT-1B (Liu 5%, 2025¢) 1 4 R MR B R Al A A
G — I B E2S [ TR € 1) Transformer 42
¥ ST 28R N OF 6 M 2B A A A 3

FI [0 051 58 s DU 42 ) ) R A kg e 51 A AT
55, 3 3o itk 2 SR A MR e R S IR B 4 1 3820 T
X5 1 B HE B bR S P PR R L
TH NN Z S KA . RT-1(Brohan 5%,
2023 )38 13 B AE B AL AT 51 3 28 09 7 =X, B0 UE R
T 7 BR Al 5 AR 7 Rz A e ) AR BEVE T
RT-2(Zitkovich 5§ ,2023) i — 44 B /R R) U 0 AT
AR, LI EIE M —IE T — RS — i, e
IR HR BN P NS5 B R RE J1 . OpenVLA
(Kim 5, 2024 ) 38 3o @il 0U 58 2 il 7 5 18 75 B
BT TR S B [A] I 52 98 2 DL 19 58—
P, OF 38 o B A R T SR R B oK .
UniVLA (Bu 4§, 2025b ) Wit 3 4 1 9 3] ST AR B A
PRATTHHE SIS 25, FE— 2D K s A i R /B ), 78
2T E T USG5 EtERE

IR GERHE S BETR 3 T R S s S 0 ) S
HAMIEH . YRR BT S 534 R0 58 B P R
PRSP P T R BN S L R A% A B AT k) 2RSS
AT 55 (A2 20 A R A i ARl ok T s it
SRTT5 5 1 [0 U SR U L2 R v A5 ) S 20 e LA 3
() 2 RS A IR 0 LA R 3103 5 X6 52 I P R
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Table 3 Single-system VLA methods and their characteristics
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Table 4 Dual-system VLA methods and their characteristics
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PUHLIX 38 5 H bR (Song 55, 2026) ; RoboBrain
4 LLaVA MK 5 A-LoRA | T-LoRA #idk | 53 nl fih44:

B N A 8 (Ji 55 ,2025) . TR 55 91 R 4E LA
AT ORI 75 48 2 BEVE MR 5 2 i 0 v )
JZ o 140 Embodied-Reasoner (Zhang % , 2025k ) 2% F
SIS S ERL T B, 85 AZS R R
S5 5 HLH 8 TF 5 A BRI ) AT FE P 5 Reinforced
Planning & JH W B 2k 5 X LU AR AL 45 6 10 I B B O
25, P88 2 A AMT 55 Bz A (W 55, 2025a) VILA ¥
GPT-4V AR NSRRI 2% , (AT B St i 4 2 LA
TP lRa e (Hu:,2023)

e R 4 5 KR S S R L, E Rk
ZRRG O] PR T i A 1 [ R S B B i A B 6
T T AL 4% - HAMSTER 38 5o 56 8 s T 2% 72 TR
7 (Li %5, 2025d) ; ReKep #4 JC8 m 55 40 A pREL
FEOAL K % (Huang 25 ,2024b ) ; AO 51 AR TG K1
AR PR R AE DL SE B AL 28 N GE % (Xu 55, 2025) ;
DexVLA 455 FLA &% 5 9 5K 0[] b 2 i 4R
(Wen %5 ,2025b) ; SkillDiffuser F1] FH$; e 54 Wi 5
PO T S B S AE 4 4k (Liang 45, 2024) . IL4h,
RoBridge (Zhang & 2025j) . RoboMatrix (Mao % ,
2024) \HiBerNAC (Wu %% ,2025b) 5 MALMM (Singh
55,2024) 53 BN JET- B Az B 4548 il 22 8 R A 5
FEY RIZRAATI, AR Z R R G fE4]
HGH5MRTA RN RT-HiEMEF ks
B2 5 A Y14 (Belkhale 25, 2024 ) 5 pi-0. 5 % 55 AL
2l E 18 oo 5 Ui DR T 4% i 45 & (Black 55, 2025) 5
GROOT N1 % & Z Fi 5 5 £ R DL SE 9 85 A 4R 77 1k
(Bjorck 45 2025) ; OpenHelix (Cui % ,2025) 5 DP-
VLA (Han 55,2024 ) R VS AE 2 16 SRR S5 456

