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Adaptive Intelligent Safety Risk Warning Method for Distribution
Network Operations Based on Improved Transformer and
Bidirectional Gated Loop Unit "

HAN Anbing” ,XU Miao, NIU Xiaojun
(State Grid Panzhihua Power Supply Company, Panzhihua Sichuan 617000, China)

Abstract : With the large-scale integration of renewable energy equipment such as wind and solar power, as well as energy storage com-
ponents, into the distribution network ,multiple factors such as human, material ,and environmental factors lead to increasing safety risks
for distribution network workers,such as misoperation and non-standard work during high-voltage line operations. A self-adaptive intelli-
gent safety risk warning method for distribution network operations is proposed, which improves the Transformer and bidirectional gate
controlled loop unit. Firstly,an improved Transformer learning mechanism combined with self attention model is proposed to extract fea-
tures from diverse heterogeneous data sources,such as equipment voltage , current, positioning, and height,in high-voltage line operation
scenarios. Secondly,an improved method for extracting safety features of distribution network operations using bidirectional gate con-
trolled loop units is proposed to obtain abnormal operation features. On this basis, thirdly, by combining transfer learning methods,
knowledge transfer is carried out to identify safety risks during high-voltage line operations in distribution networks. Finally, taking the
operation of a high-voltage transmission line in an actual distribution network as an example,the proposed method is validated,and the
results show that the proposed method has the ability to accurately obtain abnormal operation modes and provide risk warnings.

Key words : distribution network ; Transformer ; bidirectional gate control loop unit;homework ;risk warning

EEACC:7220;8130 doi: 10.3969/].issn.1005-9490.2026.03.025

H F i Transformer F1 XY [5] | 7] 4% & A B JT BY B B2 )
SELBRELVRENERLEXNETRE"

HEET R &R
(PR S5 At 2 ], 91| 55K 2E 617000)

W EMAN ASFTHEARRES MR TEGEAEFNERRN AEN YEMAEEEZLHEZEHERELNITEARE
BEAEBEY TR PREE  CEFHEELARNBMEM A, 3T, H T &Kt Transformer 1 16 745 16 5 3 70 6y B = K
fEL HENERELARNGTET L, AR, dBELEELENEREELE BAURERL GEL S TRMWEHE, RET
A A E N A I Transformer 5 S ALH, LRI S T A3 IE IR AR/ ok IR T SR @ [T EEHF L TR E
WA % AR AER B R LR B e B 1 AR s R Bl B 8 = 20T B F 7k, B NG E&EE L3 HAHAAT
FARAE A LR B Ay e e 5 E , U L IR m W B R & R e ) BT R B R AT IRE R B R, TR
W R BB R E LT R AR EE,

SCHEIR ;B B Transformer; 3 745 48 1 270 5 4F b 5 XU T2

HES XS . TM752 SCERARIRED ;A M EHS :1005-9490(2026) 03-0650-07

T “ Bk W i b R 0 R B H bR BOR 98 5
TR A AT AR R TR K T ACEC H I A
FEL 9 P ) L A 25 B S BT A, L IR v ) i e B
JC BT BTG AR s R P2t DL K e T TR
SFETC A RN W7 AR A5 52 2% LLIE BT B 1 5 18 AT 5 4

I B SR« = WU 145 B 71w RHE 5 H (B7199624M006)
75 B 87 .2025-06-06 &% B #.2025-07-31

o MK BEAT IR i o Z [A] R s AR SR Y, BTG
RANWIHE 2 N2 Ao B A S DR 2R R A 45 1 3
SRR B E S, S BT AE N UAE 2 B AR
TR R ERAE | A AN RIS LA S AR A B o 5
KA R G2 AT R TR A B AR 2 4



