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Abstract: [Objective] The offshore step-up substation serves as the central hub for power collection in offshore wind farms, and its
inspection, operation and maintenance are crucial to ensuring safe production and improving efficiency. As offshore wind farms continue
to expand into deeper and farther waters, the safety risks, operation and maintenance costs, inspection efficiency and other problems
brought by the manual inspection mode become even more prominent, leading to the increasing demand for intelligent inspection of

offshore wind farms. To effectively address the challenges of frequent inspections, high difficulty and low efficiency in offshore wind
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power step-up substation, an intelligent robot inspection system is designed in this paper. [Method] Firstly, a three-layer system
architecture of the intelligent inspection system was designed, comprising perception-layer, network-layer and application-layer.
Subsequently, detailed information about the robot inspection system was provided, including background management system, robot
system design, communication power supply system design, and instrument image recognition technology. Finally, the application steps
of the robot were designed from the transformation of the step-up substation, the installation mode of the robot and the inspection task
planning. [Result] The developed robot inspection system is successfully applied to both new and old offshore step-up substations. It
realizes remote inspections of equipment status at offshore step-up substations and facilitates intelligent analysis of inspection data.
[Conclusion] The advantages of the proposed robot intelligent inspection system include high efficiency in inspections, reduces
management costs and enhanced emergency response capabilities. These improvements significantly enhance operation and maintenance
efficiency while reducing costs associated with offshore wind power generation. The research findings have important implications for
advancing intelligence in offshore wind power operation and maintenance.

Key words: offshore step-up substations; rail-mounted robot; inspection system; intelligent inspection; operation and maintenance
management
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Fig. 1 Architecture diagram of intelligent robot inspection system
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Fig. 2 The interface of background management software
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Fig. 3 The structure of rail-mounted robot
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Fig. 4 Flow chart of robot inspection
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Fig. 6 Flow chart of SF¢ instrument image recognition

HEFU)

F1i KNSR
3.42 HFEAUCERBNTE

B X1 b T e s T TR JEOR 2 | MRS 4
[, BT E I & — BBk R 2 o B A SR 328K
Bk, ME 8 FITR, %7 LA YOLOVS W44 g BE Rl 45
A, X B AN RGN PR 3 0 S 1 () R, 255 1
TIHLHIREE 1 MR RS YOLOVS B R B )

(b) TR IE

)

() X ek 533

7 SFs URIRATRRE
Fig. 7 Flow chart of SF; instrument image recognition

R BEREHBEEST

Tab. 1 Accuracy analysis of instrument reading

Ko il ATES SR SiRE MRZE%
1 0.9 0.62 0.632 0.012 1.9
2 1.0 0.08 0.078 -0.002 2.5
3 0.9 0 0.001 0.001 —




122 R RETR A I

£ 128
FLF X I YOLOVSF44H 5]

I
|
FHIERE !

B 2% ! numl: 387V

! num2: 6.1 A

>

P um3: 6.1A

| numé: 8.4 A
v v v |
2 = |
|
|

8 HFXUREFIAFRER

Fig. 8 Flow chart of digital instrument image recognition

BEHY IR F A0 O B A HE A% G B A R T 53]
Dy B AR MER T S, I H SRR S
T S Bty PN R AR AR SR A | AU ) TR TR L

YOLOVS [ 45 45 k4 415 45 21 A B T i 43 A [
1855 A2 Input B He | F¢1E $2 BUZ Backbone FE 4 |
FEAE A5 2 Neck Bk L K FUil /2 Prediction 21 -
BEX LED S0 AR FAF 248, SE0E o 3 45 k)
YOLOVS M8 45k 470k

D WIERA S AR AL . YOLOVS JRR A HE R~
SHOF R TR B s 4, X T 7 B L
o B, KA 145 R (58 x85) Ry 132, A
H AR AE Z BN B K I FE I HE . AR SCET X B0 45 5L
FAHRMT 55, 8 i K-means+38 285805k 50 A U 05
HE, DT 2 A ARSI 4 B 23R

2) IR Ay B B . R A R R 2 A .
HAREE ] 5, 1558 YOLOVS 3 T M 2% (i 250 K
SRR K SERF PR 2 . AR SOl R T A
LR YOLOVS W 45 H i) 353 45 A1, TR EE vl 43 5
& B bR AL G B i R B TR B S B B S B,
DL D B B R AT R

