55 58 % 45 3 ) t oE xR B XK ¥ ¥R Vol. 58 No. 3
2024 4% 3 A JOURNAL OF SHANGHAT JIAO TONG UNIVERSITY Mar. 2024

XEHE.1006-2467(2024)03-0285-10 DOI; 10. 16183/j. cnki. jsjtu. 2022. 338

BT R I DL R 2 20 Ab 1Y
DGR Ty 28 DX [) FEI 52 A

Tz A4et, R F, A R, AR 5, Fma®, RIIE, RER
(L[ L0 o ) 24 ) 95 A 2 ) L3 2017005
2. LEARE R by fk i O RS R T A S 1l 2002400

W OE. AR TS IAELM) A AR ey bR o0 £ R E AR, G283 d R
BRKFEBAEA KR RN R A FAFIGAR. R LR ELM I %% R )G, 428
ELM A 30b FR I & A AAF ARG Rkt k5 o= )adk b ELM 48 A 1& % dir N &y
ERELERBIELAK.FRANGEHBERRMNEKSERE ;RS A TREESEE A L350 2 H
WM EERLO AR R D FER A, S A F RS R, Fo SR AR T &
JE 3 e R TR ST A4S B 69 B B AR AR K AR AR & R 1A TR O A .

FERWR . BRI TN AR RS T A AR ; AR K FE B 35 AT

RESES . TM615 MERARER: A
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Abstract: This paper proposes an interval prediction technology of photovoltaic (PV) power based on
parameter optimization of extreme learning machine (ELM) model. First, the weighted Euclidean distance
is proposed as the evaluation index of PV power prediction interval. The historical sample units are
screened and the ELM training set is optimized. Then, a hybrid optimization algorithm for ELM
parameters is proposed. The hidden layer input and output weights and biases parameters of the ELM
model are optimized by using the elitist strategy genetic algorithm and quantile regression, and the trained
model is used to predict the PV power range. Finally, an actual calculation example is constructed based
on the historical data of PV power plants and weather stations. The PV power interval is predicted, and
the results are compared with those obtained by other methods. The results of the calculation example
show that the method proposed can greatly improve the accuracy of interval prediction while increasing the

reliability of interval prediction.
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Fig. 1 Probability density function of PV power
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Fig. 5 Prediction intervals on August 3 at different PINCs
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Tab.2 Assessment of prediction intervals on August 3
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Tab.3 Assessment of prediction intervals on September 10

pene/ % price/ % privaw /%6
95 97.73 7.87
90 97.73 4. 85
85 95.45 3.36
80 90.91 2.67

peine/ % price/ % prinaw/ %
95 100 12.87
90 100 6.23
85 97.56 3.67
80 90. 24 3.03
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Fig. 6  Prediction intervals on September 10 at

different PINCs
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Tab.4 Comparison of interval prediction results obtained from different methods

Jiik 1 Jik 1 Ji ik T Tk IV
A prine/ %
price/ %% prixaw/ % price/ % prixaw/ % price/ % prnaw /% price/ % prnaw/ %
THI1H 95 95.12 2.69 95.12 2.78 97.56 7.82 93. 90 3.00
TH1H 90 95.12 1.93 92.68 1. 95 97.56 4.50 88.78 2.01
TH1H 85 92.68 1.48 92.68 1. 60 95.12 4.42 86. 83 1.51
TH1H 80 87. 80 1.18 87. 80 1.21 90. 24 3.91 85. 37 1.23
8H3H 95 100. 00 12.87 100. 00 14. 31 100. 00 14. 35 99.76 14. 27
8H 3H 90 100. 00 6.23 100. 00 6.95 97.56 7.11 99. 27 6.93
8H3H 85 97.56 3.67 95.12 3.71 95.12 4. 66 97.07 3.81
8H 3H 80 90. 24 3.03 90. 24 3. 11 95.12 3.99 92. 44 3.12
9H 10 H 95 97.73 7.87 100. 00 8.52 100. 00 22.30 97.50 9.28
9H 10H 90 97.73 4.85 100. 00 4.97 100. 00 8.92 96. 14 5.47
9H 10 H 85 95.45 3. 36 93.18 3. 64 95.45 8. 46 95.68 3. 64
9H 10H 80 90.91 2.67 88. 64 2.77 95.45 5.37 92.56 2.91

