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F= (Preface)

B0 A AT MRS AEZEFTEISES |- BB REERIIESEEE (Embodied Al)
EA AR NGB, IRE—EEEUIPREEEETEE2 R, BEALTEEEEER
WAEBHNRAEMS, ATESASHEREERNEXNL, RARRBEREEGRFIIE
SRECRIE.

AFMEEZAIIABEEHSEERNAER/E, WORNBRE 7 IEFERsEEE
EPEPAIR RS A Tt :

1. EREZEBEOLENN: RNETHEAR [RNESEE ], &2 HEEE)SIZE (Drive
Motor). j#iE=28 (Reducer) B2 (Lead Screw) EjHZEL (Powertrain
System), LARFE(RISEEISEETRIBEREEAEER AR,

2. EEPHREHIELAE: R ARAIKE/ NGRS ESEE, NERESEARN
EmERR (SoC), INKaERFTERSEREINZOEHIEEZ, W MPC

(HEEFEAREE]) B2 ZMP (TR .

3. BHRERGEDEEIEEE: RETERMEENHEVREMERY EtherCAT B CAN
Bus tixE, AKAS 56 BE. . miIoEEUERRE,

4. ZIERERAEBEFEE: FAEANIEERRE. BENRAIERZERRE,
TMNE@EE (RL). B=AE2E (L) RE-E=-2F (VLA) =2, RiRikS
AERANZRRIBNEMN RS,

5. Rin#ITSEERRA: BN HSARBYEHRAEHRE——FIZF

(Dexterous Hand) &FKE (Electronic Skin), B~EIRFS4E{FAOM D
MRHERE,
KA EEBAFMIVEZ, BERMEEAL HRABRBFEHERERES SRR
NEXRE, TERREHRAEEREREF, EUSWNEERRIEEEIE -

it AFMAZIEEER Al XHTERK.
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B—F: A\BHSBANCRTBRINDRSR

ANEHES ARERED, ERESENEERZNEREERE, AEREEEEREIMANESEA
MESFE, WRNEREZON [E0F4(Powertrain System) |, WEEESIREABEEIBIE, EIEHE
BENENRIRRFREIZE, ELEETEGUNRARNSRENR, SReEEGESFIREENEE
2 ETHSARETERRRONKEEEE THRELEREREYIREE, REREAZMEANE
EREHATREEFINSE—2.

1.1 HEs \ERRHELES

1
(Computing/Brain)

2 ARG » - ESRHBLA NI RAMEH (SoC) . GPU,

B ) al ;1 JEE
(NS Neran Stom) NPU , ,Ld;an,gx S (V) mAREe
SEREAE: WiFi SR, REEWRG, KRS
NSRS E

33TRREARNEI R
(Actuators/Joints)

« 55iZ (Motor):

1T ANEEs AR R E

B EEAKER RS (Computing / Brain)E{TiRIR. RAIZRHA(Sensing / Nervous System)Eg
SIRIREN, LERENEZHITREEEIEI R 4R (Actuators / Joints) IRERE(LAXES4AE1B(Structure / Limbs)
FELEE, BRE—(ASERREMMERSE. SERANRT2ERME ABRYEEISIRENYD
BEA, BR7ERESEHFERERNER.



1.2 BJNERGENITRDIR

AZUBESA
(Humanoid Robot)

. ; .

i L B Er SRTEEENRE FimE 2R
(Rotary actuator) (Linear actuator) (End actuator)
‘\ "
RS BE5E BT ]
(Reducer) (Drive motor) (Lead Screw)

2 EHZEL(Powertrain System)ZRiE~EE

Bl Ee g s BB EN [E ) B (Rotary). 4Rt (Linear)BaKis((End)EEN28 (Actuator) = A%ER,
W4 —BEENFSIE(Drive Motor). J&iEsE(Reducer)EBiEZE (Lead Screw)EAEEZ O MEH. HiBiE
WISZAMIEANES, HBRABUEZEHENRSTERSNEBENENEH, BEMIEET
MR SEREEFRAIIEENRE.

hEEEEEh a3 (Rotary actuator) 42 MR BNES (Linear actuator) KRinEBNE3(End actuator)

HiT8%/—RRMCRAER
(Actuators / Integrated Joints)

BB RERE - &
TESNBIRB BRI o

Ui BRREAR IS » BATHIER
RIESHBES ©

RENFERBEED -
g@z;mﬁ@mmm

\ | N
3 ¥@es(Actuator)~EE

EFRB AR KR A BRE S HREIESN=AEHTRAME RREIBIESBEEN=R(Rotary actuator)
EMEEEIREER, KSR (Linear actuaton)RH5AXAIELREEE) S, WHRIinEE)EE (End
actuaton)STRASARRUYIREIRIZ(ERS. BB REUIBERGT R ASRARRRIABRBEALRES
HEE SRR FRURRSRIEREERE.



1.3 vEEEH

KIS SR IE SR RASE
RVig2 2% =3 SEIRRRE (T
AR ERTT 2 IRRES : TERRS
(RV Reducer) (Cycloidal Pinwheel (Harmonic Reducer) (Planetary Reducer)

Planetary Reducer)

Crankshaft Sun Gear

/— Cycloidal Discs

Cycloidal Disc /~ Wave Generator (plug)

/~— Output Pins Flexspline

/-~ Housing

Pinwheel —

2 - \

Circular Spline

Eccentric "\ Ring Gear

Bearing

TERE > SalTE - EEEE  MEREEE - BE{CHRE > SHEEN - BME ~ [UETRE -
4 iEES(Reducer)~EE

Bl R 7 AR ABTSEEREHIR U IRIRES (Reducen)izf, FEiB#E RV iRERESHY
AR RRIES, i§EKR (Harmonic) BT EFiEES(Planetary Reducen)RUEE, SEEFIHE
FARSERAE RS, HMes ABLUAERSAEBEENER, BRRUMBANHEEMARRFEE. EEMREAL
HEs ABEIEE T E W TR BRI .

8RR IBEIER

BENEEE mEOEE LR R ks
(Frameless Torque (Coreless Motor) (Axial Flux Motor) (Radial Flux)

Motor, FTM)

QEGFUEF > IR BFEECORT 0 BHER R ERHREBEHRER BREERST ©
Rat o BN EREGER B8 > BASIREED - E > SRAOANEBAREE

L o ROMOR B AG o
5 BEENFSE(Drive Motor)/REE

BT ABUE AB RS ES B EERI BIE BIBEAERSIZE(Frameless Torque Motors)
BOEEIESERL. HEEIORSIE(Coreless Moton) (IS EIREEE, LAKREHAHLERSIE(Axial Flux Moton)g9&+H
BEE, B [MWMINA] B T AFREHEREISHNESIRE.



T E AR RIBREE IR

REREEE RITEEE PR RIS IRAR
(Ball Screw) (Roller Screw) (Trapezoidal Lead Screw)

6 EiZE8 (Lead Screw)~EE

B RESIES SIS B R ERABAINEE, ERRRERIEREERS, RRGE
EREaH. SRERHERLTS, RARKSAGMEEESRER RSN RREER I UM
EABMER ABURRET, B (Lead Screw)ZAGBIERT [IEEER)| BIRG [ERES] MRIRTA
. RIBERED. BEEHESEENTR, EZSRUT=AE: 1. iRIKEIRE(Ball Screw): BRIL
HEHB RSO NS ARFERBIEREAM, BISASRERTEIRSER, SERE B3] 85 R
B, 2. REBIBIE(Roller Screw): BRITERAZMERARNER, ERSRTRKEVNREIRGETIZ
1REE; 3. BRARAUBIRIR (Trapezoidal Screw): ER&ERAVRE, BREMRIE HBBEEBEE
BREIEEIN.

