Fat g2 € D 8 & kB Vol42 No.2
20222 A Electric Power Automation Equipment Feb. 2022
P R R A (R RV N T i)
LTS XN VRS WIRES
B R, EER LA ALERLK RBLEARS

(1. kI K% A58 RFR,Hd KiV 41011452, Jriz k3
FEMAFERRFER, I AN 310027;3. KX KF AL e, #Hk XX 430072)

WE.MAEERSAK T LYK ARESHEF, AR E RAMEBOR LA KA, B TR S REA P AER
WRE B FIRRE RANEGAT A, ARG XK G EEAR, BT —FET-FHaE(MIV)-
B R R AT @3 & 6+ AR PR R g ik, B ad RIE — W R a9 ARAT RAR A P R AL R AR R PR B — B B
0 K I A R R A HAE D) % BPAYZ W 45 BARYE MIV 693 LR B A3 2 037 69 D R AR K, A #T AR R 69 45
AR HERRA P MV, 24 8 A XA @44 & k2R3 5ARAF AR A PR 8 33 X IR K 6) A
PLRATR R A PR AT ORRR P 5 A RIIE T AT k3 RR R PR A 6 A Rk

KR AR AR KM ARAT AR A P51 R AR PR A MIV; B R X AT w3 & s BP AT 22 M 4%

HE5SES:TM 615

0 35l

FI 2013 4F 3 7 E K M 2w B O T4
A7 2CH IR I WA 5 CAE R R Y LK B g il A
M AS T RS, KRN /N 43 A 2O AR F 3 A BT
JER A R AR T IR EDGAR i s & e
WA T AP Ia) L, A 2O6AR vl — A )
W28\ AR GAR K R GBI IR R L SR
B2 AR B EAE B A P iE s —E
HARFBGHATCRGT BT R . SGIRGT AT MR AE
TR K RGP EAT R B ZTEA N IIRIEA L
P =PI RGN L TR PP ST S E NN L )
L ARG T I B AT RO BB AR
H Tt 9 2 i 1 2 Rt AR i e T R RO AR
HLRE T i e e vy, R I S IR A O >

FETOOAREIR I A T 2 A TARZ R B
oy B, OGAR By 27 H 5 A2 SE By 27 i A i A ) .
H i 5C T B 87 L HOR B9 2T XHE 4 57 B 7 =C
TE X E TR R, Bt ER
BTG LA o A, TR R R HARCR A . Sk
[5 T8 1 o3 AT 2GR E 5 B RAER, 2
T4 RIS A (TDM) H BB TH A A, 4 10 1 3
I3 A OGRS AR e Y ek v e T AR 5 SR (6]
Fi 4 0 11 H SRR RO AR i R s AR kbR
s HEA:2021-03-17; & [E H #5:2021-10-21
ESTWH: DR aKXMFALTA B (51777015) ;# & A4
FJ)TE LA (20A021)
Project supported by the National Natural Science Foundation
of China(51777015) and the Key Project of Hunan Educa-
tion Department(20A021)

MBRFR SRS A

DOI:10.16081/j.epae.202112019

Vg R 38 i ORI 5 4, 3R AR BEE . )
—J5 T, X TOGAR B e AR AR 32 i DL Oy
LS B T AR AT 2 & DOGIR 53’ 1™
ALK R H R PO B SR R E AT L
B, A5 O R RBE P I O AT I E o SR (7 3
TR T G A PR S B e 5
FHICHY MR R AE o K2 MR S R R
SERE A AR A T B R R T 3 Y
S 5 SCHR (8 2R FH I TG BE 2 % R AR A AT b 2
AR R T -2 2 i TR 22 ] BOAV R S AR e
S5 R — A KA BRIREL I TITE & R R KT T
FAT SR B 1) FHTIN B ) N A P 5 SOk [9 ]2
T T 0 B e ) B0 S R R I AT
FF 7 P BAE AR i = DI REA TS DL . (R
MG AR HE T B R R AR 2, TN AR A s LA HE A T 42 T
&, FEORMR A = LU U R R

