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Innovative technology of intelligent inspection for substation operation and maintenance
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Baotou Power Supply Branch of Inner Mongolia Electric Power ( Group ) Co., LTD
[ Abstract ] In the context of profound adjustments in the global energy structure and the rapid development of new power systems,

the scale of the power system is expanding exponentially, and the demand for intelligent development is becoming
increasingly urgent.This trend presents unprecedented challenges to substation operation and maintenance

( O&M ).Traditional manual inspection methods, when faced with the massive data monitoring of modern power grids,
high-precision fault diagnosis, and 24/7 O&M needs, have shown numerous drawbacks, including low efficiency,
significant errors, and delayed responses, making them inadequate to support the core requirements for the safe and
efficient operation of power systems.This article focuses on the innovation of intelligent inspection technology in
substation operation and maintenance, systematically analyzing the inherent limitations of traditional inspection
methods in data completeness, fault prediction accuracy, and cost control.It also explores innovative practices of
intelligent inspection technology in the field of substation operation and maintenance, leveraging advanced technologies
such as smart sensing, big data analysis, and artificial intelligence.The research covers various innovative application
scenarios, including multi-modal data collection and autonomous decision-making mechanisms for intelligent inspection
robots, online monitoring technology based on IoT architecture, and 3D modeling and infrared thermal imaging inspection
technology using drones.These applications are illustrated through practical engineering cases to highlight their technical
advantages and application outcomes.Furthermore, the article provides a forward-looking analysis of the future development
trends of intelligent inspection technology from perspectives such as the depth of technology integration, the improvement of
the standard system, and the construction of an industrial ecosystem.This analysis aims to provide a scientific theoretical basis
and practical guidance for technological innovation in the power industry, the transformation and upgrading of substation
operation and maintenance models, and the stable operation of power systems.

[ Key words Jsubstation operation and maintenance ; intelligent inspection; online monitoring; intelligent inspection robot; UAV inspection

515 A, REAE R BB B E 2T . AR RB L T AR
4 RO L ) R 2 AR I AT o B L RS

HL VR B R E 2 O B 2EREIR, AR (I A 2 285 BRIk, AR RN Z | S B e, 124t
KRN RAE T 2 G H B AR F R4y L T R e S A N TG AR HAICRAR . RS | IR IR AR = 45

181



REiREn. Modern Science and Technology Research MRXRHZR £ 5% F 7 #1 2025 £

(IR, MELAWE ) RS Re L . KA Ais iR . 7RG
HET, B ARNGE A, WA A TR,
R KREARE SRR , AR BB AT R AL
T A% FLE 2 8 B AL RS R AR B, X 44 5 2% H is 4R 4L
B RIS | PR RS Z 2] s T A
MAE X

—. fegnia BRI )

(—) AN TBECRIE

LG A s R b, N Tk E M DT B, Kb
RAE AR AS W A AT o SRS A B3 T P A B S I
2k, XAEFERE . iR . PR PR LA Al i b A
BRAT . DL 220KV BORTUARHLT B, 3l P il e
ik 500 &, EE AR IREOTE K, IR A FE
W7 6-8 /INAF, B4 HE KRR 2 A% v ol 5L 55 75 AR 2
12 /NEFRLE o 3 AR IR AR ARG AR 2 A (SO L il J AR
il FL X A2 28 S W 755K, SRR R4 S8 R, PRI
N HER S EOK R R, S LS TR . AR, AT
A JE AR TE A P R 18 RS I B 8751k, 23
WA T R B,

(7)) BWPEs, dEfhVEECARUE

N T30 B FE AR A AR N B Ll B R 5 40 A
H WIEERBEN 2022 FB4EHIEST, AP A
RN R 22 Rk 23%-35%, B e H SRS B o G 300
PERFAE . FESCBRARAE K N TR eSO . s S A 2y
WET, s B, Hr . 8L 5 AW s RS
We by 5% R R T4 o AR e SO B A s ) 322 22 B
B, 957 FEOTERE ) T B A S T B Rh
TN TG R, ARRH AT 4 /NBFIS, A0 e A
FNWIRN 8% FTHE 18%, XUt A, JRIFRK
LSRR RE A T HE R SR AN I 60% , ™ B 5% M T8 45 fi
RS IR HETTAL

