BSHE 2% A % 5 #H R KK =R Vol. 2, No. 5
2026 £ 5 A Journal of science and technology exploration May. 2026

KRR e NTEHLS AF R EE B ERERBARREH
VS ADAELT ik

BREE
CEORVEIEEE TR, HoRiuiy M 1k 81310)

OB MAEAIFRARGRZ AR, KEALEARETHM. $ESZE. PIRIEREAL R LT @/EILH
RERY, AWBARZKK “ARA QAL Gh BRI RAR” RETHGHREM. ATWIBAEDFR
FEERBNERRE TG, BERAZHFERALTFEORY, EFEMNE, 2RSS, EFEAE L EKHE
EGFPREESARRANR. R, HRAHUMEARRETF AR P 695 LM, LRE5FAX. BHF L
52 TERETAMALETE, EAFRLHHE, BRHTHNAERAE K. AT, ALAZRBEARKEA
FHMBAFRLELE A LREGXMEPE, FAMTAREALESESRIakd, EXEM, EBRN, E557.
Rk A R G AT A PATF GG AAALE], R —Fd o TREGERBREMN, Ft—FRFL=WRE. £t
ERAR, TRRLEEARBA Y AH T FAEGE. FARTINA, KEBRAEALIE AL LTRGBS AET
M SRS RF—iE L F—fe iR S AR —PAT R G9HI Rk R, RlETET 2 RAH . HFHR% 5
REERRAZATREESTHER., ALHFRTHAAHBMNEAFZ LS A SHMKER %I RELE,
R KR, ATMMEA; $HREREL; ALK, EHAX; A=WE; TR%d

DOIl: https://doi.org/10. 65196/zxmm8035

1 515

A, NIENLAS NIZHT SOy e Bk e fliE - 5 N T Rk se 4 I B 25 ). AR ARS8 Tl
PLERAN, NIBHLES N BEEIE NSRS s 85 5L RS, REIE I NS 52 e, B
FALARE N SR PAT ARSI T BEE mPEREARORSN . ozl BRI LK AR
BRI, NEHLA AERRATE . ST, JURERAESEJT IS 235 R, B0 NSkl
ERENUE RPN B o BRI, AESEBRRIA R, AJEALES AL HR A& e iEsh i hl gt
71, EHREAR RSP R B RIS PME, T e H S RS S S
AHENE TR

RGN N R R Z MBI A FRARS P NS 22 SRR, A AR B3
R i, ShRZEEESSIERAE 1. RSB R AR B S RIERGHEMMER, RERY
HOUT AR BRIk BEAh, NEHLES NAE S NS B R R i i = 2R S . 185
WO LA LV RAE SR A PR, 545 G A LLSEIL = KT (K AHL B ] -

KIERIBAR K RO NE e R R T RIS KRR KRS H. ERIR
fili & S omIERLRE /7, AIAE BORIE 5 A0 H. AR Rl 5 B AR 55 R T B A FH e 7T 50
W SINKEER,  NTEHLE AT LU B 2808 5 15 2 F AN T BTSSR ESAT IR 3h &
PERE SRS, LI SE R NSRS S kRE ™ . SULFIRS, SRS KRR A A . 155
SR R 5E A5 B, LA N B SR A B RE 7y, IR T HAE TS0 = i B bk

JUE R RENL 2 N AT R AT, (EHR TRl St s, 55, KBRHER I
FRPIEAER, SPLE NEI R R s R, KRG A AT ENES “LI5E” X
K, FIRESERIRIAG B NBHLS AW Lo B RIS E 5 5 124K, B 5 HEREY)
B Z ARSI b, ML AN AR B R R A B0oR, HEME TR, i

&R B8 (19915 , J, W5, SFRrmoy N LR G, RS, TRt
BREE: 28

—7— https://www.gfpress.org



2 5 #%H R B K
Journal of science and technology exploration
UE FTIBSI A E AL
T ERE S, ACHESE CORBRIREENEISE NEREC TS 3 ERE” BITIHIL, feth—
T R GAEOR I, GG MR 3 5 70 b HeVs R A2 5 Rk, AR NS N B et T+ 4
RMEZE,

