Wil

B SR 2025,43(16)

| FHLIF iR

“‘BE—BHE—-BL BRISAZLEZRRE?

R AR, K4

HME REMBEAN B —BEER AR BRI ERELE, WBAZHT L ATt
BN, BB @R —REGHFRIBAR AR GLENE, RA LS — kit ) B4k
ARG MBAF IR ZIREAL, RiTT AL, B TA @ BRI BEAZRLENGH, 54 TH
BABHZAH RBEREAR, SFIT 3INMRENREGHFFIE, B ALG " B R IERAT & IR AFLE
W HAMGEHMES GEREERGFGFHE, XEIEIRAT Ak 10 5038, ERRE
BB, AP ZAF 5 RRA RN L AR IR AL E N A FRASBOMEIEE ik; %
TR G TS A IUBEA D BACH LM ELE TR HRGAR ., AR RITIEAR
REGER, FREITRRINBABALZ G LIEF: L2 LFREH A,

KEBIE MBA; BIL; B 240 AR LSk

NIEHLEF AN K J s, A |
S NFEXNT A B AFAE I S W )
P2 SEOARWE 220 7830k
MG 4R, 1927 4F (R #B 2 ) ((
Metropolis ) ) Hr oK ¥ fc b (g HLAR IS
IR STV T R N T 2 i 1 48 28 PR 45
PO THLRE, HoB R ARSE T W)
XU [ i —— B 2 ik ik 55 3 71 1)
T, IR RPN S K —— B
T XL A I
B 7KCTE A SN, ok AR PR (AR 3
2 F ) ({Blade Runner) ) (1982)H
PRRA WL T AL S 15

LAk K ¥ A TH R FR, L
100876

2ERRFHENBFEHAR, b
100084

AN ETUL AL (A7 7R
I8 [ A Y AT iR
FET . B TFHeHZ, NETLLE XA
B E Y BELIVE & B SRR
FAR AR Y T3 37, DV S
FY({West World)) (1973 ) BYHLI
b B 2] (b ) ((Her) ) (2013 ) 4 i
PUNA Z 285, Af— YO Rk e A A
() AR, FRIE AT TR B EAR

®

(a) BRG] (KR ) (1927)

(b) (s

RV EE (K 1) .

M HAR PRV BE, 15530k
UE I B B PER . 20 4D
60 AR, 25— AU Tl MU B i
A, ACSEBLT S AR R e [ 4R
—ENEERZIN 1301, 2nin
6] CR#R 22 ) b ik FE e B TR JZ L
A, POV T ) T PR R A 7R
i B F LB B WA R,

AF) (1982)

1 HLEs A AR LA

(c) (VA ) (1973)

Wi H 1 2025-06-06; 14 71 H 11: 2025-07-14
HETH: FRARBIERE T FE4(62173197)

Ve A Tk, 2, BFFE 7 1) R LBV A L i AR Jas . RIS TF R HLAR A KA, BT 4i: fangbinl 120@bupt.edu.cn
SIS Ik, HAER, R, < [ sh—H E— AR BB E L BHAZ [1]. BHE S, 2025, 43(16): 17-24; doi:10.3981/j.issn.1000-7857.2025.06.00023

www.kjdb.org

17


mailto:fangbin1120@bupt.edu.cn
https://doi.org/10.3981/j.issn.1000-7857.2025.06.00023
https://doi.org/10.3981/j.issn.1000-7857.2025.06.00023
https://doi.org/10.3981/j.issn.1000-7857.2025.06.00023
http://www.kjdb.org

B SR 2025,43(16)

Wl

2011 4EZ<H ASIMO DA 57 1~ HHi
J3E 52 B 2l 2 sk e, 2013 AF 2
37 Atlas 5 BURE A 5 25
B 2), XSO R T LA
NZEARUAE W ) A 5 i 7, G A
AT R A R 5 R PR PR B R
1En€2001 K =5 & 47 ) (2001 A
Space Odyssey) )" HAL-9000 FJ
i e B —— L P SR T 1 R
fEAERES . 112 A FRAA I,
REE, ARG SHARPLLT
AL . 24 Optimus Gen—3
T Wl 2 7 () Wy i R T 45 o
WA " TR 4 4, HA
Je 15 B E (VLA B Al
XTESHEASTE I
4 ¢ Nature Machine Intelli-

gence ) TIER AL A% A8 12 53 11 S5 S
P A 3R B AR S A S
LU K 2% B A AR AR B AR 1L
BLas B R BB 7 1 3 FRIA
Mifedr. A, MR ATF IR TE
AR, 7R 5 A 5 A IR
g 22255 BRI,
Wit 47 ]EE A FILPES