A SCEE X BUA R GAR B3 B U O s, R B
AR LGB B 5 ARG 4, B2
T FE Tl OGRS X e {E
MIV(Mean Impact Value) 5% 7 [A]— Ho X H AR
PP 5 G ARG AR P i vl i 22 A A G IR R JEE
P20 5 ORI A 071k o MIV AT Sz e 22 [ 2% v
R A ) S A B0, 5T A o T 22 I 2% PRt
At 2 A SRR B U AR AR 22—, W T E A
(L EEVIWOE TR EZSINIE AT CY S S RF N 404 S Y
JGAR P e i 5 o DR 2R A0 T AR S L MV R )
BRAER A SRR T E R P r R m
ARG BE IR R TN SR AT SR 0
SEREUE T T RRFUN TR A R



28

fli o R, 45 - TR R (- 2 3R T B A S G R P R i o7

1 SRR uE s K 2

1.1 AR REHSREH N B

A ST A5 DX 38 Ry BE R B R — A B 11 RO AR
P 8 A DX, B TRT AR g 3.05% 10 km?, i1 B4 2 (5] A,
B A AL, Erp X S S5Hb X 11 22 [8] 09 ki
B2 0 220 km, H1 X 8 5 M [X. 9 2 [A] ) B4R B 44
R 140 kmo 253 X 0 AH A LA Ry i (BR T 4B X
5.8 L), AR REBEEAL . BT &5 R FL s 1Y
FCAR AR G AR S AH DR 45 S e i 2Ok
i (R 5 X 38K
1.2 RIKEBIFHAEXED

R T U AR SO S AR P R S D ik T
Tt 75 B 2% 1% X I Jm] — B B PN AN TR AR B vl 2
T) %) 8 T3 A S A A B e T ] — Bt B P AN )
fRELE S H Z AR S FR o T8 N BRI HL v Y
FEARIEHT 7, — B BB TR R SR A S
7 B 1] A SRR, 4 15 minid s LIREE B4R % &
JE A 5 R BUHE RS R -

R=[p..] yen (1)

n

2 (Pi=P)(P{=P")
- (2)

i=1
Pea=
[3-pr S ey
i=1 i=1

A R g R — i BEP N RGO B 3 22 Tl i A
KRB 5p, oA TR — I BOGAR HL 3 ¢ 5560k L ol
d Z ) Y I AHOC 2R B0 Py Py 3l R o i1 I Ta] O
TREL G ¢ d B K HLE s P Py i R G AR HL S ¢ o d &
H, P S 4 5 m Ry BF ] 5 R

AR SCAE A A DX s B 11 A G AR He i (L i X
i T hRic IR B g ) BEAT H AR DG A, AR B
F(2) 43008 11 A DGR sl 78 /)N B s ) RUBE i H
Asf TR RS TR A S AR S, B B n=4 1 n=49 1}
AR H s T 22 () A 1 0 A O R B, AT
IO B B A 18 B SEAR FL sl o SR LSl /N B s ]
JUBE | H ] RUBE A9 1 g il 2 2 501 DL B 5 A P8 A2
P A3, ZINBSFERHR] R | H Bt [a] ROBE g A et 4%
A3 BIANE 5 A 26 A1 FIFE A2 T (36 i &
MIXRBUNT 0S8R ) . ] Al 78 H iR R
JEF A SCHTFFT LA B X8k G 11 38 AR B i 2 1)
B4 T A SR L i 5 AEAE /NS D RUBE T, DRk
HLIG 2.5 11 Z [0 HE 0 A JCHE FEARAIR , oA SO ¢
eI 5% HoAth 8 JEGAR H st o HoA 8 LR B3k 2
] 8 T A 6 R O R T 1, S e T AR H vl 2 ]
B HE 3R SR R, by IR BB A X6 I B G AR H Sl 4 —
AT AR th 1 S H AT R A, s SCR A B A T
TTHEARTE

2 RKRAPITASH
2.1 #RAFRKAR

3 A 2GR K HL AR 7 P I H B A 8 R
Rl s =S P A &k AR 2 ama b
MR EE . B TEZRSES TR P S AN, A~
D PR T Befl e e i R 1 =

A DL K HLBE T OB L2 4 SR A
FE B TE L PE R R R IE T E 2 T TR
A VA G AR BAR AT CARH P LR SR 3R % b X O
AR B3k ) 2 B K o g A ] — 3 X =AY AR
5 S bR AT SR F P A R 22 R AR S, BT LA
S HOCR AP A ROR DR G AT
22 RIKAPEZBIHIERIHIELE
221  ZIERIURN

