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Abstract

With the rapid development of China’s economy and the continuous improvement of people’s living standards, the demand for
electricity continues to grow, the scale of the power grid continues to expand, and the number of power equipment increases sharply.
As a core component of the power system, the safe and stable operation of power equipment is directly related to the reliability and
economy of the power grid. Based on this, the paper proposes a power equipment status monitoring system based on Internet of
Things technology to address the problems existing in current power equipment status monitoring. The system utilizes advanced
technologies such as IoT sensing, big data analysis, and artificial intelligence to achieve comprehensive perception, real-time
monitoring, and intelligent diagnosis of power equipment. The paper elaborates on the overall architecture, key technologies, and
main functional modules of the system in detail.

Keywords
Internet of Things technology; power equipment; state monitoring system

E TR MR AR B I & IR AS B R 52

SRAETH R e SPbs

s AR A RIS AT, T - T IR 839000

m E

MG P EZFRBEEFAARETKFORGRS, ©AFRKEFENK, CREREY X, ©AHREHLT LR NI,
AR RAHBSEBRIS, BARENLLRTEFABEX RN MGTERPZE, AT, #XAF ST
BERS BN P A AL, Jb—%ﬁ T — AR THBERABEARG ) ZERERR A%, 17?%%]#]#%&(3%5‘@&* KH A
AWM FATRRFALEA, FAT O AREN L @&, SHEMNFFRSE, R FMERET RAAHEHRRM, X4t
PARABE L ReA

KA

HIERMBAR; B A& REEM A%

21 HIEREE

Tk, MR R e R SO RRRREIRAIRE, S5 e, 2

B THHONUE. ML SR B ik S o @ISR, PR di FhRefomss
EA ST R 4 T R AR AR e TR, EREEARRT: mARELIRANE RS YR L

p= S )

FORR TSRS, AL ARk o IR REBOR fGRRES P i RE SUR T

[ARNIIIR

1 5]

i

B, 2T SRS, KBTI T S R (DGA ) fEIEZSAIA INMEINES . XGRS K L, £
, . S (MEMS) Hok, EUERABE . [EhEERYIVE LSS 0,
2 RGBSR SRR T S, A RSB SRR T

HTWBRMEAR SRR N AR R A RR sk, SEUSERROTNRRWIEE . Flitn, RahERes
FRELT, FEERESUERER . WNERERE .. BdRMEEN 35 S T HesE A (FFT) &k, n] Bk e
Bz PR S RV AR R o FHF; DGA IR T H THMZHRIN SRS BRI
MBS, X PR “RRAT+ THE” RERE MR AL, A
P TEOE RN SN AR R, KRN T 1A LR
[EEMEAY skER (1991-) , 5, PEERBEBA, &  iapodis, AHikss. a5 isn & %8s T
A, PRI, MBBSTIENEBSIIIAR. FEAil

71



BASEEIRANE - $£02% - $ 09 - 2024 £ 09 A

2.2 MERmEZE

D04 ka2 2 A SRR IEES, MoTE RERINER
BHERTRE . mcER R EdE R O, ARGERAZER.
SRR 4288, SEEL T MBI RIS O ) R T A%
B, TERE, RAMKIDFE M F R (40 LoRa,
NB-loT ) My ILLEE N4, ST RN BRI R 1F
A, B TALLAKIAN 5G W, FBRmmr s, Kk
BRBENEG . ] BERE, SEXFEE. 56 AN
DEBE, WEZKE. S E0ETMNE. AHREIE
B aelt, A5 R Rl Em N &5 ARFIE T SN 45
(SDN) #4A, @it SDN #=8s, STl T4 TR 1 A7
AR, FIRIEAIR SIS SRR, HiE N e
D fEhaisit. AN, ASTREERY T U4 I B E AT E itk
SRR AR, B THEsRIReE, iR T
BB SRR HES AT e
2.3 HEAIEE