Ko RPN ATE T B R

AR, AR LA S — 2R
1 A B AR PR, R A PR AL

(a) P1405) 1 Atlashlas A
E 2 RN

18

() T, T ) se iy A

SR, A CRAR 2 ) B BB 3
T 24 H A9 4R Optimus, —
A HRAE (B EUG 2 AR TR DLgs

N Ao RE A% L IE B TR 5”7

ERT I 7 X — B B A
P 3 AN FEPEXER: 15 TR AR
AN iy AL 23 A ER I B A
(PR ER, PAT IR 5 3l S o
fiE 115 HOE A B PEBRE—anfay
S Bh w17 3 3 By ) A AR
AR B Fe A0 H AR ——
Plis NBEA AL H BHAFAERYIA
0, BRGNS EOE A S AE

1 Bsik. BELNa RN
IBARFKRE

Plae AN ZR G %0 fE 7 ek
AR B ML AR A RIRE ) A B AE i
e, KM IEZ MBS s A E
e, Fe i A BACRIRZIBRAT

e F shALB BE, HLgs A i[RI
FRYBhFNU, LA E A T T
R ERE A 558, i
TR K P, L)
ARG RE AT AR 2, A

(b) AR HASIMOBLER A

SEAT 55, (58 AR [ 2 32 4, ik
Z IR, — HLE R g R
Y78 B (U AR RS ) BRI, 31X
— BT BRI RIS JB i 2 Pk PR R A
R, HR TR N T H gm R, [Efk
JAWIH IR EA .

H FE B B bR A HLS A
HARM L, RS T
HY B A O IR . TR
1Bk S AR A A A, 25
FAa s Bk A E 5 A%
n, P AL S IR 2 ki
e, ZEENRSS HLAs A\ GE i A
SE B A AR R ITERAEY, SR
TR SRATS 32 PR TR0 P B, T
XF 58 A R HIPABE (A0 K S5 R 5 ) s
SNSRI L, 8 ik 1k
JRfR

METHLES AN E I ) H 3R AL R
HEPAHERAE . Wl 15 5 -
YE(VLA) BRI Y B RESRLA, HL
N BEFR AT 2L T2
B 2 27 A [E)E X, TR
Google RT-2 £ ALK i 52 45 2 %
R BT EERE (K 3) . THERZ
By BB AL 48 R 2 A Ay
JT: R N AR R 2R i R i
zl) B i& W/ (rapid motor adaptation,
RMA) B, {00 L N RERSTE
Z M E e HIE SIS A
TNV o JE AT A PR A
P, LES A TCTHTN T sk mise i
E, BIAT A F 04k Hoz sh 240,
B L K2 HL s A A 358 1
BWER B Biz g, Ak E =4z
B, AT 0.4 s N
132 B AE" X LT A RN
A BHAS F IR, 15 L) L
A2 S, B R B IR ER
1 AR AT -

www.kjdb.org


http://www.kjdb.org

Hili)

B SR 2025,43(16)

Internet-scale VQA-+robot action data

Q: What is happening
in the image?
A: 311423170 55 244 —)

A grey donkey walks
down the street
Q: Que puis-je faire avecces
objets?
A: 3455 1144 189 25673 D -

i ﬁ Q: What should the robot
I 78

do to <task>?
# - " | ATranslation=[0.1, —0.2, 0

A: 132114 128 525 156~
ARotation=[10°, 25°, —=7°]

LNEE 4= | IEEX 428
2] A FALBrBe, Hlas Amtied
T P A M DR T AL SN R B
PERE . A Sh B B AL A
1] 5 32 R, k= PRBERORITBE I 5
A BB B HL & i i 2R
JECER A AR S AL BB T A
SEH., ABATY 2 BR TR 2 34 55 i
H FRALE B ML & AFF 1 i B2
BRSBTS, I B A2
N EARPEFLERIBETT o X —
PP BR G LA NS ST &
0] =B I FH AL, AR
N SR AET )™ ) ) e J =S 1l
R4, 5 2 G 2 REE B A
1 A AL WE?