3T RIS T = B R
I 1% 3 R R VA 0 3R, 7 I 4% v B A T 2 R
N2 (B FE R A, TR R G I R AL, 48
R b P PG B8R

e 9 s, 2T A SO 7 X ML R4
(1836 I T 3l 50 A3 RS R A T 1A, PR SR
 9(e) Itz , A SCT i ] S FA R MER R 51

4 NRATRE

4.1 ERATHRANK IR & BB
25 AR L T s ol 3G R A7 A 15 TR] R
) 7000 BEAEARTTAN I IS D8, ALas A LLSE B 4

(a) MLES N CRER IR E

_538] 458 459

(b) H B X IR

(c) YOLOVSFZAFiR
9 HFAMUEREBIRNBRE

Fig. 9 Pictures of digital instrument image recognition
Jifii TCAEAIAE . D4 m LA A R, s ik
AL “Fh 7 K A BN, FE R 2o 2 i o R
THE ORI B FRAEAR ]2 WA s 0 A 38
TEIE AR G AT R b T R R B A 1R Y
BRI, T8 AL A A T AR
411 FIHEEAR AT R

g b T sl T JE B T MR IR SR R B
BATSEG WIREE R W BRI, A
TR AR SRR TR 22, SR B BTy
AT NEE . R H 2307 AN 23,
1M, 222 RS B P 1) 25 AN AH [, 5 BOPL & AE XS
A R TR IAS . PR, Sy B R B AR N AR A
Fil, 5 B TH IR uli BT B BB & IR B & T Ry xR
T TAR A, B GIS & FAEITARITHEL



513

JEERE, A5 i ETHRBS LA A RIS RGN b 123

LR AT\ M T [ G 38 T T T AR AT R, [T X
AR ) R IRIAR 2 A B AL a8 AN PR AR IR 1
4.1.2  BFRAEAET]E b ek

F AR A ] P B AR AR DX T DR B E N B e 4
My IEH st BA EEE L. h T hREE]
AN BT, 1B 4E N 51 TG 1 4 O 22 B4R N i
I ATARA, 77 EEAE 2% T Z2 I R ROk ) 4T
FE TG A RS, RORFBRAR TR % . Tt
B R AR N AOIRAS, AT RE &9 R & e i, Xt
s N ORI A 1 A . PR R BRI R K
PR 56 REFE, DR B B AEAR 15T O B A (i )
LR DA TR L ARORE L R OCE IR A BRARAE ]
1732 WAk A, £ FH 32 AR 46 s A 44 o, DA AL
A NS 22 48 1T DA e b UL 2 A TN 14 4% i as A IR
A, WA 2 4 N A F-sh FFAR T 1A 1y o /2, AT
P 1K A B K
4.1.3 R IH T 6 A B A

T b T He sl 7 22 A 1 B & AL AR 22, BAE 45 1%
2% () J5f P HLARST, AL AHE LA ) s o 22414 £ )i
Rl AT, B0 A ] 2 ) el AL s, K
MRS N C B A o Ry T R AP 2R 46 T AR, 3
Tob T 2 A RV /0N 9 1 2% (B) 8RS 38, 7 2 MRS
) 24— B LA N R G, N4 AL as A i 25
N RE ey =B (8 ey & T E T LR
42 HB|ALREKHE

BB LA N AW L Th R 5k 22 e v B
(1) a0 X8 3t N DA 1R 28 A ke s (2) AN S 4 1 238
TE RN TR T o AR A o H st A [] 35 5 (1) 25 [ A

J Bl A6 H b o3 A s 0, R e 4 ) 22 26 05 XA 5 B
U2 e | MBE 23 J e Rz e 3 Mgl
Hh, dE b T w5 5 MR AR % R B R AR Ty
%, GIS = M T2 2 K M EE UL 3T & Hldr A
FEAR LA A2 AN 10 F7R

