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Abstract: The development of embodied intelligence and the robotic Internet of Things (IoT) is characterized by increas-
ing autonomy, collaboration, and multimodal fusion. The large-scale integration of heterogeneous embodied intelligent
agents into IoT systems poses higher requirements for interoperability, and security in network architectures. In this con-
text, the introduction of a unified Model Context Protocol (MCP) to standardize device capability descriptions and task in-
teractions has become essential. This paper presents a comprehensive survey of MCP in the integration of embodied intel-
ligence and robotic IoT. The core concepts of MCP and its roles in multimodal perception, communication, computation,
and control collaboration are introduced. The challenges in standardization, scalability, and cross-domain adaptation are

summarized, and future research directions are discussed. Studies indicate that MCP has the potential to significantly en-
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hance resource utilization efficiency, task execution coordination, and system security in embodied intelligence and ro-

botic 0T, providing a unified protocol foundation for next-generation intelligent IoT systems.
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JZ N MCP SER “ At 4 TR A4 T
5”7 gmHE, TR B S S P ORUE U B R
AR S AR RS B, — DML AAT
T8 A R AR JE ROS2 75 UIE /2 OPC UA
WA, BN T @ MCP A1 %A% KA GE 42 AL
Pl CHRENRE ST I C BRSO (WIS Rl
HIRBURESD . XMEZ PR, 15 2%
MR FEF AT EA, AROKHL AL T A RS E ) B
ERAEME.

MCP I “Beyun ml” BIRES, SEEL AL,
T HAE AR P hr et B d5 . FEMCPHEZET, &
W BAE i R BUAR R, SR RIS TN &R &
(R B RARAY, #EAT LA AR A MCP iR 55 23 T 2 3
1) “REJIoG 7. MCP{EIZAT I BEE AR HE L F S0 fE
S BAS B FHORHIX Ee 8 7 IR FHE, 5] A iR 4 99 28 B
FEFN AN FIE AN G B o m AT HERE . AL,
B AR A R ] DA R 55 9 MCP IR “ g 70 217,
M FOVE ATAERALE 3 22/ 2k 2 (Rl i U 46, 34T
JRS: TP A7 1 S W8 F0U0E 0 G 7 B R E Y B S A
) “ Agentic Web / NLWeb % /™ iy £ Bl MCP
Server” WAH, iE— D4 A% G5 Wk A A b R H4k
NHE AV R A RE Jm ad « X Fhg—m
“RE i G, WML TR 28 KRG M
A, FAESMRMRTHERIR, B, T AR
HARIRRe g — ORI ARG, AT SEI
H 5 B BeARAE T IO S5 Y n] 2SR AT R
2.3 MCPEREXEHITENEMLSIER

MCP {1 8 86, oo E7E T4
it 7 A BRI SRR, R SR RSP
YIECIN RGUREE N “He OV EHEC” TR OB P

PE7 o X e 7 AR B 2 SE iy £~ i, i 2
XoF AT R BEAK IR RE AN S -

MCPilE “ B R —ReI—EE” M5 —i
W, LI T RS ECER, MR T — AT
A, ardEit. aREMREEIE. CEDA L
i #% (W ROS2/DDS. OPC UA/TSN. 5G/6G) 2
LERMT —EHHE, (553N L% —
(G R FRIBAE S 72K, 1M 0 73 DVE 2 1845 P
) HARSEILA T . XAy E e, BERA T RE P
VORI SEI P FIRf E PR 3, SO s U R AR T
RN RGN BT R . BT “iE
XghEBREnge” MiaXiEE, 15 R45%60%
B0 R I B B A PR 2 AR AT 55 7R oK

18 B B B B AR 1) B — PSR — AT I S
MCP 3 R R EE MG, BEhHTEER
5 BN S A g iyl v AT R . Fldn, 7
HEAR e ML N VMEATE 55, MCP 6% % 2 Y5k
s EEREEAT E RS TSR R SIS
WEE, AT SRELZ HLEs N Z M S R Fl . MpLEs
N R & 255 R0, MCP S AR5 24 A A 855
IS RS (AN ZRIL . e d . AR5
PR, P R AE % = B A — R BB AR
AIHATIIFALSS, FERBA AT S5 5 Bo A B 55 U5
FERELI R . XA Ym iR FE 220 H HER, fE
AR A S B S Tt AT TR R