JEURACHERE () 58 H L3R B E TT i PR S5 A B
PR3 Tl o — 5 T, 3l 5 1A ) R AE (AN
KHES TAESITH)) R ReR R ek i R 1 & Ak,
T N T LA M RGN 55—, =
JEFRIER 5 K2 SR AT mT LU X 37 b s Ak Fn £
b, BT R G0 RS T S T i SR TSR
1T Fi 5 250 2 R PR i/ IO 2 I 2 R T s 7
K, FEAERRR L EL BAL 5K, Wi i1 RE S Bt
PLAAE HEPRAT  LRE GRS S 5 PR RGP e] R A
JE—TUOCHPRAL . BAKE BRI ARGAERES
NZEHpIR] X 22 4 M R AT i B LA ™A% 2SR 4 1
Y5 (n Tl 2 e L B y7 46 B vh B AR B AR Y
P, IF M S i M) 5 9 A PR R AR 4 1

GARI—RSPIRITEA LA H 3K VLA R
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Table 5 Hierarchical-system VLA methods and their characteristics

WIRES RS 22 )72 FEI
MoManipVLA (Wu % ,2025¢) OpenVLA-7B Kigfy=g 2] (IM) T AR RO A B
OREIRYIS s JEAT 4 17, - i
ManipLVM-R1(Song%#,2026)  Qwen2.5-VL-3B BRI (RL) zgﬂﬁﬁ GRPO AL , 534 5 Bt 1 e 3
y é E_ ~ o, b A - PN s
PalM-E (Driess 25 ,2023) PalM e 8 (SFT) ?/”L;;’ HB LA A SR & SRR RE T B9
Embodied-Reasoner (Zhang % , Owen2-VL-7B Wk 8 (SFT) T4 2 VLM I 5 £HE 48 0 T R0 da) L 2 A
2025k) A
RoboPoint( Yuan % ,2024h) Vicuna-v1.5-13B WAL iHOR (SFT) DL A% 5 T2 AU S B VM 23 (] BT 3
i . ; i Il &R A,
Reinforced Planning( Wu %4, Qwen2.5-VL-7B W BHRLR (SFT) Ak LERGIET FHEAT GRPO. B2 THZ LA )
2025a) >J(RL)
V8 7 T 1 N AN Ji%
CoM(Wang % ,2025a) Gemini 1.5 Pro AP ;ﬁ};ﬁqﬂﬁﬂ%ﬂg& R RBA B
A~
RoVI(Li%§,2025¢) GPT-4 /LLaVA-13B WEBHRH (SFT) T8 2 2 AR A SRS i R
ReLEP(Liu%§,2024b) LLaVA-1.6-7B WEB A (SFT) HLA B U S5 4 BN L) 5 5% g (1) B0 R HE 4L
ViLA(Hu%%,2023) GPT-4V APL#Z PEOLED HEHRAE B A LR 2
RoboBrain(Ji %¢,2025) LLaVA WEB M (SFT) BT TR E AN B (1 2 R L VLA
115 AR flfe S Ty e
HiRobot (Shi %7 ,2025) PaliGemma-3B/pi-0 i 1;“&1)2( ?f; ; B LA ] i B N A2 AT 55 b e )
1/ AR 74 ‘u H A 2L
DexVLA(Wen %5 ,2025h) Qwen2-VL e Mﬂﬂ( ?E\R LR 56 VLM Y #E SR 3 B Beilll 4505 22
= 1 JE 4] AL S B A 3| £ i
Instruct2Act(Huang 55 ,2023b) ChatGPT W BHJE (SFT) gé%ﬁ?lﬂﬁﬁ APLIGREFF , S5 S 5 A9
115 A 7 S Yy
RoboMatrix( Mao %5:,2024) Vicuna-v1.5 i 11%1)2{4'(] ?i\’}[‘i RS HA AL E )2 B RE)Z2 A )21 VLA
Point VLA (Li % ,2026) Qwen2-VL AP BFHIN A5 2 S g LA SR A5 2 ) S8
A0(Xu%%,2025) Qwen2.5-7B WB R (SET) APL  ELAT JCHE AU 1 43 J2 9 s
AR 223
RoBridge (Zhang % , 2025) GPT-4o B ((IIZIL) ) BT i VIM 5 RLSEH, B BT A
115 A At S Y e
RT-H(Belkhale 25 ,2024) PaLI-X 55B e Wﬂﬂ( ?IF; ; s BIEZ R GEH (0 = SRS A S R AE
ReKep (Huang %5 ,2024bh) GPT-40 APTHE 38 g O A 24 A S B TC U e R A0 A
HiBerNAC(Wu%%,2025b) PalM2 B RH (SFT) PE AL R o3 J2 25 A 1 S A R
WA AR e HEEE W —E AL, 454 1) He A S A%
LLARVA (Niu %% .2024) LaMa2 7B W BHE (SFT) AR5 M —sh e 48 S 0R40 , 45 & K8 4 TR 8
>J(IM) LR
=5 BT 2 20K ik i A R AR R B
VLA-Touch(Bi %, 2025) GPT-40 Bl > (IM) VL?:ET; S B0 75 3 A il 56 e R S 5

