$547% 515 W) €0 ERBEY D HEAH Vol.47 No.15
201948 H 1 H Power System Protection and Control Aug. 1,2019

DOI: 10.19783/j.cnki.pspc.180634

E TR &I S /R A] KRR K % FE &

Bk ZFM K M

(1.4 fe Tk KFd A5 b TARFRE, 28 40w 230009; 2. H S TAFR, 2/ §HT 330099;
3. B sl i A RS e R BAE N E], sk A A8 231600)

FE: DR R TN DGR IE I B — TREREE TAE . e HIA R B i (R A v AT SRS B TN JS, A
TR R AT KRBT P, R SE T AR E IR R ] RIS o AR AMUE R T GM(L, DR FEEOE K
FeAIRE N, T H % R T B HR LB 1 i TR MR H B R AR XM P s . Az piRtiE H
TAHERO AR s (K6 PR B T, G5 SRR 2R a) KRS A BRI 15, B TR sh PERUR IR Al
R TR L, JiE TR i AT AT PEA A Rk

K. Ol Aol KERTY; B R KR RSB MR

Forecasting power generation of solar photovoltaic system based on the combination of
grey model and weighted Markov chain
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Abstract: One fundamental work of grid-connected photovoltaic (PV) system is to estimate its power generation. This
paper introduces weighted Markov Chain estimation theory to build a grey-weighted Markov Chain estimation model
after forecasting the overall generation trend of PV by applying the grey model. This model not only takes the advantage
of GM(1,1) model when dealing with exponential series into account, but also considers the feature of fluctuation in
power generation, which is described by state transfer probability matrix of relative residuals. After applying the model to
forecast the generation of one PV power station in Hefei, the results indicate that the combination of grey model and
weighted Markov Chain improves the precision when coping with generation data with greater fluctuation, verifying the
feasibility and effectiveness of this model.
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Key words: photovoltaic system; power generation; grey model; weighted Markov Chain; state transfer probability

matrix
0 == N TR RETT 1k G225 kA5 an 22 Je 2 M (Rl A AR 7
= N LRI TAR L M, IREORRY, SZRE &

B OCARE) 2 AL, SCRIF M H 2k <8
W), BB H R AT I TR E M,
SRR P, D4 1 Pl SR A S i L TG IR R i R
FIRA R, AARERBENLIET . L,
TR AR ATIOGB R 8. FHAT, 6
PR LR TR B R0 A PRI Guit 2 i

HETIH: BRARMFAELTE F8 (51567018)

HUTe SCHR[O- 11712 FH A28 o0 4 T R v, ANl
oML 2 S R R A R ) TRl L. SCRR[12]5 TN BE
JE DR 7R TR R Y ) AR T BP SRR
M, WRm T EARISIOR R . SCER[13] DL
FBLEAUE BP fiZe ORI R A D% . 3
BR[14]13% T 2 Jo 4Pk [P ST AR TG AR, 3K Al
JREE T RAE MR s Hdls . SCHR15-18]1 ]
SCHRF IR EENUTIN A i, (R s BEROR, i



-56- @A &R B R

SUMEAE RS AN R o SCHR[19-201 R ] 2 7K ] Kk
BEATTIEN, SRR B A A AR, X TR R ik
IR RS o SCHR[211E TR (R, (0] R
UEBE SR o SCHR 221K R AR HEAT 202K,
I SCHF I ALIEAT YOI, Mg =y G AR LT
(RIS 5

BEXE Ea i), ASCRNT T P T A - AL
R RBER AL A TR, (0] B an s EAT K
T 5, B /R BB IEATXHR el 1
JEARH T IBEALE RIS E, B )m LS IERO AR
ol (R FII 45 RIAIE T PR AR R (AT 25

1 IRB-IR S /R AT R T 45 2

1.1 IREEE GM(1,1)
SRR 78 Y
X = [x(o) 1), x”(2), -, 2 (")J

xR 6 B R ARk B, XYk =
S5O0, Ak

i=1
X0 =[O, @) ) |

LR ORI T R, (D).
dxW
det
X, afib AMASE, M/ —afekifie, W
LR,

[:}z(BTB)*BTY )