%38 BERE G AT A TEE Transformer A8 142 LT Bl W 5 R L IAR L B i€ B4 22 NETAE 651

JAUBS: H 738, 38 D) 7 ZE0F 5 o8 1 26 A Al AU 1
BREWE LY,

Xof L I 22 4 11 1 i L 6 B o XU T4 £
22 B E NI B T R 2 O B
T RIS, SCH[9-10] &% Rl R T
P18 e i Pl 2 B D ) L, 2 1 T T X R BV LN
A B A= FUDR 25 1 8 R AR ol XU ) A8 A 5 SR
[ 1113 T o i Fi 2 AL N B AS RIS il 2
SWEAT A 3R T R T YOLOV3 4 H 9 22 2R 1F
R e AR A A D g 3k 5 SCHR [ 14— 15 ] TR
=4 ) ERRAG I 1 4 A RIRORN 22 4 g ARG
B CHR[ 16— 18 ] 3£ T YOLOv4 J7 B4 i 17 f W
FEER B VR i L LR RIS 2 R R 4
SCHR[ 19-20 ] BF X i e 42 By VR L 3 47 2 4 R
()8, $2 1 25 AR i a8 H o AR IR SR 0 B
MR 3P AT s SCHK[ 21 -22 ) 5 18 1 A8 fL ol e TR R
BAEAML N R B e B 5 B S RPLAE AR
TBAL VR ZR 6 T AR A B 2 448 4
T R GE; SCHR[ 23— 24 ] B i R 4 oL 28 B AR
Vit ToH, TAE N B3 e 4 WD e P A K Il 4 T
AT RIR BE AR ALl e 4 B B S 2 2 S R
R TUE 7k SCHR [ 25-26 1 08 T S ol A 5L Y
NS REFEE, N AT 2 OB Fi s e
WL 4R T A -HL—R k- 2R e A B 2 4 [ T
97 5 SCRR[ 27 -28 1 4% v, W it T\ B3 & TE 7 4
AR GBI, S T YOLOVT 45 i Y%
S X AE LRI R 4

K2, BRI E D TN B A A T
IBIFTE 4D, T AL R85 L N B0 BRI A B A
x5 TAESREZ M 2RISR 2%
SN ARCVIE R &S, T2
PR $2 T 3 F 2t Transformer F1X ] ] 45 17
B TC T L ) 1 e 2 B Al 3 08 i 2 4 XL
&I, AR A

O THIBAMEER YRR R
HEL AR FH 52 00 ) 1 R S B S AL TR HE SR 7 28 5

QI T2 FWEIE S AWHE R WiHEER
FIIAEE R R A5 2 i IO 1

QL T 456 AR R M Transformer
= 2B, DASRH 2 70 S AR B UR R AR AE

@FEH T B | THE OGP BT B L AL
YRR O

1 ZRRMBEESEHCEREE
e TARER 2 ARt REMR AT AT, DA A

i L B AL 22 S DA R IR 2 SR

PE HL 2R AR IS, 36 Al N BN B 2 4
W R Z U BIRIR, FEA VRN 512 22 | 4
Gt e A TE e (5 55 AR SOR L
Ve — G 2 e TUERIR IR, B Al N 5 A 2 4
e AR e 2 T A (e g ) Hh 2z
— AT N B e BV, A, i3 AR X 5
P FEL A B L U L M | T 85 8 SRS (Rl i v
L R PRI TR | KU S S IS R R A R
VB e e TE BRI,

ARSI EE LA TR U A% L M D A
b B A TV i A K R e DR AT B A
b TR AR AR, FLZRE TR R 2 57 3 A o
AN, X Rl A BN B 2 4 A (4 S R AN
ity S A ARG Sl 1] Y IR RS LIRS A
B 2 e U I H MU AR A
1.1 BEANSEHZ AR KB

SRHFAILIN A9 T2 iy A KA -5 i 5 DR TR )

XoF R 5 Z , HA A Kt 22 [R] ) DG B 3 3 A R 1) A A
T LB
S(XHY)=P(XUY)=W
(1)
sum(XUY)
C(X—Y)=P(YIX)="T02 =20
( )=P(YIX) sum (X)

K S(X—Y) FoRFM: X MY [al— 18] & A 5,
HAO B S X F1 Y 6 — i 8] & A 5UE i B
Bosum(XUY) BRUAN S FHEHREL N;C(X—Y) &
TN X RN WAFTE AT Y KA, Hat By X
X R Y [R]— ) AR U B S B DA X Kk
A FUREL sum (X))

(1) B SCERANEAZ IS X SFF Y Z ]
RIRIE AR R R, A0 (1) TR BUE B, W35
X H5HM Y Z PR HOCH R, A BUER N,
WIBEER = X 530 Y Z A2 55 CHC R

K (1) PALEE T HA W ABHRIE X 5y
Z A CHRAR R X F— > NS R A, T e
FR A A B i — A 7 A AT BB 20 A B e
e, (1) BB — A S Sz Y
RAEBGECER , JOLHIWT th R Le iy A S50, UL T
11 25 2 IR B A 5SS [ O C R
1.2 SESHHEERESEHNXEXR

