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Abstract: With the increase of electricity demand, the heavy overload of distribution network lines during the peak period
of electricity consumption becomes more serious, which increases the potential threats on the safety of grid operation. The
short-term forecast of the heavy overload state of distribution lines is of great significance for rationally arranging the
operation mode, for dispatch management, and for the safety operation of the line during peak load periods. This paper
proposes a short-term forecast method for the heavy overload state of lines and a prediction model that CNN-GRU hybrid
neural network with Attention mechanism. The historical load rate of lines with high auto-correlation and meteorological
factors are combined as the input features, which is further used to extract the valid features by the CNN. The GRU neural
network is utilized to analyze and predict time series data. By using the Attention mechanism to reassign corresponding

weights, the load rate regression prediction result can be outputed, which can be finally converted into the load level
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according to the load level division standard. The method in this paper is performed on a 10kV line in a certain district of

Shanghai. The experimental results show that this prediction method is more suitable for line heavy overload prediction

than the method using the classification prediction model with the same model structure but with load level as input.

Key words: CNN; Attention mechanism; GRUj; distribution net line; short-term heavy overload prediction

Wi 3 L O RLASE 7 DR A R P R R SR M, IR
e itk 30 A0 2& 2 A0 il 300 PC 0 20 4 i e £ B O B i B
5 U NI LT i N RS 5 - PNV 4 = T T
A1 0, BV 0 i B2 30 1) I 1) 4 o AR
I 2 R R PR R A B R R S
I (] O R A B AT AN R RR R B AR A
T, o T L B R R R s N ] Ak T R i
AR, DT ok AR 2 g HILAR SR B2, I DR ise 4 & 1k, S v
WIS AT N Z A

i [ PN A7 B SR ek 205 1 BT 9T, 2 3 R
T B ) S G A T A I O SR T H R
B 23 BT i FL 2 o 2 XU DA 43 T I P A 2
R B A T £ AR R B SER N BR =
SCHR [ 3-5 1) P O 42 ol g s 08 1 32 47 T 56 BT I
B 2 A, RIRE IE R AR 4 b IR R LB
o ) A | ) A R B Ak g A
il 7 325 0 ik 7 S A a1 i 2 ) 2 O RN A T
(1 970 28, 3492 i A 2R SR UK SRR i, X HL 9 s
7 4 4P A AR 00 R, R R R a1
B ' T RIR . F3 50, Bl H 2k B K A N-1 A AF
I, A% A AT i A G Al 2k B R o A . Sk [ 6 )l i
AT BT B ) R Gk NS N-2 S
U AR R BT A R e R, DL R SO
o AL REEM TENERKFEIE
0 I K P R S0 T R T Y O A T R
L AR S T B B OB RN TR e R S B
o £ g% 5 A T

Bt A R 0 5 P T B8 A IR 418 vy, 7 e
A0 2 S 15 A 0 R 19 328 A KB0HR 10 SR B R A B e
B Pt AN W7 R T, DA i 13 A A A 0 A R G T
MR- AL T R IR s 4R DR TR S A )
o7 P T R T A AR T RO S i g A B A
o2 AN T A, H AT TR OGRS AT
P 210 S A AL RS XGBoost 1T
o 307 DR A G BIL AR A T D7 vk IR T R E
AR o T LA R g G O O 3 2 T T B

A T R T 2R B R A8 O R B A
TS TN e I Aok R LA A AL F 2R B TR o A
WT s 7 O B — UM o TN 4 SRR AR I T 0ot 4
JI W b o A0 8, 5 s BRI L, BT B AR
B 11 00 A

DIt Ak S50 5 5 457 AF B B R AT LA B v A AR i
TS B, Sk [ 7-18 ] F FH CNN A it AL B4 S5 3%
B2 DA B WU 6 52 55 0 1 20 3 I 5 A5 350 b 2 T s i
V2 B0 B T REAE VR A IS R IR0 4 b 2 1) 45 1
B A o 25 B CNN AT LS B A58 700 4 55 47 fof 390 00
K BE . CNN-GRU 3 5 3 I 7 8] 05 1350 I A1 43 25 i
T, I LS EL b S e SICRN AT ACRRAE (14 42 8 BE 77 3 1Y
5, H T A W06 L T A i e
5B AP0 SCAR 43 2 A S TR AN A A
B SR W O AR B2 A B 5 sk 4 )
FF 8 58 % e CNN-GRU W 45 [a] 15 1 43 25 F5 00 £
v a5 A