2 “BRATHXERAR

Blas N ) B 3AL” A% L
GEME, Uy T BB AR AR A
W, Hlas A B FERM
s Bag—aEny - AR AR, fE
HERRHT B B 5 BT 58 ish &5
AR, A F5EMAT A 5 YIEE Eygt
1k, IFRetE B APLa Z AL 1Y H
T N IME S 22 L RE

FHE K% Hod Lipson M

www.kjdb.org

Vision-language-action models for robot control

Q: What should the robot
do to <tasko>?

e o RT-2

ViT

Large language model

Closed-loop
robot control

A: 132114 128 525 156

t

Co-fine-tune

Bl 3 Google RT-2 fiiAY

BT 2025 4 k& 2 7 ( Nature Ma-
chine Intelligence) I A% F A1 ¥4 i
FERHLAR AN BRI S T T
(Bl 4). XA E IRESEH T L
NSRS (VYNE ;5 i
2, MBS | SEA ) B AR SR A
LI <l R YN SIES WAN 25
PUATE; I T h2E T kL . DESR
RO BIFTE T — 8 0BT
BEARHTHIEAHESE , (EGEHLER N R
B HCRURS B 1) T FE i B2 S 4K
1Ml Lipson H1 A 1119 R 48 (\GH i
FAG IR AR ILIEAT B, FERS
[i] P E AL N (10 58 3 12 By 2 A
A, X R AR T A
LK S RN B —iz 37 )« il
1 [ A2 WG RS , 18 A0 PR AR A
B8l A3 2E H IR IZ AL

HOR S A% O TE T3 T 1
H L0 ) P 22 LS S I 2% 5 A
W2 T EBR BB R G o DR
P BAFI FH ik 28 56 559 37 (NeRF) 5 R
FRR 22 28, ST Bl A OCTT =
Y3z ST ) SE R P S E A, PR
U I £5 G5 6] 132 B 29 RN
TEM IR . RELRRUE I T 3L o)
Pt | Bz 2 i TR, JF7E &
ARSI, SE R I B

EEEE——
De-tokenize

LR BEHLER N2 B 193 2L 1 Fifa
M. [HARFREN S, KRG HS
BRI A A 2 e T S AR
B, — & BURHLAF A GE TS
Hizgh, 762 15 min NIERES ]
IO HAD A Y RGBS L
INGEE Qi ik P
BE) BN Rl AR ), pf A R fig
R, PR IE SRR e
B, X FhEE 19 Lipson 24 4
Ly ok < HLES A BRAS T AR BN
IR o B HAR T RARFE
TN FNTREE 2 2] i U R OL S, 6]
THLE A A TR RS B4R 1Y
R

TSRl as N AN )4 [ ) A
A, AR, BT R E
AHUE AR, Rets i
o kMR AY R A 5 0] e
e i UNE S i RN
B IRL M B, 5T —Fp
AT AL 0 IR RN
BEETE, B O, XA
H 3R A AR A A
FEIIFRE T &R, R
. BEIT R A IR S PR BT
oh, BLAS K RE S PR N Ji T AR
H I E G BT, SCE A 1 8

19


http://www.kjdb.org

BHESHR 2025,43(16) .

3D Self-aware
morphology prediction

i”!

Abnormal
detection & recovery

Motion planning
without kinematic equation

/
AL .
|

L.

\

3"

-
—
—_
-
./‘ = ¢

(¢)

Camera view

6y )

Binary image (GT)

Color-based
Segmentation

Loss=MSE (PRED, GT)

v
X —————— Coordinates
Query point encoder -
coordinates g
H=C (X, 4y, 4,) ~
Predictive )
(O — (c,a) —» s i —
il Density o
& visibilit Ny
P(H,, H,) Y M
. . Predicted image
A Kinematic (PRED)
. encoder Image rendering
Joint angles
H=K (4, 43) FFKSM