F— A R A T REH — A T R R
BB AR ZIE BRI X=X, ,X,, -,
X, | HICE X, X,, -, X, R ARG ] i B
&) [r £ #0987 Bt o I ) 28 A0 R B2 B S A B . 7T



652 W F

% 4 % 49 %

P P LR Al o R v 3 A SO PT DA B v
2 FL UL | PR HS (DRI B OCOIR S A ol B v B 1
JE RS IRLRE N RE | KGR 7S A RS U5 SRR B A
] 3

Bt Y=[Y,,Y,, Y, | FRFHa i,
LR Y, Y, , -, Y, FoRBEE RSV A 51 1)
N B 2 B RS D — A

T Y,(1=1,2,,m) H AT LI H A
A T8, RN

Y =f(X}, X5, X)) (2)

X, FoRVER BRBG X, X, - X, KR o B2
i N B

A (2) 4t TH A S Z R R AR A
R PREICTE 15 i B 3R 3K AT JC ik N =4 v,
I, ASSCER T RAE TAE A R RE S N B KL
1 IS BCIR ZS B X5 LU A SR S DA A phe i ]

Xof T A B 7S A B U e R R
LI L FL S ARl s B RGN 2e 4 PR T
JEETE A 38 0 PRl DY e A, 2 L i A B R (G
FFOCIRTS LLSEBR BER B UE ) A G R IR S HE 45

t_ 0
X ~a;

g xi<b?)

R;=<b;-a;
1 xi=0b)
S ! FRE | A BRI BRI ;o 5
55 o A BBUE (85 b7 RN E 1 A B AR
IR SR IE N
1E(3) AR TR T AT RURE 22 Iy AL
P Ak, [RIEEAT DA R AR N B3 AR b 28 4 B 4t
B

(3)

W

I
=

4
o, TGk (4)

o, JUH
K (3) A AR EROIR SR SR (4) 1 o,
0,,05,0, FHL(HIH) Z 0] A TRAR I A

1 R'<0.324
I, =1-6.48R+2.54 0.324<R/<0.562 (5)
0 R'>0.562

K. I, Fon AR o, ZIAHRIERR,
6.48R'~1.124  0.324<R'<0.562
~0.648R'+3.124  0.562<R'<0.687

0 R!>0.687 B# R!<0.324

(6)

I =
02

qobr, o A SR o, ZMIMRIERR,

6.48R'-3.124  0.562<R'<0.638
I, =-0.648R;+3.124 0.638<R;<0.887
0 R!>0.887 B # R!<0.562
(7)
b, Fonim A SR o, ZIARIERR
0 R'<0.638
I, =16.48R-3.124 0.638<R/<0.887 (8)
1 R'>0.887

. I, Fonm A SHi o, ZIMHIFRIERR,

L (3) VB A A%, LA (5) ~ N (8) BN
iy Nl 22 2% P BORUE, LI AR TAE A5
YR B N B 222 4 T, % AR SCHRE H 2l i A9 Trans-
former J7 %,

2 EEFEEHVHIMHE Transformer 7%

Transformer /& Google F1BA T 2018 4F- 42 H (IR
2 2] 05 1 IR U7 Bk T 2 Fh T L, A
SR ARSI BUNAE 55 . th TSN TE 2 R
1, 0220 1 BB o SR A A, S O 2 SR A A —
FE MR EE . X, 75 B AL 5 Transformer 77 15 i
filt b, 456 A R 28 I 25 ) B8 78 43 F FH I I
iy ACHIE T B A SR S A Y A A I 45 RORG B
L=/

2.1 f£% Transformer 77i%

Transformer 2% =) 77 1% 32 5L by i A B B 9 40
FENL ZTER LG A2 JZ 10 22 W 28 G i h 1k, HC
BN R MY T B M2 5
J2 Tt s A Py 2500 v R 30 e 3 ) R
WAL ), 2 3 T ZRhsae =, i A e
s BUGTHRY | INF e A ol o A i e 55, 2 87 0 i 50
ATy 23 T 4 SRk A5 21 )iz W

5, 0 T ABE N AL EE AR B, A AR
Je A Oy g A rh Y SC B, OB AR B
PRI AN

pos
PE (on=sin| 5
' 10 000+

pos
PE h=cos| %
(pos,2i+1) — COS 10 00()%

A d R AR BB K E RN 0 BRI 7 45
K, pos FrR TR EU B B

FOR, w5 BR B A RJs 7 B 2 i), ot 505
A

(9)