GRS R SO B A B SRS T SO JRZ Pl 2 1)l S R 1 i A HA BE 2>
ZRAL SR ARG — S B LA T RGN L I AR RGN MRS 2 A BN,
T R Z RS X SEHLH, AR T RIS OEFEHE B4 DI R AIL A e A5 B 5 L R A
VRS B A S5 AU s ORGSR e LB R RER) RO M il 5 LA P [ R i BESRATE , 7R AR 22 1L 52
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SN — A P — A — P R AR LS A TR, PR B T
RS R 1 SCH g AN RN A T 1 B BE T, O e
FIAEACEIEAZ A g it TN .

4 VLAI&E5iTM4

4.1 I E

VLA Y1k B bre 7 ] B TPt 5Tl &
PER B VTR T , 158 H: RE % 76 A 58 WL A S 5 10 B Ak
b SEBLE E TS BARAR Y BB 3 R G A
RO 55 HH TR A ICZ B P L —r 2 AT 55 254
—T5UZ Yy B 1 3 2 W B L LRl Ag 1 Al aE A |
AR VLA I 2R mli . oh 7 50— H50H0 U5
ME LA 55 T A 7 oK, S AT 2 I S BRI T 4R B Ry
S V3 1Y B MRS 1Y 3 )2 22 PR 2K (Bjorck
45,2025) < JiJ2 R T 4 9 00 5 NSRS
— R AN P SO ; TR R BT S Ak
R AR AT 55 250 5 R RB A G 5 T2 D 36 ) LS AL
s N A BB SR S AT A AT

NI )2 B AR 4N Ego4D (Grauman 55, 2025) |
EPIC-KITCHENS-100 ( Damen %% , 2022) | Something-
Something V2(Goyal % ,2017) , Bk B = B ahE
Pt AR ZE S FE AW L B S Y B I, T H]
TR RIS Y A58 S b 2 5 SRR IR, SRR
I CIRZSIE RS SRR S E A, G 2o 5 e X
FF AR5 W B T B, T gt DA B T L L H AR AR
SR TT, R4 G5 = AFROLA G 08 —4kiH L
EHBE 1 (Zhong %5 ,2025a)

oZ A BB 5 A 57 1, 4 MimicGen
(Mandlekar 4 , 2023) . DexMimicGen (Jiang S
2025¢) . RoboCasa(Nasiriany &5 2024 ) .robosuite (Zhu
& 0 2020) . Habitat (Savva Z£ , 2019) . Isaac Gym
(Makoviychuk %, 2021) 45, TEAR AR S5 A4 & 4"
JRAT: 55 ZFEIE S IR BT BEALIE o i I AR g Rk
MRSk~ A W, AR s I R
e T B R, AR TR A O Y R 5 A s AT
55 g 2] SR

To0J22 1 L S L e AR o i 2 A o 4t T g v
YRR SRS AR AR OB, IR A
AL R MR A 5 Z B SR S B, A i
S IR TR AL T Ak g 2 5 PR S IR B R HE BEBE )
(Shafiullah 55 ,2023) o 11 [] 1< 24T 55 ML) 5 0Pl

W5 & FERAE , DL [ 372 3 g Sl bR e
L[R2 2 1) 2L S A (W 45, 2024b) .
4.2 Wil

1) B — 4T BRI i . VLA B 2R AR RIS
BLES N R (AT W2 2] BU AU R A E AN TP 2
BLAS NECHE A HEAT S0 S5 , P00 A RS 4 55 13 /)N
FUBECHE AT 0 o B0 Octo (Ghosh 5§, 2024) %&
T Open X-Embodiment £045 Bl 25 /5, F41 X0 >4 Hif
145 F-A73E BC s RDT(Liu 25, 2025¢ ) I F AT XL
T PR VR RO TR AT TIN5 , I A A 1 R 42 1) SUE B
RO BE T LSRR R . SRS HLE R 2
ST SR E A H, A DR B 7 R 5 22
FEE T I BN, BB A 5 54T 5512
eI TAEAE SR B, 25 5 OB A B 5 slopi 4 4
HELEREIR L

