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Abstract

Under the background of the comprehensive promotion of smart grid construction, the deep integration of Internet of Things
technology provides key support for the innovation of remote operation and maintenance mode for power equipment. This paper
addresses the problems of low maintenance efficiency, unreasonable resource allocation, and delayed fault response in traditional
power equipment maintenance, and proposes a hierarchical decoupling and edge-cloud collaboration remote operation system
solution. It constructs a four-level system architecture consisting of the perception layer, transmission layer, platform layer, and
application layer, achieving digital management of the equipment throughout its life cycle. At the same time, it explains the entire
process of automation from equipment monitoring, abnormal warning to work order generation and maintenance guidance, forming
a closed-loop operation management mode. Research shows that this system can significantly improve the accuracy of equipment
health assessment and fault prediction, promote the transformation of maintenance from passive repair to proactive predictive
maintenance, and lay a technical foundation for the safe and stable operation of the smart grid.

Keywords

Internet of Things; Power equipment; Remote operation and maintenance; Predictive maintenance; Edge-cloud collaboration

ETYENRBENZFRBEE RSB
XKL
LSRRG BRAT], WP - 228 R 233000

=
EERERMEXLTIEENTRT, WIERERGEERES AL N EGRARE LR QR T 242 1 3E, KA R4
B XAA AR, FREERSE, KFapmESs P, b BRES, AR ERiEgierry €, ME
GRS B, R, FEESRAEERMOERGEN, FIRELAEGRANKFERE, RIEBMGEREER ., FFT
HF| LA R PIEIE AR AR R, BRMRBELESEEX, AN, ZAGMEE SR A RS
REFRM G B, FENE LIRS e 2 TRM ML 4575 A A W2 A8 2B /7 3 T Rl

KA
MR WA A RAREYE; RMGEY; AR HF

1312 R, IR T2, Pl
SRR, SGETRsase oo BERREEIRT.
R NFGAATET . WO, s PRISORBARES . D8R, =tE. A LH
o P e Ay TESHUR, FURSHEAL, SUMER RO, o
AR o TEET By RIS, TR T R,
. ISR S S U TRRE, LR
S 1 e B SR Tt | RUERSIRIAN, WAL, ASTA
L AT Ay o B o FOCE MAEATHOR AR TR,
EAEIX, DA TR R A e AR, RIS
ISR SR PR R, AR, B D B i & ISR M RGN T S A
KRR AR, FTOE% RSO
s EA] HE (1978 . B, Ewamg TS, MR SR, Tt
N, PRI RSSO S
TG U, o

70



BASEEIRANE - $£04% - 5 031 - 2026 £ 03 A

REDABAE .. BRE. YEE. NAENE, SEHE
BRE i H Pz d R, 1ERcAR sy, | Rl S atsas
455K o
2.1 BRAEE

BHIBIEA RS xR , WE TSNS, &
TR S R OO, TR SR . SYERE R
BRI fRsh. e . IS s TiebR, Sl
A, PR AR AR RO B e IR R MR, Al
BT ARSI A E SE ST B e TR
B HRL, SRR EIEEE ;s (GREE
SRR S SR, WRIAS S TR . GRS
H, HSBRET ISR RLER, R dERR.
2.2 fRHIE

TR ERAE S ENmEaT, st iliEn
BRI ER SIHITE S RIA Rk, $He a7,
BETHE. W AR, WEER ASERE, A TILRE
EreinERaam . e uhESE s it TR
Modbus % Tl D28 s, (REEfETEr:; ldHhsk
B. BPSNS LSS 5 HO7 5 R A 5G. LoRa. NB-IoT 257C
ERIBME, MRS, BN OARS, FEEEUER:
KSARHTIG TR, AR . REERREL. FdEESE
SRR EA TR, SER TEE .
23 FEEE

SEEERAZ KN, METomIRSASERE, XL
Mg BEIRAE . SR BRI E SEgeh i, T =it
FRag, BT R EnEs Ry, IR LA
AT SR, (EHURETE -, st Sk ek
GREARE, SIREAER . WHGE. HElREsRE
SRk zs; BREDNTITH, RIS A S A, B
B, SIS AR . PRy SRR AR RS shiT
ZAEE, EREINES EEERSN, (R L =