2 RERRENEHLS NE R E S B ERFEHIHE AT
2.1 REEBIBE N RHE S LA A TR LA

RAERIAE F IRAE 5 A PSS R, O AE TR A0 SO b SO 5 A o PE
REST. BB SR P0R, KBRS B AR R I8 5 RIZFFAERA A ZEET IR R E. H
I, KA S BGR N RR & SHEBERE T, TSR Z WA U (RS 0 T 58 A 35 FLRI A5 R 552
FFo IXEEREST 5 NIEHLER NAETT A5 A 108 RE 75 K e BE VLI -

MATEHLES N RS TR ARG, HA LRSI By MBI i B R0
5 ME daahiEfl PAT RS R LW ARG NAAE R A v, R I S
H i, SBUS EALBACRIR. B CRIERE S5, MLURBUBARE R . KR REW fE1E U=
H#AZIEES, SN ARIE S IMESFAIS, AT RE MG — 520N

BeAk, KARLEA —E R IR AR 5EIRHEBLRE ), AT LS N B 51 5 O0F AR AR
GHATEIHMG . BIIERERS ST, Plas N3] “HRER PR fBon, HEAMPEY
S BRERAE S R AR, AT P ARYE SR A Eh S R . RBRE MR R T
55 T RENS SR AL R A HE R ST R o

SRTT, KA RE AR [ THLES AT HAT RE Ao W& AT 75 20K i 2 18 SO Wi 24
JFi a4, XIS SER RIS A R, R 2R A B (R B A
SEILTE AR5 Y B 1 A R T

2.2 ZEFZEKE AL

NIEHUEE NAE TSI hiz T, HEMBZMAAUEE, BHRNERE. HERA . SORE
L FELLE FEfb i ZHESLE KA TSI RS E BT S5s, Blg—
RN . AR E ARG 7R 2 B PHE BE PR, (B R AR IT 0% 5 M A7 AE T X
B 5ERA 0,

E2L SN SV RS IRCINE 2L ES kS  Ni0) (27 S BUpNS L3 g eSS T [
RS KRR RIS AE AL B 518 5 L A S8 SCRST, SEBLE BB R . R0 S stiliid 5154
XFF. B, HHLES NIRRT EAA T S, SRS EA ] DR IX LS B
WoNiE Xk, ISR SRS BAE S R ZHLHIRES 525 e THILES A X4 5t i LA
WS HHRE.

FETRESEI T, SRS HERAE =KE: £ REMERS, B0, 5. s
IR BRSNS R 3 T ORIE R A, R RS A B B SR SRR
JRRE, K SCRAR SE R AT N SRNg . RRE  BAE R SUR SRR SRR, TR Z AT
i BRI G AL A B 5 5 SE b B B

ERERERE, SHESME IR RAIRE RSN, 1M 2 SEU ) A0 5 A a0 5. il
PLEs MBI SRR E 2R E, R EEESU S A 5w BT, REGL UK IE & 15
REWSE B Arghg, Frdt— D RMRIIEEIE . X ER BB A MR 18 LR RRE ), 07 A
#ARAE IR S S [ R g
2.3 BHEREHES RS RRIDLE]

H ik H e NEALE N SEBLE MRS AT SR8 . A& GobLas AU 735 18 R H B AR R
AT B AL A 2T SR, 3l T AR AR ST B R A S5 iR (EUE AR 0757 T I 2 H AR
ZARES . KRMEEISR ARG SRS HANZ DR, IFE R A A 55 0 e 51, AT
"I IEIRE

KA R EE AT 55 RN UG IE A RSB, TS . RESAR . S5
AR PATIHRIE S RBURAE. BRI S, HUE AR R4, KA E e B R, K
RN N HAR S 20 bR 3 T A ERAE AR5 003R, TR BIRFHY . A5G

—8— https://www.gfpress.org



2 5 #%H R B K
Journal of science and technology exploration
B RGE B AWT T BATYE, IR AT AT S E TR PAT IR, LA AR R S e AT
FERERE, L AU, R ) B R I U R SR
KRR AL T RIS SZARE . RO X AR I Zhid BT 45, KRR AL Al il
S E A G ED IR (HHEALE T 5k Z B AT YRR,  TT AR AR SO HALAR N B TG L
THRI, R RR SN AR S AT I UENL ], DR CR 4 SR 1) 22 A S AT AT