BRI R R ARSI AN, 5T REEIN iR
SFEAEIITAE . B TS, ZER ARt
BN, TEAIERIEEME . AR, FHEREL R
SIHEFIATR L IS ThRei . fERUREEME S, A%RA
Hadoop 43 7 7.3 245 (HDFS ) Fl HBase %15 £#E 2,
SN T PB AR AR R 2. BRI iR
F= T Apache Spark FEZE, I HATiHE SLELEIR ) < |
FREEACFISEE R P R R B EERY T sk . Soitsl
SRS LRGN, A EE N HEBCR FIZ A&
ORFIEF R, IRASTH E R FEE SI8 (40 LSTM.,
GRU %), S5& B WL T IR SAaEdRrIRE & 9T,
WIS A RRRIRS . AR B T RS IE AR
BEREREA, MR THR DS SSIRIoNr R A%, w]iE
MR . X e R BRI R R, ASRERS
MiEEHIERIREREMENE R, VS E R IR
s,
24 NARSE

n AR B A sE R Hm, A AP REFEED
A TR BE R AR 55 . 1% E R ARRSS Ak, 12
AR AIRS IR, SpEris, R, . A auml, 4e
1B SZRFRIRE sl S5 TheE i, AR A IR g S SR
FH WebGL $2K, S T8 = 4 nl LSNP IR SRR o
BT AR R TSR] 8 e R BB, BESHR AT A IS
FERBR RS TS B . BRI R R s ST B,
AR, R TSR IR, ARSI A A H R A fe
R, Tl at SRR RO R s i, S
TRRREAHIRSTTIN . 4HEIE LT £ BiR
eAbE:, RIRIEIARIRES . HERARTEN IR B 5l Ak
A2, Reahi AR I s, 2%
VIR, (EiEe A G AT AR R P i iR L B 5 8

72

AN, ZERIREE T IR APL 8201, RIS HEMAS (0
ERP. GIS %5 ) MCaEenk, SCBIL T H ke e ay A EARY
BREETE,
3 HERA
3.1 ZERMEERE A

KAGR AL TIRE SN LIRS EBIER A HE A,
GRS TR RN Z AR INEGE . 2RI E—Fh
B SRS, B S HA TIHORIESRER -4 A0
H i R AR X TV EE (iS22 B TE%),
KAZEBFWL (MLP ) S TRHFREG 3 T EdE (4
WANES . WEAL) , ERARFEIHCIZME (LSTM)
JERHAIfRA: s W T EUGEEE (I /NMERIED) |, RS
TS (CNN ) FREAS ARFAE P A EHRES, @ 3
T8 I A O SR A S BRI SR E i, 12k
THEZ I, RESHRIE MY A5 H AR R R B2
Mo BEAN, ABRREERL TS SRS, B IR
T, S T RRE R AR BN A R ANERS, KIERS T
AYERZARE DARE R FRCE
3.2 MEITERE A

R AGHNEAT EF AR T —Fh B0 o R e
¥, SEEUTEOERE . TR B, B
IR FMRIDEE . SMERERLSATETI A, BT ARM
Cortex-M7 =25 F1 FPGA NIEES. %7755 % I Sai &
Z4Fs, FPGA 5% mnd A RS 5403, ARM &b
ISP TE BRI RIZ ., SRR, LT —ERE
TNBIRERSS, IFEISTSEAREE ., A%0AK
TR R AR R, KR ST B DB 2 R
IBRIINEE S . AIER B IIBHNNES IS, R TR
RIEPR ARFIAE TR A SE, RS EER . &5, SR
TS MRaTEiT. WETTH, LBl Tihs T AR e
AL, LR MDA, BB hENE, A5
REMSARTBEINAIRIAN T B, SSREES P ThIE
PP GEINS IR AN TE WD THURE R, IR TN
W TR, IS T ERR AR R, i St
IR SRR T S
3.3 REBUFEIFAR

KAGLIA TETIEE R ST R R A,
THACE S SRR FE 725 MO — e
LR REIR R R M SRS RS (MADDPG ) Bk, RERS[A
WA 22 B B L 1478 . 122800 A actor-critic 52
3, actor %A DT A BGESLOBHTEZSA] (Andedristial, =
TTEE0REE) | critic MATHESIERNKIINE. AR
NAGREAIREZENA], SIATETEHRLMEZ (GNN)
FORESSES, ARSI A RIMTET M AT E o, 2
JIhRRECATToR G 5 RE TS Rl . BT . 4P EAs R



BASEEIRANE - $£02% - $ 09 - 2024 £ 09 A

AGRENE LBy, #d 2 BRI CEL TS FabRR R
o IR IR R e e, RGN TETER
KHRIYS | SRR RIS LR tesh, PR T— 1
REMF R T LIPS, SR RIS
2] B BRGNS R, ZRORTEE A
o RlAEE | AR A A IR (R A S5 5 T R T
(L, ARINEEHERL. BRI e,

