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Least Square Based Prediction for the
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Abstract: The transient output prediction of solar power source is of great significance for power grid stability
analysis, power quality control and fault diagnosis. To this goal, the discrete model and linear prediction model of
ideal solar power source were established. Then, a regularized least square prediction scheme was proposed to esti—
mate the unchanged model parameters. When the power source model parameters vary, the prediction model param—
eters are continuously updated in real-time by the Sliding Rectangle Window (SRW) Recursive Least Square (RLS)
method. Unlike the standard RLS, SRW —RLS adopts a data update strategy based on sliding rectangle window,
which improves the tracking performance and prediction accuracy. The experimental results show that the proposed
prediction schemes achieve good prediction accuracy and SRW—RLS is able to adapt well to the changes in the pa—
rameters of power source model.
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Fig.1 Ideal electrical model for solar power source
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Fig.8 Observed and predicted /-U curves with idea model,
single-diode model™, two—diode model"®,

LS and SRW-RLS for Msx-60
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2, 3R 4 HN T RFE O PR TR bR
. TR, FRAEDGAR b PSSR ) T 0 45 s e (1K, Bl
PO S AR AR I T A 7 2.4 N R 02, B
AR () BB F8 -5 B A5 A R 1) P R 48 b 2
T, IS FIPEREAL . X T AR AR F
AT AR A O | S BB SR TR MERR
TSR A SCHEE H B PR T 5 58 %) T Al
BEP T AL = AR BN, FE R AL
MAE 7£ 0.03 1 0.05 Z [i] ,NRMSE 7E 0.21 #1 0.23
Z 8], m A7 2/ MAE #/NT 0.005, NRMSE #5
/T 0.06.

R4 5 FERITE Msx—60 SRR LK B AR
Tab.4 Comparing the performance

indices of five models

izt ) TS

(107) PRABAER PR AR X AT LS SRW-RLS
MAE  49.0 35.0 38.1 4.2 1.2
MAPE  18.7 12.7 14.1 2.1 0.5
RMSE  89.2 75.8 83.0 21.8 6.5
NRMSE ~ 210.8 209.7 229.7 51.1 15.2

4.5 ST ITIERER T
BATHEIEAS TS50 U, M N R [R 3B XA
SCOT B MR RE A5 ). 32 55 35 ) FHDOGAR FL IR Msx—60
(YRR 0 °C, BERE N 10° W/m?) Al KC200GT (YLK
25°C, FAEEH 100 Wim?) J7AE B2 A IR A AR AR
i, HOE, e SE M =5,N =10, B RFEEFE U
FIBUE L FEI4{0.1,0.2,0.3,0.4,0.5) , FEEFEN T,
KA LS %85 RLS Jr &t Av i, Jf 4 sl i

RefEtn, 28R WoRTER 5 .

*5 ARBEHHEBERFESK
Xt T e B 2 M
Tab.5 Effect of the sampling step of the output voltage
on the prediction performance

etk LS/(107)
HI{  MAE MAPE RMSE NRMSE MAE MAPE RMSE NRMSE

SRW-RLS/(107)

Msx-60 42 21 218 SL1 12 50 65 152
o KC200GT 6.0 146 343 1803 15 21 94 493
Msx-60 164 139 768 1658 63 59 311 669
02 KC200GT 156 405 908 4222 75 161 40.1 1859
Msx-60 288 18.0 1413 3836 122 50 671 1811
o KC200GT 13.7 243 897 6363 107 18.1 66.0 4658
04 Msx-60 429 304 2095 5235 235 12.0 1244 3083

KC200GT 228 448 1478 927.0 213 41.6 1354 8425

M NRMSE $5brnl iR, BEEREELR U
A R, B 17 8 A T 14 RE Rl =2 1 . D A
TE TR RN, R W2 B S5 oA
Bl A OCHERAR. HoA =R R AR eal ) FF
REYIEDL B SRR,

T30, AN R RN, 233 R AR A
ARG R R, RN B RS iR i D s
BHEAHSC DT R B A0S AR BT LA TR A S B
TR DU PR e KA ] .

HWR,FEESELU=0.1V,N= 10, fa KB
M HIBUE SR R{1,2,3,4,5), FE ARG LRI LS
Ji%45 RLS J748, AR BN PERESS b AR TERR 6 .

HI22 6 AT DL, YA M EE4ERE By 1 35K E 5 B,
FEAS TN E RETE A3 1Y SR SR 2 SE /N P-4 K.
4 M U3 BT B BRI, PSR 58 B T
AR AF RS i Y. 332 AT DAy 2 A ] AR BEAR/ N, FE 0
BRI RAAR A 8 Dy sk et Bt > —
i RS R AN T AR A AR R, A S SR
TS HY e A=y s e A ) .

6 WEEKE XHMMEEERIR N

Tab.6 Effect of the length of the weight vector

on the prediction performance

etk 1S/(107) SRW-RLS/(10?)