2.4 R “KJ58” K& R4 % 3

KRR R HE R P A AE “ 007 DL, Bl G DS BESEPRAR iR 15 2. AENLAS AR
girf, K)o RS AT RE LA R BRI RBUER A . BanbLas NRPIIRETE . BRI fE RS Y
Bl AN G B E T A, #RTTRE SR 2 A Fii . TR, AR AL RE ML RS N a6 2005 37 22 4 T L)
2 A ) BRI = AN B A A RS, B e 9 R A AR R R ) A
B TRAT AR, BN A RS NPT A B =R TR IEIVE, B Tie oK
HREMER TS, it TEWEZ R TR, BRERNZAR. ATEHEERIE, 170y
SEFYIELINE
RIS, Mg N RGIEW KB 2 e SRR . EXRERS ARSI, Hlas ATRER 4
REHPFHHE, HRZEARIPIE], Kol ). Fik, KREAGEHLES NI EA
R, B R PR SR B B SR

3 KA N8 AN REXH 5 B E RFHSEBR I
3.1 BMAZMIBT BB

e RBERBE VRIS NTEHLA ARG K, ASCIR E — M A B fEAC B 5 B E RN
BORZM, Hozet B2 seBl “ B —B i — AR — 3T — Bt KPR RS0, MR 2R
BOH A, RHLas ARG NERE . E SRR ESMRE . IUTIERIE S 2ain iR,
F B 7 P R SR BT R IR AL .

AR RBEAE T KRB Dy B8 SCHERE SRS AR O, [RI (R B AL G ) 3
RAEARIZ B a1 ] A SE PEOL S, TR “ )2 B BEHIRZ REOE ™ AP IR 2. S 2R g 5 38t S
AR B3 R Z HE 4R A R RS, JFR T RGBT R

3.2 ZHBBI S FEAEBR

TSIV LIRAPNEL ) 2N AR T P - % i o, O N e = O N TV S VA A St TSI
ML R ANE T RGB-D 88k WOLTIASEIRBOAGFE S, KB HARGI, 15 X Hl s =i E .
TEE AR TUEH R S A EE AL, AN BIR it N JEIE . 28] 5E ARSI SLAM 5%k
F B FE AL NALE o il i ) ot RS B I 7 A TR 45 i e B A SR b 5 2, T
IS HR AT B 52

FERBRIRBERESE T, RN JZ B 48 RNV GEI B AR I 5 AR5 2, 1B/ A K
X sE . BN < B AN LA T, AT 30 EORAL” o XA IE S H RETS
SELPH SRR R 1 5 PR 45 A, AR AT SRR

BeAh, PR AR E A AR L. NENLS AE R RIS I ITR, IR a A
Wiett, IR piresl. G HELE AT AT Hl. RGN RN TR L Z5 K aReiZ,
PSP RREEAL B 5 RKRIME S AT

3.3 1B RS B AR

SRR R E AT A RE S M. IR XHEE RS 2R M E . KA
WR R OAE R, B IERE B SCE IR UE B AR S B RS, IR A LRI . 40
R R “HEM TR, ARG EEW T BN EAR B R, IR SRR E M T
frE, HARSER.

A A AR RAMY T BB A, R B B RS Bl L N TCIESAT S
i, B2 i A e BRI R . XS HLRE I REE AR TT F ARG, Rk iR
BRAE R

SRR I N B T B0R S S R TT. RS, Hlas NG ZH A RS

—9— https://www.gfpress.org



2 5 #%H R B K

Journal of science and technology exploration
RS, JFAEREA RN, BAERZEARZH ERRZG, EERMANIE b BA
HEMME.

3.4 HEFHRE B ERFAHER

55 FURIZ A2 R BE ATEHLER N B 1SR OGHE . I HUE P H AR N AT HAT IR AE:
S, A GRS P A BE J) A RS o 55 BRI L e R BRI SR Z R R 4
2 R R SE R RS A ARE MR AR SRS e R, R AR R I
PR 5 BRI A

R, NI “CRSATER A FL, 6 R A A T RIEAT SRR . B R R A R
“HRAGEM T, FITTKAE” . RATAIEHLE NS RAITIHKFERIRE 1. A7 75 AT
BRAZAE B AT . ATPAT MEAS B RDE I I (5 AR IR BSR A E SRR ARSI, AT SR T PR ST S
‘ri [11] .