(=) AN

AR VRN i KSRV 3 T , (R ia A TR B & 22 %
S, WA RE B FEEL T, T A SR
110KV DA _FRYAFE Xk, 3T B4 s b 1375 s YR
Wb E o A 5i1T, 2019-2023 4R, 4 AT
RN TR 5 & B2l il Siilcdi ik 42%,
TR 27% . TEWOR RSN, SRp RS — 20
Jal: RBERRA BRSO . BEG R NEUK
IR BT PR T 23 B 55 | TIN5 A i 2 Aty il L
Wb o FEVE AR B R P 5 WA T IR R T3K, 23 2
2 TAE N GABA TR A 0, i AL Gl U 7R R
BT T B % Tt

182

L AHLs SRR B BN H

(—) FHEREALA A

BRI L s AL i s 4R REAL A A B2 A
R T RIS, WNZLAMARUSAL RS | mg gk . A
T AR LA AL IR REAS S M I3 74 L 7
A7, AT B A TR AL, Bt R R A A S O
e T Pk FT MABE & A MILENR, FIHEHSRBIEAR
P A RO SM RN | SRR R B o P R W RERS
RGBT A S (5, W A 5 A H AR FI s # 2
TRAFAE S o

B REM A AL A AT LA B8 T8 p) 1 ARG i £ ATk 1] 1 50
XS ALl B A HEA TS, RERSAE S 2R AR v 3R v () 2 5
AL, R, 5N L, B BRI AL A N BA AR R
e BRI | ARG R RS N, TEE
FHEFE AR, B BRI AL R AT LIE 2 -3
ZINHSF PAY S BRORS A L ) e TSRS, O ELRERBSIZIT E 155K
(% S RSP YN E R DI a -2 ) S

() TR AR

TR MR DA 3 7R AR L B |42 S e
SEPN BB A PIRAS Y S I . i, X TR, w4
P P AR AR E S DN RE 1, T3 0BT A T Aty P P A )
R WBE . CHRAEIRA S LRGBS, FIRTE RAS N
PRI A AT SRy R A SRy PRI HL S e ) T e TR TG 4
22 SRy A AR S e DR W3 o AL PR S S L 1
oL, PREETAR B A LB

TELE W IN-BE AR T AR 46 ) LSS RO TSt
ANHLTE | FLIE  DARAE G X X BE SR SN AT AR B
RERS SNt & BB 19 5 W s A IR o [, FEZR I R G n]
VA AR Lol [ S R GE AT Rs S 1L, S B S A
Wit o B4 GNT LU P O R RLR S, S AR
B RYIBITIRES,  Beih ke AL PR Al e

(=) TEAPLEE:

TN AGAE AR Lz 4 BAT RS A DS T ABLRT LA
PR A L 3 25 DX, RIS T2 TR 3 K
AR AR A DRI XS A5, RERSHEA T UG . AL
FERR R SRR AL AN AR , BER AR 5 10 v T 1 1
FLLAMPIRIE B A B A RSN R BE | 3 PR (AR

TE S RE b, JEAMLR] DU SR i Zk A £ kAT,
AT DU i R B e A s A T a8 3l X JE AL
PR UGB A T o0 Hr Ak B, REREHER WS f 1B 17k
Ao BN, FEIX AR AR T, JCABLA] AP G
ZHIIE , WAL Bl B A EAT A TG, , KRR i T IR,
FRAR T S AG A



REiREn. Modern Science and Technology Research MRXRHZR £ 5% F 7 #1 2025 £

=, LSRR E AR R R %

(—) ZEARMAERIR

TERC ARG T IS T, AR s 4R BE AL AR AR
TE g ) ZEORB G 7 . NTREE . PR . R
S RIREORIGIEZ DA , K IR ) RGTE4E R R R =
B o DATRBE S ) N OO I N T REROR , sl iy £
SRR AR, AR HLA AR LA R | i
I HL A5 2 R S R S A T R AE BRI S A, S AR T
MRS 5T REFR PP BRI W . IR
ARMEB) 56 WAF SRR, WA 4
BRIPIBRIERFNZS , (ETFOCHE . GIS ZH A ML g B s S Bk
ASH T TEL I o AERHRAE BRI, oA s A
LR HIRA I, WAEDR R L 2RI T, SCERE X
SRS HL S KO ) IR AT, s s A i SR A B A Bl 2
S S EE