2) 4y B BES BRI S . R 2wl B — B IR
(14 Jey B | B T ABE AR A 1 SCERLgE | R e 4 L 4 P P
12 i PR BE T, 5 s B E I 2R 2 R VLA T
L EZR 0N 1 W SR s e €7l B S e R
FHEN L FH o SR, 3 e 1 2 S %) Jr =20 3
FHIE RS A () AL BE 1 B T8 2 H B AT 55 .
#1141 OpenVLA (Kim %5 ,2024) B 4245 LLaMA 115
TSR, IR g i 5 S P 5 AT X 55 I
Y RT-2(Zitkovich 55,2023 ) ] Sl 7 155 o LA fg 1]
SCECHE AL 6 R, Rl LA AN B
P AR BE T, T A S A S Py BT 5
btk — 25 R R B A G S R OC R R R
I, R )z 5 AE TR EI R . GR-1(Wu
85, 2024a) ¥ BTN 55 S AR A I GE— T W] — 2844
3 A T R A A O SR R AT S50
fiE s LAPA 5 GO-1 M5 Bl VQ-VAE %54 AR A4 h
2 S BRI BB VR A, A S5 FE 058 WL 5
S (Ye 55 ,2025) o 1 X AHLAT hy o3 A 22 5%,
EgoVLA (Yang 5§ , 2025a) S5 5% 1| FH 26 — AFR AL A
(9 &0 SR AT TN 25 , 1 DL L g A8 ds
W E LR . MR T a4 2K o B B
5 T ARG R0 0 B A5 5, e A v S
AT 55 385 I P =2 [ B B T A

3V WA AT 55 B SRR N 2k . Wi e — A
AU b S B 22 U5 S A R I PR R 2% 2T, LR T BS 4T
% 5 Bz AL RE 1, R G2 43 B Bk rpor]
FE 30 0 I HEPE 8 ] 8. GATO (Reed % ,2022)
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BWRAEA SRR SOR RS HLAS A5 6 5 2 T
55 MR A B BTN kS B g2
R AT . A 2 TAE 40 UP-VLA (Zhang %5 , 2025h)
W AL R AR 5 AR WU A A, 6 SR fh 4 3
N R OR B U SURRATRE T o S X 24T 55 (B] 1
SR S5k wo WA SR T L
ChatVLA £ %1 (Zhou %5 ,2025¢ ) % IR & & % 584
X AL A AE ] P05 B 25 () D g iR A T B Ak B
B9, O — 2P o B AR B LRSS 55 F A Y,
FRRARAT S5 R S i 40 . BRI i s AR At T
A B TE EL A 0 B F SR D BT S5 T B
P A f AR LA S5 AE T RE M A 1 — e HL i A il
M) 1 R 7 SRS B IA T B D I HL B e AA
4.3 FilZ
4.3.1 HWE X5

TE TN 2R FAF A FERE T, [ W X 55 ol ik —
i /NSRS L2, AR BR AR I A5 T 42
TR WAE S5 PSR . B Se i B — SRR
A A 0], B 5 55 T 12000 55 RAE XS SRR 474
F5 3 AC , AT 2 200 X T T sl bR TR B AR, 5256
FWIZ RS B AT SR T SE ARV E AT 55 A U1 st
et ik — DR R BRI 2 s 3 N g
71, AT S8 MBS 55 045 6 8 T i 3 e ik
AR EE NGB BE AR 8 5 KB HE .
BE 2Ty A o % 2 BLEAEE GRS B sl A IR AE PR AR
if, A]—E B EE F AR B R PE (Yang 55,2023) . 7
BRI, A B S IR R S fE S
B ROREMRIE T, RRS AR OR R SC— Stk i [l K
R BTN AT 55 % PRI B A oK o
4.3.2 SR BHHOE

