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Abstract: Smart home technology integrates the Internet of Things, wireless communication, artificial
intelligence, and automatic control technologies, enabling household devices to achieve network-based control,
environmental perception, and intelligent coordination. As smart home applications continue to expand, users
increasingly require different household devices to work together efficiently, leading to a transition from single-
device intelligence toward multi-device interaction and scenario-based services. However, in practical
applications, smart home devices from different brands still face challenges such as connection difficulties,
protocol differences, platform isolation, and inefficient data interaction, which limit the overall performance of
smart home systems. Cross-brand device interoperability has therefore become an important factor affecting the
further development of the smart home industry. This paper analyzes cross-brand interoperability in smart home
systems by introducing the structure of smart home systems and the characteristics of cross-brand connections.
It discusses major obstacles, including incomplete standard systems, insufficient technical compatibility,
fragmented platform ecosystems, and increasing security management challenges. Based on these issues,
improvement strategies are proposed from the perspectives of standard development, platform openness,
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interoperability testing, and security mechanism enhancement. The study suggests that the future development

of smart homes should not only focus on improving the intelligence of individual devices but also establish an

open, stable, and secure collaborative environment to achieve more efficient interoperability among products

from different brands.

Key words: smart home; cross-brand devices; interoperability; Internet of Things; device compatibility;

technical standards

5%

BRE K R RS BB RN SR A 3 1) H
LR 5] o ST BRI | RS L R BE 2 uin DA K
ZUE TG, FKEP R, R, el
AN SR L A RE RSBl F Zh AL B, N R
(B IR R AN R A e AR, B RE
KR BT R — B & Th AR AL 1) R Gifk
MR %5 Re 14T, W 2 R RERRE S BRAS
H {81 UL R 35 W IR BE S A R A T R 11
AR K. MR ER, B RS RN K
JREA T WA B X S il 72 4% 81 RE S 9 2
HERG AU REERE, Marirl et
5 OB WL ) 2R 45 58 B R AT [ R
[,

K& e

11

[

o7
H

I ity F L 8 FL S o R
I, Bl Re S A BRET B B REAT B dh
rASERE S IhRE. BEE T RN AR L,
FL— R SR A A IR 55 Ll DL 2 R R 2%
W5, lan, Esebrdeish, o Bl —
AT ELE A RIS e A B AR
Bk, SRR E SRS . KRR
BN RES S B B RE T < R AR e AL

BRI, AN 7] o PR X 8 T £ B
DyFFAED R R AT AR BER 7 dh
W HRITA B B SR RIZAT, ASF A
S0 =7 NN €/ (- W Sl B = L e ot i ]
HAFAEZE R HPR A i )E, 1
i AR AR N A RE AT B, e 2 M) HfE
LA gt — B REFA B

U5 it L 6 LB TEL 368 ) R L 8 R R T
REZ L P ARG (B R R . AR TR
Gt BRI IE A OR PR R e K B % B0 1R TT
P B8 1) B B, (ELH ATAT ML AT A AR b

2
4

RRTERENEA A [ P AR LA PR A% il AL
BeAt, B E BB HIEAE R 1,
AR BRI RO FEAT R
RIGSE 2SR, 7 B L TN 5 3 A AN
RN

Rk, BT U RES R I B % TLHK T
PEAG HA IR Lo ASCNE BERE R Ghs
HA, AT i R % TR A P A7 A 1 i)
L HFC IR, FF SR AR AL ems, 9 e
FKJg bt — D SEHIT I RIS 2%

1 R 2R 6 it 1 2 LB L 1Y
HANE

BRER i R G A A RIRET i 1 ] R
Mo, MR M. 6B H RS IR
PRI ZR G R G ZE 1R e Bl i R i
TREMBIE R, FA I8 15 W 4% 5 i %
i, B HIEHPF G A AT E R, KA
BN I AR SS -