4 FEINBEIRDR
4.1 FERSIFAEEIR

WEIRETH M REUR RGO ThEE, RAIZRE.
SRS TT ik, 2T S RS NS T E
fHo ZIEHELT IR SINESE, Wi T — N2 TEAS
B, fEIRE, FIAEREM%S (CNN) AR L2
W% (LSTM) 43 BIALFRZS [RIFOI FRAAE, i I a RS
BRI AR I By o B SR R PR RIS ER
Bt (GRU) W%, SCZIREERNEIASREG, BiknH
TR RZHORE . TR HEERNYS (GON) 3K
RGN R, BRABBESIRENEE N, i
T AT R B, 51T # T SHAP(SHapley Additive
exPlanations ) (B [U4FE B ZMEDHT 53, PRAGES R DLEERR
FRE (0~100) HOTEAEIH, T ARSMERE . MRS .
UG FEL MR . RGUBEER T RT/ N ARANZS
iR (EMD) B RonIEE:, Gefs S i & BN (R
K&
4.2 H RIS ETRRER

oW R B AR . dER IR B B A R T 7
e, HERUEFAICHIE R ZIEYCR T —FheEiR
GIWHESR, 256 T EUBEI SRR RER BT T IR 4o
RSN ET, PR T — N EETRE S SN SR A
B, REGSIEINIZ W 2 PP A . %4508 R F DenseNet
79 backbone W45, $EEXZ REHFIE; w5 | AEE AL,
H5E T S B SR IE AR RE ST A I B AR S A )
W, KA THESRK (Focal Loss ) FIRA RFEFME . &N
OXANETH, # T — AT AR (Ontology ) HYHR IS
FERNAERS, ok, Ml R R EFEEE
SAF B BT S |82, ST TR TR AR 2T
PR FRTT 5 45 S8 1 Dempster-Shafer 1FTRIFIS I TRLS,
RECRIIE TI2WrRdemai:, SXOaRm 7RI eRetk. thoh, BatuR
BT —MELRAE AN, RENS NI SRR SEL, iGN
BRSNS, W RUMPERR | BEE, T ER
PRI T 20
4.3 Fan TR

A TR EC) T e (5 B i S & R &
@ (RUL) , AT REERRARYE, 2R T —

MRS B SRR SIS, Admte T
BRI AN /575 . (EWPRASRTSTH, BET ik s 2 IUpL
H, b T EREREA. AN AT SRR 2
MBS ZERES AR (FEA) J57%, iU
TREEAA T TR IR By, it 7 —
MO IS L, — NIRRT s s, 55—
AEFR A HRESEE, ARdmE & A iR
el WA ST BRSO URIE TRl G, R
WA TIEE R A& S8, SIA TN
dropout $ZAR, SEEL TARTREMERAL. HEIN, BRHUAEER T
— TR S EIE R RIS, REW SIS AR R
ST, TERRIETRIRE L RO RIS PRI T8 . FIEs DL
RS GH, AENEEaG . BEXIAMIGSHERE
(E3s
4.4 HEIEIR R THFRIR

LB SRS R B R TR RIS T, . B2t
FAFATTITNEE R, Fyimde N RSB U AEIE RS . 12 AR
KT M Z BFRUUESE, a5 issd nl SEt
HEERUR . RN ASIEESE 2 Bir. UEER
— N I 2 RE IR FE A E VE SRS B (MADDPG ) %
B, RN — SRR A . RS A A A R
Ei=Ey O e SN DS 22 S S e [T N
THIRREIRIE, ndkguntT . IREEW, /ME. K&, E
% . RBREE S RS TN TT 15, 2B S
F—IE. AR EErE, SIA TR TS Rk
PHEER (MCTS ) HUSRISIEICT51%, RERSTEA TR IRINERSR
RERTBEVIREFES . AL, BRPRSERR T — MR TZpE
F (CBR) FESRMNREE, 17& 775 s 4B S fI R sk,
AR AREDL AL ) M BTk SRR 75 . ROREERDAEIEIT R
MR EI, EUEAEERTA . N . TR seR s
PG R . RZUREROE T A ) What-If 547 TR, 7oiF
SV S VRNCIP N o E SN NG 2R

5 &5iE

LZZLRTR, ROETREIAR T FEIRGE R ARD
ERER A E T IS BERRL, A RER RO T
AN, AR IR — PR Z DG RN T 2R A4
R, R DRFIAEERE, Bidde, Badurhikk.
&% 3k
[1]  FRe CIET YR DR RS IR W S re R 2 W BRI 52

I B S AR S2575,2024(6):41-43.

[2]  WLEEE PRI 1 R R AE i A bR A b 1 7 9. B8

FHLE I FH,2023,40(10):162-163.

[3]  PISCHILE TN B AR B IR A RS T A S (7] T

HiAR,2022(20):83-86

73