WE B IO 2 T T A IR AR, R 2
TETRIZE VLA Fefify b Al > B AT 55 AHOC R AL as A
Bl AT MEB A 2T LGB B AR & 5155 /K
(Chen%,2025f) o BB 80 0 o i A O =0k
£ W5 AL R BT T KIS B Y
FE A Bh VR WS, DL R A ity 2 [ B R 4R 55 . i
AR A T B LB AN AR SR A IR A R A 7 52
(Sharshar %, 2025) , #F— D42 7+ 18Ul RAE 19 R %
PESROR RS W B R B A& Se R B e
AR 3 (H L R I PR 32 20 8 — BotE 5 R 22
()] 2 (Sameni 55,2024 ) o Ky BEAR GO B AR I B2
B i FHBE ) , S EGR AR B RIS 20z i H

o GRS P38 3 76 R 45 1Y) Transformer )2 HP 6 A
INEUBE AT Y SR B , vl T A S R AR 2 25
B 9 2 30%, [] o R 4 P B B AR R AE (Hu 55,
2022). FRxPEERI S REE RS SRS E T
(1) £ 4 Al 52 B 200 Hz (1) 3% 22 45 ] (Pertsch %5 ,
2025),

BT 45 5 T, Ak T AR TR (A Rl e 9 30
SEPRAE I RRAT o SRR A A Y I S A
KA BT 2 = sh A Bl A S R R E R . 7E
SR BT AL 7 I, XA E S %4 5 Transformer 2 1)
JUARTE B IRl N 2% J2 SR AT B9 A, nsE i B HIOR
W T /D 2 20% S E R, AU E P AR A 2
S0 (Chi 5§, 2025) , AT 7E BH 23R40 S AR T 2% (i
P2 OB AR o5 P 46 24 25% , 9 0 32 BIR A 35 45 35
BEhdE A

Syl FE e A S AR AR T K I U SR B B R
K BIWERNEE4E H A . FAST (Pertsch %5 ,2025) J7
PRI ) B 11 A 224 IME 5 508 20T B
b, B3 45 i SR DT 7 81, BRARARAS T8 . i,
FAST ¥ 1 000 ms #5585 1 E 46 R 16 4N 70, 729 1K
R SR T S 15 A5 HE BN 5 200 Hz (9 5 i
YRR . TEX R G AR b, AT i R R AT [m] 25
A B 23 ) T ol g 2] 3ty 428 3R AR 2 2. 5 4% ; GROOT
N1SEHLT SUBHERAE T 5 ms, FL7E 7-DoF . 100 Hz 45
il A 2R 22 /N T 3 mme BIESHE AR E—
o Z BRI R O i) T, TR AR 6T B AT:
55 TR AT 24 40% H RS 20 EU (Song 55 ,2025a) o 45
ARG LA, sk A R A S TERE )
Bl (Kim 55 ,2024) , ADRAGEAR A7 K45 6175 8 GB
PUR, FE7E RTX A2000 4515245 1 5231 30% Y 1E 3R
K55 25% M RESLEE T, S HF 50 W il 2k GPU ik 2]
30 Hz iy M A2l
4.3.3 SR fbsE > o

5 k2% 20 S VLA B 5 I 2R3 L T ke bl 1 B
Ik Bz ARe I SRS E N . a5 AL S Il it

T SRAL A 2T RRAE AT WU SR AT 2 2D %R R
FURL 5 oL a (8, 32 FHBTARULE S A A0 37 S i 5 4
N TR e 7 L IR o IR R N 5 N T
TF i 2] ity e A2 > S iR 2 > 2 SR P AL LA
B Ak > F T BEAE

1) ity 31 i 9 Ak 27 > TR o % ) B X VLA
ol CH R A R AT A2 > A, AR TR A s
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PEfiE. ConRFT(Chen %5 ,2025¢) 42 Hi ¥ [ B i3 4 42
I B SR S B X SR s 5 R BT TR BR AL
T3 3 A TE 7] 6 1 2 i Ak 2 ) S IR S T G
FRRTE T B AR A I, VLA-
RL(Lu %5 ,2025) 5] A B2 2 A A 3 ik 50 7 s 1
J 370 (1 v [ s R A A B 8 O Al AT R T T
PPO (proximal policy optimization) (Schulman 4§ |
2017) (I 24535 2 ; ReWiND (Zhang %5 , 2025¢) Il 7]
FHARSE AR BE BE AT 55 b B T2 a2 6 1 20 2 Bl
RIPT-VLA % B — A3 PPO (O pR B, 45 5 8h 75
FEAERAEHL] , BEoRAH T I ZRfese M s 2
RIEA )5 T, iRe-VLA (Guo %5, 2025 ) 3 a2 W B ol
FELR AL 2% 2] DL R W B SO B 1 PARE B, S5 B 5K s
PEREAYFREEHE T s TGRPO (Chen 4%, 2025f) 1 i 7E 4%
32 B R MO ot AR, B R I AR
X 5 AL 5 ReinboT (Zhang 45 , 2025e ) K5 R A [l 4z H
o i 2Kl A i 38 o 1 (RS AR R TR 5 o Bt L5
Ha o] BRI