MEIAREERIRT B BESR o 18 R I
A RN DA R . SRR AT
REFEAGE R, GINEREE . W el LK
N GUEEPIRAS S )R Tl 2 8] (K
et MR TS IR IRSEAT B N
JEWEEmE R RR, SRR, B hE
25 BETRE BRI SS

PV 1) A P sh 1 8 RE R e 4
FRREIRTT . W M LR IERE, FKEETPRIANE
# BES ROUAL G MR TR, ST FE%
AR A o BET- BRI 0 RE R 42 ) R 4t
REE SLBLR A R« 5 BT DA S Ao i B
NFBER RENIR IR

https://www.brilliance-pub.com/xdkxts



BACBHARR

_20_

2026 5 2 HF 4

EBE AR IR AN [/ - e 4 FLIC LI . ¢
e IR I T AR R e A T RENE RN X 2% (1) 7]
AL, T EL IR L U SR AN [ e # 2Z 8] RE S 1R 5
fE . HBHEIFFE I AAEST o X5
FIEE , FE S I L 75 2R AN
VAR AA A 28 2 T - i
I ot W B LB L AR =N
Ho—, AFMRBE B G — RGRBIAE

ol

5|
IR
e
i

I oF

By T, ARG 2 TE) A G A P AT ST e
B, H=, A MBBE R ILE R

BUEME R . RAIEFIRLEER, HHEX

& RS RE B RIE R
2 BB AR R T EIE R

REIR

B RE S ML IR R R B0 5 I e 4 8 e
MSLIZATI LA RGATT A HeAE . F%
REZ & L RTE A B TIRE, Bl B ST H
SKPLEREIT R, BRI IS iR, B hE
PR SR BE W% o 1K b AR = T
I EIEATERE, (H % 2 TRl sh b 208
2y PR B m B BEA R

BRI BCR AW, B R R4
THG SRR 2% 22 18] HAE B A A H A . A
[ ST 1) 5 B ¥ #5 RE G I I I 2 i 4%, R R AR
oK e = 4 00 &, IFARTE - 75 R 58
HafeElE. Bln, B Refe s nl s Il 5 2
WAL, R HE ) RGO R AR
#IRA, EFREAE ISR #R. MK
BRI, B RS E T4 EER 1 R R
H R I R IR AL, ARG FITERR
AR I L EE 7 [T,

HAT, EfesxEiimh oab iz Mg
AR I DUV A% O S R
ARSI, B E B G EET i
Fro XMEA BB REE, W2 fE
R RCR AR RERE . B, TR — AR A R e
HAE B AR EAT ROl R s g E e — A
2 FHFEFE 58 U B . (EX AR A BR 1 1
PR, 2SR AR S R B, A
RGAFAEHE AR S R AEAE

https://www.brilliance-pub.com/xdkxts

AR ELRMAA BN BHTA
AMVAE ST EE . MR FI IR SS 7 TAEE 22 5%,
FH P S BRI S84 6 18 44 I AR AR AN 2 JR IR T —
n e 40, P AT RRIE B R BE AR T
— it W i 2 R DA S HC At o LR e 22 BT A% o
EMIEG T, W& TS AR EE, |
FERZE P 0 R RE X R G AR

AR, ATV FFUR IG5 i AL £ ELIEG i)
A, H s AR A T IR MR/ T .
he xR fE E PR E iR, G — bR iR R 2
SIS i R A A T I B AL, AN FARIEZ
V) FR) 22 2 2 Wi R4 e T2 % 2 TR A S8 A8 A AN
g 47 SublE iy, B RS LI H e Mt
FAIRH, WA TR T EMNENIESEL. T
BRI B B8 DL g s b R 55 20 J2 1 gk
ATV, A BRI SGE W &2 15 REBE N N 4%
B3,

MBS, B Re 5K 5 i L B HLE
ZMNATI R RN EEES, HERTILTA
Wroe P B . WABER . B REY KL
J R REFE, FRESR B R R R R
FRBR ], SEIREE AN R A P A R