(a) MLas NS 22 (b) PLEF A2 A
10 ERANBANFRREAX

Fig. 10 Different mounting methods of rail-mounted robots

43 HBEANKREZHK]

AT N ARG & 45 R G h S e i 4l A
TR A AT 55, MLAF N R Ge e B AG AT 55 7R 4R
FE B H BT IR TAE . LA AR RS0 103K
T 45 30 PN 25 A0 435 J0AG: X 38, RS A | IAG AT 55
RS (¥ et e NS (Y a1l 5 IS LY A N EAINB Y %4 €Y L=
8, T RIE R G RE S EO S8 B PTG AT 55 . LUTE
TR, 220 kv FE AR E A R B, ALAF KA RS0
R S5 ORI AN 2 P o SR 55 i i A i
M E OO E | OB L RIS 5E, # OR K
A AR A 1 55 4 T BP0 A, FAE R A 0
O = W S A< T ot e 2 N [ B2 o A SN N i
JEAE R4 INREEN S R A 22 57, SR AT 55 4
T LRI PR GO e . KR N TEfS &

x2 IFTEKKRMESS
Tab. 2 Inspection points of the main transformer room

FF5 HASALS5 5 S A ESR A
1 AR e A T R E 1 HER PN SR BT, B IR 22 £5% N IR o2l
2 FALE SR 1 HERIRUIRECT, R IR 2ETE 5% N IR a1l
3 AR AL IR E T 1 AR BT, B IR 22 £5% N IR o2l
4 EEE-ALSIPS 1 WA BHE O E GRS a1l
5 IS IbALY 1 THWR B EHAL 2 AT WA
6 At 1 WA BE O E GRS a1l
7 AR e R 3 BORNAGRARIEMES A, B, C=A, BERMA LIF 51X 53 e Ll
8 A RARE R 3 BN AR EMES AL B, C=H, BUR A LUF 51X 4> PR AGAG T
9 EAET A 1 TR 2R s T g ivall
10 FAR T 1 T B T A €T 0 AL




124 R RETR A I

LERVE

s R gl AP EAR AR T AT Y A 2l
R o e A 55 MU 23 S TRV R 41 2 2%,
JESPEAT: 55 LRI AT e AT, AR, I kA 55
AL AR G 1 PR AR AT 55 4 E

5 RAR

P pLE N BEIAS R B8 2 THE
i bR AT R R, 8 a6 £ A A v s T A
B T 4 T IO FH 2 2% 5 4 S T R 3 ARG A
ERViE=SI i/
51 XFE3BKVFXENHA

B T B () 4548 B s 78, R R el
T ANAIL A N IUTE B 5 sl W P R A M B K
(KL, B BT X 43 B S AR R R 3K H LA 2%
A ], PR b s B A T R Ak .
B s, BT 35 kV JF = B RE ALK 75 2Rk K,
HL AR AR ORE 5, K AR v, HL A4 ] 25 [H) 482
K, EEFENAE N LR E . FL, fETF e Em
LML AT R /R TE .

11 35kV FXEKEMEZA

Fig. 11 Inspection robot in 35 kV switch house

AT W], HLas N R 1R 8RR il &
SR IR S E BT A JT AR HEAT I, 12 B,
PLES ANTER AT B R AR B4R L TFIG, 84T TR
M S5 B A PG AT A sl X S W RS AT A 3h
O, WAEAE R A S A R . U H AT, PLEs
NAEHE TR R S8 AT, i 1T YR R 1
A B M A AR A A B AR, s 1T R A
BB AT AT RETE, i L Tl 4 v A RE R AR 4
RS
5.2 PBRIIFME L7 Euh A

PRI PN TR B XU 3 T AR 4 T L KU A e
P A BT T R K itk 2 —, 3 g ik i

12 HFRARENRITER

Fig. 12 Pictures of instruments collected by robot

1 FLZ 800 km’, HLKIE AP A S GW. HiAp, FH
VLA NS X 37350 H kA3 BT FH P B v
PR Vi 1k, MR HLZS 0 1 GW, T H s 8
BRI 52 km, KR FIZ) 36 ~ 46 m. 7 /S
T R 3 350 5 XU 37 R 66 kV AR HLZR A
330 kV 28 Ui i b AR B 66 kv MU BEZE, KL 15
L KR 18 (1], UL 3% 48 330 kV 28 it b T
JEAZ B TF R 2R 330 kV 48 3 1] 330 kV 4R H .