SR HL w1 A R A HL B R 06:00 — 18:00, 7
LA L AR B G s X 3 8 JAE PR i vl i 4 22 K HL
isF 6] 18] B 4 15 min (9 A& 8 RO HLAR R 307 AR 4
S AR HL 3 1 S PR & LN B E , AR SCREEC T AN H
Y & HE AR B0 , H %% 2 #b X 3(Flemish_Brabant) i )
FRRFFEAR P . OZ X AR A X =
(X0, Xy, ooe, X YOV R GAR F P B9 8 5 X, R BRFT Ot
R P X (=2, 3, -+, N) A HABSCAR A ) AR S L
WEE T EAARDER P X Gi=1,2, -, NI H &
HL B T 9 X = ws a0, ooes a0} (2, (j=1,2, 000, T)
SRYCAR P X RS j R R &, T o BT OB R
FUR B A RED) AR = (3) i A7 0 —fb Ab 2
ﬁgfﬁwﬂé’pﬁjﬁ%%ﬁ%ﬁﬁﬁu Yi={yus ¥ = Yirko

N INCT o
C ey {X)- min X,
itqj:yge[o, 1]s
FRAFIGAR P X 2L TR & HL 50l R
[% 2 = 2y ] (4)
HAlCAR P Se TR W) K LB -
T et A (5)
Xyt Xy *t° Xpp

222 BPAYZ W &FER G| 25

TEN T A2 W 4 b BP #28 ( 28 J2 H RTITF 9%
h A N B R I B R 2 P 2 R R 2 — s R
IR SCHE FH BP #4845 45 A5 B 5 MIV A C 1 5%
AR ARAE (TV) . BP #4848 Z5 R AN 1 TR, H
HWEHRAZR BREZE FHZE . 76 BP 4 W 4 B Al
YIZRat B v, i A i R BRARFF LR A P AR FLAd B AR
FH P 0 & 85 AR AT AR P i e B 0
VR W 45 i . BP R 28 A2 RS2



liog L/ AR {7 G-

Fa02k

X,
X;
X, X
L A /N
Fi P o R

Xy

O
HAWER fMAZE BEZ )z
JHP Ak A

El1 BPH#ZMELEHE

Fig.1 Structure diagram of BP neural network
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Fig.2 Flowchart of identifying abnormal

photovoltaic users

FFCAR P % i 22 1) (4 R e e B AR T ad R
W BP A MK Rk I, 76 R A & L w3 ds
FEAS 1Y JE Ay b A8 HEHT I R AS B B A AT AR
FH P 2Z A FLAb OGOk P 9 % f o 50 7E L R 4
B Al G0 10 % FHFEAR 10 % #4 A% 2 28 i il
GRREAR Ay E A FEAR S, NS, s SRGHGFEAR S, A1 S,
53 I R X 2 04 i A A5 ELREAS R E 2 B BP
P28 X 28 AT O LR R AT OGAR P i e v A R
DR 45 B A B 2 A LA R, e A FNAL B
A0 22 To) P 2 {1 300 2 728 0 D A 5000 I %o TR0 46 B 1 7
ATV B R B TV BR VAR TS 2GR H P S tr
FFOGAR B P 22 8] ) MLV, BROSGAR P 6 MIV 45 &
M:{ MWVZ’ MMIVS’ ) MMIVZ\"}(MM]VL‘(L.ZZ, 3, e, N) ﬂ‘:’ﬁlﬁ
R X B MIV) M,y P8 GHE /N e T AR
F5 S M AR FFOGAR H P & i 2 8] A AE OGP AR
KN,
32 BEXREREXFRE

K A K T ) 2R R A A B BURRAE B
7S SEFF IR, YA SR P B MIV EE & M=
{ Moyias Moz ==+ My} FEEE MV 552 K 59 YGAR H
HCE R PRSI SR P AT
WA, R R A EE R MIV AR EK, B
PSR X, MLV h