3 BRER RIS & LR EEH

I Py = LA

B RE SR S i R LK L3 IR KR O AN
BRI, T2 s bnite P a4, e
B2 e ZOREZ AN ZILFRGE KN . R SEFR
R, BIAEAS A e 2 HL R R R h g, el
AE DR R JZ B 22 57 1M ik SE B R A

ST S 1 i) R AN R i B2 T g
L BN B RE S BRI A T
WS T B AR A% ) B 5 2 N R,
AN TR A Ml 38 BRI 57 R R R ROR TS
Ko P, AR ENRBUC LM ZER:, A
e 2 R AR DO AEIE 5 T 2o ANFISBOAR R LR
EARBEUGIIAL AT TR, (EAEES G A B
T 5 T AR RS

AT P22 A T A LK ) B I
o BRESE A T ERKEEIRE T GE R B
e, WERASFIB AR B SOCEA R, it



Vol.2, No.4, 2026

_21_

Explorations in Modern Science

T E AL B SR B A AT B 3%
RAUMINT ARG R AR, AR R & i
FERasE . S bRl P R o T A )
BT PRI AT S IR
.

BB AN, SRR G ) T
B2 WS 2T, BRSO R0 IR B
TR SRR . VAR AR R
AT, L R 7 1 R G £
B IR S R RS AR . R
R I B T B0 e 2R 4 27 SR B AR
[, DA LA, T ATV S O 2
Bl

R R IABT SR, W2
0 U LR DU e B 7, 38 T ek
UELE  HCH LA % 5 M),
50 R R M0 R R T R R B 7 1 5
o0, T 7 S S e 6 TR B
.

BRI E A, SRR A2 I R S
EI. YL A S AR
GO 3E 7, TR T R BT T G 5
i, A IR R A AT, BRI
SRR S B, R R 2 A
TERCERERLEL, P R L 1 o 2 R R
P

TG B S PR RE R R RS B AR A
H. BREFENNBAET 2D REILFTRE
ARG, AR B AR HEhAE. WA
ANFE&LIELRG — RG, HP Raen g
HEANMNAREF, B SUR .

BEAh, 5 R AR R N T 2 A
JE77. BReR R g W REREL R, O
TR SIS SIS DL B & A
GE. HED MM R SCINER)E, BdEizh
WK, e XE M. MRk
B, BReE M T RAA R BRI
2N SAFE R E RTE, RS e
KJEBOR M2 RE LS,

4 R E RS B B E B

R SR

B RES RS R LR R R, 5k
KRR BARBE R R VI . B RER &
W RS ARG BEBR BT G MR iR
SEELAI, A F AR ROR B AN K R H
PROTHAAAEZE R AEAT NP S L A
FAEE e B SRR, T A
[ )1 5 SRA AN AR bR 1 o

KRR A A AE R B R e AR
Yo Al id 22 A BORIR T dh i g, ]
CAHESD B RES & T POy K. (H2 M 76K
MCERAN 7 iy B [ BEAA X RE fif iR 7 S8, A
AR IZHT R DAL, ARG EZE DS
— R, A TR HE DU A R i R

I, B BE S EBARA G R B 2 R 1k
— M RBEERFERA M EREL RS, @&
W R Mg AL BRI, =6 RS AR
PR HEZAN AT AR — DI E SR,
AT BERZ M R GRS AT AR

B0, et Z 1) 5 228 I A5 X 2% 58 iU AS
A, EEE AR AR R B RO ORI
i A P T 5 SE AR5 T . W SRAN R
R IR ISR T 565 28 G0 2 18] 1) 1 8 Ak
& B REE

AR, BB E R GUEMT 5 NIL L5
NI RESFFIEOR, LA iy v 46 i L3 58 A
REALIKT o AHSCHETURT, TGS
REZK i 2R G RE WG Yol > IS MR, 38 iy T 2 T 2
RERAIBAT W SR (B 5 R, BT iR
MHBAE RGN R 2%, X st 26 2 [8] 1) Ko dfs
[GIE A T