2) 5kt ST IS J2 M . IR AR ST I A Th RE
oy THRH, B VLA 1057 = )2 18 SO 547 55 FL A,
SR AL 2T SRS B TR RE s il . FEALER NG Bhis
#ilH , Humanoid-VLA (Ding % ,2025a) i VLA 2E Ji H
R S E 1= U = B [ N R =S oY T E 2 K SN
FE AL A Y4 413Z 3 s NaVILA (Cheng %5, 2024) %
VLA 11 78 B 2 iy 4 5 Ak A A AL A 42 36 5
E % s 8 1E R 4 )2 i, SLIM (sim-to-real legged
instructive manipulation) (Zhang 45 2025d) % FH #Um
— 2R ZRARAE SR 1 e R R Ak 2 ST SO SR AR
18 B, T S AR 2 2T K LR AR B4 VLA
RPD (refined policy distillation ) (Jiilg 25 , 2025 ) | )5 [i1]
FIF VLA FE R “HOm B 7 5] S 4k 2% S IR e
3 T S B0 T SR W A ) T ) 5 T RR A e A
1k, DexTOG (Zhang %, 20251) 75 56 F) FH 9 i 44 A=
W2 BEALINBCL A, Pl 1 5 Ak 2 2] PPAR AT 55 i 2h
H R A B A KR R 0 T IO W
LUMOS (Nematollahi £ , 2025 ) 7 Th: FL AR R () [543 [7]
T EA PR 2 2 Ak s 2] Sl N 7R
TR I B R

3) s AbE 2 B AR SR 2T N = T
R AR S L BB I R T Ak B I SR sk
Fo SRk ST B i i A TE [ A s Ak SR AT 55
IR FEYE T 24 GEOKOY , PR3 s WA T e SR et R

PRI B SR A b S 22 4 GRS Y — AR [ 3%
A (Xu%$,2024a) ;iRe-VLA (Guo %5, 2025) K FH A2 %
YRR WS , 76 7E LR s ik 2% ST R WA B D) il 5
FETF Y R 4 1) W B SO 2 [RIIE 2R, 1B —
PRR—AL5 7 1 F FR G P 3R . iz e 52
B = SO SR IR T R AR SRR P ] AN
RATYRB R BE B R 82 T fg .

4.4 EEEIFE

4.4.1 A EIAEEFIHEAEN K

Ry o 1R LS M BB SR A AR R L AR
AR 22 R, ST Y G 0 ) B2
FHT A B AR ] 98 1) 28 B 35 (Ehsani 55 ,2024)
IR IREE T 2SR S K AR S R 5 A
SLIEAY , 324 VLA 25K .

5 34 AT 55 1 B J7 i, BEHAVIOR (Li 4%,
2022a) 3 FF K BE AL 5eorh i 2 80 BR A SCHE
ALFRED (Shridhar % ,2020) % 3 FLASE— M MAIES
844 R B K AL BT 4 45 ; RLBench (James 45, 2020)
PEAL T T RGB-D WY 5 HDORG 4H HAEAT 55, OF i — 20
PR 2T T A EAE . AR 2 HRez ik he
71, Meta-World (Yu %5 , 2019) 5 LIBERO (Liu % ,
2023a) FHMEGIA T Z2Y it ShniE S —E 5
R IHHLE

F6Jrn T ZFCEMER VLA TAELE LIBERO
(VEREXT H , Bcdie 25 & 30 P F 25 DR A 9 9 38 SCHE
LIBERO JE v 4R 45 A PERE . ZOR IR ALHE VLA-
Adapter (Wang % , 2026) , UniVLA (Bu 45 , 2025b) J%
FHOCIEZE T I AE TR SCH A A 1 45