El 4 Hod Lipson [l B\ {Nature Machine Intelligence )£ 3C ) 3 B 57 HE 4L

TS5 e N . Lipson 7E 4252
(b3 A ) ((Scientific Ameri-
can)) KVl KR “FRATIFIRKA
Efﬁﬂ)\ WE?%%}QEE/‘J%_‘ﬁ
REFETEIER . XA RGEUEW,
E?‘Z JFAERA: HAg, M it #F
S o) F [ RELE R 3
St 7
#3045 Mobile ALOHA R4t
Ot SLAM = 50056 7 A
BI(VLM) R, 755 BLIE 55 ok
HETEUN 3 A Tt e () ™ ——
L= 21 S AR A RE E L
YR AR, TEREAR T (o TR 50
FRRE(E 5) o YL AR
kB IR AR BT AR, X ApxT
B N Y EL B, PRI
38 1 fioh v 0 A2 2D A5 R AR AR

20

B TRRAE BT B R PR
BEAE Z2 51 5] A Tl P 4 B 5
B AL AR N TIHE]  A L
IF, RE FI 32 94 2 AR B A B2 B 1k R
W, 7EBh A28 5 s Xy ot 5
Y RN

Ak DeepMind () RT-2-X
155 AU o w18 S -3 A (VLA)
ZRHs, B YT B ARSI
&7 BRI TR 4, o3l N E AL
PR, 726 s iYL s
AR R B SRR T RN
FEM R A7 AT 1A DA B L A PR
iz 3] H & I/ (rapid motor adapta-
tion, RMA) B3, fifi U JE L 2% A e
b5 7E Z2 Fh 52 2% HE (G0 45 W0 i 3R
1) b SEPLSCI  PREEIE N . L
i N 38 2o B T READLI S5 i) i 22

LR, REAS P B ) B R BE AR
A Can RS AN ey ) I H 90
iz shE g, I TATE
HIFRE MR REFERCR . LB R,
RMA [} 38558 T HLAas A AE B
R ZREHIE s sliae 1, i
18458 7 AT TR A 3 7 R
REFER I, X P o ) 38 S A5t e
Ion) i PP T SRS O RE T, R B AL
RO EBITHZME “E ARG
Affectiva 23 &) FF & Y Affdex
BEHGE VR BE 2 S BOR, SCiE oA
N 19 30 4 B2 G (action units) 2
THLEIRAS, SEIRT TR WS HETR
Ao ARG R S R A T
FAG AL, RS AR R IETEN T
ZMELRA . BT HUNSER, A
KL as N Re i &5 vl 47T 3R B

www.kjdb.org


http://www.kjdb.org

Hili)

RIS 2025,43(16)

PR, QR S KT O R R 98
SR, DTSSR 26 BN 3K 30 1) B3]
RN 1T Figure Al ff) Helix £
HLEMEZH, MILE 4 5 AJEHLES A
{G I EAARTE F AR (& 6):
ME G A RO T AR
BB, HAR R AR TC I 2 54 T
H EIE LR K 2R, T HAL 4 4t
R 0.8 s, EAEETHEAF S 1Y
H A ZWME, IEfEAR SRS
“BEARE R AR ——& JE Z KT
TR IMEA U5 7K, T2
FAAE R LR REA

=1

BRI EE (TAt#l28 )

Wipe wine

K5 HriHAE K Mobile ALOHA

Plaw A A FAL” RO EOR
FLA: RO B A B L i AR
BEAA, RIS AS RS N
SEHPME o X EEERMLHLAF A
BB PATHe ) TSR, 2
PR, A B A I N TE R S5
=Pk

M A S 21 55 8 e
PR T8 E, A 5T b 2 %)l R — ke
R-AT" BT .
WL X — AL AR, T 2 1 %
L 3 B B SR RFAE

TERALE B, A ZhBrBe) T
AU 32 BRI T 1) 4 B
PEAT BB, Bk = P850 N e
15 W HEA A F R B, REENR S5
Plas AIHin EshENIAET, iz %
S Rl BT 22 YA S A
MAE WO T IXFHATEE S, AN
S BB T A PR 5 B 5 Bh A5