%38 BRE G AT A TEEE Transformer Foi i) 42 AR LT Bl B 5 R X IAR L A i€ B4 2 A METAE 653

E(i,:)=E(i,:)+P .1

Q=eW"

K=eW"

V=eW'
Kb B, Fom i ABHR A BUE, &0d 520(9) 1)
P E R A — RS, RIS 10 E, 5 B i )5 1
Bl e 43 5 AUE R B AR RS 2 A8 #0512 i) ] &
QA ) K FE(E AV,

55 = TR IALEIEAE R (10) BAil Fo i A if)

I et 55 DB [ 1 SRR, DT AR A A A B P Y A
TER:

(10)

Qj
H, = Attention( Q,K, V)= Softmax| — |-V (11
(Q ) X( i )

S, o 7R E (1) BT B AR A AR RE
I, — et (1) AT HE R P4, i i 4 2
H ) AR B A 25 [ ARHAE A BB AR i 2 B 4
R EREEAEY- WIS
Hu=W,lH, H, - H,] (12)
Kl GFRZEBMERNEH, H,,, - H,,
FoRh (1) R R FEE I M EFEE
2.2 i Transformer 75i%

TEAEGE Y Transformer 1133 FE I, Bl 25 i AL
P U5 %) Z VR S5 R4 RN B 4 B3 K, LTS B80R Al R
P2 T B HBORS BERAIG, XT e, AR SCHE T 5 18 2 B
U5 7 1A% Sl B A R Transformer 7775

Z B A Transformer & LMEG R (9) ~ 2 (12)
A R FHE N 8 S5 R B I KL s iR P
BHZE AL Z A N, BT T PS5
T 1 IZ T VA R 8 I 40 B VR s A s Y
P IR IO A B8 , 4 v g A 8540 o, fifT 4
IR RFIERS S . HAS R anIEl 1 s

!
P
Vagil)=
H—fLZ
A 7'y
M e -1 D
¥ e

Transformer

-1

¥ sl Transformer

!
S

B 1 Em#%zhE 05 Transformer 4544 [F

K AR

s' =Transformer[ G(s"™") ] +s

s'=GZ[ G(s") ]+

s""' =HTransformer[ G(s') ] +s'

s""' =HTransformer | G[ GZ(s"") ]} +s""
.5 FR Transformer M55 [ Dﬁ?{ﬁfﬁ?ﬁ;sl *=
ANIBHNZ T A L O A EIE AR PR AR GZ()
FORBRZRER 6 (O) Fom N — L Z R4S
HTransformer( ) #/Rn B & )15 ;s Fon gt
HTransformer ( ) F1H — k3T H 455 " Fom &l
HTransformer( )  JH—fL FUBRAIZ A 4558,

3 FEEB BRERERFES

Zead 5 2 F A R T T AR AT AR R TR EOHE 1 R
fiE, R0 T H AR CED A Bl se) 7 BAEX 80,
PR Ry T PR UE TR {2 AORS A B £ T R E B
PRI IE RS 2 2] T i DAtk BRI/ MEA S L
3.1 RHRIBEIFIE

GRS S R O 4 S B AR 2/
FEA HbRI 0 —FhbLEs 222 ik, B S5
27 2 T AR Z A T 2 MR A 68 22 H AR AR
Z a0l R ST AR G B 2 ) O i AT IR
>R AR TR 2 | Dl s Ak aE 2] BRI S BL A Y
215k AR EE 27 ) BRAE R Eal Y 2% ) 7 ik S

g% > E R IR B IR B An b eE
BN RN 2= H AR M B B A b, T
Transformer J7 7% H Hi M AN GESE 250 UL ST 2% )
(TS5, R, AR SCHR HHE Transformer Fif 45 Ff 25 )
&M R LI BOR TR R 3R | H Al 2 [a] 1
FHICHE , T 4 /N sy 2 YN Grad R vz kg g, 3
T 2 H bR
3.2 iR Transformer iT #2535 i%

1R 58 ()32 27 2] J5 YA AE RS 2 2 I it 2
i R S BRABGHEAT 23 AL, DT 1
2238 I B A H AR BN, SR X b 2 1A G i
FC R FE R R, X, AR SO H PR A Transformer
P R 15

% Transformer #5125~ E,, W EZERR N E,,
RIS WAREE N I 22 088 R Eg, B ARIEE
AEGWFRHEE T Z & E, TR ARXN .