() BRI TRIE NI

B REAL A A BE SR T 5 R AT S I, 72 vl 12 4 45T
BRIET G EB SR . AR B DL IR S AL e 5t
THNTHESR, B TR 2 A B BB RAR A . il i
AL I 3N R SV L SR G NN S SO
MRS, WY MG B A T RS, 7
n, SRAKATRHCIZ 4 (LSTM ) %728 28 il (i Sdi i/
FEmF T, 458 SR RIS BB Al ek A
LA B PR TR R R R R T 30% DAL BEAh,
T~ s 4R ATk, BEAR A oL 190 B 1o 07 30
SR ENAED SR A S, S Blis 4R B
R BCE o

(=) ANBLBA] RSB 7

BB R GE R AR A E SR EAL RS, (AR 2
T AT N 2R TR A o AR B AP RIREACHE 5
W OEREIH + BRUUR + BUAIIE" BPERGER  7EE

P

R AG S , 5 RHOL TR 5 5w U i S 5 R 8, AT X
MR BT RGN ; TER IS Wbl BRARGESS
B ENEEG RN 5 5 A A AW 4R B i 5
BSE (AR ) B2 8, A B IR 5T BEAL
WBREAT AN o BT REBEA AN 5 DX, AN N A 4
LSl kARG, SR A TR + BB
R AT BE, B RO TR AR G B DR 4 i e
B, iR F IR R 100%.

M. g5

FEFRIH ) R G AT R S HARIRS T, AS
IBAER AL R BB AR IR R B B A 4 T AL B B o
ARG T AEGEN TIRAGAFAE MRS . i B
DR Tl AN L A5 ) L, B3 P b R SR ML AR A 2
PSRN RS0 . FET WM o 75 L 15 s 4 A TE R M A R
PASTE AL B E A AR ATk SR ARy £ . 3 i ZE 1) 51
HESIAT , B BB ML A A FE 2R A A AMAASR 5 Ry i R Ao T
B, WS A B IR ST 5 98.6% 5 T AHLIKAS
Ryt AT BURPUNEAR , B a5 7 K
HE 4 /N, BHERAREIL 35% LI,

T [ 7 2 P, ) R G I A IR A IR | XU T Y ok
R R ZLR , AR AR R R R =KD — R
SR — R EZEERAAS T 6, THHOEE AN S
W . LT HNENE SR B B TR ST s R AR TR
FARE R BRI W R G0, i i T R A A A R I R A
W, STHLERE 2 SR RS ARG T s =SB ALY R
s, RS TAE WA A ERK + TR
WA R YER . BEE 5G. ANTRRE. hgaES
Br—A 5 B AR B TREEIREE , 28 HL I8 4R BE AL AL AR Fr
Sk T, T ) R G IS TR SR S AR
i

[IPNESR, ZRPSk, WG, 55, AR MiREEAR DL PERILTRAR2HR, 2013, 33 (10): 1-10.

[2)FAHH, Emesk, ki, 5, s SHssWE R BITER (). mEEEA, 2014, 40 (8): 2404 -2416.
BICA i, WA, PR, 45, AR R LA N R G CEEAR [J]. MR, 2015, 41 (11): 3605 - 3611.
[41RMA, RN, ®ivE, . BRI PERREL ENBAR IR IR S & BEH (). SRR, 2016, 52 (3): 17

—-24 +31.

[SIM 5, AW, FRT, 55, JTTANLTER RS AR AR S5 RE JL.R RGP S5, 2017, 45 (14): 149 - 156.
(613D, 2R, Mk, 5%, AL ELITNE AR MR SMA DB EREA, 2018, 44 (1): 1-13.
(7RI, XUBEHE, SR 3y, 4. EEd IR T A S 4 R R RIS [N B RS A1k, 2019, 43 (1): 1-10.
[BIEERR, #/D8, 2%, %, BT REPENBE SRS SHEZE [T B MEAR, 2020, 44 (6): 2107 - 2115.

183