My, =argmax { My,,} i=2,3,--,N (9)

M08 B SR P AR A PR (ELT A2 5K (10)
INLE SRR 5 1B G AR P A, 4 A B T i
P R S5 R P



28

fli o R, 45 - TR R (- 2 3R T B A S G R P R i e

max { M }

S My, <0.1 (10)
o D AR E DGR P MIV P i f R A
L 0 BE AR FH P MIV BRI AR, 2 HOR R i ik
SE LA B 0.1 1, 452 IR XS SGAR FH P B i i

R T BRI I AU SRR 5 IR ROCR , 5
BT LA/ IR A BB RO S ERCR

4 BBl

AR SC M EE A s X 335 B 8 A 6 AR Ha ik FH P (3t
X 1.3.4.6— 10 )#ELE 14 H (5 H43)06:00—
18:00 LA 15 min Sy s} 5] [i) g 9 & F B 0080 , HEHp ot X
3 (Flemish_Brabant) F ' MARFFCAR . b T8
ARSI RS B TR R B, Rt A ke T
4 2157 FL FH P O | 4 4055 H R P RSOHE T A i A )
Ry KA 1 IR & S LR — A
B M3 P 2, R SRR i BER AR & B B R —
FE PR s K FH P 3, 78 D 5O e ) J ity L il
BILEE IS —H5 M, H— R P R HE T R ) i
PRAFANAS s Ra 3 FH Y 4, o e DU 9 P R A5 ) s 1

e HEAR SCT 07 v, R F R R & r 2 5500 1 25
BP 1 28 [ 4%, 45 4 MLV 1155 77 2 1 © 2 % 1 BP
P22 0 28 475 ELAS BN BRARFTFOGAR A P Z A A B AR
FUR MLV, SR 5 R G A& 2R a1 2 33 R A7 0 1
LB AR A, AR B T 0 R P A S R
FH . SR FH MATLAB #E 47 890 45 25, o8 oG e & R
2.6 GHz,8 GB RAM.,

TER G o s B s I 2k BP R 2 I 25 1 8
FRAFIGAR A R I 2 i, oAt 1160k P 18
L E A LAS d s R B 14N H 4 6 kAT
MIV 5, 3R AT DLHERR — 2L dF 67 H i e R R 1 52
Wi, U/ INR R o el BT AR BRI
6 X MIV 45 B anf 52 A R A3 s . ARG R MR &=
I 98 R SRR X G AR P BEAT 06 0 , T A & SR
17 (& oL B o AR BT BE P R MIV) o 4%
FH P 3E— JE P9 A6 AR A v f: ol 2R 4 1] 3 s

A2 1 AT, Ak R G55 F P AR AR
AR 0k ok, 25 A 1 3 i & HL R BN T DL G IR

!

Stk /MW

100 150

Fof 171 85
— FRFPRIRA S, o B 1Y, —— X 4
—— X 6 7, HlX 7 F P, —— HulX 8 Fi

—— X 9 FHFT, —HEIX 10 P, FaE 1
R 2, —— MR 3, —— M) 4
B3 BAPHREEHZE
Fig.3 Power generating curve of each user
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Table 1 Filter results of heuristic forward searching algorithm
MIV

e X HiX 4 HiIX 6 HiX 7 HX 8 HiX9 HIX 10 Liape Ty i i 4y i
M JHF A jila JHF iln JHF JH1 M2 A3 JHF 4
1 0.2380 0.2830 0.3143 0.2783 0.2651 0.260 1 0.2019 0.1966 0.1719 0.1620 0.2107
2 0.1961 0.3706 0.2115 0.2092 0.1978 0.1310 0.1816 -0.1129 0.1186 0.1053 0.0980
3 0.4491 0.4344 0.4995 0.4156 0.4030 0.3784 0.3743 -0.2342 0.1958 0.3610 0.2006
4 0.3464 0.6172 0.3240 0.3094 0.3038 0.3008 -0.1950 0.1899 0.1857  -0.1690 0.2010
5 0.3549 0.3225 0.3139 0.2781 0.2675 0.2645 0.2022 -0.1340 -0.1367 0.0830 -0.1083
6 0.1710 0.1480 0.3410 0.1320 0.0900 0.1060 0.0650 0.0500 0.0610 0.0550 0.1130
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Table 2 Deviation values of users’ capacity ratio

i 754 o B M 7t LU A B AE
X1 1.8309 HiIX 10 ] P 42019
HiL X 4 ] 3.7969 s P 1 15.8697
HiIX 6 FH 1.0908 FrE I 2 22.2243
HiIX 7 0.5033 FyrE I 3 29.0156
i1 8 2.1664 H1E P 4 16.7565
Hi1 X9 JH 4.8907

