F415 F11H
2021 £ 11 A

2 9 8 % Wk &

Electric Power Automation Equipment

Vol.41 No.11
Nov. 2021

Je T IR L RIS SVML 11 X il
YetR Iy AR 5 ik

kAL, E R

S

(1. K&EFIT RS Kb H5KZEHITH,TT K& 116024;2. = e A RAEEH TS, =8 L9 650000)

FEE 0y RIBORAR T R TFRMAE A B kAR SR e S AL ZANPI MM B R Z — 2 B MR S 09 £ 02 R
th— AP T AR R B sE e i X @ EHL(SVM) 89 R 3% 6k 7 B4 B FRm 5 ik, i1t K-means £ £ 45 F
— R KRR EER DB ARRILER AR AR R B3I FNE RO EF R R R AR A &5, 5
Bt 4 R R RIS R AR E L 5L R X 6 — Bt A Tk, AR SVM AR B 4% 42 69 72 30 FRIR Y
AR IR R FRMAERL KBRS AT R, BT AR 77 ik T 3R I R BOR AR o R4 TR A R

F R K-means 22 25 ; 1 R X & b, 58 5 42 0 Foml ; #748R B 7 ;SVM

FESES:TM 615

0 5§

ARk, R EDB R IR AR R 2 — ro ik ok &
JEE VAR, 2019 4R AR IR G AR H R R LA 1 3k #1) 2.04%
10° kW, [/ b3 K 17.3 %, BEE CIR B35 R I E 4R
P, Bl T RPN © T 1k v A U S T B o
DA% [ R %6 T RE VR TH 40 A 38 DI R R iR T R I X X
WOER SR B 5Y . AR LR LA
T < FEL X 9] 5 R YSURILA)  TE S f 14) DX s ) 2 T
R S T S B R AR R, Fi 3l ) 48 DA K
ok 555 56 ER I X X e 9 ) e e TSP S AR R R 40
A ZZREUR L AMIMIE R R 2R 0T B R 22 Fh BE VR 2 (R 1)
P AB VERE 1125 3s 45 KUK T, B — e AR B o R &
FL BEHLE | Sl TE R 2 5 s AR Rl AL, T
X sk 1 7 PR SR A00 AT ek /D 3R Gz A7 R B XU
1T 3 5 R 3B T2 s B Ol T T L, 2015 4F
] 45 B 2 A 1 O T E— 25 VR 1k Ha 7 1A sl el 1 o
TR WYL VA AR R IR 0 P SR
W2 55 H 358 B, i 4 A 2R U5 R < S 3 1 A
SR RS OGRS X, PR X s 00 % H ) B
WA )38 o B F B S0 WAL N M 7
T, P FUINASE 0 5 MR AN [ H 3 ) BB A A, i
SEOR ] o vl 22 18] A B R Gk L, i T AR etk
TR 1A Y 2R DX A 1be g A R A RE ) A, X IX
S Vi s e ] 3 = s U R (3 R YN TR GBS R N
T RS N I AR T T M

JEAR T F TN — B [ N AN 5 A AR, T
IR AR 20 B AT 43 328 - B  IR 3 | ARl e OR: fL 3
B SRR BRA B, WDE L R iR B RS 1)

W B 83 :2021-03-29; f& = H #1:2021-06-28

BEEWH:BE A RAFELF3M A (51879030)

Project supported by the National Natural Science Foundation
of China(51879030)

XEAFRERD: A

DOI:10.16081/j.epae.202108017

)22 F BE A S5 6 L S5 B OB IR P Bk
PR N7 PSR 7 s Gt b2y XP AR gl (iR 2
BOEE DT B BRI T g F i LA, FHREE A
FBIE ) PR S A A SR R L R
IRFN T A BARS 5 N TR RER S M A TR R
PR Dy 5 TR AL B ffi N D DR AR Ltk
KZ, MR AR i FICRX 53R
S5 ) SR T A T S R BSCHR e s FH B R
7 T B AN (], DX 38 D 58 F 0 I vk © REAi ™ B ot i)
I R, BT 22 A B — v 3l %) T 15 25 1 2R
VB 15 9 00 52 T, DX 388 ) 238 198 0 I A1 TS vk 4R
FH 22 3 B — F sl PO (B R A 7 ff PR . SCik [ 1 ]
FH 22 8500 B A 531 Pl 00 ) 23R 4 0 3] X g o
{H3Z 7 PR AR R B SCHR[ 10 ] %1 H Pearson
AR RECEPEAAT R IR F (R —H2 =48 hn T
e a5 A BT 2 L S D R IX A AR e s Sk [ 11
o R sh i 7 vk B AT DR i, (H AL SR 5
TR A 15 25 i s [) RS I, AN 2 R I B T ik