BREETHR, SCBL e akis
24 NRE

Rz mEAIHE ., B4, EHEZAENAILE
W, KPS EDTERUBEWERX RN, fRibsdtemis
BEALD. £T B/S. CSRAZEITA, Saymlx, #ab.
RBFEZ YRRl BUsT A 2 AERE TS S5
Halft: #ERORRESHIEEENIR, RiEluEyes
TERIVE; RO IaR. M, THREH, (RS
FIhRE, B EUE R E R B AR B RS
B, RUBERIETTE Bk TRER. S, Rz,
A5 HEh Ui
2.5 RGtbFFE S RERH

RGOS RIS S 2R, B50
REDFERECF SIS E S 04T, = PEIREMEdEERE%
AT AR, SRR, AIRIET RS = 3,

WRLARB DN GBEYED R LeliirRAZ ERIEE
i, 22L& B HME—INIE, ERER RN D
W5 IE R I, SR BB K . AIRANAE IR,
SEELA R, BRI R E L A T

IETHRIMEIRENIZEFEISE R ERA

RN A RIS W R EEH TR, A
IO Z BRI TR T B s, =imisWr e it
R TEEERE R, A D < h R EREICHT AR,
TEBODEEF . mhmisR . PHIRIERANHINESR, Sttt
FSEi T SR, A RIRBI R A S AR .
3.1 %% KB RN 5 RIS BT

DEIHRE TN S MG, STHIECI O | H
TR S PuEISWr, e R AR F5K . EEEE
RS SAFEI G WAL, SR EEEE R HE St
T REEURS N AR, SRER T ERERHE; IRsh
PR A KA AR I AR TEIE s A5 SHREUIE
R R G RA R, R EIER R E, RUERE
B, NEIRE . BTFEREIRESEN R, W THA
FEHIRIR, Tethe XHEE . AR SR ARSI D
R WAL AR AR, SEBCRHIER R
MFFRIHEE R s, SCeRREE.
3.2 RimRES TS EHIRE

IR S iIEsR B AR ) SR I U,
SR IR T Ein S e s S, SRR S [
SR SR O, FNREE IR . 5,
SER . AT RELUECBOCR, TERISHAIR AR, @
KPR RGO | /NS A TR AR R A (PR PR
SRR LSTM, Transformer 255 E 4%, W% -
TRHIRHEI I T, GG, AT s
KANE, MrESMERE, SN SRFREE REE, R
PS5y El et s Ao pltitsiaX., DUBC T sE 22 1 e St
KNSRI, SRS RIEEEESAOPREEGE. Rl
SR STREZR I TR 12k, TRV BB A I B
F2 NS IR, SRIHEALZLRE ) SIS .
3.3 W EthE RIS BT EX ZNHLHI

DEWAROAEBEE. (E5HE . SR, B
B CBEERNER  SUSEREEOAT . SRR AR
LS. BdEZE b, D8 L e IEEIE 51022
Wi, mim MARR S S REREIES; E50E
b, D5smN IR EEEEEISW A LIS, =
A E A AR T . RIS EEERIES: R
#h b, ESERT AR DR, =y R
JESCHSERL AL SHEERTRER , 1B &G SIS
SRR E SR T

71



BASEEIRANE - $£04% - 5 031 - 2026 £ 03 A

4 YIEXMIREN BT i iz 4R 2 e 3L

IR 4 AR RN R, 4 £ B A TR 4 T A S E L
TH, FTHRESIAER T, (SRS . AT TIEmin
B, DUERIEITEIE AR OIRED, R, 70 | IR
L, BIEIATTRA BT BENEH, WEEREAST
B, KIERTHE48R SHEKCE.
41 THFEEHUZDZLE