MCP 5 52i ¥4 71l (ROS2/DDS. OPC UA/
TSN. 5G/6G) Z 8] JE i it 1 7 T 5 ¥ [F] 9% & o
MCP 157 i3 2“1t 4 EAH AL 7 1)
gatE, BRI R IR SRR AT AT I S
WEETHR . TR )E s P 1, 4 ROS2/DDS Al
OPC UA/TSN, 457 “ ifar 76 6 5 i PR P9 422 A
SE7, PRALSTET L R T 0 B A R R R 5
X A A 43 MCP Be %4 51 J2 15 U5 SRORS fff b Bl
% 2 DDS J QoS Z#{ (11 Deadline. Latency bud-
get. Reliability) F1 TSN [ ] &/ & 5w, 48
5G/6G W 4& () Y] Fr A1 URLLC i B . 3 i X fih 7
X, MCPH “HRIE L FR” &SR “ AT AT
(LRSS BRI, T SREL T B 2 B R .
3 “Context—QoS/Sec #wi¥ss": k5
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PR E R SCHY (MCP) 5l BB B i 5L
A NPIER ) OG5, (ETME—A W& E 5



% XX

FROIMEE A E B R RE S LA AR AR BT SR (MCPO I FE 433 « AT SCH% 1) 31 SN 22 4 DR © 9.

B X 51247 BN SOR B RS BN AT AT I SR 5 22 4
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W H bR SRS, DAL Z I SN {8 V7
fabn 554k

3.1 FwiFSEOBRSEILEE

“Context—QoS/Sec % i¥#r 7 &L MCP if X
PP 5 2 L P A O . B
H MCP i ik 4T %5 & B S M RES, RS
ROS2/DDS. OPC UA/TSN 5 5G/6G ) Sz i IR 45 Ji
& (QoS) MZAEZH, FMREL=HE NS
i £, IMESRL RN SEE S )P T
55y~ T R P R P [

U RS IR R AR B SC R, T AR
B ERCKEC XANKERE TSI
X528, filin:

AEFE XS AW ARSI AN &
PRI IERL B O s AR ERR e. DL O r Uk
L s. REESHET R TAES AR 24 1)
BR,

2RI A R T IR Y 2% R A SR L I AR
o G AR ) . DL REFETI
B XL T RS A AT A G RAR L o

2 K AR A RS PR 45 R BT AR AR
VIEE R G R ABER,  RE ST TE 1 XU HEA T T
FVEAL, R s R s g it E NN, 48
R

PRSI R R R . XA R
SR Z OB E HALH R E S8, A

2 DDS 2 #{: 41 Deadline (# 1L [A]) . La-
tency budget (ZEIETFT). Reliability (RAIEEME) Fl
History_depth (JJ7 SUUR ) o 1% 46 2 55 1 452 52 VY
SR S I AR R AT AT SE

>TSN Z40: BWFEEM T, . KB & g FI A
i B o IXEE TR ST I IA] U I 4% 1 R BE 3R
W, R DR OSSR VAL PR A i

2 5G/6G Z$ . M 4 U] Fr 25 AL F1 PDB/AR
(Packet Delay Budget / Availability) . X486 S5 1 g
T 05 I 2% A TR IR S5 HE AL IR QoS FRE o

W Enles 2 aME: aFESEHER
TSR (TEB) 293, P I S5 9 v L KB
e fE . XS E R T AT S5 (B A B

MO (1 % AR )
MCP [y “ Rl — g 1 —VE U = e 4L 7E stk
BTN G SR, ST R X BUE R
BRI, SR B AE 15 AT SR R e 2
AR B I . S — R 1 B3
(DAG) G=(V.E), Hrhyiiial GHEMESD, E
R CBHRTD . AL x RO R ]
DI P2 S
La(m)< D q.(2) +t(z) + Defz) (D)

ST A e VET it
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N AEE SRR e i AR At R —SE IR T IR 5% 2R B (1)
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1 7.

AT EEPELE 22 Bk 9 2% o R DU SRt e 46y mT Im
Ko WEREBEECWE Np, (2), W2 w] 54k
MR5EHHFR (SLO) e W] LLZREA 9] SR Ag ™/
TR A AT )

1- H(l -pe) e ZIOg(l -pe(z)) =log(l-¢)

2)
T Tl e 05 1 ity 281 i T 5 14 20 SRR S AR
AEfIL
WS R ERTIFEEERN T, MEIER
ALY N A R 53 BRI M B E 2 s
1k BB I SN BRE s I, SRR AR B 2 T SR
JEREE AR, BN S ZUE A TEE, B
TEE(v) =1, H & M % 58 B e 0 2008 2 508 T
k*o BEZ I NIMEAER (TCB) HATHRUNEE T4 2
B I N TE SR AE ¢, (o) FOAE T I AE 7, () AR A A2 1Y
ol R A, “w4e” 5 SR fEF—H
PR B R SR F AL, AN A EAE A
3.2 KBRS KEERES
O VR 25 B AL B BR AN . f] B g5z /> A 359 4 P
T, PR AL B R AR I P B4 T 30 IR B g
& R, AREZLRH KRN E (CvaR) fE
NG — IR B B, DATE 3o 25022 T A e R 55 454
Hix (SLO). 4 L Ay 1) v I 2E (1) B AL &,
EHAR RO o (L) VE N EDTL, 4 DLE S 5 &
AR BT
min, » S, + u& (z) + vK (z) 3)
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SR OCHR BRI, AT AE B BE IR I e R LR
P BT S IE I
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A RORGFNE R =Pk A7 s B kAL -