T —

= | p——
)
]-nl-ii(:_i;tﬂ —

: -_\_/“:_’/’“—:

A EE{E8h &4 (Tendon-based Control)
EERABRE > BIRKS/CFIEES -

7 ZFEEH)(Flexible Transmission)/ "= [E

BB AR ABR [5%] RINBEEEIZR R (Tendon-base System)EgSER:#T, BRIROIE:
RERPAEHNA—EBRS, SREEORREIBRER)REEEF, MiFSHEEERZEERD
B L.



1.4 gERHtERAEERSR

& ith48 (Battery Pack)
KASEEREEREEM
(Lithium-ion Battery)

FeEB& (Placement)
LEFRHRE RO LUERF B L
487 (Center of Gravity, CG)

8 RERHE(RFILR~EE

EiRiReERER R AR, Sitt4E (Battery Pack)iRFBRIESREEZEHRE (Lithium-ion
Battery), fAFIESMEELEN AR ABRANERERERTK, ERYESNRERK, BO2E
HEOFE (Center of Gravity, CG), ¥USHMETSEBNFER E, sTLUIKIEIRFHE EHEs AR
TESBTIESIFIEEN, BREENEs S S EME.

TR, BB
: (Hot-swappable Battery)

v IR 24h FREEPEE

Q)

BRDMIENE
(Power Distribution Architecture)

EBRAEENEZSNITH

o)

L72 S G\

9 BIREIE(Power Management)&24&Rn(Endurance)~E=E

EHEREA EIRE L& (Power Management and Endurance) FEERe4ERF e ARREFEIEE,
LIREINMAEEEN SR, SRS (Hot-swappable Battery):gstaHEEA BEAEIEIHRAE
FHERT, HEEHREBNED, WaEsE 24h FEENEME. ERBRDHZEE (Power

5



Distribution Architecture) 8 EH SN OB E LS H 7L,

HERRLG
BE{HE (The_rpal N!anagement)
i i i HBRahEEET
(Lightweight Materials) o

$234% (Aluminum Alloy)
| Aa%E/PEEK

10 e EAEEREE

A RIERBBER AR B (Lightweight Materials)ZRITIEMEE, AR RERERS
ANBE, ENMEFESHGEENEH, SEEEHFEEY, WAEREAZESIPIENSRR, 17|
BTY=ZEERNME, W0: HEEAluminum Alloy). #&% (Magnesium alloy). & EREXEXER
(Polyetheretherketone, PEEK), GRIEHAEERL (Thermal Management)IEE M, BHIBAE
HUERAZ, [ERSMEBE@RITSR). ERRERNEMRENENE. BHMEERSE ARITERERENE
HAEFEERE, ELUTHEELAEESN. AEEZAWSRER. RLEFEFBEE) ERESIE
EE THUREER, I BaEEeRIR. BHESEIR,

® e —

£ (Transmission)

, =L

11 ZGEETEHE

BRI —(ESCERIA TR AT RER B RENINR, BEYATEESBERE (Energy). 18

5 JBEEN(Drive). FEE{BE)(Transmission)LARE BRI (Feedback), EUERGR—AR, HEEE
AR,



BoE: EREPEEMEERIEE

EERNRGRMSANES:, ERPEEREANRER. FAERERARMEA KK 82 /)
f | B9 BT HIZRIE, RBSERIKEESRRRIERR A (A0 GPU/NPU) REZESERERANEE SRR
/NSRRI SR ERFEIRET G, SRUREIEARISEN =, EEREFEREH (MPC) BEiERz(E
PER(CPG) FUEHIERR, #asABLIEERMtIZ P IRENEEYE, BRFEUASERMEEER
AR RENHRR.

2.1 HIERGAALCER RS R

%o) Kﬂ‘éﬁ(Brain)

BESRAREERRE

o 'I\Bé(Cerebellum)
& BEBEHISEE

o o BXEEH1T(Body Execution)
BERUAIEEES)

12 MRRGHREE

EHERAENEMHERGENS, IR ATMS A RIS, ARas [BEE
REK], NEEE [HEETE ], KRESE [HTERA . BEEH LM T (Top-down)fHESEIE, 1L
ML (Bottom-up)RIRRRIEIRE, IERFIRAARMEE ARSI, BALEFIZ OB,



> PREAE

(Central Computer)

REERR
(System-on-Chip, SoC)

PREEE T

(Central Processing
Unit, CPU)

BEREET
(Graphics Processing
Unit, GPU)

FERIZE T

(Neural Processing
Unit, NPU)

13 KESER(FRER) =EE

EhFAMBANERWIPREE—F M, MRRYA—ES THEEBHENRFER (System-
on-Chip, SoC) BRZRE L. HEEREEETT (Central Processing Unit, CPU)ZIRIESE. /BERE
B35T (Graphics Processing Unit, GPU) [RIF{RE. #4RERIEE T (Neural Processing Unit, NPU) &
B Al 2, —EERES, T TFHSAREEEIANARESSE

ZAEREELAN (Multimodal Perception)

s =

L
{—i:

EEAR

DE
(Vision-Language Model, VLM)

BEARERE
(Autonomous Decision
& Planning)
ERAE
(Microphones)

14 KESERIRE =B

BHER T —AREEGRITEERR, BRAR [BA—BE—REK] rRAERE, RAMEA
ZFETLABERRRIERSRE, EEFEBSRRERA (Multimodal Perception)ER#ERESOREIRHRIT. RIGILARIE
mitELA ERYRRRAIER. AZYEESHEEY (Large Language Model, LLM)ER{REFES1EEY(Vision-Language
Model, VIM)iS%ES, EEHETHIER [Ef#0] B [HEEN], PR ETERERERIMERINR,
EREE B E it RSB TEIRE].



2.2 /NS AR ER R 2 e HE

ENEEN{EERIT

(Real-time Execution)

258/ BIRG ©
(Whole-body Dynamics Control)

7 ([5=

4

HHEIRB (Gait Planning) &
@5 (Balance Control)

1A%+ EEBE (DoF) o

15 NSRS e =S

Bfa#EA /Y] uERETEREE, WRAELARBSTERE, L 200Hz LI ERNSIEE
e, BEIIKXEEWIEES]: BIFEIEHIT (Real-time Execution), £5EH24%H (Whole-body
Dynamics Control), £rEMEZ] & FEriz4 (Gait Planning & Balance Control), LK #FEE1ERES
BB (Degrees of Freedom, DoF), LIRECRIEBERIENREISE.