Ry T v A A R AR TN B, AR SR
— B T Attention MLl i CNN-GRU & & #lf &
W 45 %5 TR (1 2k I 0T R o R O Oy vk o AR
CNN-GRU 1 5 Jiii Attention MLl , X 5 2 % 45 4
Jic 5 22 (4 1 B 7 B, AT LA i e 28 0 % 2 ) B
6] 77 %) 4 BE B A B G R B RE U R 3T
Attention HL il 9 Bl 25 I £ S 392 [ P IC 28 A SO
AL D[R] B i e A5 AU i I R R ARE A A o) KR R
¥ AE O RE 1. B A CNN &b B £ 6 % 4 2 i
RCRRAE T3 a2 GRU i 47 B 3 848 4 0 9 A
Attention Ll B B 7 Bc VB B BUE , 0P LR K 0
ZAm .

AR SC LA b U AR R b XA — 4% 10 KV £k 5 A
VE R REA FEAT BN . H T AR SCRIF ST Y 28 B o 5 26
U 38 ek U 0 A 2 T H AT S s LA A
3¢ e T 230 R A D IR A e oy LS M DA A
W 5% 4% #r CNN-GRU-Attention [’ £ [8] I 1 43 25
o AE A BTN AR bRl M SRR
CNN-GRU-Attention [% £ [a] 5 Fi ) 5735 H] 2 #% &



538 55 1 1)

W 5.5 BT Attention HLIHI A9 CNN-GRU e M £& % T 5 & 391 800 7 72 203

T AR I, A7 % v A TN R R, H CNN AT Attention
ML G Bh T 2 5 a8 90 2k SR (ol /0 o 4855
RAGTE ) .

1 3T Attention MLl A CNN-GRU

1.1 CNN-GRUE & #£ W% F 18

CNN-GRU IR & #2044 v #5543 41 A : CNN
o GRU 4, i 1 i, Hp CNNZRER
R e AT R AIE it IR SO HIE R 1 A A R L A T AR
VE JR 8 3% 2 DA R AU A 3 =2 55 e 1 38 P T Ak B p
J7 508 B R AR BRI, B JR] Y 9 RHE B A CNN
JZH A 38 i 2 AR 52 B A S0 R0 Hh R 2
B, 88 05 R it AL J2 i — 25 B2 BOT ] 2 B o 3 Y
FRAE, 4 3% 452 )2 T 5t L b B P R A 1A 30 42 4

o HAEAXT .
a.= [ ( X*W +0b) (1)
Jfrw(2)=max(z,0) (2)
a,(k)=max(a.(2k—1),a.(2k)) (3)
A fraw O R 3T BB Re LU, i 3ok 55 780 i 6 5
X ER Ny AR FEHAE 55 MBI F S K 5d N
FEAE ) 45t 4 B 5 o A BB s W o — e B U, R
AKX ks b R E s ac k) — R B WA G R AR
B B, B BUZ B 5 @, (R) R Ak )2 A8 AR AY 5 AT i

5t a, Y5 RN ERAE

1 CNN-GRU &b 22 W %A A 2 #y
Figure 1 A GRU unit in the 1st layer for time step t

SR Je s CNIN HE 74 th AR 9 GRU HE 43 A9 i A
i GRU #B73 YI 25 58 s . GRU 3& - &b B A
I e R] 30 v ) B L GE SRR S P A O i
AR B R I 45 R BT 2R R, GRU AL K
55 W9 12 M 4% (long short term memory network,
LSTM) ) — Fh ORI 5 128 46, A 5 LSTM A
LAY B e N B s I L 1H GRU M8 1 B 00 04 A7 i
BT, IS BT I RE A O, A R0 2% I R Ko B
e A8, TR B RS ok i LG R BE ) . GRU T
FAKXWMT .

yo=0c(W, [ h_y, 2] (4)
z=0(Wo[h_1x]) (5)
h,=tanh (W[ y,0h, ] (6)
hy=(1—z2)oh, +=z0h, (7)