D7k TR 11 76 & Rl 00 T 19 X bh 45 3
RS W7 1245 30 (9 100 X (7] PICP %% ok #2398 (B A
FIRR [ 1 4 s 5 38 3l XK IG5 4 A 4 L, SR FH i
FHEFE N ELM YIZR8E AT 3R 15 3 %8 i) PINAW, H
A 84 v R T 23 DX T 0 ) v B X R R
E N e - N EIEE LS EEP Y e [
(AR M R/ 36 3% (9 ELM Il 25k 46 55 75 1900 R
A% B R

M T A7 i T Ay X el 25 . BB Y
PICP ¥ g 2 & {5 K P 25Kk, B L1 0 F J7 2 111
50 PICP H Fug At 1 0735 1 A0 DA B £f 3 ok
BT TS5 E PINAW FE R A 5L~ 35 B 5/
F o7k TIL Bexf el Ui B, ELM Il 25 48 i & mT LA
R R AR v LI o

M 4 FdE T DUE AR T A S v
D5 UL vk T AR E A B0 XA P AL 18 AR AR A5 A 1
IR O TV g5 5 R A8 bR 0 SR E, B
ELM [ 2 i A A 5 i & 1 08 7T LA R 1K B BL
Az S B TN 25 A R 1 AN R M A KRR o T
TN DX ] f T A5 BE S R

5 #ig

AR Ty 241X i) 00 AR 45 T a5 S0 G, AT DL R
HEEIN A AE B A4 5 i ELM £ AL Ak iy o
AR Ty 28 DRI F3I BE A AT X DG AR H 7 X Ta) #6475 AT A
J3E TN B A T

(1) AR [ B 6 46 A 5 40 % IO IR I 2 5 X
E SN PSR 6 N T S € RN B
FIRE T AE A5 M 3 48 e AR DL BE B FE A Bk 20>
ELM I 2510 1 [R] s, AR K 2 i o 1

(2) k] ESGA flifk ELM FG 2 iy A A E 5
T B S0, T bR ELM 2804 50 Bl AL 25 15000 45
TR R B AN 2 5 ) L B2 v G AR By 5 X () 0 A
P o 75 900 55 0 1 i AR

S E k-

[ 1] REN21 Community. Renewables 2021 global status
report[ R]. Paris; REN21 Secretariat, 2021.

2] Jwed. mIE. LI, 5. %5 EME S o 58 1 4 f2 i
BB iy I =k pe bz 7 k)] EERBEBRE



%3

T2 A%, 5

BT RS T HUAR A R B A AL 6 SR o B RO S 3K 293

£3]

[4]

L6]

L7]

[8]

[9]

[10]

2R . 2022, 56(7): 827-839.

FANG Xiaotao, YAN Zheng, WANG Han, etal. A
shared energy storage optimal operation method con-
sidering the risk of probabilistic voltage unbalance
factor limit violation[[J]. Journal of Shanghai Jiao
Tong University. 2022, 56(7) . 827-839.

T, £, EFW. % KRABOLR L A X
R m iR [J]). RERNIEFIR, 2014, 34
(1. 1-14.

DING Ming, WANG Weisheng, WANG Xiuli, ez al.
A review on the effect of large-scale PV generation on
power systems[ J]. Proceedings of the CSEE. 2014,
34(1) . 1-14.

A, B, BRIG. . OBAR K H ) B0 B R
s erRJ]. B IR ARF®], 2019, 34(6): 1201-
1217.

LAI Changwei, LI Jinghua, CHEN Bo, ez al. Re-
view of photovoltaic power output prediction technol-
ogy[J]. Transactions of China Electrotechnical Socie-
ty, 2019, 34(6). 1201-1217.

LIY T, SUY, SHU L J. An ARMAX model for
forecasting the power output of a grid connected pho-
tovoltaic system|[]]. Renewable Energy, 2014, 66
78-89.

B, BN, B, & LT 2 4EnET )R8 L
R 1) & L RO OG R R B BT, BARE B S
€. 2014, 38(5). 19-24.

HUANG Lei, SHU Jie, JIANG Guixiu, et al. Pho-
tovoltaic generation forecast based on multidimension-
al time-series and local support vector regression in
microgrids[J]. Automation of Electric Power Systems,
2014, 38(5): 19-24.