2.3 BIUEHERE

MR T ERZOE IR

TRRRETE >
(Predicted Path) }L = »\

i~ (Center of
& s +  Mass)
N EPEE '

(Actual Path)
TS TR R iRl R R
(Model Predictive (Central Pattern (Zero Moment
Control, MPC) Generator, CPG) Point, ZMP)
RRIB{EHENAREL ELBHRMES o=
“REIE (%) N

16 /NEERIRE RSB



FIETNEERFEE ATEEN = K OEEE, 8 EEAIRREL ECEN RBAE B TR RIS
(Model Predictive Control, MPC), B&IEAE{THEBIIEREERIAIPHEEIZE4E8(Central Pattern
Generator, CPG), LARMERISAE ETEMESIEEE N RIEEINZEHEE, (Zero Moment Point, ZMP)

i, HEBRVRTE.

10



B=E: BRRESHARE

RTEXIERE B EEBENBRES S RERN, WASRRIRNEIRRSEE, —EREE
HIARRENIMEEREER. ARSI AR [BHEEEMEIR], 83 CANBus EtherCAT
FHERBEESEGRNARERRE. RIS, EARES 56 EREMA (£, §. in(Cloud-Edge-
Terminal) | IO BEUERIE ISR ARSI EERERERRAYIRS], BRI EimRE RIS D ERTHIE,
RREREARESERE,

3.1 XS ERERE

1)VBig

(Cerebellum)

17 B:ES (Communication System)/~E[E

Eh 2R ANARBENEE, WRFFEINHEER, SEESMRRAIIAR (Brain), EE¥E
ERBIRERY/)M (Cerebellum), LK & B TERGFIRIAES (Limbs) REIEL, ERERIESERAIEISEET
=EHsrREREE, SERBEEFIED.

11



Zone4
EHEhilmA

(Interaction Communication)

Satls
(Cloud-Edge-Terminal Architecture)

Zone2

ShapE
~» (External Connectivity)

18 BRI KERTEE

BERm AR AR [PCEAER] 2848, BAMIMDEIE: MREESHEEGBIEINERE
#fl(Internal Communication); EBZ4ER4EERAVSMEIESD (External Connectivity); &S EiRELBSIEE
LUDERSE LD EEE(Cloud-Edge-Terminal Architecture); LIREREME. SEREAEETES
RITRZ RSB (Interaction Communication), IHETE SRR ARTERERASFHLENE
AEIRER TR,

1. EEhiE

(Interaction)

2. ShEpiELE
(External Network)

& tiER
(Distributed Compute)

3. AERER

(Internal Sync)

| -
19 BEAKREENEZREN~EE

B 2R ANSRAENE, BR=XER, BFRPREH ERESEE SR SRR
E(Internal Sync); EEZEinERESLEBGEXE I EAIIMNRESE (External Network)EESEESR
(Distributed Compute); LIREEREER BREABEBRIRIEHEEN (Interaction), LHESE
BB T BRI HEE I NREN SRR,

12



3.2 AEREERFRE

FR IR RN B (BRI T T A Y BB 173 ()

E&2% % (Massive Data Flow)
W/AFEEER R B HHEHTTER(Actuators)
M EERRIZS(Sensors) BB o

#LER (Core Requirements)
AR RE AT RIEE M (High Stability) &
{RIEEH (Low Latency) 2 S RIS E T4 o

20 AEREAREE

BT AR AERENEE, BeEEmraEEn, REPRERSE TR FHHEHIT
SRRHEERAR. R/EMRRIERGEEF, RATERERDBEANEEER R (Massive Data
Flow), E#wOEK(Core Requirements)fERRW/EE [BiecElt] B2 [REEME] MEUSTETE, #
RIE<ERIGEREEHE S, (CIREBNFBEEIER.

#7 (Protocol) FEMEMA (Main Application) = %§t% (Characteristics)
BIEES « RSEERES EZER ~ 1BE
CAN #8#5% (CAN Bus) (MotorIcontrol, basic sensors) | (Widely adopted, stable)
RS.485 BTE8 845 - BEIGERE
(Rigid actuators) (Traditional, highly reliable)
SIS sl it 1= E 14 AEEL BN B 1%
EtherCAT (High-end whole-body (Extreme real-time &
coordination) synchronization)

21 FESEANETEE
Bl EEEE ANERRI =Rt O iEss B RE, CAN 484R(CAN Bus)Eiz BieE, FIKREIZEERSEE

EAIEE; RS-485 E#mnIsE, SARBIMEITES, EtherCAT BIEMBENEEES R S8R
PEEBENSHRBREN, Bx 7 SiEmnEdiEEHEXK EAAEEAL

13



RERRR—RBIR B YARNEFEhHH
(System Dev & General Data) (High-Freq Motion Capture)

l UDP %5 (UDP Protocol) I

120Hz

RIEERMBRNTRN—REERIEGS - WERMBEIEIE - XIEEIE 120Hz BOBNBS
LIEE 5 6

22 NEER = E
B R ANS R EIIMERR, cAlARE—IRTTHREERNEREIE, AR
SERDRFENEIHESEFRAE UDP {#3xE(User Datagram Protocol), LIBIRIBLIEE. =iE 120Hz NEUEE
R, WEARHEHEIE K.
3.3 EAREMEE 5G 1RimiELN

i B8 AT IR 2 R P AR

Wi-Fi #i#8 (Wi-Fi Module)

B R A (SoC) AU —AIRZE
MBISRARERA (OTA Updates) o BT (Bluetooth)
WHTTENE T App » TIRORSEE
HISRARBE MR (Real-time control

& feedback) ©

23 B EE A EE
Bl R AR EGIEERE, B8 ASBRNZBNMRRERGRE, Hbh Wi-Fi &858
REIEEmET T E(Over-the-Air, OTA)BREEEHT, B (Bluetooth)BIFIIEZFH App LABIRAE]
& EIRRE R AL

14



BRI TS 2 BN R R I iR (F

5G-Advanced: EB{EXEE (Ultra-low
Latency) & =5 (High Bandwidth)

24 5G EArEE

B EREEE AR 5G RimEIRIELE, AIBIREEERERERE(Virtual Reality, VR) E2Z#ER
HEIRBIEHIKEEA. BB 5G-Advanced FEIREFEIIESEE (High Bandwidth) EZFE(EIEE(Ultra-low

Latency)f5tt, RRERERERANEOEIRR HAREOBEMHESOERE, EMEREER
B AGER b LR TS,

34 E. . inoEESE

EiRAHE BRI >90% RUMEMALE > 10
(Cloud Brain)

RERYBGREIRD o

""’"7’?_"4

ED)

R,
WHR24EE (Dedicated Secure Network)
WRFWIRFEILSURTZ 26905818 o

WWL75)

HeS AZRE

EaNTRKA%IEH (Edge
(Terminal/Robot)

computing) 824731 o

25 DHREREE

EPRETMEANSSEEEIE [ S BN RGNS ERBER A (Cloud Brain),
GBS 90% HHEMAKESSRIIRATT FEATHEE A Terminal/Robot) AELIE IR
RRSEHEIERN T, MREBRENEBENSARLEE Dedicated Secure Network) £
Bz, RRANEMRETRS, TERRERESHIERHES L.