K ()~ (Db, 1 ik e iy 45 B 40 jE R 25 0
A AE BB VR T B TR A 5 0 O sigmoid bR
Bso iR R
1.2 Attention #/L i & 12

TF 2 AL 2 B N 2 T T I A i e 7
28, AT DA N K S 45 R A 0 s A AR L
AR FE T T U GRU 255t 22 U584 20 0%
i ) 5] 48 B AR ¢ Ok ot B O 2 ) R) R . Ik 2
BT EESHLR N GRU 2 89 % 45 54 3 0 i
RO RCEE TR H 45 R DLW R 25 . AR X
Attention AL il F /F 2 |2 GRU JZ #l Dropout J2 1) %
O, e 2 fis .

1 1] ]

C CNN-GRU )
RN
D
R

2 T Attention #u#l 49 CNN-GRU £ #)
Figure 2 CNN-GRU network structure diagram with

Attention mechanism
Bl 2, a R 2015 20 0 AT 8« B RRTE , w
R A REAE ) R R I ACE , Hoh i BT RGE w it B
N



204 W h B %

5

# R ¥ 202341 A

exp(e’)

jexp (¢')

=
1.3 E-F Attention #l ] ) CNN-GRU & &

AR SCHR Y — Fh 3L T Attention HLHI 5 CNN Al

GRU A A HAY, qnl&l 37, LA T & #% CNN-GRU-
Attention Ji & W 45 AL A o 2 B A 3= Ty S 4l
B : CNN #B 43 17 58 FRAE B2 B, GRU #8431 55 7 405
B AR S N, I8 Attention B FI/E GRU 2
H Dropout J2 B4 F1, FH T U0/ 0N i 3 495 28 O 22 o

t

w

(8)

Attention

3 CNN-GRU-Attention M % % &4 A
Figure 3 CNN-GRU-Attention network hybrid model

AR SN AR R B i Al 22 R TR] 9 ER A OG
B AR Py s 47 8% / 38045 OB R B 2 A4
R4l , R N X=[x1, 20, 2, 2,10
1% G2 4 2 ) 45 X6 i ACRRAE B T R, MY
A FEAE 4E B ot Z2 w10 A R i B ) 4k,
2 2 ) A RCRRAE , HLOR R i T 2% 2 i fe]
CNN-GRU-Attention J& & M £ 1 ) CNN #5453 7] LA
[ 52 S 254 D7 S 6 ARG R AE B S SRR AR S
R E B G 0 A, SEIERIE 4 . CNIN 3B 43 1
B R AR ] BN X =[x, Ty s Tan o, 20 )T H
RSB .

ar:f;elu(X*W+bl) (9)
a,(t)=max(a.(t—1),a.(1))+ b, (10)
Xe/:fsigmoid(ap‘ W, + b3) (11)

7 CNN-GRU-Attention Ji& & M % ) GRU #B
ARSI 2 )2 GRU 2= ) B4t 5 B (8] 7 41, 38 o
Bt A TR R AR v R AR A I B T, DA S B
2B T R S GRS W YA . T Ok,
JL T Attention ML il A FE 43 Be 1 & 77 B /N
S5 w2 )5, b By Ak LA D4R TH AL 2 A RE T
il 1 Dropout J21E W fk , 73 8] — AN i P51 . e,

H Dence 4 i 32 J2 #i it 28 1% 0 28 0K 5k T 3% 45 9 7l
W8R8 Y =y, yo, oo v ooy, ) HOH A
ey (I

a!=GRU(X/) (12)
w,, =P (13)
Eexp(e/)
Y :fsigmo;d ( a/wam W, + bo) (14)
2 T AR AP A AR
21 HFEE#E
A A0 S 3 1T R RE DG M 3 B 45 SR 18 5 AH OC 1

15 P AR AIE A O it 22 T 5 A A A N, T A RRASE A i
SR, R R R S PR AR L AR I B R R/ R AR ) T
052 ) R 3R 2 R 2 A AR AR A5 2

AICRRAE B BV H s R
H S AR B2 /NP 0 B RO R RN B R
JKMERE 38 A DGR S BT, BERE AR M | AR R
SR i ARHIE o H T4 B T A R AT L
i A M T, R 5 R I B A R I Y £ 4
SSCBCHE T oF B 0SRS5S