I, AR SCHRE Y — o L LR AR 3 R R e i
SCHRF A AL (SVM) B D3 AR Ty 23 2 30 100 7%
B A Z AR T R AN R ) S EARAE
R ARE T 3R OC R B UL BR IX rp Ay Ay
R, IF AT 4 JEPEA 8 AR X 3R X A% H 3y
AT AH S 43T 5 S5 A1 etk SV 4t M A 3
P 3 5 Y 3R DX () g 0 )y 3 Pt A 7R 3 o L AR A
2 HL S D R TS 2R X R IR TR, A
TR 27 v AT v DX FR: T 2 e 30 T RS
1 RRKCEXEIL

TEARIC R X R 3 AL A R[]
i 5 R B FI R B S NFEN R B AT 4.
MR 12 B R AR AR B IPR R T,
(R R R



oo L/ AR {7 G-

F41%

DR AR X A% v Bl A S b TR B N
TR S AR A A [T 1 , 7 Bt 1 T B A SR S
JGAR T BYRH AR R L BB R L /ML 2
fH IEA 28 ESRBCTYIRRIN R, 4
LG I VA S NI P8 U A U R

°. ® . (3 ® . IS s
° S| ° 8 N
. ] @
° @ 2 e ) % e ®
0 O eE ° s eE ° s
e N N
S, S S
7] 7] 7
o) © e ® ° @

ENa ARIEIFLEL, o o o ARIERAH, o Pk

Bl CERXMISTEE

Fig.l1 Schematic diagram of convergence area division

FIHI K-means S T5 15 B o ms 20 2 1L R IXHY
B K, R R 2EE T3 M/ ME R R %L

min ]=ﬁ“2‘p—m[’2 (1)
i=1 peC,

K PR L2 R CORES i A
W sp A C P EIREAR sm, Ry C BB, Kook € P T A
FEAR 1

WTETSCArA B BE RV N REAR RS, %
I ES I REAES K, TEHEALT N,

D AREARSES M, BEPLIE E K 4 S350 G
FArhuly 43 B A K AR oL W 1R 5
HLER E 1 O— QR

2) AR L AT S BT
A REABAERT I A SAE B R R i B o
WE 1 h@ETR ;

3) IR FEAR 5 45 o0 B R EG B 2 8
Sy 2 & A 3R, i 1 &R

4) ) T 2 A5 A RS L A 1 GRS B R 1k 4R
ol F R 25 MR B B/ IMEL S ), #4062, T SR 2 5¢
B G R 2 R X R g5, iR L R @ TR,
),z E2EER2)

I FE 3 2 BT LAAS B A [ 28 31 4 K1) 225 SR LA
TG R P R B B ME K B R B/ INHES] , $ ]
T AR R e KA A U0 s B X R A ] - 28 0 R
ER o R ) Sy i 2

2 RSB SR B i B IR BUR 48 R T

AR L3R T 1R DR S M A D6 AR v 3t
oy B[R LR X, B XSO R B sl i P s 5
JotCs (4% PR3 HE D BE3(ED ) 10 B g ), DX S P
5, S TN SR DX o A SR S B i A T 2R X i
TUARER LB A L, (B 7 O UG TE Pearson A

K FRER, B — TR Tk A T S e JAE v sl S5 SR XY
fREG I R —EME, Mk, 51 A Spearman H5¢ 2 %L
F1 Kendall #HC R 2L, 45 & Z R ECHAH R BN Z A
FAREHEATER AR L o PR IS S el sl LR 55 4 DG
PEAAL, B R 6 AR o S0 2R XA Iy s D R e B K
FIF TR Rl PN A — 50, A DG R RO, LAY P bk
2.1 3HMBZEHEXRE
2.1.1 Pearson#8% % &