Learned policies

Call elevator

High five

i mAE [ 3 B B, RT-2-X 1R

SEHLAS A3 o HL B, o N A

HRAF ERLETE B A FRIEA, F UL

PREZS T SCHL R, SN 28 K
B A TRIZ VAT

iy b2 . A5
I S A4 UL D00 9K 58y ] AR e
TTEIERAT, MLAS AR & B
FEPEA GO RGN B B BaEL
H F USRI T AL A — 2 i ER5E
TN RE ST, RERS AR SCHHE BT
AN #EA QIR B , HLES
ANEA AR D6, feshA
Hbr 5170, HRBIZE A ar iR py 2
BrIEALRRIE, WG S50 B L
(RTE 251 proemiyy &

SR E T AR I 7 e T AL B
NINHBE I AR T A S B B
PUHOH 76 AR T Fsh 4 i,
OB A Bk =z R A 6

“BI—BE—BH"3 MHRAEEFHEITLL

B EM B (ENLEN)

BERMER(ESERENSEAN)

SR

Pl Or R BUMBKEY, 3T R T

TR R A ORI, A LT sl SR

BRELS  HMATAENIT

BSOS s A RO, PRI S R, 2SR

MR B B B 27 >

A BRIT RS, A& —E RS HRES)

A B, B —E RS I AE )

F B, @A AN BIE LA
TR, BRI SR

AW, sh B HE R S51TH,
SEHLEL Btk

I, X TFARRES NS,
AT H R AR

HE A EE, ¥8A AR EIRALA
TSR, oA T4 S EME

www.kjdb.org

21


http://www.kjdb.org

FHE SR 2025,43(16)

Wl

Beg | AL~ ) Bk S Ry
>, BTy 52 B TR0 Fr) 120 5 R
L 1A TP Bl A E i H
Fe B S N AT B B, i
(EN =R DN FOY N N T R N E

BRI
B RE A RS T ML g
NSO RA R AE . A s Bl

e A B AR T T, sk
I H BBl AT R
HAaA RO HAETT; B
F g B 1) H B A R,
A B B A A AR
A SNV E 2V IR PN i
2 2 At PR DM, SRR
REMIAIEIE o ok 2L p Al I 5] 222 il 1
Bl AT LA TR 1) BoA 3
PRTERE REMR B REAL

3 HeEEFREKRE

PLEF N1 3 B A" AR
A3 I 224~ 4 B8 (R IR PR A . 4
AIHTE SR BN T S RERERY
BT & YA SHE R PO

BB E-HWE(VLA) B 41 Mind-

VLA 2 vty 5 31, bl A
AR RE IR 2 Ge M DL S #3 S
2B R—— il E ST AT E LA
MNALRELER 2~3 h, B BIES T
() RE FE B R A I 29 H 2 PE ARG A
Wi (RIS, 32 S PR R e PR i R

JE, YRI5 T A Bk 22 Y,

(A 2R R85 v 1) 4 B Db R #3447
T I A E A 22 . B i B IR,
RN Y E /NP e b 70 R IS
FAEA/INBIZERE o INFIAH J2 TH
SERZ Y R AR T 2 RALAS AR
GATovE IR S 2R NS 34
PR, HARSR A T 0 e

22

VT R 1 Al B  HERET ——
X R IR A TR 25 7 S i ik 4 8
X 5 ) R R G
EEEIRAYNIEE i il X
MG SEMES . S4B
BB AR A R
s KB TRH B ) BE R, SRR EL B R RE Y
TR AT RERA A BRI 1Y o
S T T —— L PO o R PR R B
> AR LB I, ST
IHJEBAA R E, AF RS BHOR
BEAT A H T LR A SRR A R
B P “Hoih N TR AL AR
AT 3 A 08 R SR MR
NN A, AR BRSP4 00
XTHLEAT A A RE LA, IEROH
SRR G B A . LR AT
T s AR R PO B 58 A
(AP ), X P R B
(AR ), 5 TP P2 A X L g
N B2k B AR XU o 7 B 5T
7R, 12% 3213838 AN PR
NV o YR 2 TTHRF L L

AT R, ARSI R

A ERRERLIR o AnsEai, 324
BB HILAR I TR BRI AR [0 3 00 Ay
CTLHOCH”, i th ARG T
REHE 155 BN (B T T R IR ) e
AN,

T AHE SR J5 TE— 25 TR
AL B (N TR RER R ) B
F 2025 4E 8 H 2 H1E 25 =5 K
B ATCN T8 f8) & G611 4= 1
B, AHIL T RS9 4 )28 B
NN EEETPNAIR SYNEOESE 7S
PR fE—Y L g AN
R JRUPSS: ™ 1T e JRURS: ™ 14 320 LB,
] e HL S PSR 9 Ik A A AT
SRR A YT 4 R, e
HOETE 2025 4F 5 B4 T MR