ZF LTI A SO T AR R A
BB PR3 22 A R 1) A A IR AR Y A
22 l&RE

CNN-GRU-Attention & £ % 2% 5 A1 42 5 CNN
o R U AE AT GRU Ab B30 150 2% 8% £ 48R/
5 G )P A1) v i ) B A R R M 0 R A
B LR P RN ZH SO GRU P AR 5 e
RK . ASCEE4A CNN-GRU-Attention R A N 4 1]
52 B T it T A A T A 2 RO R L4 R A
B X A, T X CNN-GRU-Attention P %
[ 13 5 300 0 43 25 9000 A 5 3k A I T v A 3E
P Hor AR S C R 2k i B 2 o e 1 T O
IEIRS AR S IR il R i RS R e
BRSO, B R 4R I B 3 AE G R 43 2 T
AR R a0

1) B4 Ak 3, 38 S R A 43 BT B AR 1
A AR L AR B % AR 2 i ) 5 (4



38 EH 1

% 75,5 3T Attention LI AY CNN-GRU Bt W 2% 4% 5 i<t 28 J 3] 50 32 205

FERGAF B RIS S B ) | i S
B AR B T B AR . P @K B AR LA 1Y
B L B HIAL OF 2 B B 280 R AR A0 97 28 5 R 3 A
W WAL R T B ) o SRR R A B
LT MR AL U3 — 1k, I 4 1A B S 0 B 4 ) R
TN B0 UF 4 DA B R 4 34384 .

2) YIRBLAY SR FH 3% A5 T0 7 =X, A I 5 4R
156 1F 4 VIl 25 48 3 CNN-GRU-Attention Ji 45 M 2%
B, 2850k 22 Ak AR, I 2 4R TR 6 E 4 1 461 2 R B
MAE #JUt88U5 56 B A il 5

3) I . Z5A TEH AR A R A A
YIZR 58 B A ASE TR v A5 T, 1A A 7R T R
JHVES A %) FR0I P L E E AR RY S B Z £R To
ROR etk
2.3 FEMIERR

S VF AL TR A T 04 P R L T R T B 2
th B (A FIB Jc 2 i i 52 349 R 4R B R 85 ) Ll

b e T T 45 2R 5 S PR A5 AR L g T
AR AT R Al A B A0 o v S O R R AR
B AT D ) G T R . IR SE it A
B, & M 4% 5 A X IR 41 (GRU L CNN-GRU |
CNN-GRU-Attention) Il 4 i 72 7 ¥y 2% A% — 4 ir 75
B ], AP 3¢ rb 8 A I s

BT AR £ I B 48 % I A I ) 38 O AR
w40 R 22 K WA GRULCNN-GRU ,
CNN-GRU-Attention iX 3 Fh 5 5 (14 %5 4 01 5 L &5 4
STRITIO P €

1) #75 #1222 (root mean squard error, RMSE)
2 FH A Ay 5 O 00 ) L =2 TR A 2 . A =R F

(15)

2) “FHLa R H 4315 2% (mean absolute percentage
error, MAPE ) AW 2% [ Fil il {8 5 FL 920 1Y 152 22, i
FIE T IRES B HZ MG, HAXWMT .
(y;— )
Vi

(16)

3 B

Oy B8 UEAS SO $ 07 VR ) B 2 M A AT SR DL K

XFHA BT o A SCILAE A b T
R X HE R TR A X — 45 10 kV 4225 2k #% Ui 40
3 AN AR G Bt I () 5 B O 2017 4F 1A 1T H &
20184F 11 H 31 H ,RFEMIFE M 15 min,
3.1 HiEmALE
SRy A58 S A A BT G b 3 7 A ) B A 2,
TR 1 B AT RO AR 4 (R A 67 R 1R B AR )
SO ERHRAE L5 S5 6 bR LA 4R
ST e 24 2 T o A3 A Rk I £ A8 3R 0 A
P I 11 AR G o 3R LR o AR R A B 4R
HINGRAE BRI R 3 ey 6:2:20 I
AR TN IR AR TN S 28 i B A Sy F0300 X6 42
RSB ARFEX > IFA