+ax =b (1)

A
Y:[ﬂmaxﬂmexnyﬂ”onf;

—%[ﬂ”ﬂthRzﬂ 1

_1ro 0]

Z[x (2)+x @ﬂ 1
N U ()

_ 2[x (n—1)+x (m] 1
EHA o o REfR, A5 TR Sy

Al

x ()=(x")-bla)e "V +b/a, k21 (3)

B
(©

) AD) AD)

(Ky=x (k)-x (k—-1),k>2
(0) Al

M=x H=x"q)

x
)

A
X

GM(1, 1)BEREFREINAIE B S R A ATDRT R 22
(

A0)
x ()-x"\k)
e(k) = o )
2(5) A2 TR 5552 B 0 B L 2 1
1.2 S/RA]REEER
1.2.1 TR ] Kl
WU BELE S {X,.n >0}, ¥ TAE R 10

iysiyeosiyi, €8, nel , KT ={0,1,2,---}, SN
WEEN, H
P{Xn+1 =i, |X0 :i0>X1 :il""vXn :in} =
P{XnH :il1+l |Xn :in}
WFRIL Sl S R AT AR o IR AT R AR s “ G
Ja e, BN —WZI RS S e RS G,
M5 Z H R P SOIRES TR
1.2.2 BEZ I AE 4
WNTHEEMWLjeS, MP{X,, =jlX, =i}=

P Jg X, A G SRR R i P =
(P)) 0 {X,.n =2 0} B HEREERS I
MNTALREM G, jeS, MP{X,, =jlX, =i}=
Py o X, A 0 WL kBB R
PY =(p) { X, = O} 0k ARAEEREAENE . 0

5

(k) (k) (k)

Pn P 7 P

(k) (k) (k)

po — Dy Pn Dy
(k) (k) (k)

pnl pn2 pnn

MRIFAEA T RPIRZS ¢ HBLIIREC M, HPRES
i 2o k SPHRS BPRES j KRECH M,

=" ©)

1.3 RIS /RA] REEHEE

5 SR ER B sh K BLE e e, 84K
RS AR M TR L R T AE — NN X TR N, T
DR €08 F T 55 TR ARG, G R we R
R 11 ol R [T -9/ L o = ==y N (T E 8
R8I0 L SR i s 5 1) B0 F LA Fe B K bk
i, PR Rz . RS AR RS B
BTN B e B K, ORI T &7
A LR IR 22

Ly IR ] DL BB ML FE e, FLE
ML “ TR R, TR R RS bR 5K



W g,

RRREY], AU RE, BB,
Th IR AT R RS 2 0] 1R % M SR TN A K fr Ak
RS, HEERBLBENLR = sgmg, & Fakah it
BOR BT o HCRF K CRE IR INAL B IR o] R AL A
Bk, DLMRAS B s TR
1.3.1 RS KI5

B A X R 22 etk) K em DMIRE, &
ekye(d,.dy,),i=12,,m, WALk RIFAHXS U
ZEMT ECRE, d~d,, HEJRE ERFIT S
1.3.2 %M AR R 5, SR

IR JR AT A4 A2 0] By 7R ] KRB TIO (r) sadt
FEB NS IR AT RBERIFERE L, SEASTA] (0 IR A Mt
T A, FEATINBCR A 8% R e E 3k
1T B TR R E A AHOC R B 0T AR EL
N SRTE N PVA e N L) AN

A K AR P, W a7)RE

(G T I
B+ 35

Kb Wk AREREG x b 2R A
Bt x MREAKR PRI
B B REOR A, F5& MR Ny

_|d

W =——— )]
;M|
1.3.3 MU, 7K v] FRBE P
TR TN H BAE )k ANH, KX & H AT
PR ZE FTE PR S AE A PILRIRES, T4 & Pl H e
W, BRI R1,2, ks (R RO NV )

e B W B PO TR, IRV IR A T A AT 1)
P = (0. p )i €S s R

(i) (1) (1)