2) 75 % 2, FFH A v R 0 R 3 A K X AT S
ORI o REA SR 07 H A 45 A I B
PR AR B R HL S UL AT AR AL, 6 2820 10
AR DX T {E PR R A HLUR R S I G
WIAREPE AL, 7R R ) B Al L 328 FRH % Ja 2
— LU S b P (L 2 A N 1) 7 11 A
B, FCASR R 1207 TR W S B EOR A

i LAl AR SCHIR R D5 3 T AR AR 1 &
LRI R R A T U0 L, TR I R e dd vy S
JEORFH P BRI R R B L

5 it

AR SCE AR R MV PPA SR P 5 XA
PRATCAR TP 22 18] B4 IR B, JF45 8 4 2T 1]
R EIATICAR A MLV i 3 , R w0 2t iy 1Y P
BEHAE J S W ORI o A SO 50 B Bt
JEAR K Lt Rl , AN P52 4 TR Bl i HE R B LA
LTI RS E o TRIINE 25 B L 5 d DAy s ] 18] g 2547 07
e, ARGFHHRER TOLRI T BB 3R . R * L
S UE TR, AR SCT5 3 m] AR RO AR ™ 2 v A R
PR A TR, TR 2R G 4 g S Bk TP
AU SRG I

P s LA M 258 (http : / www.epae.cn)
S 230k

[ 1] A, B8, 20, 55 . JGIRK AL By A Bie R 495 - CN1033-
89397A[P]. 2013-11-13.

[2] % FFMBEDEIR AL IR B k5 R# 4 (D] Jbat:
fedt R JIR#, 2013,

WANG Fei. Power forecasting approach and system of grid-
connected PV plant[D]. Beijing: North China Electric Power
University,2013.

[3 ] B—JL, 30, BFE 5. B U A R AY S 57 L 2%
GEHINELT]. AR AR R ,2015(4) :49-55,59.
LUO Yifan, JIANG Chuanwen, LI Chunzhe, et al. Integrated
management method of anti-electricity stealing considering dis-
tributed generation[J]. Electrical & Energy Management Tech-
nology,2015(4) :49-55,59.

[ 4] ZEieiy , A28 a2 . I T WU F2 R SFOFME 425 0 Kohonen 2R
AERZERDLR S LI [, d s A Bk, 2019,39(1)
60-65.

LI Yanqing, DU Yingying. Short-term photovoltaic power fore-
casting based on double-dimensional sequential imputation

framework and improved Kohonen clustering[J]. Electric Po-

wer Automation Equipment,2019,39(1):60-65.
SEWENL Ap A, S, Sl N A FOU R BN R R Sk L g
PRI B A Sk dE,2017,37(10) : 34-42.

DOU Xiaobo, YANG Lei, MA Jian,et al. Improved model for

power metering based on dynamic characteristics of distributed

[5

[a—

photovoltaic power generation [J]. Electric Power Automation
Equipment, 2017,37(10) :34-42.

R, A IMEVE, 55 . L TOULIRBIU &R 4 i 14 e etk
AT SR ] REIAR,2016,40(6) :1703-1708.

XIE Yunyun, YUAN Xiaodong, SUN Zhengyang, et al. Feature

analysis and detection method research of inflated electricity

—
[=)}
[—

using PV generation simulator[J]. Power System Technology,
2016,40(6) :1703-1708.

[ 7] BRaEE, T, A, 4 HIE R R 25 G 10 s BN T 2 1

OGRS A B EEARL () ], b B L TR 4, 2015,

35(3):561-567.