15



BIREKECREMZA

£ (Cloud) #A (Secure Network) ii% (Robot Hardware)

26 TmERTSE

BErRTHEA [ B k] ZA—RBNoEEUERRE, ARNENERERERERANE
im(Cloud)fAlfkas, EBBLEMRINNELRELE(Secure Network)ETRIFFEURAZIR, (HIRABAIMES ATRRE
ii(Robot Hardware)BELABSEWECEHTERS. BED TAMEXIEMRE 7 1#e8 A2 BRRIRERSRL AN EATHAE,
EEBRERERER 7 EHIBISIURE.

RRUE REBUAIBUR E S S I+ SRR AT BUEBIR

NSNNW W AN

‘ $AN (Bandwidth) &
AU\ \ BPB3{EEER (Real-time Demands)

PS8 M8 5T$ (Advanced Semiconductors) &
B XAEIE LT (High-performance Comm Tech)

27 RFBNRFHBRR AR BB R E

El e AR SR RIEBIBEFERERINIIE, BERAIRHEREBTER, &R
HEBEISEREREERERK, EREBENEEDSEF SR THEEARNIBIR, HOREEE
BERTRESRRRBAZEEETNITZHE, HERENE R BV /A NSRBI L,

16



BNE: SEERNERIEEE

HWERASEHEIEE AN S PRERE YRRGMIRIIRRENE]. FAERSARMEEAN [
HRRERA(Multimodal Perception) | %47, IHEZEABRARERZ EAINBRANMAE R, AERZFEMENE
AIBET(MU) EEARiMmiSes, MERFEREASNEREARIINE, INMRBAAIRME TRERE. K2H
EZ(LIDAR) EEERBRGA, B ARHSEREN [BR] I [BR] FERE, /REENBTEMR
BRI AR (B SRR,

4.1 NEBAREERZ

[ AR ]

(Sensing System)

J\
{ 1

ZAf83(32 (Proprioception) 4NEREEAN (Exteroception)
ABBAREE (Internal State) ShMERIRIR (External Environment)
IMU $RE (Vision)
45H%28 (Encoders) B (Tactile)
HEERIZS (Force Sensors) % (Auditory)

28 FIEEENETEE

BT EREBARIRSGHIM AL ERE, RIRSZASEEEBAINERET HIIAERS
(Proprioception), LAKIEIEIR. #. IEEIREEEREAIINDEEI(Exteroception), 1IEMEERGEIZZAYH
ENE(E, (FBEARERSERERSEEREINIEEMAVINRIRES, EERBEEEEERTREKIVER

B REET I

(Inertial measurement unit, IMU)

huisREst

(Accelerometers)

PESR R
it (Magnetometers)

29 FERRZZ HEHERREE

17



oo —

HEBJT
(Inertial Measurement Unit, IMU), E&INEEST(Accelerometer), PEiR{E(Gyroscope) B2t 15t

(Magnetometen) &R, 8 ABEIBHREZEERSE=METRIRRMREEREW. EBEERRUEA
FHNETFERE, &

BB AGFERRETE. LR ERE SRR IEERE,

PRTESASRRZ TR ETFHRIBBAOZOES, EiBAERIERAIIEER

H|HERAE 487533 (Encoder)
(Force/Torque Sensors) ERAE R B
7N ELRISE (6-Axis) PRIRYE!
BRRE2RE (Closed-loop Control)

30 AERZZISHEIEEZHREE

N

BT AN REREZ hE BEETIEREHIRRRIZE, BB RImAT7AE(6-Axis) 11/ 1RERA

£8(Force/Torque Sensors)iZRANRIILZE R EME, WiESREEINAIARIEES(Encoden)EfTRAEREEE
AIRPRFELE

l. WRERKRIECE BT EAIRIIRIZH] (Closed-loop Control) &t fEHER AREISHEEER
SN ETHINRYIREMMERIRRE, RERSEERRER S AR FRIBISREIM.

4.2 HNERRRNTT

%38 (Cameras) (.’ = I
y

| \ EXKKBE (Radar)
e. )

31 SNSRI Z B R4 (Vision Systems)~E[E

18



ElPRE S AR BRAIRRNSIRARS, FHREGIE(Cameras)ET1I88HA. 2 EE(Light
Detection and Ranging, LiDAR)Z##&#5# 3D =M, LIREXKKEFiZE(Millimeter Wave Radar)igfite
KIZRRE R ZERBERA]., EEZRASEMESHM, EHBARBERUAEEEBHAENTERR
1, RERB TSRS IR IR R T R,

AR BFRE

(Tactile Sensors / Electronic Skin)
BHERRE » BHSERMENENEN  BE
SiFEE) > BHLLIBIRS MG ©

—
P

-
AL R

(6-Axis Force/Torque Sensors)

32 HMNERRNZ BB EF B (Tactile & Electronic Skin)~=E

Bl et AFIFIE F RS (Electronic Skin) B D REAIR AT EIRISEMERA], BEBKinhEE =
AR ERGRIZS (Tactile Sensors)EXRIBNESRE, &S/ \4ERGAIES(6-Axis Force/Torque Sensors)ig
WEETEIURDAE, (FIES ARSI ASERARITRIES G, e ERNBERBRS, SHEARS
EMFTEEEENR S AR ERI OB AFREE.

BB RURIZS(Auditory Sensors)
Z 53 EMES)(Microphone Arrays)
FEHEE23(Biometric Sensors - EMG/EEG)

) BE | MAERRMEYEITEREN  S5EHEA -
RIS SBEEt (Temperature) - SEEEH(Humidity) ©
£MEE . RHEEEIERE (EMG IEE /EEGISERE])

33 HMERRR AN BE B ERIR IS A I E A (Auditory & Environmental Biometrics)~E[El

ElF:RiAeE AR, RISEAYARNGERARESN, EEZE T EES(Microphone Arrays)iE
RABENEESRE, BSIRIERRE BRI B JE N £ Y& =i (Bio-sensing Technology
/Biosensor)(#NANLE[E (Electromyography, EMG)/ B&EE[E|(Electroencephalography, EEG)), EEZ T
ROB XA F s NIRRE A RIGE R IRNRENEE D, (EEAIEEMANIIT ITREENRREREEEH
FIREE NS ERB .
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BhE: BEFHEPHMRE

EERAEIEE, HEANEREECSRRINITEIRE? FAESRNERSERERZD, &F
EER AR [FBRIERKR] BEOMNBTERZE BRREMANERBEGEN, JERTHE S
Ei#ZEe SLAM BEE EEWNSABIREREEE b FEEENERUCEBRL). BHEE(L)
DANBIERMRR-FES -BE(VLA) RE, BT AR BRBEARTSETHEEN, BLEH
BREPATIEER.

5.1 EXR S EIRIRI T

TERENZZ3HN
(From Perception to Cognition)

ZIEERARE
.||”||||.@,|W“h (Multimodal Perception Fusion)

BZOBR | TARE—R RIS BRI -
MERG : G5 TRERER & TE8/HEk -
FER : EIFERERIRRRITRAES (NMIZEY) -

N ~ o EeH
p ~ (Cognition)

34 &flEt& (Data Fusion) =&l

iR, FEHBEEMERNNERT, BENMTUIRZ I RESEASNEEER.