1

1
E; :NS_I[DZDS—’LS( Dy) TDS}

-1

(13)

(14)
1 T 1 T
E():No—l DOD()_E(D()) D,

KDy FORBHETRIREA LS D, Fom BRI



654 W F

% # % 49 %

PIREARSER s Ny R IR I REAR B N, R H
FrRIh R AR 5 BAR T o Inl 30 PR EE
MRS (14) |, HE SR H A e A i9 R EG 2 ]
PARIR N .
1 2
El _L(Ds ’Do)_ E(ES_E())F

K (Eg-E,) 7 Fn I35 B AR R P-4k
(Frobenius JB.4%) .

HRAE 2 2 #8531 Transformer #5432 BCAY Y 45k
FEAHE T2 2D YN RN H AR B AR 22 2] I 2 | T 3k
A R A AR AT B B 22 1) DR A T 4 i 42 )23 R i 114
JZ, FAE Hilbert 23 [ v 9 22 5545 A ek (A 1 25
SRR REOT A

(16)

1 1
N};dx&.) —ﬁ; D(0,) )
A || I, R Hilbert 2 R %L N 327 YR 8RR AR

B M FoR AbREEARL
MG (16) AT LG R B E,

(15)

DH( Dg,D, )=

b (2
Ez__ﬁsgylgy+ 1+6710,,_ Dy(Dg,D,) (17)

P Ny FORFEARER v FRVIGREAR W SEBRE ;v
227~ Transformer TINAE ; p Fen NZRIREL,

4 HEIHE

PUIKESZBRAC L ) 2022 4F 7—9 H =4~ H 3t 68
776 55 N3 iR RS B B R 1 b ok R D S B gk B
VER AR SO L3k i S PR , Herh 60 000 25751 &
LBV IRV M REAR YGRS R4 8 776 581
PEAE AR A, BEBR ISR B Rl 4
PR E Ik B E A SEBRAEAS | A R S iR 2% |
MR ZR  [FIBHZ N 2R 5 15 A H w2k
R D7 =X, Bl 431 57 8% 5 ICHIS R s

Toit RFEAR VN GAE S LR MIE G, 5 — 5L
BEAE MDA R Rl X G2 Al i 2k s R [ £ H
it IVl 2kt v B PR T 1 R N sk 7S 4
P BV G B XA [R) H e S5 % 1% i P 4R 1
FBA 10 kV\35 kV\66 kV\110 kV #1220 kV, fE
MG FRAFE L L% T & H sk, 1k
WA T 26

B2 R GBS 2

5 2K AR BRI B 2 1

U SR 2

DU R e B TIEPIZL

SR E R S R TR AR AL,

BN e 4G SOE FLA R T IRk A 2 T

S-E28 . g & )

55N LT Ll R Rk I T R P AR A

LS R B W

B2 EH BT OE,

EEXF 3R REL P2 XA = FpE 7 5K

7 K— AR,

R AR,

Jr = AR,

AN H A M 4 T HL TR 2 3% o )R 0 R
Oy IO L RHZ A5 HL T A A TR i P 2 AT
SRABAE I K L 157 L Ml 2 4R i H 2R B 5 1k B
15, RRERS IE# Fr ik L AE A ARV R A8 VR L 8 4%
FUA — 8 (W R LI, £R I RE A S 1% FRLRE

el e (A EAN (N = W=l e L (B PN
(022 423 R DU FR RO . T e, FE s ™

KT B EA ST R R A S IR AR
WA =FpVEr 7 N7 B, R MATLAB #X4
4545 Python BAFHTRUP LS , Gead 0 E
& E Transformer T FE R 0.5, it & fir A B85
7l TR R 64, UIZREE R Ry 32 %8, W bR 2% 2 R 1%
BN 0.1, S EBEE R 0.85, AUA R R B N 5%
107 P= A 2 R0 AR SCRBEFE LSBT 25 5
Zeat 10 %815 $8.20 58,25 R IZR)G , 2% 2 240/
FEFRILZ—,