CHEN Zhibao, DING Jie,ZHOU Hai,et al. A model of very

short-term  photovoltaic power forecasting based on ground-

based cloud images and RBF neural network[J]. Proceedings
of the CSEE,2015,35(3):561-567.

RIS R IR . T ORI BR B R &

T )], A E R T AR2R,2013,33(34) :57-64.

YUAN Xiaoling,SHI Junhua,XU Jieyan. Short-term power fore-

casting for photovoltaic generation considering weather type

index[J]. Proceedings of the CSEE,2013,33(34):57-64.

[ 9] A, skosk, 9122, 45 . FET 0B 4 2T s JT RIS S e
BRI T ] LT f22447,2016,36(2) : 379-387.
ZHUANG Chijie, ZHANG Bin, HU Jun,et al. Anomaly detec-
tion for power consumption patterns based on unsupervised
learning[J]. Proceedings of the CSEE,2016,36(2):379-387.

[10] Z=alsc, (A, X RUE , 45 JE T AR B i) o3 i BOGAR Ty
WmemLy ). A 3k, 2018,38(8) - 183-188.

LI Jianwen, JIAO Heng, LIU Fengwu, et al. Short-time seg-
mented photovoltaic output forecasting based on similar period
[J]. Electric Power Automation Equipment,2018,38(8):183-188.

[11] J0E , 2R, ™ AR 55 . SET3 B 23 I SRR | 48 R ATk
1) e R g TS SR, ey A slifkiie %, 2018, 38
(1):129-136.

SU Shi, LI Kangping, YAN Yuting, et al. Classification model

of residential power consumption mode based on DBSCAN

—
o]
[a—

and gravitational search algorithm[J]. Electric Power Automa-
tion Equipment,2018,38(1 ):129-136.

[12] B, ARG, 23058, 58 B RE U P AT M AR 1

melJ]. H RS ASE,2017,41(5):58-63,83.
LU Jun, ZHU Yanping, PENG Wenhao, et al. Feature selec-
tion strategy for electricity consumption behavior analysis in
smart grid[J]. Automation of Electric Power Systems,2017,41
(5):58-63,83.

(13 ] F3ar, Bl IGENe , 45 . KT MIV 00T GA-BP M2 2%
PRI A LB [T]. R PHEE=H,2020,41(8) :236-242.
WANG Yingli, TAO Shuai, HOU Xiaoxiao, et al. GA-BP neu-
ral network photovoltaic power generation short-term forecast
based on MIV analysis[ﬂ. Acta Energiae Solaris Sinica,2020,
41(8):236-242.

[14] BfR , MG, 32924, 55 . SR TR B e IR e AT 43

o MrIriklI]. IR A 3K, 2019,43(2):97-104.
LU Jun, CHEN Zhimin, GONG Gangjun, et al. Classification
analysis method for electricity consumption behavior based
on extreme learning machine algorithm[J]. Automation of Elec-
tric Power Systems,2019,43(2):97-104.

[15] Bpaais e, AR e, 45 . 5T MI-PSO-BP 3% (G HL B4Rk
ALMFA L] Wy A ki, 2019,39(12) : 108-113.
YANG Zhichun, JING Xiaoping, LE Jian,et al. Real-time con-
dition assessment method based on MI-PSO-BP algorithm for



%2 fli o R, 45 - TR R (- 2 3R T B A S G R P R i (117

distribution equipment [J]. Electric Power Automation Equip- {EET=N
ment,2019,39(12):108-113.

o8 — W da A, M
[16] KRISHNA V B,GUNTER C A,SANDERS W H. Evaluating i (1997—), J, M i A, 2

detectors on optimal attack vectors that enable electricity AR, ERFTLT AR LR P
theft and DER fraud[J]. TEEE Journal of Selected Topics in B4 22 3 R (E-mail 1836996837@qq.00m) H
Signal Processing,2018,12(4):790-805. HEER(1975—), %, W d ki A, &l

[17] ISMAI.L M,SHAA.BZIXN M F,NAIDU M,ef al. Deep lear'nln.g %i#i,fi‘}d:,iﬁ—ﬂﬁ%ﬁ@ﬁ%’ﬁ% Ve
detection of electricity theft cyber-attacks in renewable distri-

buted generation[J]. IEEE Transactions on Smart Grid, 2020, (E-mail:173764138@qq.(‘,0m)c
11(4):3428-3437. BOR (4m%E [9T)