20



5.2 FfstpFIEE VLA =3

RB-F=-BFRE
(Vision- Language Action Model, VLA Model)

BREAESHEIESIRIRELR - MHERERRE

BEES

Motor Command)

HmFENE
(Hand Action)

'.' \\ S b “
MR
\(T actile Feedback) /
P

35 FESiBE(Hand-Brain Coordination)EitR & -E= -8 E(VLA) B REE]

EHsRiAtes AZIB R B -5 5 -8fE(Vision-Language-Action, VLAEEIERINFARE (Hand-
Brain Coordination)i=#liftfe, RAEMRAIARIRREBURERES, WEMFNITENE, EL
EBRME B RIS ISIEEMERRETRIRHEE. EREES~$T-RAI-EIEAEENEEE, 2h
NS ABEEILRIEGB M. EREEF RS ORHZERE.,

[RAaBE
. (Raw Data)
3
s
© '
©
e
= |
e
) ‘1
BFfe) (Time)

EEEIEH | HIT IMUSHETES S - TRERMAMEH -
R REREES  EREE TR RARE
_LO

B 35 miaiEEA(Fusion Algorithms) Z iR~ E

B R ARG EEIATRIRIKEREERMAT, EBFESIRIKR(Kalman Filter) BRI 8K
(Particle Filten)ZF 2 EEZL, RFREASFEimEaNAIRIAEUR (Raw Data) (FBAR) BB ATRE I FRRIRIRIE

&rll(Filtered Data)(fB#R). LURATHERERSRAEEREMRETIER, (N EEERERGNE
21



ROfSHENGRT, RERREER T RAEHERNNERERER.

5.3 =REE(EEEIEE(SLAM)

e F———

2L
]

BEWRE (Vision) BB FE (LiDAR) B o
BIIRIEHEN FRF RIS ABSNIE o

37 RtETEE A (Fusion Algorithms)Z Bl EAEa it EESE
(Simultaneous Localization and Mapping, SLAM)7=EE

Bl E R AFIE REEAEE b EREZ (Simultaneous Localization and Mapping, SLAM)$%
ETIRIBIRREEN, EHMSHBENEFENSHEEEE, HRARREESEEFRLSERE 2D
8 3D TRtE, THEIEERFERGHENEREN. EEXMTEMEANIZNEERE. BISRKRIILL
NEZEERRER, GEHEENMGINIEMRARIIER ~, REMERNRERFREN.

54 HBABE

Y&
il

B3B8 (Simulation)

3816248 (Reinforcement Learning, RL)
iBiBRE (Trialand Error) 2B REH

38 BFEE @B (Reinforcement Learning)~E[E

EiEEss AR BRUSEERRIEERAREHRIRRRE, BRASLEEIRRRRPE
BES RS EREFRE, BEHREERE (Sim-to-Rea ) SR RER ZEEEE. B
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&SR MERE IR A EERE IR MR, ERFMAMSARGSEETREE RS
BN FIHRIEAIBRRIRTE,

g skl

#B{5BE (Imitation Learning, IL)
BRRAREEBSHMARAE

JBIZIRIE (Teleoperation)
AT RSB %

39 BEBTZ#EHEE (Imitation Learning, IL)REE

TRESSAZEBRMSFERUERIBENNEEBRE, RREHAERERERE
(Teleoperation) FrE AR ECENR, EH =R AREERBIRIISE ANBNSBESRISRAEHES. B
DANSRITRASSIEHIGS, —RHAKSAZENEILSFIE. AEERSEMEIFSBUERNR
BEFER.

FHENTRAFLZ 2

diy

E IR AR (Cloud Brain) }
BTSRRI A ISR

845 [4%05) VB (Edge/ Terminal Cerebellum)
B RET -] 4

—

(Terminal Execution)

B 40 £, 8. iHZ4E(Cloud-Edge-Terminal Architecture)~EE

EHERMEA [E—ig—it] BREENERER, SR EE s a TR
(Cloud Brain), #§1BiEEAOBIER MERRA IR/ NI (Terminal Cerebellum), iSHES THRHEMEIE AL
(SEEEE, TRETESTIRBOEEREIRRA, BROARE EREDE SREaaED
B RSB E R E .
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BRNE: Kin#iTeR: BILDFEM

EFEANENEHRASEENTE, HRABRKEAMSIA. AEEIIIREEES ABITIERN
EXHIAR &EI5F (Dexterous Hand) |, BEBEGRIEENEMREAFHENZEHREEE, B
LFESEXREHECESHENTS OMEE, &S 7TAFNAENRESRFRESNME. ERE
LRSS EAIMERRET, e AL RERITUERUKR. BIFLESSENFIIBRENE, SIERMIEARE
PRt R RS LAA,

6.1 BISFORMEMHELSE

REE LB RE AR (F

<

TACTILE SENSORS

OPPOSABLE TH * )

41 EI53F (Dexterous Hand)~=HE

B+ EREISF (Dexterous Hand)ialESHAEAIBERRAIRATIZRMIGAIRIE, BEREBAEF
EBRYZ REENEEDEE (Multi-axis Joint Actuators) B2 EHUETS R RGHIZS (Fingertip Force Sensors), &&
FTERIBBEREESEA(Adaptive Gripping Algorithms), HER ABEIBEEIEENTENDE, FEABESEY)
BARTR FeRiBMRF L. ERMAMSEARSEREELIEERAELR, JUTHEMIEIE
FRRUBESRAES.

1. ByHEBHRER - 2. (SEh SRR AR — 3. RARME
(Actuators/Motors) (Transmission & Reducers ) (Sensing System )

4. EMRBRE
(Structure & Degree of Freedom, DOF )

42 BISFNAZORGTEE
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EEREBEISFRIN A OEREEEE S T, {EImAVENIERS (Actuators/Motors)igfitaEE,
LB EENGE (Transmission Mechanism)HUFSHEEIHR, LA RIREEIZRS(Sensing System)IRNEFEET
[FI88, RARHEHZEHEE (Degree of Freedom, DOF)RIHHH B8 (Skeleton) B T1ERS. EIUARSAMN
BHES, BEMFABRENSHNIE, MESEERABRFIR—RETARREINE 24N,

TR AN T

EiZ(Actuators/Motors)

AR
(Limited Space)

BEREREE
(High Response Speed)

43 BISFERNIEESR G EE

ERR T BILFEORESRS, HREL/REAMIES=EY, BT ENMESE
EEERRGAIEE. EEATHNARER MERRTHEE LIGE BERR THEIRIEES A TS
REVIRERIHVITREMAECHS, BEER R ARTFIRIR R B E R FRE.