2 6 P, Spatial M X P 1R 25 0] S R WiciZ 5
X 4388 71 , Object P-4k X 3 9 14 25 500 () 501 5 #AE
AE 11, Goal LR HLAF AR A Wi B 1L 14T 55 H bRk
TR L BIAE P51, Long & 1T TP & 2% 22 20 %
155 B9 UATRE J1 . CALVIN (Mees 25 ,2022) 32 4570
YRIEF IS T M Z W BAE , iE 1 TP
MIKASA-Robo (Cherepanov %5 , 2025) Wl £ X 355 43 1]
SN PR T2 B0 MR ARV e 1A 3 IR S 1 AT
% o ARSCAOGH AT IR B, I PR R IR SR PR
BRSSO E AL . SZ R T AR SCHREERL AL 2
B I GR AP E BEHLRR 55 %2 S0 E Y225,
6 MBI B ) LA — 8 T LM B ALt
AR ENS %, AN EAE N4 AR
FFIEARIE . EE S X BRI, N 255 45 5
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£ 6 7[E VLA %% LIBERO £E &£ M &8
Table 6 Performance of different VLA methods on LIBERO dataset

el i kil

Spatial Object Goal Long
Diffusion Policy (Chi %, 2025) - 78.3 92.5 68.3 50.5
MalL(Jia %, 2024) 247 M 74.3 90.1 81.8 78.6
MDT(Reuss % ,2024) 75 M 78.5 87.5 73.5 64.8
Octo(Ghosh % ,2024) 93 M 78.9 85.7 84.6 51.1
VLA-0S(Gao%#,2025) 0.5B 87.0 96.5 92.7 66.0
VLA-Adapter(Wang % ,2026) 0.5B 97.8 99.2 97.2 95.0
GraspVLA (Deng %5 ,2025) 1.8B - 94.1 91.2 82.0
GROOT N1(Bjorck % ,2025) 2B 94.4 97.6 93.0 90.6
Smol VLA (Shukor % ,2025) 228 93.0 94.0 91.0 77.0
NORA (Hung %5 ,2025) 3B 92.2 95.4 89.4 74.6
pi-0-FAST(Pertsch %5 ,2025) 3B 96.4 96.8 88.6 60.2
pi-0(Black 45,2024 ) 3B 96.8 98.8 95.8 85.2
Spatial VLA (Qu 4§, 2025) 4B 88.2 89.9 78.6 55.5
4D-VLA(Zhang %% ,2025f) 4B 88.9 95.2 90.9 79.1
PD-VLA (Song %5 ,2025a) 7B 95.5 96.7 94.9 91.7
ThinkAct(Huang % ,2025a) 7B 88.3 91.4 87.1 70.9
MolmoAct(Lee 55 ,2025) 7B 87.0 95.4 87.6 77.2
Trace VLA (Zheng % ,2025h) 7B 84.6 85.2 75.1 54.1
WorldVLA(Cen%:,2025) 7B 87.6 96.2 83.4 60.0
CoT-VLA(Zhao % ,2025a) 7B 87.5 91.6 87.6 69.0
UniVLA (Bu%§,2025b) 7B 96.5 96.8 95.6 92.0
OpenVLA (Kim %5 ,2024) 7B 84.7 88.4 79.2 53.7
LAPA(Ye%,2025) 7B 73.8 74.6 58.8 55.4
Unified VLA (Wang %, 2025f) 8.5B 95.4 98.8 93.6 94.0
FlowVLA (Zhong %5 ,2025b) 8.5B 93.2 95.0 91.6 72.6

T L RN IZI R T B i s

WS BRI B AT 2R VAl

TE A7 B B S P48 T J5 T, SIMPLER (Li 4%
2024 ) 38 3 A E( FUAE 5 IS HLAR AL &, A7 3L
Y/ N 5 s 2 T AR 22 S . IR 4 BTN, =
15 .05 HF 65 T Habitat (Savva 25 ,2019) 5 SAPIEN
(Xiang 55 ,2020) 78 FLE = 4E IS5 v S H52s ] 43
BeAE2: 2 O VLA BFSE S (i mT 47 e S b i it . it
#b, COLOSSEUM (Pumacay % , 2024) 5 VLABench
(Zhang 5§ ,2024¢) 43 A B XF 43 A5 s A% & Pk 5 3

o =" IR IFCR UL T BAAR S R Ouh i F 4 A 34

B H SRR T T T I
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Table 7 Inference efficiency of different VLA models

PATRL

St /My 4L /s
OpenVLA (Kim %5 ,2024) 42 0.2396
OpenVLA-OFT(Kim % ,2025h) 714 0.1120
VLA-Adapter(Wang % ,2026) 219.2 0.036 5
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