Identification method of abnormal photovoltaic users based on

mean impact value and heuristic forward searching
LU Shuang',PENG Shurong',YANG Yunhao®,SU Sheng',LIU Denggang',ZHANG Heng', WANG Shulong’
(1. School of Electrical & Information Engineering,Changsha University of Science & Technology,Changsha 410114, China;
2. College of Computer Science and Technology,Zhejiang University, Hangzhou 310027, China;
3. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)
Abstract: With the country’s vigorous promotion and support of the photovoltaic industry and the long-term
nature of the national subsidy policy, many illegal users cheat the state subsidy by falsely recording the
electricity generation. Aiming at the existing distributed photovoltaic anti-theft technologies, an identification
method of abnormal photovoltaic users based on MIV(Mean Impact Value) and heuristic forward searching
is proposed. By obtaining the power generation data of benchmark photovoltaic users and other photovoltaic
users in the same time segment and the same area,the original data are used to train the BP neural network.
And then according to the MIV calculation principle,two sets of new training samples are constructed,and
the simulative results of new samples are used to calculate the MIV of each photovoltaic user. Combining
heuristic forward searching algorithm, the users with high power generation data correlation with the bench-
mark photovoltaic users are filtered,and the unfiltered users are abnormal photovoltaic users. The simulative
results verify the effectiveness of the proposed method for identifying abnormal photovoltaic users.
Key words: data correlation; benchmark photovoltaic users; identification of abnormal photovoltaic users;

mean impact value;heuristic forward searching; BP neural network
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Multi-stage planning of offshore wind farm considering wind power
accommodation level and load increase
JIANG Yuewen'?*?,ZHANG Jinhui'
(1. College of Electrical Engineering and Automation,Fuzhou University, Fuzhou 350108, China;
2. Fujian Province University Engineering Research Center of Smart Distribution Grid Equipment,Fuzhou 350108, China;

3. Research Center of Integrated Energy Planning and Optimal Operation,Fuzhou University,Fuzhou 350108, China)
Abstract: The current planning and construction of offshore wind farm rarely considers the construction
time sequence,which mostly belongs to static single-stage planning and is easily lead to the lack of effective
connection between the initial planning scheme and the operation at middle and late stages, for which, a
multi-stage planning scheme for offshore wind farm considering wind power accommodation level is proposed.
The day-ahead market trading model with the lowest electricity purchase cost as its objective is established
to evaluate the maximum accommodation level of power grid to offshore wind power,and the maximum accom-
modation levels of regional power grid to offshore wind power are obtained under different load levels in
the future years. On this basis,the planning period is divided into several stages,and a multi-stage planning
model of offshore wind farm with the maximum net revenue of wind farm as its objective is built, which
takes the investment year,number,location and the belonging investment stage of wind turbines as its optimi-
zation variables. Examples verify the effectiveness of multi-stage planning model in improving economic bene-
fit of offshore wind farm compared with single-stage planning model.

Key words:offshore wind farm ; multi-stage planning;wind power accommodation level ;day-ahead market;in-

stalled capacity optimization



7
2
5
3 9
6
4
10

1 Namur 8
2 East-flanders 1
3 Flemish-brabant
4 Wallon-brabant i
5 West-flanders

6 Brussels 7 Antwerp 8 Hainaut
9 Limburg 10 Liege 11 Luxembourg
& Al EEFIES =t v 3t 3R B [E]

Fig.A1 Location map of cities in Belgium
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Fig.A2 Hourly time scale photovoltaic output curves of various regions
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Fig.A3 Day time scale photovoltaic output curves of various regions
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Table A1 Output correlation of photovoltaic power plants under hourly time scale