6.2 ENDBEENEAELSE

of ge
EEEBRYES B|EmE)
(~90%)
% | N4
© o
BEhtr BRE

44 IR ESE(Coreless Motor)~ElE
Bt EREIF O EREIAH— IR EIE(Coreless Motor)gUsstgEsst:, 2 EE RIEMmENE
FHERL 90%AEEEEIRMER, WAMKIEE., SEEHEKENES, MAKEE ANTRER. SREEH
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ROYIEERE, CRELFREBRTENRERAIE, ERARBRERENEI %D,

6.3 HEMNWEERRETEFENRE

RERENNS

(Motors Placed in Forearm)

HEFHES

/ (Reduce Hand Weight)

B 45 BILFBERETREE
EhiEam AR AZ BRI B SN S ERENFEECNR AR, ERSHHREBENE,

R RECRRPTRVER, EMREAFENERENERERERNNER. EEEREYEEN

RALHNEESN, ERMELFAERTSHNERSERE. [EMHRFRRERIEFR,

o TR
(Planetary Reducer)
SN L HE

(Increase Torque)

(Worm Gear)
RfBSHAEN

46 T|IFFEEPAE(Transmission)~EEl

PRFBELFEEHEDTERNERRIBRIBENRERE, RRFEBRTERESS (Planetary
Reducen) RIBRFHMELBEZRVEMMLIHE, mERARIMELERK, ERFESIHRIEEWorm Geanig
#H(Self-locking)45it, HE(RILER ATEENERER  LITUBKHLREEHT EREIRE EMERE HINBIERISEAL
E(PAME AT IR AR N EESHERNESRIFEN.
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EtE: EREN: BFRERM

RRRBERSARRESHRE, BRARCMEMEHRLZEENFE—EHR. FEEE
EEERNTAM T MR N ARG [EFRIE(Electronic Skin, E-skin) ] #f. BRINSHEERN
RiAlER, BFRERAREESS FEY, TEHEASEERIEN=EMESE. EREE. SaFE
BRMEH], BEFREMERBERFEBEOA/), EREAMBLCREREE, BAKBERRRIRE
Az tEARE.

7.1 BFRE=BhEEE

HaR /AR
(Aluminum/Magnesium Alloy)
% /(/ 3 ,/‘
PEEK ~4 PEEK (T28%)
(Ti2Es) !
2

BaR/#as

(Aluminum/Magnesium Alloy)

B8 - BaE -« BRf - BEEX
(Benefit: High Strength, Low Load, High Energy Efficiency)

45 BILFEEWMHTEE

E+RESLFEESEMHER [SRE. Ref. S0 RETER S8 LG TERRE
RS E £ R IICERIREFEEIRFASTIE PEEK TR, SREBERERIMEHE S MERE T FH05Em8
MEREEHE, BEREZREATHRHNEREREMARE, 2EMMDAFIESEREIEERIEIEREM,

AP N 4 (Metal Tendons)

46 BISFHENRESTEE
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B RREIF AT B ERME(Metal Tendons)iEE ALENLEE(Human Tendons) Y DEIRESR,
EREEAEEERET, HESARSRIEBENESNBEEMEERESE, METEEXNT AFNET
B, BRTIERTHEZIREESBHNTIZHE. E2EMMEEEAE ABFISHE LR AR EYaE

AR O RE

Sensor Types
—e 1. B§R{EREEE (Tactile)

—e 2. H5E{8EER (Force/Torque)

. ! —————= 3. (U B{§A2E (Position)

e 4, $IR{EALZ (Vision)
47 BIZFRAIRAEE

B EREILFZREMNBISARGAIZE, EiBME (Tactile). S3%E(Force/Torque). fi&(Position)

EAER (Vision) U—BERYRRAIR SR, Hes AREBRH cBRNTHEEYIERA. EESRE RIMBHHIEM
SRABRFIEGENERE, BEMERERYE BRI ENRIEMRETHNRERR.

—

P

45 BFEE(Electronic Skin, E-skin)~E[El

o —ERHAEREEEARMINEN RS
F %4 (Flexible Electronic System) o . ;

« ERESEEE (Embodied Al) EIBtH R e
TRARERZOAEY ©

BB FIER BT —EF B (Electronic Skin, E-skin)RVAEIBEEMER, ZiinEIRRM
BT R (Flexible Electronic System)BE Fies AARRIAUMEE DR, (FHEESENTIBAXRETF. EF
EEIERBESEE(Embodied AlEEYIRHFEBAIIBIR, BHEES AHEMICEIFERIEEEAR

EIRIS B BB IRIBIR RIEE.
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BIEfE
(Electrode Layer / HEE)

JEMEINAERE (Active —
Functional Layer / {@&f&)

FME#M (Flexible
Substrate / £1#&)

46 BFRSIBERRTEE

B 2REFRBHN=EhEEERT, BBRIEEM (Flexible Substrate /SSE)GERME. &
4 IhBEE (Active Functional Layer / {ERE)RIZERER:, LAKENEE (Electrode Layer / EEE)INS
WiEH, BFRERENHTEEREUAENEN. EEBENZERSRNT, S A EmEEN
2. BAeeEt, WiEREARTEEHINRAER,

TR IMR I S AT R - (ERZ S AESE
ERAE A A HERAED o

TRERTERZ(Polyimide, PI)
BZREME (Polydimethylsiloxane, PDMS)
7K &2 (Hydrogel)

T &FE (Polyurethane, PU)

47 BFRREZMEM (Flexible Substrate) ~=HE

EhEEFREERSHEHEMSHIRME I ER, SEBAREIZ(Polyimide, Pl). B—H
B2 NR(PDMS), 7KEEHB(Hydrogel), B&EE (Polyurethane, PU)YEEBSABMUENRESYEM, &
RSB IREBaEEERY FAUMESSE, =R ARRENEEIRFIRERIF SRR ERAGHEE. B
BMEATRROARSRARELS . EAEEREAIAIRYIERTIE.
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1) 5 : nn.
%%‘Eﬂagﬂ?%%ﬁﬂf M4EHER5T (Micro-structure Design)

T &7 & 4" LusAERE:
g M
- w @ EEw(Micro-pyramids)
LA IR Pyl
- o W FHBEk(Hemispherical)
e _o_e |
e _o @
> _ & _®
. _ -
> _ o e
/ -Cb-lb.ll
e _e_ 8
& & e

48 EFREEMINEEE (Active Functional Layer)~E[E

BB~ EFEEEHINESMERFEAASSHARNOMEHS, FEBENFHER (Micro-
pyramids) BB 5k (Hemispherical B B A B TS8R ET (Micro-structure Design), &%
[ERERIEREINRBNNBAEE. EERETER 7 ASHEREHINEESE, RIHAMESSAER
TRSRHNEY,  HEa e e AT RN AR B SRR R

S EGHENY > BAASOBEEMEE
T A o

* $RZSKAR (Silver Nanowires, AgNWs)
* )% (Graphene)
* BRE K8 (Carbon Nanotubes, CNTs)

49 EBFREENEEElectrode Layer)~EE

Bl A E F R EEME (Electrode Layer) (RIS EEIRETEM RN, BBRENRZKR
(Silver Nanowires, AgNWs), A=I#(Graphene)E2iRZKE (Carbon Nanotubes, CNTs)ERITAZK
7, BEEELERRRREEHRIIER T, BHEEAHEtERmENR SEREan At EENE
BURET, RESAERESXIER. SaEEHZEREIIRREESIE.
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7.2 YIRS R RIEEA A

B2 PR (Piezoresistive)
MEAMHZEERERES AT

RERKAIRES

B7 | EFT (Capacitive)
BRIeH 2 EARRIEE » EMEERE

MBI ER ~ BRI © B2 SERE - 15
BRIERERAE AR | BREWTE(EMI)

HREE [ RER
(Optical / Vision-based Tactile)

MEBREIRRIEIBRR RS - R
RSB o

g MEAEE (Magnetic Tactile)