TN 1R o 3 R A A AL R AR R AR
FPLE.GISE . BLHREE SR E. WEE. &l
A o ZRAE b T R Ok A T A TR T SR I fig i
i R E A ER R, 5 IR | GIS B L%
AT B N, 2 2% T 2R e Fn gk 2 Fhor =X
At T B () 18 T AT LSRR ML BRSSP . 45
AR TR s TR e T . A 13
JIE7R, AAILAS NAE T 75 1 T R 06 44 £ = F1 GIS
FINFE BT AL A 2R g8 4 il AL FH p
i T B T, LR N2 T R AT
wh AR AT, W TR B A ) Y s TR,
P T R REN:

g1 P 3
o

1Rk

B 13 HHR|mAKKREERYNELITE
Fig. 13 Drawing of inspection route and track design for robot
SGibuR R CANAE LRI =Y AW N A S A
SR TAE, Bl e N TR =0 F i 4 H 4 kil



513

JEERE, A5 i ETHRBS LA A RIS RGN b 125

VIR B A B H 1R, I8 T N B3 H A 1
R EAS, Fe B AR IR AR 5 o, 1 g
Fh s 1 AR R Y Zyds 4k A 180 J7 It 4 A 1w 8]
WINTTT2) 4.5 T e iz 4 s A . SEBLfE 1K
FL 7 T R il 1 4 3t 8 B AL ARG A8 L, il B XU
Cik/is by

6 %t

g L Th i A D T 1 XURL 3 B  H g R A
O, HAs A7 i n] S R R RE AL 7 BE 52 M 25 R N1 L
R 3 (1 iz AV B AR SCLA R LA A AT BT
e il B89 107 FH A 8 A 0, 3BT T T T s 3l £ s 4 B
AR, B T ALES A RIS R, BT T HLER A
BRBEIE R G ai ), FEXS Pl AN AL BREAT T4
RO FEERAEAS RV _L T He ol IR, 30k 1 &%
GERy I EENE R e . BB N TR BEROR 0 K,
g b X BEAL A MIKGE 25 o AR BT R b
REIKAS J7 10] L=, AR IE T ZE M LLR JLASTT [ i 5
f: (1) i i B B 48 B8, 4n3hn 22 e L
o AL SN A I AL R L L 2 AR i A
PRI 25 (2) 4 SR BEAKAS R 50 5 DU 4% R 58
KRARE R GE I AP PR GEAF R G Rl %)
125 (3) Jnai it b XCRAILAL | 7K R R ALRE Al S I 4 1Y
WAG o 1 I ST LA B I AL O B B O, S
LI LR IR AL . TG, Dyt b AR A R
ek SRS B L

Sk

(1] ZHANG J H, WANG H. Development of offshore wind power
and foundation technology for offshore wind turbines in China
[J]. Ocean engineering, 2022, 266: 113256. DOI: 10.1016/j.
oceaneng.2022.113256.

(2] XU X M, NIU D X, XIAO B W, et al. Policy analysis for grid
parity of wind power generation in China [J]. Energy policy,
2020, 138: 111225. DOI: 10.1016/j.enpol.2019.111225.

(3] J™Hisk, sk T, DA, 55 REW B X LRIV 5l #ss

it [J]. KR, 2024, 45(1): 1-12. DOI: 10.12096/}.2096-
4528.pgt.23093.
YAN X R, ZHANG N N, MA K C, et al. Overview of current
situation and trend of offshore wind power development in China
[J]. Power generation technology, 2024, 45(1): 1-12. DOI: 10.
12096/§.2096-4528.pgt.23093.

(4] MITCHELL D, BLANCHE J, HARPER S, et al. A review:
challenges and opportunities for artificial intelligence and

robotics in the offshore wind sector [J]. Energy and Al, 2022, 8:

(6]

[10]

[11]

[12]

100146. DOI: 10.1016/j.egyai.2022.100146.

EIREC, sk M LT R AR E (1], ZRK &
i, 2021, 37(7): 232-235. DOL: 10.3969/.issn.1006-3951.2021.
07.054.

YAN Y W, ZHANG L. Study on intelligence of offshore wind
farm boost station [J]. Yunnan water power, 2021, 37(7): 232-
235. DOL: 10.3969/j.issn.1006-3951.2021.07.054.

B, Tk, XK, 55, 1 LIRS s TR SR R 2R
ik (1. E A LA AR 4R, 2022, 42(12): 4278-4291. DOL: 10.
13334/j.0258-8013.pcsee.220637.