BEAk,  H F RS A L U SR BUR B RE . AT IR T IR R AL, W H AR
VR BRI S, RGNV PR E A . Y T DR T S A AR ORI, TR A R R
DU 7 i PR g 7 5 A 1 1 o

3.5 fTAPT 5B shfE R

PAT I JE A TTR R 25 R A AN NS R, BFE2AEH]. s K5 5iEs)
OB ERER . NENLEs NigshiEhl A & H HE . BG5S BRI 4R F SEit 4%
WL, WA OS] . 4= B 48] (Whole—Body Control) 5 Jj%E 44 %M .

KEAGEE AN EES 52, Ml “sifEsE” 8“7 %87 5625 H..
Bilanf s & B E 55 HARF IR T, $501 )2 WARYE 2 1F 2V A AR R K1) 5 AT 42 i By
AR AR HIAE S . X P TT RS IR B RGeS e SRR E M, FFRRAR B AN 2 1471 ok
E,(J}Xu}ﬁhz]o

EPATIS R, 6B TR B RS M AR R BPIRSE R, S ElIEN. 7% F 530
AR, RGHE B RPLE MWL RE R, DUE RS AT HEE S F R

3.6 ZE&REEAELRER

2R B KR RENL 88 N R G T SR AL B 73 o 2 E B E B, 1T
2R RS PPAL S SRS R 2 sh . TR s e, Wi AR, os EY e T A,
RGN E M IIBR S Z e fE, R KRR A R E L.

G LIRHLEI T LR 2 SR A e 58—, TR 2 &L, gt byl At ek X
Wy S, TR S TN, JEIE A ST PGS AR =, BT EIRAE, X R XU
THRUBEAT LIS 5500, A SRMTE NS, fERBERAA T SIANSEHIN . BT 2 RAH, W&
ERT R G

BeAh, A BIE TR R B L e SRR, SRR SR, BGREWE S AT 8RR
a5 U7 ], B RSO . LS NSRS AR A H Sl S AT IB AL B R A,
LA L I [ e 0 5 67 i R 1Ak AR 43¢

4 H=hFEE TR E B A
4.1 A= FERBEM GBS

RS HE L W 75 ZOR R S BTUE, AN TEN LSS AR SZ IR TARRR . DR Sk, 3L
SEAARH AR B MR . DL, 382 PR SO R BN LS NV K R B R B 42 1A=
B A BB =R AR AR R KR A SRR S G R R DR Ry
A 2 R HEEE

FEFBEMR S5 BN SRS e, i KA RS SR O B omHEPRRE /), (HMZXGEIR 54 % 4
AR s AE TGN SR ER =T, B TREARE, I HIE &R LS miil
F, WRSERTES TN SRS, 1L E U R OAE TARGEAE 55 S 75 SR 5 Bt Uk ik
PEAE BB

SEAh, AR R4 5 AR BORBE ISR KR R e e R B B, (EHLEE NAE A SRl A2

— 10— https://www.gfpress.org



A % 5 & R K =R

Journal of science and technology exploration
HE5R%R T, mum 5T R S AR R . X RN TREMEAE TR RE S A 2 B HAS 1T
4.2 SERHEHIZ R SHBEER R

NIEHLES NAZ ] R 0SS PEESR M e, JE AR D A S ol P eh, Pl o SR A 75 22
RPN, KRR ER AR Q20 EE0%, ML ERIRA G . ik, KRS
P RS ACR A S0 FINL . OB G0 50 2 RS SRR, 43 R 48 0 S s AT SR E R
o

NFERAERER, PR BV sEms . 55—, KA EL ., SRS RN 25T i
SRR BB, R GAF IR AR S5 IR, B/ R HERE, 55 =, RAIH BUfERL,
K EREFIRD AZA/NMEBDP I, SN, MABGEA B f R, @EX8sInE, "
FE—ERERE b EALES N SER R R