HiJE  MAE MAPE RMSE NRMSE MAE MAPE RMSE NRMSE

Msx-60 146 164 69.1 1629 141 158 66.1 1556
KC200GT 8.1 261 485 2567 8.0 257 476 2517
Msx-60 1.7 0.7 93 219 07 04 37 8.8
KC200GT 1.7 3. 97 515 14 26 83 439
Msx-60 25 1.1 137 322 08 03 48 112
KC200GT 2.8 57 161 848 07 09 47 249

Msx-60 3.4 1.6 179 420 1.1 04 58 13.5
4

KC200GT 4.7 109 268 1413 1.1 14 74 39.1

Msx-60 4.2 2.1 21.8 S51.1 1.2 05 6.5 15.2

KC200GT 6.0 146 343 1803 15 21 94 493

5, FESH U=01V,M=5, FIREN
BB T B M (5,10, 15,20, 25}, R AR R 0 R 44
LS %5 RIS FEMTIMPERER #, I 7 P,

H1 & 7 FTOL, SOOI & el S SR # 10 B, 5t
NRMSE T 5 , LS 77 % W B0 v RE B 38 T+ T, A1
[, SRW-RLS FPEREZNES AR T. 2 N KT 10
BF, LS B BEIEA R REANAS 3R LS MY TRINAERE XS
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N=15 If, A R A e B PERE , Z 5 BE NV BB,
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REXT VAR AH RS AU (B, AR V %
TR WIRAE TGN T5 58 5| AT Z2 e A AT AN
THIPERE. 2R, Belad /NG N R B EAR, 41
N4 Ne<M B}, 2 BN 586 24 Rl .
F 7 FREN XU R RS0
Tab.7 Effect of the prediction times N on the

prediction performance

Jefk LS/(10%) SRW-RLS/(107)

I MAE MAPE RMSE NRMSE MAE MAPE RMSE NRMSE

Msx-60 8.1 44 418 978 23 10 117 273
KC200GT 24 57 137 720 15 37 85 445
Msx-60 42 2.1 218 511 12 05 65 152
KC200GT 6.0 146 343 1803 15 21 94 493
Msx-60 42 2.1 218 511 12 05 65 152

KC200GT 55 136 316 1663 14 19 86 449

Msx-60 42 2.1 218 511 12 05 65 152
20

KC200GT 57 139 322 1693 14 20 87 456

Msx-60 42 2.1 218 511 12 05 65 152
25

KC200GT 5.6 136 322 1693 14 21 88 464

4.6 HEEMBITHE

FEVEZ2 SR F Y, SR TN AR HLA S
it , FATHE—IER T LS 5 SRW-RLS Ak A7
BE. A 5 YL E 40 < Intel Core i5 CPU,4G
f£ .64 bit Windows 7 #24FE R 50, 10557 ok H
MATLAB R2014a SZ B A (8 F A4 LS 4758k
HOGARHLIR Msx—60 G BEH 0 °C, BRESH 10° W/m?)
Al KC200GT (R A 25 °C, Rl 10° W/m?) A i,
Hor e HoRAE ] B Sy 0.1 V. BRI 7 0 F < 45
ESE(M,N) R U IR% H B, 20 il AR R Y
LS 77485 SRW-RLS Jr &7 1 000 YR F , S8 )5
THE R ISR 312 58 I — 1 SR R UM Pl 5 2 114
P E], HAS R B oRTESR 8 .

i T LS 5 SRW-RLS Ay Fl il o #2 3= 22 4740
Wiz 5, DR AT 52 2 B B Tk SE SR R 4R 32
MR B e T2 8 M AN, IR, FReAi Tk de—

A M AN, Dk PR AP TR 2
N=10,M i 1 #KE] 5 B, LS Wy 3H5 8 5 A b Jf
AN SRW-RLS (a2 f T 64.3 ps IEK A
1331 ps. M M =5,Nth 5 KE 25 & ,IS 5
SRW-RLS [z 47 i [ ERREZ 8, F7E M = 5,N =
25 KB, 43K 11.4 ps Fl 173.7 ps. IXLL45 R
F W, T R JR A B2 A RIRIZLR R B, R
BEMOFI N PEREGE , X A PN A n] SR B S
PR EER. MR, SRW-RLS (32 78R I B AR T
LS, XA N SRW-RLS st Bl FH T 211
FEMRIZ
*® 8 HiEPUTHE T GEITR B AL ps)
Tab.8 Evaluation of execution efficiency of the proposed

methods ( running time: ps)

(M,N)
Ji %
(1,10) (3,10) (5,10) (5,5) (5,15) (5,25)
LS 13.0 10.4 10.3 10.1 10.9 11.4
SRW-RLS 64.3 65.8 133.1 79.1 141.8 173.7
5 & &

ARSCH T ET LS 5 RLS BOGIR A S S5
HH AT 7 58 AE 3BT GO Fi U ARSI () R I
FRATTHENT T AH I 2 A AR Y 5 e P T AR 7Y AR
J& X TR A IR SHCR AR L, R A E I Ak
LS WOl A S A, AR R S8R Ak, (2
A BAE B OR L R B R A AR,

XU IR SHUE AR TE B, R RLS
T 5 48 , TSRS B AL ) S8, SE RS
FOTI 7 48 SR RLS AR, i 28R T 2T
BT B RIS SR S, AT ER T RLS Ay BRERPERE
5T B

X AN AT T T iz AL SEe s
REH], WRABEREAISZEA,LS 5 SRW-RLS
HBTTARAT K45 UG B . SRW-RLS AHEREME T
LS, AR 2 X R RS AR SR AR A 15 0 T S 45
FERFE DA AR R K B BB AT 22 1Y
TP B A S, AR LA N SR
TTHEEE.
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