GE C, YAN J, LIU Y Q, et al. Review of key technologies for
operation control and maintenance of offshore wind farm [J].
Proceedings of the CSEE, 2022, 42(12): 4278-4291. DOI: 10.
13334/j.0258-8013.pcsee.220637.

XK, Dhimsl, M. i E IR AE i SR DR IR S
JEE [J]. A BRAE IR TLHE M, 2019, 2(2) : 127-137. DOL: 10.
19705/j.cnki.issn2096-5125.2019.02.003.

LIU Y Q, MA Y C, TAO T. Review on maintenance
management technology for offshore wind farms [J]. Journal of
global energy interconnection, 2019, 2(2) : 127-137. DOL: 10.
19705/j.cnki.issn2096-5125.2019.02.003.

AT, 30, S, %5 BETF IMU-GNSS-VO iR JEA
ML E 2 FE i R B B8 N 7 vk LI, i oy ik, 2023,
44(8): 61-70. DOI: 10.12204/1.issn.1000-7229.2023.08.007.
ZHU C R, LV W C, SHAN C, et al. Adaptive method for
transmission-line UAV inspection location and target tracking
based on IMU-GNSS-VO [ J]. Electric power construction, 2023,
44(8): 61-70. DOI: 10.12204/1.issn.1000-7229.2023.08.007.
fRTEE, ok, TRk, 45, Hiiiulh = 4e8er b B R R
SR LI, 7 g IR AR, 2023, 10(5): 41-49. DOL: 10.
16516/j.gedi.issn2095-8676.2023.05.006.

JIAN S L, ZHANG H, ZHANG J, et al. Design and application
of three-dimensional digitization and intelligent operation system
for converter station [J]. Southern energy construction, 2023,
10(5): 41-49. DOI: 10.16516/j.gedi.issn2095-8676.2023.05.006.
T, X%, B, 4. T Mask-RCNN ¥ I TR 87X
1B A FRBIS (1], AN HOE TR, 2021, 5004
Fi] 2): 20211057. DOI: 10.3788/IRLA20211057.

TANG P, LIU Y, WEI H G, et al. Automatic recognition
algorithm of digital instrument reading in offshore booster station
based on Mask-RCNN [J]. Infrared and laser engineering, 2021,
50(Suppl.2): 20211057. DOIL: 10.3788/IRLA20211057.

ZHOU D K, YANG Y, ZHU J, et al. Intelligent reading
recognition method of a pointer meter based on deep learning in a
real environment [J]. Measurement science and technology, 2022,
33(5): 055021. DOI: 10.1088/1361-6501/ac4079.

JEERY, B, R, 4. BET IR ) i 5T R IR E
Jrik V] SN Bl e 5 BB 22224, 2020, 32(12): 1976-
1984. DOL: 10.3724/SP.J.1089.2020.18288.

ZHOU D K, YANG Y, ZHU J, et al. Tilt correction method of
pointer meter based on deep learning [J]. Journal of computer-
aided design & computer graphics, 2020, 32(12) : 1976-1984.
DOI: 10.3724/SP.J.1089.2020.18288.


https://doi.org/10.1016/j.oceaneng.2022.113256
https://doi.org/10.1016/j.oceaneng.2022.113256
https://doi.org/10.1016/j.oceaneng.2022.113256
https://doi.org/10.1016/j.enpol.2019.111225
https://doi.org/10.1016/j.enpol.2019.111225
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.12096/j.2096-4528.pgt.23093
https://doi.org/10.1016/j.egyai.2022.100146
https://doi.org/10.1016/j.egyai.2022.100146
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.3969/j.issn.1006-3951.2021.07.054
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.13334/j.0258-8013.pcsee.220637
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.19705/j.cnki.issn2096-5125.2019.02.003
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.12204/j.issn.1000-7229.2023.08.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.05.006
https://doi.org/10.3788/IRLA20211057
https://doi.org/10.3788/IRLA20211057
https://doi.org/10.3788/IRLA20211057
https://doi.org/10.3788/IRLA20211057
https://doi.org/10.1088/1361-6501/ac4079
https://doi.org/10.1088/1361-6501/ac4079
https://doi.org/10.1088/1361-6501/ac4079
https://doi.org/10.1088/1361-6501/ac4079
https://doi.org/10.3724/SP.J.1089.2020.18288
https://doi.org/10.3724/SP.J.1089.2020.18288
https://doi.org/10.3724/SP.J.1089.2020.18288
https://doi.org/10.3724/SP.J.1089.2020.18288
https://doi.org/10.3724/SP.J.1089.2020.18288
https://doi.org/10.3724/SP.J.1089.2020.18288