D P " Pi
2 2 2
po| A P
k k k
WA

K TR PRAS 45 PR = AR 11 Dy B 25 AT
KR ZE IR N

k
PB=> wxp" ©)
i=1

U Nl AN NS N Al S SN RS PVAINEISA R
XN IR AR ZEAE ARG, SR K FIEIIHE A

FETF IR IR SR AT RAE 6K k H = - 57 -
A A (0) 1
Y(k)=X |:1_E(dli +d2i):| (10)

2 HBHlaH

PLE BRI GAR HLsh 2017 4 4 A RT 26 KK
FH M LR H5d , 18 FH K 8- IR 7R BT R B AR IR i
MG R LA
2.1 IREFREIFT SR & B2 BTN FAR TSR 4

4 A0 IR isEdE i 1,

700
600
500
400

300

AR SR E KWh

200
100
I3 5 7 9 11 13 15 17 19 21 23 25
A
El1 4 BI3AET 206 REABE
Fig. 1 Power generation of 1-26th of April
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Table 1 Actual and forecasted generation from 11 th to
26 th and state of relative residuals
Ny 4l oA F, AEX

i HH/kWh #/kWh R/ % s
4-11 678.73 625.49 ~7.84 E2
4-12 615.83 678.52 10.18 E4
4-13 590.65 662.67 12.19 ES
4-14 562.70 652.62 15.98 ES
4-15 547.63 597.67 9.14 E4
4-16 646.13 586.38 -9.25 E2
4-17 600.01 622.02 3.68 E3
4-18 555.70 631.71 13.68 E5
4-19 665.35 566.27 -14.89 El
4-20 550.62 595.57 8.16 E4
4-21 531.55 592.87 11.54 ES
4-22 550.28 573.10 4.15 E3
4-23 535.00 561.07 4.87 E3
4-24 487.61 537.74 10.28 E5
4-25 530.23 492.60 -7.10 E2
4-26 480.00 496.78 3.50 E3
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Table 2 State intervals k " Wi
e KA /% 1 0.168 5 0.0572
1 14.-10) 2 03163 0.107 4
3 -0.699 3 0.2375
E2 (-10.0) 4 -0.760 4 02582
E3 ©.5) 5 1.000 0 03396
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0 0 2/3 1/3 0 Table 4 Prediction of state of relative residuals in 17th April
Hig K& BE El E2 E3 E4 ES

P’={0 0 1/3 0 2/3

416 B2 00572 0 0 2/3 13 0
0o 1/3 0 0 2/3
415 B4 01074 0 0 2/3 0 13
/5 15 1S 15 15 414 EBS 02375 0 1/4 1/4 0 2/4
0 0 0 0 17 413 BS 02582 0 2/4 1/4 0 1/4
0 0 0 1 412 EA 03396 0 13 13 13 0
. P 0 03017 03469 0.1323 02191
P =11/3 1/3 0 1/3
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0 1/5 2/5 2/5 0 Table 5 Forecast of grey-weighted Markov chain
] ] A8 SoRRLRAWh  FUURGRAWL  HAEE%
0 0 1 0 0 4-17 600.01 606.45 1.08
/2.0 0 0 1/2 4-18 555.70 549.58 -1.10
PY= 0 1/3 1/3 1/3 0 419 665.35 634.22 4.68
0 0 1/3 1/3 1/3 4-20 550.62 550.90 0.05
0 1/4 1/4 0 2/4 421 531.55 515.80 -2.96
_ _ 422 550.28 558.77 1.54
0 0 0 0 423 535.00 547.05 225
0 0 0 1 0 424 487.61 467.83 -4.06
PP =| 0 0O 1/2 0 1/2 425 530.23 517.23 245
1/3 1/3 0 0 1/3 426 480.00 48436 091
0 2/4 1/4 0 1/4 427 410.88 412.60 0.42
- - 428 361.65 368.84 1.99
) 0 0 0 1] 429 350.69 346.06 -1.43
0 1/2 0 0 1/2 4-30 300.00 310.99 333
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