UEAh, 224 BOR G v B A2 15 i P B L
R ERR . B EITBOER R, R
TRAUEAN R B 2 (B i A e 4o dniR Al
N T SRR BT R 1, AT RENS N4
S A AL EERR U B, S 2 R s
#H O FERCR . L, WP 2 a2
() DR T, 2 B R K e AR SR R J 5 ik TR 1Y)
HEL A L

5 B RES B ES b B EEREIE )

https://www.brilliance-pub.com/xdkxts



BACBHARR

_22_

2026 5 2 HF 4

(YR AT

B REAX RS i B TR L A ST, 7R
ZENHOARDRE . AR 2B L
RIS S 2 AN I AT AL AT B 22 8] Xk LA
TR E VAL, ARA B RIE T AN A b AR ROR
RAME BT B ZESR. Bk, s A
AE R S B BORIAY, T B e
BN BARAT P RM R e RE R LA
(L3
5.1 EERRRER, RERERARN

S NG b A A AR R X i R LR
I e ) 2 Bt o 244 T AS [R] PR B 96 2 TR AR
ERT A REDSCNEEER E R, FER
e MMELE RS Bk, WP
RS AT ML ARAE, AN Aol A 7 ¥ 8 4% fE
4 IR G — HUU SEPLERL .

PRAERE B E e BRI A AR . A
Al AR i N BER I RGN, RS
—HRBITTA BRI T & e g R IR
B SRRAThRE . B, BEITHIEARSGE,
T it ZER TR R SRR R B
AACEETRE, AN FI W s 5 /& 75 AR 2K

FR, 7 N SRIEE PSR AR
B RE X i B 22 TRV Bl TR MK B e A #e,
UL SRAN TR B8 K 58 AN A B RGE T 3,
B SR, ol DLSEEUA Rzl Ik, 47
NWALE Siiil I SRt €y SO N
B RENS BRI AR B AOAE D .

HAT, B E b e S 2ol
RIEMEZT A AHRHE T iR, BReR e
BrbR AR 2800 T (e gk 5 i st % LI A FL 2L
TR, (BB Bl me Bt — 4R TH iR R 58
BV [ B2 e 71 B)e 3 1 B AR SR b v A
AT EREE A b2 TRl i, i 2%
JE AR RES R R SR

RIS, BRI 7 A A S bR B 5%
BREF B I AT R IR R, M2ESEH
FURRIERIRS RSt . Bk, bRk RER T
PUAE B & U e, IR BORTE A R B a0 e
R SRR S 5. a0, P BE B AR
Jas T8 KT BN 2B B & e f i 4t —

https://www.brilliance-pub.com/xdkxts

52 RIRBl . AR s I AR 5 37 57
MG R, A REHE LRI e E R SHE .

52 HIFEFREESESE, BWd G
I KR S

RS S fh R LR AR BRI,
A AR EBT A A K. T2 el
LA ST B IR ARS, EAD P AR
AMWER T B Z A hA s .

R RES 7 b 7 2 MR — i 38 iR
e ) AN IR AR S A A o Ak AT BLE T
TR SR =05 et LA LA VAL,
few H ST S RERRRE 1. F R SE R e i
Fe I AR RE SRR S 75 SR B A [R] ™ i »
AN 10652 31 B — A 25 PR 1 o

TBES A ERE R B 5EF IS
B A PR AT OB 7 i R R 55 1A
S AIECAR BB R FF T 758 5 /00 TP ICRIZ O E
T RRAR B ] RGN R Al
RENEAESE— MUK B Rl AT

TR, BREFENH L NBRABEET)
REY e B 2 e kBl . MRHT TSR, B
REZ o IEAE st & TR 7 st OB R J . It
PRAEAL KT B R W51 6 P Rl E 0B, X i
AR e e 5 4 B A R e & B A o)
fE, MRRETIEME R, TR IEH BEIR L -

flan, Efgir, P AT
ANTE] it AL, P P2 o TOAE SE AP IROR A 2
g, M RTELEE S — N A
B, SEMEIEE L ERFER R, XA
AR = AR, A BT HEsh AN
b BE R A JE o