Table 1 Line load classification criteria

2 % 67 R R SIS
[0,0.6) 0 B
[0.6,0.7) 1 L2329
[0.7,0.8) 2 i
[0.8,1] 3 g
(1,00) 4 i

3.2 HFMEIERE

1) KGR FEAHCE . TR L 7 30R B HLR
BERGIRHM P RBYILE R : H R
FEH e B H R IR EE N R B U
3 g /N B B 7K AE 26 7Y Spearman #H O¢ R $0F HE
¥, 02 2 i 78 o Spearman #H ¢ 28 50 R R A ¢ &
B, S R FH T A 1 ok TR R /N M A G 43 BT, X
JF s A8 B oy A AEE SR R TAES g i orik,
&R,

L HOR AL WA AR FRR 58 R4
PRl 28 A0 DG M 5 55 R AR AR Ak, AR R BE A G PR3 AR
DG T W T 2R B B AR R R KGR R
SRR &

2) P S 2k 0 AR B AR e . X R R fh R
B[] 77 31 326 47 I AH OC pR K (autocorrelation function,
ACF)IL . R AR 5 iR 9 ACF #h£e, i
A R K Lh, i 4 Fros o fiy (&4 mT R0, i IS )
6] 76 2 h LA B9 ACE {8 AT = 5K 300 18] =] i Bz 69
ACFAE KT 0.8, B 1~2 h Py B /i = K 390 u] ] s
Bk I 0 3R 2 ) A AR BERR 1Y AR DG -



206 L

# R ¥ 202341 A

T2 LHBARFR AEEFESL A LMW E Spearman F % F 2
Table 2 Spearman correlation coefficient between line

load level / load rate and meteorological factors
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Table 4 Comparison of model prediction results
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Table 6 Comparison of prediction results of

three models in group A

i A
e
RMSE MAPE
GRU 0.017 000 0.006 365
GRU-Attention 0.015 000 0.005 181
CNN-GRU-Attention 0.012 000 0.004 166
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Figure 5 Comparison of forecast results of

group A in February 7th, 2018



208 L

5

# R ¥ 202341 A

i LTk, AR b A 4R CNN-GRU-
Attention Fff Z5 [ £ A5 7Y 4 1 [a] 5 95090 4% % 1 2k %
Je e Ak Sk B AR B I vk TS FH T T £k
% B AT 2 T

4 5B

Bc L I 10 KV 2R i oh 15 DX TG A8 4k vy, 2k 9% S
TuAar By 45 £ DX TC AR 671 i 25 0, 2 8% #3232 FH P
9 AT S S e A R, D P A A TR 3R Y L I
b2 7 P AR LA T AT X ERL S 9 B i A o {H
24 I R Jek A3 T A v O B — HUME L o T 4 2R TR A
28 % T gk R T A o (R A0 8K, B AR A O ik
it L o B 28 0 e B TR R B v % T 9k
AR SCHRE Y — P 5L T Attention HL#H] Y CNN-GRU i
A T 25 50T (1 2 It i ) ok AR Oy i o OF b
X HE % 7 vk LA TR] U A A 2 w5 S B
U A SR R . 1S B LA SR

1) 54 52 By i H o 75 080 I A A B0 1 225K
S SR e R A = ¥ A
CNN-GRU-Attention i§ & 8 4 [8] )5 f5 0 77 =X (14 %5
AR AL B B D T o R A, HL A A S T
I Ty X HL AR R 3 AR YN st 1R T RO L A
SRS Z B EAG 1GR3 R R A X
U= AU Y S A TR L N

2) CNN-GRU-Attention Ji & 5 % [a] 15 i ] J7
T LASG e A 3 G3  fi) hg AR AN A 000 45 2R A 2k
ok 2 K BRI (E I B, B A% 5t GRU M %
5 A  GRU-Attention W 2% 5% 81 EL A7 o =5 09 401 &
BE R A4S, B0 Attention HLA AT CNN JE iR
G Mg, HAT 4 R GRU W45 1 i 7 i 25 F1 a1
fE B AE T R T b 5N I A AL 2 1Y
CNN-GRU-Attention & & il 48 9 45 HAT 2

g5 LR ARS8 ) H CNN-GRU-Attention
2 0 2 A5 AR L T 0 S =X, S Bk B 4R
I 5 -3 Ak Ry £ 48 A5 S80I 5 vk Bl AR
P R BT T HL e 2 T Xk T R
AL LA 55 Ak FH FE I A B B Ok 488 2% T i o ff R Y TR
SRHE—E R L] LAY/ 4 S PR A R A
PR3 7™ A I IR 25 5 0 o A S S 58 43 BT R AR Sy B I