[SYON

i

AL WA S vk, 2 ERG FAE AL il
“RESLAE AR BRCRE LI R TEN
DX Y BOR L2

SR, X Lo Pk R ARHE 8 B T
K 10 FFHELE T T . FEREAR S
JE T, AATIE DR #2455l A 2
A F14) 24 Rk Fof i i =K R
2 2] WIBRARE 1 5455 8 R e
PEHLHIFAZS &, [ALES A AE R R
AR B ) I 345 A Ao Bk
HIRRE )] . BaflE . SheE
W LI S 2 ST B A AL
W 2 REAEAR A —R I T3
R A BAAEHLEE A1) BEFE % KT
80%, [FIA 1533 J3E 4 504 B ot
LG8 = 4 1) S R AT I RO Y Ao
S5 P PE A B | X IR R R
KA M A, A SR A GE 5
e, WHYEGENEE A
I 28 A B BB A B, HOt AT
FEEERE M HLES AR SE I 24535 b
FRIFRE 4B A%

N s R B SCE
M ——FF &, Plas AGE i fir
W B N T R
J1iE; ORI, ZHPMER S A
TR RAR A SR, 7548 (a4
A A ERY Tl i AT R,
S NIEHLES N EE S B /Mt
A PR RIS S, NESHIIE T 3554
RIS 5 e, it A
FRE—X i = A58 " Rk X
e J AR, Ak S i $R A T 2%
LN

HL B BE A= 25 P AR AL A IE A
hsdE: B E <R TIFER B W
51t 200 ZEMIWIA S5,
AR TR Fr 2 T8 Bl 2R
B RN TR 54 A W A b 2 i

L /N B G 2 5 R

www.kjdb.org


http://www.kjdb.org

Wil

B SR 2025,43(16)

T, S5 & R
Y4558 40%%

TR BRI A 2L R R4 A
o 25 EIEBCG e HA et
) 5 [ 3 B DU, 5 O 35 g )
BB J v 7R XS . BRI AT TR
BNV S 2025 4F
CAT EEAR L ) L5 T M = XL
B scid B, HAS s KA E IR
TEAE ST AT B 4325 HE
ZRCY R I A R ) Bk [R],
JIRLER N AFRAL” KR AL T W
FEMEHESL . [RIE, AHLEMER# 7Y
H AR E AL 22— 55
—fie Sy UL g o, A&
T R SRS L, HLAR R
R A 155 2 SR AR, XA
TR A LA 18 S
B E R

HIRZRHE, HLEE N AT
b7 B2l B A T R Be R i
Fo XL AR NG,
M E SRR SCU R 1
FEAE: SHLAS ANAEACFEHESL P36 7]
CFRIEUE", N TR T o AR
PP BERIAC T Y4 e Z K iR 3
FEIMEANURAT 575K, R
BOCHYIEARE, A IEAE WLUE—A~
BT R REIEAS A . K, ML
NI AT A AR S, i
FEZ AR R T, 3 R SCEE
AREPEI AR L, REJL St
BEILFR RS A N EZITE
A, BE A FpH R

p

2 % Lk (References)

[1] HR7E. N TR WNIAR,
TR PL s N R G 1I]. 24 1%
L5, 2022(8): 23-29.

[2] 24, AT REHE: —IRAEE

www.kjdb.org

FHPFE]. AR, 2022(8): 45-51.

[3] N2 B A e 3 B2 b 22 4508 7 T
H %5 ¥Z[EB/OLY]. (2023—-03—14) [20
25-07—-13].  https://tech.chinadaily.
com.cn/a/202303/14/WS640fdcd8a
3102ada8b233767.html.

[4] BRTF-0b, 3304~ BEES ATEHLas i
ANZFEDA 22 EI[N/OL]. FRERIHR,
(2024—05-25) [2025-07-13]. https://
3w.huangiu.com/a/de583b/4HvjYabf
02i?agt=20.