126

7 RETR A B

LERVE

[13]

[15]

[16]

[17]

[19]

Rk, T, BB, 5. BT B Sl A B ER
MAEDITE (1], 208530 TR, 2020, 49(44 T 2): 20200189,
DOI: 10.3788/IRLA20200189.
YANG Z H, TANG P, SHAN X H, et al. Research on color
detection algorithm of automatic patrol robot in offshore booster
station [J]. Infrared and laser engineering, 2020, 49( Suppl.2) :
20200189. DOI: 10.3788/IRLA20200189.
ZENT IR, BRI, VI, S5 LA HME B R g 2 S i
BRE M g R B SY [T, ) RGP S A, 2023,
51(6): 154-160. DOI: 10.19783/j.cnki.pspc.220812.
LI X L, TANG Y B, ZHAN ] Y, et al. Application of a fiber
Bragg grating sensor in multi parameter intelligent monitoring of
a transformer [J]. Power system protection and control, 2023,
51(6): 154-160. DOI: 10.19783/j.cnki.pspc.220812.
FROCHR, EF e, B, A5, s AU L s R R R A
AR BAENERIE (1], 7 7- 71, 2023, 36(5): 67-78. DOL:
10.3969/.issn.1007-290X.2023.05.008.
GUO W J, WANG Z L, ZHAO X W, et al. Review of partial
discharge detection technology and pattern recognition of oil-
immersed distribution transformer [ J]. Guangdong electric power,
2023, 36(5): 67-78. DOI: 10.3969/j.issn.1007-290X.2023.05.008.
BRI, SRAMN, TR0k, 5. FET W A TN B KL i e 80 de
WerfgE (1. B 7 AR IR £ %, 2016, 3(2): 136-140. DOL: 10.
16516/j.gedi.issn2095-8676.2016.02.027.
ZHAI'Y J, ZHANG M L, QIAO H, et al. Research on extraction
of fan blade crack based on salient region detection [ J]. Southern
energy construction, 2016, 3(2): 136-140. DOL: 10.16516/j.gedi.
issn2095-8676.2016.02.027.
XIHEPE, BRIV, 25— IR, 45, AR s b Ak R A RS K e 11T
WA 50k (1. ) A 47, 2021, 34(6): 105-110. DOL: 10.
3969/j.issn.1007-290X.2021.006.013.
LIU S D, CHEN Q P, LI Y Q, et al. Evaluation model and
method of intelligent operation and inspection ability of relay
protection in substation [J]. Guangdong electric power, 2021,
34(6): 105-110. DOL: 10.3969/j.issn.1007-290X.2021.006.013.
JEISCRT, XA, BT EREE A > FIIC ANLPEME 15045 2 B e b i
Ggpik (0], B TARFA, 2024, 43(2): 73-82. DOIL: 10.12158/
3:2096-3203.2024.02.008.
ZHOU W Q, LIU G. Review of overhead line defect inspection
based on deep learning and UAV images [J]. Electric power
engineering technology, 2024, 43(2): 73-82. DOI: 10.12158/j.
2096-3203.2024.02.008.
WEEE T, . T 1) 4k 4 R s A B i R g0t & L.
I 7KHL 7, 2016, 29(10): 92-96. DOI: 10.3969/.issn.1007-290X.
2016.10.016.
YAO J Y, XIE G C. Development of operational data analysis
system for operation and maintenance of power grid [J].
Guangdong electric power, 2016, 29(10): 92-96. DOI: 10.3969/;.
issn.1007-290X.2016.10.016.
MAE, sk, ok, 4. SGHE BT Hlas A A EilkE Rt
5% [1]. morhEIR L, 2023, 10(6): 34-42. DOIL: 10.16516/
j-gedi.issn2095-8676.2023.06.004.
TIAN H, ZHANG W, FENG B, et al. Design and development of