BeAh,  BENZSCIF RS L. LA N AL T B AT B RRAS I, RALSE AT 2 R 4t
¥y 2c A SR, T S A KA RSB 45 R
4.3 B¥E AP HHpaEE SN

NP NAE S iz AT 7 B KRS, B, 155, 183, v )it 51
55 HE . XEEHE R RYFFEE ] SR B E B . I R B AL, g AT LR A
ITE R e KRR, IF T 5 SR Rl 5 R R B

FREES B £ B ARAE L 5] 5 A2 S PI R . AR S AT AEAR S5 3T vl ad Al 27 5T B
B W 2 T OB R ARG, PR DG NE s B ST N SR T BRI R KRR B T, BRI R
WERE. AR AR R A RS 5 2 AU e, FFEsh ST AU L™ M B IR B, RS
BEAACALEE . BUR R 5 2 A i

SEAh, RS RARE SRR, K ARSI RIGRG S e NS ik, DA
SCHRFRBEARHERE 5 R 250 5] N RERS SETHILAS N TR SR MIAG E Ik 5 P ek

5 BN R E R HBEABT A
5.1 FREMIEERIEE IR

FER MG I, NEHE N3, fos . RS EA . Mg TIWAUE,
NIEHLER N BESTERCILA T AR, T KB SOG4 28, FF BT Ta BEXUE R 8l 5 W F- A
MIAEST . KB AE AT AL N B T 2454 AshlREC D IR, I ERF 0L T AT %

BIANEREICAT S5, WA N TR RN AR, B IC U AT RE AR . RS T AR
P T M A AP B8, JFAS S R S R W A DL ECs 00, AT SEBIERAEA . 5 UE[A
I, BN E AL, TARH ARES SIS N ERIES, BIRmEII, e 2ee.

SR, GRS S SRR EOR s, HLEs N AR & Rk e AL 5 R Re 7), IRl
AN R Bk, KBRS R ATE R R I, JF 5 Tk sl RGRERE K

5.2 FKERFSEEBRITGR

FREM S e NEHLas N BTN It 22—, ARG EL. Yidhidis. REm Op S (g
RRMEINAE . KBTI RERE RS B 2 SR T L8 NS H F AR, L REWS B B R K218 AT 2 2
£ Bl B “ FERIT L DRI MoK HLEs AT BT 55 & I LRIPAT I -

FEREBRTR T, NEPE AT ZFE NSRS (@ RIR IR S 5 ORI SS . KR fE
BEARGEXS UG FIWT P oK, S S B R W s 0L, P s iR Bk E . shah, A
AR T BB 547 R0 T, SR A fRbiRE A
EXRBESFW R RS, MREASEGR SR EEE S, Db U 57 ™ 4% (1 s 22 4
Blle R, Hlas AAES 2 N8l LS B D6 Z0RA ORAT N mT 4%, 8 G R ) S B XU

5.3 AR EETHTHR

FER BB, NEHLE AT T2 5, A3k 5 bl 5 B 44 S 400
BlUnfENL . BERBEBESS KT, HLas NSt st n 2. BReda ol SE R Emss . KA REhs
SCRFEE R R EARE B A, JFIE R kR R Y S SE I AE B ST

— 11— https://www.gfpress.org



2 5 #%H R B K

Journal of science and technology exploration
FESE T IAG o, NS N AT HE SR AR BE R XA TR N, &5 5 W00 VR 1) 15 A [ 2500 4 W 4%
FARAS o SRR AT AR 1A A 55 A B e R SRR i, JRAE RIS B B 3l AR iy . AR EE
fEgRRHLEE N, NTENLEE N B A R P& BN SRR ), ATHATIRT] . $&4%l #bs T
HAEE5Y,

BALG R ANELE, Hlds N JUR A& & SE R IRERE 5 22 e fehilae ), RN &2 & Atk

R ERTRGE, B IR SR R S BN A KUK

5.4 NMNAKREERIELTR

JSE SRR e NTEHL a8 N EE L (B B A 72 KR MU B XESE R F B, NJEHL4s
N RER N L NS R PAT 0152 . oS . iR S5 AR arRIAE 55 . R Y IR Ak AR 0% (AL 4%
NAER ZA B B ROR TR 2 I s RT3 A2, 1R B B