MR R H

i X 1 WX 2 HiIX 3 X 4 X 5 X 6 X 7 X 8 WX 9 X 10  HIX 11
1 1 0.58149  0.98644 0.96717 0.28047 0.91045 0.89832 0.77251 0.88415 0.98537 0.99530
2 0.58149 1 0.55049 0.57947 0.61378 0.55663 0.55602 0.67368 0.53971 0.47572 0.37162
3 0.98644  0.55049 1 0.91253 0.40137 0.98463 0.99363 0.78101 0.94402 0.95579 0.66432
4 0.96717 0.57947 0.91253 1 0.25375 0.96935 0.95238 0.73236 0.75425 0.98126 0.73802
5 0.28047 0.61378 0.40137 0.25375 1 0.31783 0.33335 0.67064 0.19264 0.28260 0.34775
6 0.91045  0.55663  0.98463 0.96935 0.31783 1 0.99803 0.79117 0.98710 0.90050 0.54978
7 0.89832 0.55602 0.99363 0.95238 0.33335 0.99803 1 0.79061 0.97515 0.91317 0.46654
8 0.77251 0.67368  0.78101 0.73236 0.67064 0.79117 0.79061 1 0.78469 0.83643 0.77501
9 0.88415  0.53971 0.94402 0.75425 0.19264 0.98710 0.97515 0.78469 1 0.99551 0.56321
10 0.98537 0.47572 0.95579 0.98126 0.28260 0.90050 0.91317 0.83643 0.99551 1 0.90899
11 0.99530  0.37162  0.66432 0.73802 0.34775 0.54978 0.46654 0.77501 0.56321 0.90899 1

F A2 R AMBEIRERN S E XM
Table A2 Output correlation of photovoltaic power plants under day time scale
X H JIAH % R L
X 1 WX 2  HiIX 3 X 4 X 5 X 6 X 7 X 8 WX 9 X 10 HIX 11
1 1 0.98252  0.98268 0.98791 0.98305 0.97303 0.97891 0.99017  0.99197 0.98999 0.90488
2 0.98252 1 0.99482 0.99463 0.98380 0.99494 0.99118 0.99521 0.97517 0.96854 0.87919
3 0.98268 0.99482 1 0.99856 0.96919 0.99786 0.99921 0.98900 0.98192 0.96522 0.84557
4 0.98791 0.99463 0.99856 1 0.97543 0.99483 0.99649 0.99349 0.98449 0.96901 0.85590
5 0.98305  0.98380  0.96919 0.97543 1 0.96250 0.96221 0.99119  0.97371 0.97971 0.93657
6 0.97303 0.99494 0.99786 0.99483 0.96250 1 0.99677 0.98536 0.96859 0.95227 0.83292
7 0.97891 0.99118  0.99921 0.99649 0.96221 0.99677 1 0.98388 0.98117 0.96130 0.83389
8 0.99017  0.99521 0.98900 0.99349 0.99119 0.98536 0.98388 1 0.97964 0.97392 0.89500
9 0.99197 0.97517 0.98192 0.98449 0.97371 0.96859 0.98117 0.97964 1 0.99022 0.88754
10 0.98999  0.96854  0.96522 0.96901 0.97971 0.95227 0.96130 0.97392  0.99022 1 0.93487
11 0.90488 0.87919 0.84557 0.85590 0.93657 0.83292 0.83389 0.89500 0.88754 0.93487 1
R A3 BRIFFR POMNE SR A P MIV
Table A3 MIVs of other photovoltaic users besides benchmark user
MIV
ML K b KT NS WS BKI0 wme wwmee  fEme sl
1 0.2380  0.2830 0.3143  0.2783  0.2651  0.2601 0.2019 0.1966 0.1719 0.1620 0.2107
2 0.1961  0.3706 0.2115 0.2092 0.1978 0.1310 0.1816 -0.1129 0.1186 0.1053 0.0980
3 0.4491 0.4344 0.4995 0.4156 0.4030 0.3784  0.3743 -0.2342 0.1958 0.3610 0.2006
4 0.3464 0.6172  0.3240 0.3094 0.3038 0.3008 -0.1950 0.1899 0.1857 -0.1690 0.2010
5 0.3549  0.3225 0.3139 0.2781 0.2675 0.2645 0.2022 -0.1340 -0.1367 0.0830 -0.1083
6 0.1710  0.1480  0.3410  0.1320  0.0900  0.1060  0.0650 0.0500 0.0610 0.0550 0.1130
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