TR &

50 BF RS ERRETEE

B PRSP EENEABSNOIEZ OYIRERRIE, ERARAIEIER (Piezoresistive)Z
SFEERYCE4RMEE (Optical / Vision-based Tactile), 1SLoERMEHIER F 7T HES ARGNE S, F/EEE4Y
HRYEED. BBZTTYIEERRE, EFRERBREREREEN, 2P AMSEASRESERE. EME

FERIDBRERIRANERE,
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BHE—BRORA > BESHERM
* MELIE (Texture)

*BE (Temperature)

* BR ) BAEEHE f3(Pressure & Friction)

7 | MEE
—~ES (Texture)

[Multimodal |
Sensor

3 - /. : s 4 \ e
B &L: !éy SRS
(Temperature) (Pressure & Friction)
51 BFEESIERERFIEES(Multimodal Perception)~E[E
BEhiEE T ESERRRAIZE, EREAIE (Texture), BE (Temperature), BHEAEERS
(Pressure & Friction)EZ4EE &R, S1RREERES(Multimodal Sensor) & F#4as ARELARERAIYD 1

HEE. BEERENRAMSEERMSEA [BREE] i, FHECENSENARESRT, B
B et TINEN S HmaREEA LRSS HE(F.
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BiitEs

BHHEFRPRENERMBERER (Glossary)

RS gy FZ Bz
EHESEEE EEE,
5G-A 5G-Advanced 138 5G IRHBSARRATDE
STE KRR EEEE N,
RIBYIRERZ AR ERFE . B EDER
Adaptive Grippin Adaptive Grippin B 1E FEHTE
P PPINg P PPINg = AR A,
Admitt SRFR RIRTE
mittance Admittance Control N—— RIBEE EJ:tJE_’;'l’;“’UJ?K R RE T
Control BEAEGIIMNBRIE.
MARNESEME, FEFK
AgNWs Silver Nanowires ZKERER
J LTS,
FTHANRENESEL
Aluminum Alloy Aluminum Alloy tEE® zﬁHE’JE‘_iHﬁég i
N EE R A EEITIENEETEE
AP API FERRERNE .
= WP,
AR R TR RS HHAR R
Axial Flux Motor Axial Flux Motor ERRLEEIE ﬁq:%: IHEIJU i
., sEEiEREEI=A.
AR R BB I IR
Back-drivability Back-drivability REEEEN EERNEREE), RAM
TENEERIE,
EEEEAEERES, Bl
Balance Control Balance Control SfgErfst
= YN
57 A=) 3 A=) 'y
Ball Screw Ball Screw SBhRiEEE Hq{iﬁﬁ%%i}]ﬁ%ﬁ%&?@@]ﬂ’]
FmbidT, BB .
Bearin Bearin - IEeE S AR N EEEE
9 9 RO
= 5aE HE SRR HE,
Carbon Fiber Carbon Fiber TRl ﬁ_n?ﬁrﬁﬁ EE,JMT A
FY¥TIEREEE AR BEINER
HEESRUIERIOEL, 4ESE
CG Center of Gravity EW D EHERITEERE
z,
Closed-I | SN\SREE BEEET
osed-loop Closed-loop Control — A FAEIEENSR *E7f ELTJ
Control tbE, BEMEIEERZERIRHL
[SHES= SN vy = =) N
CNT Carbon Nanotub BEKE -
3 arbon Nanotubes RS K -
-|+\7k g =/\ S N
CoM Center of Mass iy }EEL%_E&EED R0
B FEEE O 2EE,L
Coreless Motor Coreless Motor IR EEIE I ORET, BEEEEE.
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SERESNE, BRARE
I5%F,
BEESWSITERRMR
CPG Central Pattern G t RIS
entral Pattern Generator T ————
’\" i <K \‘:“’
CPU Central Processing Unit OLERIRES T R AR
HEH.,
BEESHE, stRZRmEE
Cross Roller ) . e
Bearin Cross Roller Bearing R R FER 3 EIESZET %%E@ﬁ%%%/\ﬂ%
J SR,
Cycloidal Pinwheel EERE. NEBERE,
Cycloidal Pinwheel Red ARETERIRIR
Reducer ycloidal Pinwheel Reducer | B4R ETHmIHIERES 22 F S A A S
Sz EREIEEALLES
Data Fusion Data Fusion BrEs RS RS ARRRGHLU
EREEIRER AR,
Digital Twin Digital Twin Bt CERERLR AR B
J J - 5 Ao —BHEIAEISEY,
ﬁ\* Paxi =]
DoF Degrees of Freedom HHE ;EL%%%AF?EEDEI%#HH
NEE REMENEEE
ZMEFRSE, HFHIEA
E-skin Electronic Skin BEFEE
| > = EREEEEE,
?@%-ﬁ%’féﬂ’ﬂ@%%ﬁﬁﬁ
E-Sto Emergency Sto Z2E=1E
P gency >t BRI,
&%m;ﬁ%ii@ﬁ, LB
Filtered Data Filtered Data BREER
EBREEEIR.
) ) ) ) . (E R EEURETa I AR T
Fine-tuning Fine-tuning (EE .
ETRE LIBRIFEERS
Floxible BfE—eEtnE hEER
. Flexible Transmission FEE N, BEIRRBATERE
Transmission .
EMEA Failure Mode & Effects | LR EARNE | TERIE M o sEtiFEEE 0 E TG
Analysis ot HEZNRRUAZE.
CXIBAE0 058, FTEMEEA
Forward Dynamics | Forward Dynami Nzl
orward Dynamics | Forward Dynamics =] FE———
= ——— -
Foundation Model | Foundation Model HiiRny ’{Egﬁjfljﬁ%jjmjﬁﬁﬁ
a5/l srETEy
FEREIA S A\EARREME
FSM Finite State Machine BRARRE ARRE(GNuSSZ, 177, #=MF)
TIHRAEESEIREY,
FTM Frameless Torque Motor EAEDEBE WINERET, EREEES
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EREN SIS, BERIXRE
E.

Ii

Gait Planning

Gait Planning

HRIBRHET SRR AT RERS
PR, SEEHE .

GPU

Graphics Processing Unit

SR RIER R EMAYEIEE
jTEO

Graphene

Graphene

AEME

BEmEEEMEREN
HERTEL

GRF

Ground Reaction Force

WERAERD

WE R EZBEERN,
R ISEEBERIEN IR,

Hand-Brain

Coordination

Hand-Brain Coordination

FHKiHE

RREEHITEENEER
=, BEBRIREES.

Harmonic Reducer

Harmonic Reducer

RO B

BREE. SRERSTE,
ELEINTGE NN

Hot-swappable
Battery

Hot-swappable Battery

FEABIRTEIRE, R
24 INKSAEEESF,

Hydrogel

Hydrogel

KRR

BfEEakENREH,
FRRIR R YDAR AR,

LiDAR

Light Detection and
Ranging

—ERGAITAT, TEESHIRTh
£, NRZERIECOETIR
EAE, WA
HIZRtE Bz EERAERY
A,

Imitation Learning

RIFEE

EiRE AR FEUR,
MR ARREEANBIE
B0,

Impedance Control

Impedance Control

BEHUAE=

e A BRIRISE BT
[AitE] B2 [fERel &R,

IMU

Inertial Measurement Unit

ag —

1BMRIEETT

BOINEER EERES,
RERIREE =S B PRI B
8.