Pearson fH ¢ RER 52 DY) (L F AT HLD)
Z I AH SRR B 2 SR

cov(X,Y) E(XY)-E(X)E(Y)

0o B JE)-E ()
(2)

i py K Pearson FHIE R E X Y 43 5 A AS[A] R AR
WS 5cov(X,Y) N XY T 250, Fl o, 50 5110R
XY brifEZE s EC) A EEF I,
2.1.2  Spearman #8 % % %k

RIS X=1x,, 0y -0, 1, (n HEHE BB
G R He R Ty s R HES AR 2 A= {a ), ay, o0
a,to WHEAXTRDICE x BT AT RIRIFICH
r(x:)o lﬁliﬁﬁ?ﬂii@ﬁ%ﬁﬂ%é‘ﬁ{ynym""%5
HICRIRIT AT, (). Spearman FHIC R EE LR

6 ) d?
r.=1- ; : (3)
n(n®-1)
di:rg(xi)_rg(yi) (4)
A :r 2 Spearman HHOC R EL  d, N 2 KT r, (2) 5

rg(yi)ﬁgiénﬁo
2.1.3 Kendall /8% % 4

ML XY AR EXT (v, Yo (x5 ,) [7] s} 144 Yk
Af, AR I 2 A8 d— 3505 Y LI ORH B s, TA R ik 2
AR A Y TR AR, YOI 2 AR
WA A —EL

Kendall £ 5¢ R E0E L H -

= ¢-b (5)
\/(NS_NI)(NS_NZ)
N=Y U ) (6)
szi%Vi(Vi—l) (7)
1
N3=En(n—1) (8)

AHr: R4 Kendall #2455 €D 43 90l A —Ekk
A — M B AR X s AR AR A X AR R AR
A FERE, U NS TG TS n A
G w MRS Y AR R AR BT S A
BV NS i TAEA T & AR 4L

22 SCHR [ 15 PRI 3R X P 4% B ol ) 3 A G 2
BEE A 11 AUE AT AL AT B A D &R



118

SRR}, 45 T ML AL R A SVM 9 DX OB AR 2 23 S 1 ol Oy i o7

=3I IP Y e S FNULIR LT (VIR 3(BE L Ll
PRI AL
22 HABRKRBITEXMEST
it — AR S 1 3 AR 5C 2R B H 114 iR
AR AL Ul SIC R X Ty g — 2ok, R LT 4 2897
4 B X T 3R DX A 2% HL sl 2 A T 20 B o
D)k AR D st 8 Xk AN R Z=
(SR 7, LS 7 it 2 S B e
)R MANH o AR CA ARG B
ANTRIZE SR H (RS 2R IR B Hh il 2k, AN )
HEERENIUES TN
3)ZEHLA /NGB ML FH /N B m] B g
LS 7E H R T, 402X (9) s .

H:(z Plht)/PE 1=1,2,, T (9)
t=1

A H AR /NI T 20 I T8) B S 40 P b,
I35 R 2R e A TR B A FNI s P 2R LA
4) H NIEAR 22 Je H N4 22 AR L L A . g
B2 H NI S /M2 22, 1/
Py=P s =P (10)
Kb P o H NS 225 P, 0 H N DR K AE, B
TR A P, i H N E R/ ME, BIMRA D)3

3 LRXHABNRE

3.1 ZHHSVM FEEY

SVM s 5E T~ 45 1 XU S /N B8 F1T 35 JE -
BEVE 2 AR 4E VC (Vapnik—Chervonenkis dimension)
RIS A — R/ NFEAR 22 5 BRIS (i P 4Tdakg A iz e
R GE 1 SVM TG i 2 0 221> 1 i 2R, A 2808
BTN AR T S B 2 A0 BRVR S U, ER SR VR Bl
J BT B B TR (H B G SO R B 38 £, 1R 2
SR R R AR R B, ToE IR 45 2R
MY HERA I , P& FZ 057 . 456 SVMA B A |
iy S5k, S5 SOk 17 D I T AL AR AR ORI
& L TN S T S RV G E T R IR E e
FROE SCHEAT 0, 325 5 AR R AR SVMAE R 0
AR X SVM ZEAT I B, Hok i [T A i 53¢ A [
ALF7R
32 RBThEBNEER