FEHL 100 >.200 > .300 4,500 55— AR
2R — AR M5 4E R A 10 M4
AAE R VRl A B3 2 4 B 25 SR AN SR 1 FR

F=1 FlARERAR—MZERET

T EE/ %

gt
AR ek[12] cR[13] Scmk[29] A
100 74.168 76.247 75.268 88.272
200 79.854 79.996 84.573 92.841
300 81.365 83.247 86.914 94.645
500 85.638 87.654 88.972 96.857

e 1 Al DL SCER[ 12 ] SC#R[ 13 ] SCHR[ 29 ] #l
A5y ) R WL A 2 o)L TR B ) R AR 4
Transformer DA X B Transformer J5 55 3E47 F0i0 | B
B ARG Z | FONORT B2 B e &, BT
THESE Transformer 22 )28 8l 7 11 SN2, 456k
PRS2 2 J5 i, AR SO T TAE N SLAR b 1 22 4 7
D10 258 XL 28 531 v %) 00 A 32 v, R T I 4 7 s
FEIZ AR R 5B 20 5 7 T A S0

H T PR AR T AR N A
TR L , A SCLAVINZRFEA g 500, 0 1245 45 5 2k



%38 HEE b RE A THE Transformer Fo @) [TEBIR LT B W & EERM L §E B E LA NETRE 655

wfge

I 10 2858088, 53 3% -2 Halk iy 2 ARl 5=k
TR, 25 R0 2 P
R2 HAELAFRIELAR=HRSRETNER

FEAEM 5 X =T %

A

HII emk[12] ScER13] SCER[29] A

2 65.547 72.354 85.364 96.341
WK 69.577 75.241 86.610 97.524
=k 68.713 71.257 87.514 96.397
I 66.547 76.542 84.352 94.326
BHK 64.259 73.657 84.021 94.687
HAK  67.247 76.548 87.629 97.384
HEXk 69.847 78.501 89.967 98.741
HAK  61.025 72.324 81.324 92.315
W 67.583 77.684 86.337 95.642
Sk 67.851 76.547 88.522 97.849

L ER 2 WO XS AR N A Y Dt o
o R BSCHR 12 1AEGE AL A 2% 2T J5 ik 1) T DURS 32 %
FETE 60% ~70% , SCHR[ 13 ] A9 TR BE 2% 2 J7 2% 1 T
K EARHRAE 70% ~ 80% s SCTk [ 29 | B Transformer yil
PIIAS BEAE 80% ~ 90% , T A SC Bk 1) 75 ¥ T
FERETE 90% LA I, B B & R L

5 #i¢

BT HL XA M N 1 22 e XL 0[] A, A
SCEEM T MG B Transformer F1E % 2% 2] 1 L L )
3 0 2 4 IR RS, T Ty vk, e S B i FL TR 1
BT HAS R AN S50

OFF B e M TAE N SR % 4 17 B Ak 4 4y,
It 55 A 1788 VL RCAT & SLBRTE Ol

@ HMCHE ) Transformer J5 2527 > Yl 2 i A
Z AR RE W8 G INFE A (1932 A 5E J7 R 42 40 19 hg
J7, PR EA 5 v A TG

QR UG A 3E 2 > J7 ik BRI A JE 2 2 )|
SRR N 2 H AR, 1T DL R — 25 45 v TRORS

Sk

(1] ZE(ide, EECR, &I, Beg J i T & g e
RETEMAT AT [T]. IRl 5 R4, 2023,
38(3) :14-23.

(2] W, X, T, % B s a A r kitieE
HLAE R SRR R T FER F [ )], W b2 5 R 2241
2022,37(4) :3-12.

[3] Bz REE, BER, & B0 X255 58 IR 0 28
¥ AR Bs T e s [0 ], E TR 2023, 25
(5).111-121.

(4] HJBZR, 90, T, &5 2 R o i S A a2 1 e el

[5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

XERERE ARG i B R AR EE (], T RS A
F1k,2023,47(16) :10-21.

Li Y, Wang B, Yang Z, et al. Hierarchical Stochastic
Scheduling of Multi-Community Integrated Energy Systems
in Uncertain Environments via Stackelberg Game[ J]. Ap-
plied Energy,2022,308:118392.

ThIHEIGE  BRPERE BB OR, 4. T SRR RIK IR &
TR & KOG ) RGERBEAL [T]. H ) RGOS
5 ,2022,50(9) :75-83.

Kou X, Li F X. Interval Optimization for Available
Transfer Capability Evaluation Considering Wind Power
Uncertainty [ J |. IEEE Transactions on Sustainable
Energy,2020,11(1) :250-259.