Inference

Inference

HEE

{EFRRIIARIFRT Al HEEUZRE,
1T AR IRATIBIE,

Integrated Joint

Integrated Joint

—RS{LRRRD

ASFEIE. IMiE=R. AmibasEd
RN BB S RE—EEN

=

aXaloe

Inverse Dynamics

Inverse Dynamics

HEHE

EMBEREME, FTERSEE
PRty 0RE.
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AR SR B R w5

Jacobian Matrix Jacobian Matrix HERTEEREE T
Jtter Jitter 15 IEIEIRR EI AR EIKED,
SR EMSEAEHRE.
REEMANEAF, HE
Kalman Filter Kalman Filter FHREEK ABEEENRBNEXES
%o
Latency Latency — ERAEES H R E I TZ
BIRRSRE,
Lead Screw Lead Screw LY AIEEIRA BB AL
HIEBSRAR L,
R NIRRT
LLM Large Language Model ABGESRE B, FEEEEFETTER
2.
tLEEER S EEE, AR
Magnesium Alloy | Magnesium Alloy =)0 T
Metal Tendons Metal Tendons SERAE ST R AIHEER
SRS EARE,
Micro-structure Micro-structure Design A FERGAIE R T BRI F4&
Design B, RAEEEE,
FERIZRAREN LB ENRE,
MPC Model Predictive Control | t#&BYFE 4] ERHE AT ERZOER
%o
MTBF Mean  Time  Between | EISH[ERIRE | GEMSATRENZROE
Failures A =
Multi-axis Joint Multi-axis Joint Actuator SRR @RS d@ﬂ%}%ﬂiﬂ%ﬂiﬁé@]ﬁﬁﬂ’%ﬁ
Actuator FEENTT.
Multi-modal e ERRKIIREHR. B 8
perception Multi-modal Perception SZIERERAN T
NPU Neural Processing Unit AR ERIHEE T ?;E Al IERERRBLRE
_ . BB AR IR TERES R
OTA Over-the-Air HhTRE; -
BOFA#T
Particle Filter Particle Filter RIFIRR SR (EERAVRRAAEEE
IHRERBRIGEEEE.
YA M BB IEES
Payload Payload BHaH fﬁiggg;ﬁ;gﬁﬂ?
PDMS Polydimethylsiloxane ROREWER | TERUWER, BEEEE

36




A9 O3 #L

—ERE TR, AR

PEEK Polyetheretherketone ERBATAER TRE KBS AB B i
E.
BEEEmAENREY, B
Pl Polyimide BRERTofR
Y FEETRSEN .
SEEE. EHFRE, BB
Planetary Reducer | Planetary Reducer 1TERIERES FRIRFH B S IZ RV E) H HH
], +2
& T AT S BT A\ 1 ZS
Power Distribution | Power Distribution EBES Hv%,jgﬁé%l BAREES
SHITESAVEEE .
BB HENREY, B
PU Polyurethane R
Y " R BT |
RS BIEE R RRE
QDD Quasi-Direct Drive EEIEEE tt, BEEERIREEEEIE
EERRE,
RORlssEEAEN. REBRE
Raw Data Raw Data [RIaEHR
v " " S ERIBAIRA R,
Reachable B ARG TRESREH
Reachable Workspace ahET{EZ
Workspace P = - REBRRTBRIZ RS,
Real-time R BELARBRE LR (ZF0AR)
Real-ti E ti 5 17
Execution eal-time Execution WEBFT | s Tammirems |
BRRETEE, WS n¥
RFM Radial Flux Motor B EEIE
EEE | mama .
B AR EERIEIERE
RL Reinforcement Learning BrEE A2 E REMERIRIIR
# .
RLHE Reinforcement  Learning | £ AEREIRER | BB AZERIFHERENL Al
from Human Feedback R BNiITEER.
TEAE N SR, BEEEN
Roller Screw Roller Screw R SRS
T %, FREENGEEE .
BiEEE D, EEERR
RV Reducer Rotary Vector Reducer RV j@i%zs Aﬁng@kjjﬁl_%ﬂgﬁﬁﬁ
Hkes ARIKERED .
EMtEHEEFERNTIEA
SDK Software Development Kit | ExB2RI3sEMH & FRFEMEE AERRE
=X
EE \igﬁiﬁ N L Be W ——
SEA Series Elastic Actuator SRR R E 2 E%Z ML
BB

%, BEREBETER R

37




TE.

HREEEEERR MEE

Self-locki Self-locki B
elf-locking elf-locking [—
W S THASETESREA9504
SIL Safety Integrity Level RETRMER ;iﬁé dal
BRSBTS —(E
=SEE e S5 b IE
Sim-to-Real Sim-to-Real RIREER anEE%EME’?ﬁk& -
15, RHigssEE s
EFER Al HERL,
sinqular M AL ERE S ESRE
g. ‘ Singular Configuration FERAE PRRRARRE, BEE L
Configuration
.
TIEHEE N2 B EEEIRM
Skeleton Skeleton 5 S =
: BN B AEAEIESE |
25 I=§=1 E.,u:
Simultaneous Localization | @& EfIEAHE[E Dﬁ%g&kﬁﬁijﬁ%*?)
SLAM ) BEMEER B EMA
and Mapping i3 L
=7 .
B4 CPU, GPU, NPU &
SZrERERNE—RR, i
SoC System-on-Chi RRERR
Y P = T8 A A BB EI B
+1
BERE. HERENEE
TCO Total Cost of Ownershi HEREER A
Wnersiip FEMN IR AT,
Tendon-based BRIRAEIE, SRGEE
Tendon-based System B EE RS
System d IEENLAURESCKRIRE S
Th I BES RS EEE R EE
erma Thermal Management HEIE BB /&_sz s
Management PrLEHIBEMELE |
VAN AI
Tokenization Tokenization EERIEd ARG SRR A
IEARRYER/NEE(3i(Token),
) EmEYIBLIRT, SHek
Trajectory ) o sy
. Trajectory Optimization MBI FRRHREE R RIEER
Optimization .
Bai LLM BERZEE, &
Transformer Transformer EREIERE
REERFYIEUER.
T o EEHRE I EEEE
ransm|?S|on Transmission Mechanism (EEEpiE RS %L,@JH_G%' =B
Mechanism U EATEMERTS
T idal SiEfSE. BEEERNE
rapezoica Trapezoidal Lead Screw FBIARGSUIEIRIE TBRSEL SfmREAT

Screw

EREERENRISIZE |

38




—EEnEmihe, BfR

UDP User Datagram Protocol {fﬁﬁ%%ﬂ@ﬁ% SEETE, EARRRRDASENF
= FEREREH
VLA Vision-Language-Action RE-ES-8F E?%ﬂ%?%%ﬁiﬁ%%‘?ﬁ%ﬁ%ﬁ
(it BHEE AIEHIESHUREL |
HERBEESEN, B
VLM Vision-Language Model HREESIRE BABIERERRIERAE
AR . +1
Whole-body Dynamics N EREEEE L. BERER
Wee Control ESENFEN | ) peme swien .
EEEHEME, HRETER
Worm Gear Worm Gear IEERIAE FHEERF LR IEEY
T
FEREE A KB OTEER
ZMP Zero Moment Point THa2L EXEHEN, BRlEfEn

Hiw o, +1

39