FRRLABUREI A AL, @BEEAT T, hik&
BIPREEIR LR, AR ERE, FaER
SEOHTIEY, MBS IE R I . MRk B s
FIEN, BshEshmts: geERasit&ms . SRS .
KA BPOTER. BHRICHBEAE TH,; KR THAKES
W AR AR R B AR SIEHFNE,
AUES DB R s OV B A\ AR
Bl AU, PRERALRRE, eSS, Sndeise
RRIE, BHEAR HERICEE, RS ESE SRR . &
AR, FERTE BRI S A AL, TR B
FHER. JRAE TR m il b ia s, &3 A A ATHIET R AT
TR, FEEEMEE RiErE, B EREicR,
TRATEN, HEE0% R TR
4.2 3p={L R St ik

WIERE BRSNS s 1 B 1% B e & Bk
TF, & 1RGIE, NIBRIEE . BRI S HEE U
o AEERHEdE, JhEisiesR i SR SN e bR 5
B, SEI AR R, R SshasbakEmem, £
U P ST AR TR, et s e iR A T
BHERATLANL + EiEEEk + BEIRBIEA, AN
T HEnE, EGSEESHT BEheEsr. (NEIR
INEERRE, FERRERSGHIEI L 55, AR A DXt 42
Tt 72%, EFEARIEL S Bl sRissdet, mbifets
IRes . (RIAS SRS, B 8 2 B R & T
TS CREEEIR RS, ) , EshAERIGE TR 25
VTN, SRS a4 60% DL L.
43 ERIEBERNRERS

HEMb B4 S H AT, eS8 el
ETMRRIRRIRS, B R R O SRR A
EH L WS BOANETEAE A G CI R Em S L S5 D A,
HEEh S MR R ST , 4O A4
BRSPS Fay, AR RO RIE;
R A TSR, WAL SRR, ST
AREMME RS, W ORI, BEREE I, SRR A

72

FIRE, PHINREGEI T, SR TTRERREE . Ak S
ZARGE, WAMIETIERRETE 80% DAL, TR
EELBIMEEIN, BANCREET 60% LLE, AJIRAFE(R
30% Zidy, W R TOERRE, FIEEtE SR HEE
FUE

5 451

PIERIEE AR MARAS |- 55 T, )i &G e s 4R,
e H.MI LSO . AREELE . AR RS, RSO
FIFE TN IR EE Y A58, i = R s iA A
ERENS e RIS, DD RIZHEM R A
THEHERISW RSN S, MRk TS Wr 0 PR ;
BRI B A B4R E M Tk, RN
H, JH T (5 BN S A TRARAGE ),

ARG RN B BRI T e (R P 5 B i ks
BE, |BATB4ENR ., IR TR, ERkRE T
BAIFEEFT, ARREH EIS B R IR S AR I Al . [FIZ A8
KNE T ANIMES X, Ksge ARMEEE TIEF#RI,
I HIR R IR | R R SeE S CEE TR, SC3L
NITEIR A E

WHT, PRI AE B A A e R s R ST 7 T4 T
Pede I EL, BEE 5G-A. N TERE. Buran il R
AR, REEEIICERR_RE— PRI KRR TERES
IRFFEER S TR, RIS THBE; Wbz
REPRTRBETSD, HESIRE TS ML, MR Iisimiicls; Ad
WA AR R S e RIS A A, SIS
BITAI I E ST £t WS, Bz
HEOELEERE R, ST ENEgERRIELE,
AR ) AR B RB AR 5L 2B T/, ST
WA, ek, StfbsfEg K.

5% 3k
[1] Bt FETYBNE AR BT S RN S A T

[J]. EE DV AAETE, 2025,(04):156-158
[2] A, ETWBNE AR D% & B s 240 (7).

EEhER A, 2025,66 (05):181-183.

[31 Fz8r=, XI7rgE, XUHE, %o WENHEARTER S RE SR

AR [0). lBEOR, 2025,54 (01):212-213.

[4] Sk=3F, W DEVFELER IS 1R A

], H D RSP S5, 2024,52 (12):78-85.

[51 XUZE, 5. WHRNERLER %4 Ay R B A /O R

[J]. B TRERIR, 2024.,43 (05):112-118