2 [ 52w E S TSN FR: &% DDS/5G )
HE252 QoS ZHUK M — ML Ay Al . CVaR H] LA
i 1 Rockafellar - Uryasev A8 46 28 P4k, M TTT SE R
A RCR A -

2 [#] € BE#E 5 QoS Z 4. Xt TSN [ T2 AN fit
TR GBS MERR] (MILP) K&, [R5
/MG ZE R B I IS HOE NI, DA 55 ) B
itk

2[EHE WS E : Bl m I E SR e
R R . B A Lagrange 31X GEFEA 2%
AT TN, AR S 1) =AM S5 R 22 id
GAAT

A BIERE ARG, PB4 IR B
AT — IR B AE o X 15 g A Aed
FERIAEOL T VPl “ BRI W7 e —
HFTREMT X ZORAS T BRI, AT T G B S350 25
I a5 i S LR

B 5 RGN AR, T I R R
b B3 B PRI . SIS BESAR R . B
BB 1A RO B TR R < IS, 2 PR AR AN AE
2o 1) B BT R E R, DA TR T
RGN [ BN AR YIHRB] “m7 i,
PAT “wete” Eas, K TEE/NE TIHAE Rk
ZOUCRI I VM, FFAE T — Ik 70 B g PRI PR 4R AL
XM B B S s TR T S A A B AR

+:
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3.2 SKIES TS MEEEIIIE

NEAEFTHEH “ Context—QoS/Sec 4wif#s” 1E
ENAFAEL T A RE, RATERT]IEET MCP IR [
FAREN T &, BLR SR AR TE Z IR N

%5 Y R R EATIT N . SRR R AT T I
Bl IREIEVR R LA =R E O, U
RAGAEAN I B IE RN BB R
5 E A SE0% (Static MCP) 5 X AT 4% 5K 5 55 %
(Task-Only MCP) . 4jj 3 DA 3iig £ iy i ZE 35 . p95/
P99 JE I ZE L J k55 55 40 H b (SLODY 292 R
Wreads.

CHR3TIGE BRI, B ASBA L F SC
(AMCP) TEZ VRS RN H BERB . S
AEWAL, PR EFIKLY 16%, 95% 5
99% JRB I} %iE 43 5l B AR £ 6%,SLO 3B 2% R % 56%.
FMERR IR Tt 1 BT 8 T S A b A L) 5 B DK )
(SRS B gm e e 71, WIEBERRIRZE . Blah Ko
oAb I B 75 I B TSN A S 38 B Je o % o
FE, SEURRE. TSRS e A R EE TR .

4 HEXSREKMMZFE (Challenges and Fu-
ture Research Directions)

JERAR BRSO X HIRBN ) “ Context—
QoS/Sec Hi ke NE & & He 5 LA N VIEKM 1) 25
JE P FIFRAE T RHT R 5, AR A AT TR
ZIREPIR . AT X PR TR FAT, JF
F2 th AR RAE AR SE HERE ORI A TT 17
4.1 RKRNMERANRAIMN SELRE

U PRSI A RS RR S AE “HEA— e fi—1t
H—2 5" fBERMER . SR, XLt
MRS T, ENEmENES M EME
(1. N, AR G elaE 2 s 2 R s 22 00 5 A%
OE, NS AE S A s 8 TEE FISE s 2 &
2 0 v B v AN AE, v E AR W
MEFEA (1) F 3k SR B 2 ORI = oy TR bR as .
FIX AR I N B FEL I BIE LA 7, dn A B
PN To R AT, HLME DLIE B B R G5 i A2 (1)
RE S

KK T2 7 1) A IR T4 A ARy — A
A EE ] (R A ER M AT N, R LE
LR MBI HEAIEIR . T4 R ARES
BOFATHr AR R TR EIT K EBMAEL Y I
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o, JER RERERTR AR Dy g ARSI R AT B
AF, MAEFRERSNAKMETE. Flin, el
% BN SUREN QoS HIHEZE (CQEC) H A I CNN
FE B IR B R SCREIE, DA E#E QoS T
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GrE . N, X EALIN ] Y AT 2SS R QoS/i B

HEwE LR, SEBEAmA N,
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U o 522 BOEE 2 XU () ROBE SRBE . FE /N Ta) RUBE
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LI PREAIT BRI
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