[5] €2001Kk=i8YF ) HAKIEAL S}
£ i %€ 19 #8 R[EB/OL]. (2024-05-
18)[2025—07-13]. https://m.163.com/
dy/article/TIHIGEOUO05564TV4.html.

[6] Teslarati. Elon Musk teases Tesla
Optimus Gen 3 capabilities: 'So many
improvements'[EB/OL]. (2025—-06—18)
[2025—07—13]. https://www.teslarati.
com/elon-musk-teases-tesla-optimus-
gen-3-capabilities-so-many-improve-
ments/.

[71Hu Y H, Lin J, Lipson H. Teaching

robots to build simulations of them-

selves[J]. Nature Machine Intelli-

gence, 2025, 7: 484—494.

B RE I i M. A G Tl AL A AT W

SR R, E A R HLAS A RE A A

F W[EB/OL]. (2025-05—18)[2025—

07—-13]. https://www.mmsonline.com.

cn/info/323696.shtml.

BORAHEL. R A H ET HLESA

5 I AR FS[EB/OL. (2025-06—

01) [2025-07-13].

sina.com.cn/tech/roll/2025-06-01/doc-

ineyntrx4333236.shtml.

[10] Brohan A, Brown N, Carbajal J, et

[8

—

—
O
—

https://finance.

al. RT-2: Vision—language—action
models transfer web knowledge to
robotic control[J]. Robotics and
Autonomous Systems, 2023, 168:
104489.

[11] Kumar A, Fu Z P, Pathak D, et al.
RMA: Rapid motor adaptation for
legged robots[J]. Science Robotics,
2021, 6(59): eabc5986.

[12] Chen B Y, Vondrick C, Lipson H.

Visual behavior modelling for
robotic theory of mind[J]. Scientific
Reports, 2021, 11(1): 424.

[13] Zipeng F, Tony Z Z, Chelsea F.

Mobile ALOHA: Learning biman-

ual mobile manipulation with low—

cost whole—body teleoperation[J].

IEEE Transactions on Robotics,

2024, 40(2): 856—872.

Bishay M, Preston K, Strafuss M, et

al. AFFDEX 2.0: A real—time facial

[14

—

expression analysis toolkit[C]//Pro-
ceedings of IEEE 17th International
Conference on Automatic Face and
Gesture Recognition (FG). Piscat-
away, NJ: IEEE, 2023: 1-8.

[15] Figure Al Helix: A Vision—Langu-
age—Action Model for Generalist
Humanoid Control[EB/OL]. (2025—
01-20) [2025—07—13]. https://www.
figure.ai/news/helix.

[16] BAR G kA F—UA sh e
IMindVLA[EB/OL]. (2024-03—
15)[2025—07—13]. https://www.eet-
china.com/mp/a389894.html.

[17] 20254 A JEHLAS AN RLAS A B2 2=
2075 JcLA R [EB/OL). (2025-06-18)
[2025—07—-13]. https://www.toutiao.
com/article/7511198158878327331/
2wid=1749123355691.

[18] Horstmann A C, Bock N, Linhuber
E, et al. Do a robot’s social skills
and its objection discourage interac-
tants from switching the robot off?
[J].PLoS One, 2018, 13(7): €0201581.

(197 HivEH A AUBEE ) & M5 WA
CNTHEBRER ) IEE SIS
[EB/OL]. (2025-05-09) [2025—07—
13]. https://www.sohu.com/a/899815
539_676545.

[20] NJEALERA: R R B AR A
ZERYET K BE[EB/OL]. (2024—03—08)
[2025-07-13].
com.cn/n1/2024/0308/c404214-4019
1368.html.

211 NJEHL& N RE AL E T %7 7
(2025)[EB/OL]. (2025—-05—21) [2025

http://kpzg.people.