ERER S, Plas N ZA B m A e YEA ST, W38 . HORAUR SiE s bl KR
U] S5 2 RS RN L IO SRR SO A, JF I I S B W iR AT B S . [FIR, HLEs A AT
KBS SRERN RIME, LI BIRE 5SS

SR, BRI ot SE M T SRV EORM R, AR TR SRR AR T RE S BUE KB, Bk, K
PR IR RE AR N AL TR = U WU, IFAESCBE SR SRR 51 A ASRI B A

6 RS R RES ST
6.1 TiRBEER: MBS HEHEBYEIATHISE

SR B s KHERERE /7, (H S AW DO 5 B SR (GR0E, MU IR AL v 2
AHATIIE . NIEHLE APATI sl 1122 Q0. SERHE ] SIS ATE M, R 2 “iE X
—ZNAE” WAL ARORAIE FERINGRIE TAT M BCREFE 5 9l 2 ST () 28R, KR A o
HH B e b 9 mT 96 IE R B 1 S0

I, 22 AR IR R 22 S RO KR R HE B A I o L D R332 T 5 o 22 7T e 5 ML
FWAPAT R I, & E 5 B S tE, I SR S HERL A B R 2 B LA o

6.2 TEPER: H . BERERELR

NIEHLEE NP AR AL 25055 FE AT AR 5 BEFE PR ] o R HE T 55 22 v 5 05 P S A7 il B
A S A B WA S D RE . AROR T BB R AU I GRS B RS RO S
BEAZHESER, DISIRRATE . RN, 2120 E 50 & 2R e M2 SRR, RS9
Do ORIF R AR RERE )

6.3 BE&HE: THENFEIERE

KB Y AR AN R 15 K0 58 KU AL e N 22 4 BT RO OBk . AROR 75 R e T I LA A
ARG X 59, R AT & LN S1E B2 R [N, 5 2@ plas NMAT N T
SIEEHHLE], BRSO RE TR AdS. AT

FEAL SR PR, ML AN R TRY . Bl 2 e SAe PTG, RN E S hr e 5
R HEBIP LA AR JE

6.4 RE#EY: EHERESHEHE

RARNICH G N s A GEAE AR B . B 2L A RS mm AR AL =, HLEs
NWSEBAESS o T8RS, e BARRCE . RN, 88 AR HERK oA s 7 vy, BRALES
NR BB FOERRE S, FIAEAN FUESS s Dol B RR S 2] o KRR Dyl F B RE TR, K AE
Hrp R0 .

(37

ASCHIGE O RBERIRBE N TENL 3 N RERZ LS B B R RITWITT, oM 17 RBARAE TS (3
fif . ZRSRE . ARSI S RS RO TR RE IS, JF 52 T A AR i S AR SR SEH
WHFLERE, KERIREE AL as NSRBLE REAC B 5 H BRI SBEAE TR “ BRI —iE X
BRE—AT 55 R — AT s — AL " RIPIRAMA R, Il I3 = U R R 550 5 SR oF I

— 12— https://www.gfpress.org



2 5 #%H R B K

Journal of science and technology exploration
[, RO KRR L) 5t AR 5 22 4= e i, G A2 R E LR HLH], e  I0IE . 179
7. RIS XSS E RN . EIRB N s, BeesliE. RKERS . BRI 5B S
R R AR BRIEIIE ), (B RGEATEENE. AR 5 e B S = 2K . ARORE AT REE
— B nsE i CHERL 5P PHAT HI RS IS, HESV R B RAE S EN R AR, I e AR
AL BB FAR R, NN NRURSLAL R H B 5E Jk Al

S 3Hk

(1] ZEfE%%, T RER. RN AR BB SHBEALT]. FEEZ: SER%, 2020, 50(9): 1301-1315.
(2] %, Botl. KBTI G I AREES AR J]. a5, 2021, 32(10): 3010-3025.
(3] T&dE, xi%. AN TR LXK 5HEELM )], BdkE, 2023, 42(7): 12-20.

(4] S2xda, ki, NEMEENEIHEm iR J]. PLEgA, 2020, 42(6): 785-798.