5.3 SEEARAENS], REREHFRSTR
JE

BREFE WA SLBELI)S, B/ ERER
WRGEIRTT. B, DUREEFRAERLTE I F A 2 LA
FERDRPTAT IR, A B ST 5E 3% (1 PN BIAIE A
o

48 8 e 02 D QTR BN 7 i D g
R IEN T s PR EL IR 1 B0 SR 2 A i3
HALFERSATI R B, AR i v e
TIEWIER, HdRfehme B, £ MBgi



Vol.2, No.4, 2026

_23_

Explorations in Modern Science

T FALS I R BT E,
TR BEAT S8

HRBT TR Y, RS LI T I 1k
BN GER., R SEIELE. 75
Hy e 5L 35 PRI LA K G — F P R B S 2 A R T
Blo X — Wi Ui B, B RES o RPN b A 75 22
M B PRI () 25 RE TV A

R SR AT UL 37 5N 58 3 1K 55 = T DGEAL
i, X RE S B TR TEAT V. Al
MR T A AL, T TR RIS AR
PRS2 R A FE i

BEAk, ik RIE N R R X R R G
Wz AT IR AR e . FE BRI T
HTAR, WER& M I ER: i
JO2SE IR B AR R R, 2 PR 7 X B e oK
MIEAE. PRI, Dk A 2 5 2 A AL X 2% 20
Bi. AR RAR RS,
SLSEPRNFHREST -

5.4 BALRAERYPIUF], REH I EE
BHEE

75 i B v g LR R E 2 I AP 5 2
) 5 EREAT R S e, R 2 Ry SO AN AT
DAL EEL I . B RES i e I8 I M KR
WEHE R AT DL K s &I AT IR
REAE SRR .

SRR T, b 75 B AL 588 [
S IAIE S BURE BAEE CRA L . e
ARG s T BRI R AU DL 5
EUCFE LN S S ST E | SRR NS
TEE BT, B PREAS [R5 4 AR 55 5t
TR B B s TV

R0 T RER R R R FEAV U T
BAIIRE, B ZERERPW. HRITTK
B, B RESE MR R AR S I FR,
SRITHHNEE H R RS DL RG24
[ illel, PRk, $RTF S AR R SIS R
e e i E A

AR I AS R I B 2 18] 13
B, T A B g A R SR 4 i
o B, A AT BLEE TS0 R R R 2 57 AL
PREEHIHLAE], AL BENS B P IR 4 T

XA EE T R4t

i AR

DAL 5t WIRLS T RE R ZEA AU

R e S (K05 e 7 BT eI I A
A g B IF E AR A . R ERIEA
JURUE A SRR SRR R AR RE ST, S
R RES i R G4 RESRAS BN 2 IR o

6 RESEES b B % ELER LA Y
RIEES

BRES it R R KT AR E— 20 B
R ARG A B R e B A
W N, P BEAR 55 K R DA R
BR T B AN g, TR A 2 2B AR AR
PE R BE AN N SI5E A S P

KRR BE X i R GUR I E AL S
5. B, MPREAKEEE, R0 DARYE
8] PSR I8 E SR BT e TS B
LAEREIRE . KRR TEZ Mgt
FZL5, [AGES ol LI RE /K Oy B RER e
R ) B LA

I, N TR BEROR IR R LA 32 2 g
ENEYN ekt DR S )i S R R P L R e
JE EEAMRGER TR, T L RERE 5 E
A B AR AT 0, Bl i E SR A
BN RE (A R SR S HF

A, NERER A x5 BB HE 5
FER . BREARG T ERPA R B A ER,
FFAR I B D REEAT L3 A W 0 RS ) i
B B TEIEA RS, N TR e sl LLUA %
BARER. Bk, N TR BRI RIS — P
BN RES BT BOERIA R