B10 kV £ e L S B0 d L A T R AE 5 A 4 k7
V5 B 2R F R o T LA R G A A I i 2
4 I s ol 2k 3 A 2 ke 0 S B I i AR o
56 TR AR 451 2K pRV B BRI ), o L 5 B KU AR T
SRR 1 RN ZRACR

B30k
(11 AL Bl s & e S e #n & s A5 5 8
[J1. #  4 A ,2009,33(20):76-81.
YU Yi, TAO Kai, LIN Shenghong. Dynamic ampacity
calculation of overhead transmission lines and its
application[J]. Power System Technology, 2009, 33(20):
76-81.
o0, £l 5L WA R s R I 2 I Bk
M U ). A O R S A 3 16,2019,43(17):
102-113.

(2]

FU Shangiang, WANG Mengxia, YANG Ming, et al.
Multi-period joint probability density forecasting for
thermal rating of overhead line[J]. Automation of Electric
Power Systems,2019,43(17):102-113.

[3] SONG P, XU Z, DONG H. UPFC-based line overload

control for power system security enhancement[J]. IET

Generation, Transmission and Distribution, 2017, 11(13):

3310-3317.

[4] KO Y. An inference methodology based on the local

minimum tree search to solve the distribution system

events under heavy load condition[J]. IEEE Transactions

on Power Delivery,2012,27(2):725-734.

[5]1 JIN X,MU Y, JIA H,et al. Alleviation of overloads in

transmission network: A multi-level framework using the

capability ~ from  active  distribution  network[J].
International Journal Of Electrical Power & Energy
Systems,2019,112:232-251.

[6] BALARAMAN S, KAMARAJ N. Cascade BPN based

transmission line overload prediction and preventive

action by generation rescheduling[J]. Neurocomputing,

2012,94:1-12.

Fiki 4k 30, 5k LI A R %5 BT CNN-LSTM IR & il &

o0 24 A A ) 0 6 A B0 O vk (0], L RS H Ak,

2019,43(8):131-137.

LU Jixiang, ZHANG Qipei, YANG Zhihong, et al.

Short-term load forecasting method based on CNN-LSTM

(71

hybrid neural network model[J]. Automation of Electric
Power Systems,2019,43(8):131-137.

(8] Rz, SC BT L, 55 B T R IR 8 DG I 43 AT 5



538 55 1 1)

% 75,5 3T Attention LI AY CNN-GRU Bt W 2% 4% 5 i<t 28 J 3] 50 32

209

[91

[10]

[11]

[12]

[13]

[14]

[15]

W A Al Ao 22 I 24 e 400 £ TR (D0, 0 0 R 52 A Bh Ak,
2018,42(20):67-72.

WU Yun,LEI Jianwen,BAO Lishan,et al.Short-term load
forecasting based on improved grey relational analysis
and neural network optimized by bat algorithm[]].
Automation of Electric Power Systems,2018,42(20):67-72.
B RS0, X JBE B4 SR I T ARUR G BBE e 5 1Y) oy 3
I A A1 U9 R % S 30 67 aer UM ()], ¥ ) R &8 A B 4E,2018,
42(23):64-71.

HUANG Nantian, QI Bin,LIU Zuoming,et al.Probabilistic
short-term load forecasting using Gaussian process
regression with area grey incidence decision making[J].
Automation of Electric Power Systems,2018,42(23):64-71.
S YL IR SO BRAR R AF B T BP9 25 IR (A Y 1Y
A AR S AR I ()], 8 Bk S AR 4 1R ,2016,31
(3):140-145.

SHI Changkai, YAN Wengi,ZHANG Xiaohui, et al. Heavy
overload forecasting of distribution transformer during the
spring festival based on BP network and grey model[J].
Journal of Electric Power Science and Technology, 2016,
31(3):140-145.