5G+ robot autonomous patrol inspection system in intelligent
power plant [J]. Southern energy construction, 2023, 10(6): 34-
42. DOI: 10.16516/j.gedi.issn2095-8676.2023.06.004.

e
BERGE— R, BEES)
1995-, 5, TR, AL AT+, EEM
PSS g RO P A AEE 4 TR email)
-— zzdengke@163.com,
LA
AR
25

1988-, 55, g TR0, B TR S G [ B &k 2, ERN
e A P iE 4E TAE (e-mail ) cheng_longl@ctg.com.cn,

ki

1991-, 2, TARVH, A7 T+, E2 M i IS 2 TAE
(e-mail)zhang_yapingl@ctg.com.cn.

il

1994-, 55, g TR0, B ST AR I e, R RN SRR AR IR AL T
£ (e-mail )tang_peng@ctg.com.cn,

4=

1995-, 55, BB TRE0N, [ ik &b A t, FRNEp Iy L
2 TAF (e-mail)gu_sheng@ctg.com.cn.

T

1992-, 5, TARI, Tl A Sh LA+, FE N FH A izt T
£ (e-mail) zheng_kaiyuan@ctg.com.cn,

gt

1993-, 35, TAReIN, Froedpt2 5 TR L lb et RN
R TR IF & 15 B T fE(e-mail) he_junsheng@ctg.
com.cn,

KE

1992-, 2, TARNH, i TR H AShfb Ll a1, FENER

KRBT A (e-mail ) zhangxue@sidri.com.,

TEEZR P ERKIT =g A AR E G ETHRR A 3hik
K RGEHARBTE 5 MR TE” (WWKY-2019-0243 )

AGERA P EKIT =R RA R =B AR B

BIEHER T [ 4540 1 E TR s e g o, o 1 20 BT
ATl o PN 1125 8 S W S g W 3 ) WA T R N SN e
FAFLEE Y A SRS -

FEUFA  (DIFE T LA RS HEE KR L A EE %
(2) Y5 11 LRI 249058 T IHLE NGRS B R (3) 58
T W /NAS TR R AL A B A R 5178 R A AR (4) #1748 24
TRV T &) 5 H SR By o vk, W T SR PR T B ol
GIREINT S =252 N

(FTHEREE M)


https://doi.org/10.3788/IRLA20200189
https://doi.org/10.3788/IRLA20200189
https://doi.org/10.3788/IRLA20200189
https://doi.org/10.3788/IRLA20200189
https://doi.org/10.19783/j.cnki.pspc.220812
https://doi.org/10.19783/j.cnki.pspc.220812
https://doi.org/10.19783/j.cnki.pspc.220812
https://doi.org/10.19783/j.cnki.pspc.220812
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.3969/j.issn.1007-290X.2023.05.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.16516/j.gedi.issn2095-8676.2016.02.027
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.3969/j.issn.1007-290X.2021.006.013
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.12158/j.2096-3203.2024.02.008
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.3969/j.issn.1007-290X.2016.10.016
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.004
mailto:zzdengke@163.com
mailto:cheng_long1@ctg.com.cn
mailto:zhang_yaping1@ctg.com.cn
mailto:tang_peng@ctg.com.cn
mailto:gu_sheng@ctg.com.cn
mailto:zheng_kaiyuan@ctg.com.cn
mailto:zheng_kaiyuan@ctg.com.cn
mailto:zheng_kaiyuan@ctg.com.cn
mailto:he_junsheng@ctg.com.cn
mailto:he_junsheng@ctg.com.cn
mailto:zhangxue@sidri.com

	0 引言
	1 海上升压站运维现状
	2 机器人巡检系统架构
	3 机器人巡检系统设计
	3.1 后台管理系统
	3.2 机器人系统
	3.3 通信供电系统
	3.4 仪表图像识别技术
	3.4.1 SF6仪表识别方法
	3.4.2 数字式仪表识别方法


	4 应用步骤
	4.1 适用于机器人巡检的设备间改造
	4.1.1 表计摆放标准化布置
	4.1.2 屏柜柜门透明化改造
	4.1.3 巡检通道联通化整合

	4.2 机器人安装部署
	4.3 机器人巡检任务规划

	5 应用成效
	5.1 大丰35 kV开关室应用
	5.2 阳江青洲海上升压站应用

	6 结论
	参考文献