ARSCEETAMEE G T T R L g G 2
FECF A OC R B, DUk L B A v ol B S 28 254
HENT 24 h NI TN AR A AR ARY A S AL IRANT

1) A P 3R DX & v 3l 1 g s 0 0 B8l L 45
3FIRE O REO AT B SRR Ll

2) IR DX rh & Lk 8 T s i D B A T
TV W il 0 ), 45 5 SRR 2 R il 9 g s i ) 4K
it Bz SVMTE ok DX a2y 28 Pt A5 750 A5 76 g A\ hy i
AU HL il 1y s H0 D0 B8CHiR | s Ak i HEZR X
Py 52 s 88

3)TERRIE S N2 Jm , F AT H R AR
R N Y ] A5 B9 3R X R A
DX Iy I 7 T B A & 2 B

A
e | IEK

o LR CRIX
MR —| g

A2 %
R H U s

S

2 RIBINERBANRE

Fig.2 Schematic diagram of regional power forecasting
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Table 1 Relationship between category number and

distance sum of Dali prefecture

BT i B Al eI B A
1 23214.1000 5 178.3750
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3 2031.0900 7 34.4408
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E41%
100
zZ 75
=
50
R 25
15 30 45 15 30 45
(a) POk (b) IRIX

~~~~~~~~~~~~~ BEPIR, — HEWR, —— HBYR, - HRIEE
B4 BEE5CRXEKAREILL

Fig.4 Typical meteorological day comparison
between single station and convergence area

11 22 33 0 11 22 33

asfa) /d ] / d

(a) PifT (b) ILEKX
----- 5, — B

5 Rih5CREENF AN
Fig.5 |Installed utilization hour comparison between
single station and convergence area

120 150
§ 80 | S 100
o
§ 40 50
0 0
11 22 33 11 22 33
A/ d ffa 2 d
(a) Pk (b) JLERX

Blo But5LCRXHEMNIEAZEIE
Fig.6 Intraday peak valley difference comparison
between single station and convergence area
R3 HEXMEEEILE
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Table 4 Forecasting accuracy of each power
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Short-term forecasting method for regional photovoltaic power based on
typical representative power stations and improved SVM

ZHANG Yangke',LI Gang',LI Xiufeng’
(1. Institute of Hydropower System & Hydroinformatics,Dalian University of Technology,Dalian 116024, China;
2. Yunnan Electric Power Dispatching and Control Center, Kunming 650000, China)

Abstract: Accurate regional photovoltaic power forecasting attracts more and more attention since it is one
of the techniques for solving problems of photovoltaic grid-connection consumption and multi-energy comple-
mentary. A short-term forecasting method for regional photovoltaic power based on typical representative
power stations and improved SVM (Support Vector Machine) is proposed. The photovoltaic power stations
in the same region are divided into different convergence areas by K-means clustering,the typical representa-
tive station in each convergence area is calculated by using historical data and three mathematical correlation
coefficients, and the consistency of each typical representative station with the convergence area is analyzed
through four photovoltaic power indices. On this basis, a regional power forecasting model is formed by
substituting the traditional rolling forecasting with the improved SVM. The actual example analysis shows
that the proposed method can improve the short-term forecasting accuracy of regional photovoltaic power.

Key words: K-means clustering; typical representative power stations ; short-term forecasting; renewable energy

output; SVM



iR A:

PN REE BHE
Al ZHiH SVM 454