EW R IR LT 3 FINAZ 2 9 GRU FI 2 W 45 114
ganRRg L imamip. e hREhky S
% 1,2022,50(23):85-93.

WANG  Songyao, ZHANG  Zhisheng. Short-term
multivariate load forecasting of an integrated energy
system based on a quantum weighted multi-hierarchy
gated recurrent unit neural network[J]. Power System
Protection and Control,2022,50(23):85-93.
WS, 2R, B T . BE T A AR S e 0 O Tk BP R
25 0 4 11 S 300 XU Rl T 3 I (D], LI 5 48 9% ,2021,58
(4):121-127.

XU Pengchao, LI Yan, ZHAO Yanlei. Short-term wind
power prediction based on BP neural network with
adaptive mutation bat optimization algorithm[J]. Electrical
Measurement & Instrumentation,2021,58(4):121-127.
KONG W,DONG Z Y,JIA Y,et al. Short-term residential
load forecasting based on LSTM recurrent neural network
[JI.IEEE Transactions on Smart Grid,2019,10(1):841-851.
% A TR R L 45 3 T VMD-CNN-BIGRU (¥ H )
F G S A 5N D). R 0,2022,55(10):71-76.
YANG Huping, YU Yang, WANG Chao, et al. Short-term
load forecasting of power system based on VMD-CNN-
BIGRU[J].Electric Power,2022,55(10):71-76.

b g, SN A I b . A TAE BORLAL N S ) ALY B
2 A R B S T U vk (D). L T R R B ks
#2,2019,31(4):25-31.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

MA Rui, GONG Renjie, YANG Haijing. Fluctuation
prediction method for equivalent load of bus based on
information granulation and support vector machine[J].
Proceedings of the CSU-EPSA,2019,31(4):25-31.
B A LT FFT.DC-HC & LSTM f 4 1 6 7 i
W72 (0] % B e 1 ,2022,50(3):37-43.

WEI Zhenbo, YU Lei. Short-term load forecasting method
based on FFT,DC-HC and LSTM[J].Smart Power,2022,50
(3):37-43.

ERI b e i, ok 25 R T IR A 2 N 4% 5 AU
TG Tl el XS I ()] R A 3R, 2021, 58(1):
137-141.

WANG Gang, YANG Xiaojing, ZHANG Zhijun,et al.Load
forecasting in industrial park based on deep neural
network and weightsharing[J]. Electrical Measurement &
Instrumentation,2021,58(1):137-141.

B A Y AR SF T R DALY CNN-GRU
J5 30 FL S e U O B D). B R 2019, 43(12):
4370-4376.

ZHAO Bing, WANG Zengping,JI Weijia,et al.A short-term
power load forecasting method based on attention
mechanism of CNN-GRU[JI. Power System Technology,
2019,43(12):4370-4376.

ZEIEYE T NACEMD-GRU B9 204 50 F Al 671 4 5000 7
B 5 E AR R ,2021,37(6):43-50.

LI Zhenghao. A combined method of day-ahead load
forecasting based on NACEMD-GRU[J].Power System and
Clean Energy, 2021 ,37(6):43-50.

WARIE = MG . 455 B TR & R 2 AN T BT T
BT SCARAE A A (D). 3+ B LN 5 $) 1 ,2020,37
(9):75-80+125.

XU Feifei,LU Xiaopeng.Text sentiment analysis based on
Attention C_MGU[J].Computer Applications and Software,
2020,37(9):75-80+125.

WA E DU, £ BT BPIMA MR CVT
A P AL 3 R AN B R D). L A, 2022,58(2):
149-157.

XIE Shijun, LEI Hankun, WANG Naihui, et al.
Compensation technology on transient voltage transfer
characteristics of CVT based on BP neural network[J].
High Voltage Apparatus ,2022,58(2): 149-157

MO R, B, SF BT DL I O AL NARX f
2245 v g S e S [T T H . 2022,39(9) :51-60.
LIN Shengzhen, XIE Min, HUANG Binbin, et al. Power
load forecasting based on regularization

optimized NARX
Utilization, 2022,39(9) :51-60.

Bayesian

neural network[J]. Distribution &