Cheng L, Wan Y X, Qi N, et al. Coordinated Operation
Strategy of Distribution Network with the Multi-Station In-
tegrated System Considering the Risk of Controllable Re-
sources| J]. International Journal of Electrical Power and
Energy Systems,2022,137:107793.

WHER, B4k, 2050, . B G iR L % 2 1)
RGBT SR [T]. 74 17,2023,36 (11)
106—-113.

SRR AR K R TR, A i S PR L A
N AR AN (1], T EZ 247 RBEE R,
2021,17(12) :169-175.

o SCe, B A, B A, 4. BT YOLOV3 i1 H A
NN 7ol 4 g ol G R e R Sy S o N
2022,18(2) :214-219.

A2, F45, EOL 5 B REEH R AL SEK
b B B AR B A PEWESE (0], LT O, 2025, 48
(1):155-163.

A FAEMW, g, AF. T IR B ) A R R g
SN ERERBFR[T]. PEZ AR R,
2021,17(1) :175-181.

Li N,Lyu X,Xu S K, et al. Incorporate Online Hard Example
Mining and Multi-Part Combination into Automatic Safety
Helmet Wearing Detection [ J]. Institute of Electrical and
Electronics Engineers Access,2021,9.139536—139543.

Wu X,Li Y,Long J,et al. A Remote-Vision-Based Safety
Helmet and Harness Monitoring System Based on Attribute
Knowledge Modeling[ J]. Remote Sensing,2023,15(2):
347-366.

Peng G Y, Lei Y,Li H L, et al. CORY-Net: Contrastive
Res-YOLOv5 Network for Intelligent Safety Monitoring on
Power Grid Construction sites[ J|. IEEE Access,2021,9:
160461-160470.

HHE SN L, A MR RR g Al
ERCRRIN [ )] W) R R R R A A R (A AR BEEERRD)
2022,37(1) :92-99.

Zhao B N, Lan H J, Niu Z W, et al. Detection and



656 LA % 49 %
Location of Safety Protective Wear in Power Substation [24] Apflde fegr FAE,ZE. BT TOF F AR M) m by H 2

[19]

[20]

[21]

(22]

(23]

Operation Using Wear-Enhanced YOLOv3 Algorithm[ J].
IEEE Access,2021,9:125540-125549.

VE RE P 2R 4 4. +1 100 kV RS ELT A
2l AR ML SE I EORWESE [T ], v I i AL TR 2
#,2020,40(S1) :134-139.

Ding Y J,Li J W,Sun W X, et al. Electric Field Charac-
teristics of UHV DC Tension String during Insulator Re-
by Two Workers [ J ]. IET Science,
Measurement & Technology,2022,16(2) ;78-89.
2R WO VRN, AF. ST ToF HoR I iR 2 42
WS T RG], LT, 2020,53(2) :63-68.
RIS ZE PR BT, KA. e TR AR 10 8 B H I 2
ML A A0 AR R AR E ST ()] TR,
2024,47(6) :1589—-15%4.

Zhou Q,He W,Li S, et al. Research on the Group-Type of
High Voltage Electric Field Measurement Safety Distance

placement

Caution Apparatus[ J]. International Journal of Grid and

Distributed Computing,2016,9(8) :109-120.

BRE(1977—), 5, Wy A, A
B, g R, 25T 10« B )
ARGk E SRR ) R A B iE
il ,514792669@ qq.com,

[25]

[26]

[27]

(28]

[29]

e LA RN IR [T ). R U BOR 2020, 46
(7):2570-2577.

Vi 96 Ry XL, 4. IRRS£800 KV LR HEHb AR 28 25
AR TS [) ] mHERA, 2018,
44(3) :976-981.

BT i, T, 55, ARl A &2 e X
WA SHERI[T]. H 0 R M A 3 k4, 2016, 28
(8):105-110.

Vaurio J K. Human Factors, Human Reliability and risk
Assessment in License Renewal of a Nuclear Power Plant
[J]. Reliability Engineering and System Safety,2019,94
(11).1818-1826.

S, XURITHE, AR T, 45 TR BE 2% ) 1 8 B vl 1
F BRI T RS TR R [ T]. sy
1%3%,2025,62(7) :209-216.

TR, k43R, 1T/, %5 Transformer-CNN 4511 15 1
ARG NE R[], AL TR 50 H.
2024,60(16) :94-104.