BEAh, G AEROR IR ok i
REF & BRI, OGRS, it RE
i BRI BER R R G NAEIR, (R W& ISAT
BRSOk, FIEERER G REE %
WREEAI TSN 2 e 55 45 B 1007 30, St sk
I 47 1l AE

7 &R

B RE S A R IEAE M — e & B e AL IE
HC IR 2 B I AR 5T, A LI LI

https://www.brilliance-pub.com/xdkxts



PABFARER - 24 - 2026 £E5 2 5 4 1

L2 R A3 50— R B 0 X BRI R SRR 5, SR
Fo MU, R AR 4 2 IR 2 WA RS . BT,
BARRRIERSE — BEDWES . FhAESS TN AR, BTG AR
OB B B AT L. S5 A BRI ERE G SRR [N, fERLETT
IURHE T et 2 I P AR, i T BOEBR R, 575 S ARLECR % 2 KA
XEF B A RGO AR e, R 5EH S AHAE. BURE SRR
R R TR B A T T BUB SR80 80 R R
SRR TSI AT, T 7 A AR, AR T S5 AR T
UL BB R DL R R IR AP, TR IS U BSR4 )
FEA R, ST R DATF BRI FIRE . BEA AT, DS S AR —
IR RERRILHRAER, Bl T2 5 B E, BRI, AR RGO E MR B 2
BORBEAAEE 5%, PR 2 105D O BICS A IE AT P, HERhBs b
BL5E I . WA TR, R OURSTHI P 6K DL
R 0 LB, A R, BRVEREVSEARNERTN.

FEINFF NS — R . —J7 1, N —

WIERATWARAER R, HEZN BRI 2L

SEHR:

[1] ABE, 22828, dkPH. 2T Sk & 0 50 S e AL Ao i e A [J]. B3R, 2026, 42(8):
172-179.

[2] XU¥E, FOHE, M7, BMRET. (5 BERW & IS B X E B Frtr X Al vt 72 [J]. 15 BHEARE
FrifEfk, 2026, (7): 30-34+41.

3] ¥%, BRfar, S0ME, X0¥E. 2 a8 5 BB CE @ MR H AR AR bR AR 7L 0], 15 BE AR ShrdEfk,
2026, (7): 42-53+58.

[4] 5K, BRI, TER, £, BRE. FXES R LEEAR D] EEHEA SR, 2026,
(7): 54-58.

[5] ZEpkfe. BTV A R R X B 1RGSR B[], BUrHER 5N H, 2026, 44(7): 23-25.

=]
[6] AEZE. FETHZ B Be K & R I R SR G e 3 5 iR 12 T[], A B 6 B HE 28, 2026, (8): 145-
147.

[7] Di Nallo E V, Chu C H, Hasan Z, et al. Examining Canadian Smart Home Technology Users’ Perceptions of
Privacy, Risks, Safety, and Data Collection Purposes: Cross-Sectional National Survey[J]. JMIR Formative
Research, 2026, 10.

AU B

© 2026 YEERATA « A “HiRILTEE 4 4.0 EHERFAT ML (CC BY 4.0) PUFHGREUT Ak
fio ZVFR RV A AT NP B Bl AE S50 CE (S, WAHEE L
JROAE = O om &, R OB OB fE B % WA D) . OB OO

https://creativecommons.org/licenses/by/4.0/deed.zh-hans

H AR B

https://www.brilliance-pub.com/xdkxts



Vol.2, No.4, 2026 - 25 - Explorations in Modern Science

B A BRIA . W R SRR R AE & K bR S N 32, 55 Brilliance Publishing Limited /5§,
%% N R JoK . Brilliance Publishing Limited A2/ gm%H A 516 RN B e S AR 38 . J7i Ui Ek
RS COPNE= S PR in = N1 i

https://www.brilliance-pub.com/xdkxts