Fig. Al Structure of multi-output SVM
v K(e,€) Joxt Bk B AL

B ReaRL i iS Si

' |

|
H |
! i
I ] |
: 1 :
i e ]
L [ SHHE e !
v : - |
mEskErE s e i
= L e _

4 " RS LR ERS TR
SR LR R A e 4——{ ERE R ‘

¥ v
R . ABRBENRE
- =] BEREHT A
i I
L]
‘ W R ‘

B A2 FNRIEE
Fig.A2 Flowchart of forecasting
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Table A1 Name of photovoltaic power stations in Dali and Chuxiong prefectures

RER AR B 3 eI R,
ELRe) E T EAs
1-1 KAl 2-1 YEsE
1-2 FilgT 2-2 K
1-3 FHT 2-3 Kitiflr
1-4 LI 2-4 pNE
15 DY ffy iy 2-5 FEfr
1-6 PR 2-6 bEE
1-7 =M 2-7 KT
1-8 Pt 2-8 NGRS
1-9 TFR 2-9 75 H

xR A2 FISCRRX ZEBIEHE XM TR BTN E
Table A2 Correlation analysis of each power station in remaining convergence area and forecasting accuracy of single station

i LB 3 Pearson AH¢ & %1
® Fk RMSE/MW MAE/MW
« Pearson  Kendall ~ Spearman qS&5 FNME AR RN ERE
FilFT 0.831 0.524 0.667 0.674 0.995 4 0.9511 0.9177 0.7921 3.91 3.04
7Y £ 1L ¥ 0.830 0.656 0.822 0.769 0.998 5 0.9825 0.8721 0.9009 8.41 6.23
! Fxlil] 0.836 0.606 0.771 0.737 0.9957 0.961 0 0.8708 0.8157 2.34 1.87
7Li55a0 0.831 0.598 0.741 0.723 0.9970 0.8933 0.9374 0.8187 3.38 2.76
PEsE 0.896 0.738 0.905 0.846 0.998 4 0.9423 0.952 0 0.827 0 6.00 5.18
TEH 0.857 0.684 0.858 0.800 0.9987 09227 0.8983 0.8278 9.55 7.94
Y T4k 0.908 0.751 0.914 0.858 0.998 9 0.9857 0.9432 0.8914 7.18 5.81
75 H 0.834 0.669 0.817 0.773 0.9980 09218 0.806 7 0.6870 7.89 6.52
K 0.811 0.618 0.806 0.745 0.9955 0.9724 0.718 6 0.7139 3.83 3.17
Kby i 0.763 0.573 0.765 0.700 0.994 9 0.9270 0.762 9 0.6878 4.59 3.76
Vi KA 0.731 0.492 0.659 0.627 0.996 2 0.896 4 0.7217 0.5752 5.71 457
KF1l 0.808 0.635 0.820 0.754 0.9977 0.950 1 0.7710 0.529 1 4.46 3.78

NPERSX 0.820 0.644 0.834 0.766 0.998 4 0.9819 0.8840 0.608 2 3.94 3.24
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Table A3 Power forecasting accuracy of convergence area

Bz MW
LERX T3 RMSE MAE
BNk 10.19 7.56
I LS EE 9.15 6.73
ES @7 9.09 6.76
BNk 23.83 20.60
\Y Liv/IRE3 RS 24.17 20.48
KT 23.80 20.18
LEYIIRFS 10.01 7.28
vl EHSEEE 10.00 7.37
KT 9.97 7.37

F A4 6 RZAELRIX 3 FHFUN 75 A TS B XTLEE
Table A4 Forecasting accuracy comparison among three forecasting methods in each convergence area within six days

B, MW
10H2H 10H3H 10H4H 10H5H 10H6H 10H7H
ICERKX WiR/S RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE  MAE
| BAE 14.65 11.43 19.93 17.33 23.78 18.05 25.05 21.05 3376 28.24 30.25 27.50

Wby 1553 1224 2054 17.82 2565 1967 1008 1457 1632 1233 5435 5009

AT 14.59 11.37 19.84 17.30 22.27 16.06 18.60 13.35 15.79 11.78 49.75 41.54

I B 10.19 7.56 10.55 8.96 1517 1202 1016 791 1288 10.40 2802  26.04
LS 915 6.73 10.53 8.92 1473 1145 1022 806 1292 10.58 2786  25.99
AT 9.09 6.76 10.44 8.61 1455 11.34 9.95 7.78 11.72 8.97 2774 2568

\Y B 23.83 20.60 54.81 45.44 2646 1928 2136 1789 1536 12.18 4656 4154

Ml 2417 2048 5385 4478 2663 2004 2244 1867 1597 1243 4604 4143

ARILTT: 23.80 20.18 53.84 44.07 25.70 19.16 20.39 16.60 15.28 11.79 45.88 41.17

VI Bk 10.01 7.28 10.73 8.32 10.10 7.88 11.14 8.86 10.33 7.79 23.25 21.12

Mg 1000 7.37 11.22 8.43 1053 824 1037 793 1098 8.35 2495 2283

AT 9.97 7.37 10.72 8.16 10.03 7.81 10.27 7.48 10.11 7.24 23.03 20.92
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