[6] F&te, XHNE. ZHESREYIMALGR ], HEVER, 2021, 44(7): 1253-1270.

(6] T &EK, ZEfEEk. WRIEMTS R REAEMRITEH T I]. B3, 2022, 48(3): 521-534.

(7] X, k. KIBFHEBLI N8 EIL T EEGTAR ], TEVTRSKE, 2023, 60(11): 2411-2424.
(8] #g&, THIMW. NENSMARGEMGERBEATALT]. YA TRSE, 2021, 57(18): 1-14.

(9] T2dE, FH. IEAMEBRNESSEMHEA R RELT]. BF%m, 2020, 48(12): 2501-2512.
[10] 3k3e%%, Rhadi. AW HE LK EEB SRR ET]. hEREEESE, 2021, 35(4): 521-528.
[11] Z=8, TR, MBS AMTS MR ST W R R LR [T]. #&Hl 505k, 2022, 37(9): 2141-2152.
[12] EHE, & ANEHIEAEGEHS53EPECREBARLT]. HLEA, 2021, 43(5): 577-590.

(13] X%z, ZEng. BREHLB N2 S E eI A (J]. AR, 2023, 49(6): 1123-1136.
(14] B&ds, skis. A EEEaerlas N RN A A I]. tHENES:, 2021, 48(10): 23-31.

[16] &7, T RER. REAHERINDE S B HAM A I]. AN TRES/A, 2023, 59(18): 1-10.
[(16] Z=5, JAuk. MBENFEEZ I SHARAMRAHHIRFLT]. AR, 2022, 33(8): 2635-2650.

[(17] dkor, #AgE. ATEHLE ATER BERIE R N AR 5 o0 R [T]. flid A shik, 2022, 44(12): 15-22.
(18] T&lg, BRbe. MEWBWAEREFRLZFMNHIRS REKAZ ], REFHEGR, 2021, 41(16):
180-187.

[19] E£5, Z7. BEWHERISAEARERSNHAPELI]. Wik, 2022, 29(5): 67-74.

[(20] ®5&, THE. NARBEIH/AKRBEARSKEEST]. TEREYR, 2020, 42(9): 1120-1128.

Large Model-Empowered Technical Architecture and Application Study
for Intelligent Interaction and Autonomous Decision-Making in

Humanoid Robots

MOU Duoduo
(Universiti Teknologi Malaysia, Skudai, Johor 81310, Malaysia)

Abstract: With the rapid advancement of artificial intelligence, large-scale models have demonstrated notable
strengths in natural language understanding, multimodal fusion, knowledge reasoning, and generative
interaction, providing a new technical foundation for robotic systems to evolve from “function-oriented
automation” toward “general-purpose intelligent agents.” As a key direction in intelligent equipment,
humanoid robots—owing to their human-like morphology and compatibility with human

environments—show broad application potential in intelligent manufacturing, public services, healthcare and
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eldercare, and emergency rescue. However, conventional humanoid-robot systems still fall short in semantic
understanding, complex task planning, cross-scenario generalization, and safe controllability in open
environments, making it difficult to meet the practical demands of highly dynamic and uncertain real-world
settings. In response, this paper focuses on the key issues of large model-empowered intelligent interaction
and autonomous decision-making in humanoid robots. It systematically analyzes the roles of large models in
multimodal perception fusion, semantic understanding, intent recognition, task decomposition, policy
generation, and behavioral execution, proposes an engineering-oriented overall technical architecture, and
further discusses implementation pathways for edge—cloud collaborative deployment, real-time control
constraints, trustworthy safety governance, and typical application scenarios. The study suggests that the core
of large model—driven upgrading of humanoid-robot intelligence lies in building a closed-loop framework of
“multimodal perception—semantic understanding—knowledge reasoning—task planning—execution feedback,”
while enhancing system reliability and controllability through constraint mechanisms, alignment strategies,
and safety controls. This work provides a reference for the industrial deployment of humanoid robots and the
engineering design of intelligent-agent systems.

Keywords: Large-scale models; Humanoid robots; Multimodal interaction; Autonomous decision-making;

Task planning; Edge—cloud collaboration; Trustworthy safety
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