23


https://tech.chinadaily.com.cn/a/202303/14/WS640fdcd8a3102ada8b233767.html
https://tech.chinadaily.com.cn/a/202303/14/WS640fdcd8a3102ada8b233767.html
https://tech.chinadaily.com.cn/a/202303/14/WS640fdcd8a3102ada8b233767.html
https://3w.huanqiu.com/a/de583b/4HvjYabf02i?agt=20
https://3w.huanqiu.com/a/de583b/4HvjYabf02i?agt=20
https://3w.huanqiu.com/a/de583b/4HvjYabf02i?agt=20
https://m.163.com/dy/article/J1HI6EOU05564TV4.html
https://m.163.com/dy/article/J1HI6EOU05564TV4.html
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://www.teslarati.com/elon-musk-teases-tesla-optimus-gen-3-capabilities-so-many-improvements/
https://doi.org/10.1038/s42256-025-01006-w
https://doi.org/10.1038/s42256-025-01006-w
https://doi.org/10.1038/s42256-025-01006-w
https://www.mmsonline.com.cn/info/323696.shtml
https://www.mmsonline.com.cn/info/323696.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://finance.sina.com.cn/tech/roll/2025-06-01/doc-ineyntrx4333236.shtml
https://doi.org/10.1038/s41598-020-77918-x
https://doi.org/10.1038/s41598-020-77918-x
https://www.figure.ai/news/helix
https://www.figure.ai/news/helix
https://www.eet-china.com/mp/a389894.html
https://www.eet-china.com/mp/a389894.html
https://www.eet-china.com/mp/a389894.html
https://www.toutiao.com/article/7511198158878327331/?wid=1749123355691
https://www.toutiao.com/article/7511198158878327331/?wid=1749123355691
https://www.toutiao.com/article/7511198158878327331/?wid=1749123355691
https://doi.org/10.1371/journal.pone.0201581
https://www.sohu.com/a/899815539_676545
https://www.sohu.com/a/899815539_676545
http://kpzg.people.com.cn/n1/2024/0308/c404214-40191368.html
http://kpzg.people.com.cn/n1/2024/0308/c404214-40191368.html
http://kpzg.people.com.cn/n1/2024/0308/c404214-40191368.html
http://kpzg.people.com.cn/n1/2024/0308/c404214-40191368.html
http://kpzg.people.com.cn/n1/2024/0308/c404214-40191368.html
http://www.kjdb.org

BHESHR 2025,43(16) .

—07-13]. http://edu.people.com.cn/ jing.gov.cn/xwdt/kcyx/xwdtscyqld/ fe3.html.
n1/2025/0521/c1006-40484406. 202411/t20241112_3939373.html. [24] 3 [ o 23R AR WAL 1 | 4 i
html. [23] 20254F BR 23 N T %% g W45 o br HFI[EB/OL]. (2024—12-31)[2025—

[22] [ Hb e BB RE ML AR A BHT [EB/OL]. (2025—05-13)[2025-07— 07-13]. https://www.aitntnews.com/
DEARTIFIEHRI[EB/OL). (2024~ 13].  https://www.vzkoo.com/read/ newDetail. html?newld=10182.
11-12)[2025—07—13]. https://kw.bei- 20250513071836b64c985cbc21421

Exploring the evolution and development of robots from automated to
autonomous to self-intelligent

FANG Bin', DU Jiatong', LIU Huaping

1. School of Artificial Intelligence, Beijing University of Posts and Telecommunication, Beijing 100876, China
2. Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China

Abstract This paper focuses on the developmental progression of robots evolving from "automation—autonomy" towards "selthood" in
technological evolution. Robots have undergone industrial automation and collaborative autonomy and are now advancing into the new
generation of embodied intelligent robots characterized by a stage of "selthood". Only with certain cognitive abilities and a sense of
intelligent boundaries can robots serve humans more effectively. The connotations of automated, autonomous, and selthood robot systems
are discussed, key technologies of robot selthood are analyzed, and the characteristics of the three different stages are compared. The
journey toward robot "selfhood" still faces challenges including technical bottlenecks, pressures from ethical and social restructuring, and
lagging legal frameworks. These challenges point to the evolutionary directions for the next decade. In terms of technological
breakthroughs, neuro—symbolic fusion architectures are emerging; deepening application scenarios carry greater humanistic significance;
the construction of embodied intelligence ecosystems is accelerating; governance mechanisms are evolving with promise; and the ultimate
significance of robot selfhood lies in expanding the boundaries of intelligence. "Selfhood" is not only a technical breakthrough in robotics
but also has profound implications for the future development relationship between robots and humans.

Keywords robot; automation; autonomy; selthood; embodied intelligence
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