PERSSON C, BACHER P, SHIGA T, et al. Multi-
site solar power forecasting using gradient boosted re-
gression trees [ J]. Solar Energy, 2017, 150 423-
436.

SHANG C F, WEI P C. Enhanced support vector re-
gression based forecast engine to predict solar power
output[J]. Renewable Energy, 2018, 127. 269-283.
BEHERA M K, NAYAK N. A comparative study on
short-term PV power forecasting using decomposition
based optimized extreme learning machine algorithm
[J]. Engineering Science & Technology, 2020, 23
(1) 156-167.

KA. IR, R, . WA R RIR B ) Bk
TE R 7t KOGAR DBl s i U LT ). R E R
T2, 2019, 39(8) . 2221-2230.
ZHANG Qian. MA Yuan. LI Guoli, ez al. Applica-

tion of frequency domain decomposition and deep

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

learning algorithm in short-term load and photovoltaic

power prediction[ J]. Proceedings of the CSEE, 2019,

39(8): 2221-2230.
E PO, whJk . A BT HARRBELE 5B IN
Mg % i s AR B A AL [T, Ei R B R E R

], 2021, 55(9): 1080-1086.

WANG Yan, CHEN Yaoran, HAN Zhaolong, et al.
Short-term wind speed forecasting model based on
mutual information and recursive neural network[ ] ].
Journal of Shanghai Jiao Tong University, 2021, 55
(9): 1080-1086.

KHOSRAVI A. MAZLOUMI E. NAHAVANDI S,
et al. Prediction intervals to account for uncertainties
IEEE Transactions on In-

12(2): 537-

in travel time prediction[J].
telligent Transportation Systems, 2011,
547.

KHOSRAVI A, NAHAVANDI S, CREIGHTON
D, et al. Comprehensive review of neural network-
based prediction intervals and new advances [ ] ].
IEEE Transactions on Neural Networks, 2011, 22(9) .
1341-1356.

F . O, sk, AL BT Bl A DU 4 I 4% O
RE R IR ] REBNTESEE. 2013,
33(Sup. 1) . 38-45.

DONG Lei, ZHOU Wenping, ZHANG Pei, et al.
Short-term photovoltaic output forecast based on dy-
namic Bayesian network theory[J]. Proceedings of the
CSEE, 2013, 33(Sup. 1): 38-45.

VOYANT C, DARRAS C, MUSELLI M, et al.
Bayesian rules and stochastic models for high accura-
cy prediction of solar radiation[J]. Applied Energy,
2014, 114, 218-226.

KHOSRAVI A, NAHAVANDI S,

D, etal.

SRINIVASAN
Constructing optimal prediction intervals by
using neural networks and bootstrap method[]].
IEEE Transactions on Neural Networks & Learning
Systems, 2015, 26(8): 1810-1815.
WAN C, XU Z, PINSON P, er al. Probabilistic
forecasting of wind power generation using extreme
learning machine [ J ]. IEEE Transactions on Power
Systems, 2014, 29(3). 1033-1044.
KHOSRAVI A, NAHAVANDI S,

D, et al.

CREIGHTON
Lower upper bound estimation method for
construction of neural network-based prediction inter-
vals[J]. IEEE Transactions on Neural Networks,
2011, 22(3) . 337-346.

AR, ST, BT, SR B IR -G R R AR G
PEMEHEF - RS IR G T ] BhRER
k., 2021, 45(23): 31-40.



294 X B X B K F F #K 558 %
YE Lin, MA Mingshun, JIN Jingxin, et al. Factor machine: Theory and applications[ J]. Neurocomput-
analysis-extreme learning machine aggregation meth- ing., 2006, 70(1). 489-501.
od considering correlation of wind power and photo- [25] KOENKER R. Quantile regressionf M]. Cambridge:
voltaic power[ J]. Automation of Electric Power Sys- Cambridge University Press, 2005.
tems, 2021, 45(23): 31-40. [26] THI, K52, Hegl. NSk SRR 6 1 6K

[20] WANC, LIN J, SONG Y H, et al. Probabilistic JiaFRF A BT ] BB AR, 2016, 40(2): 459-
forecasting of photovoltaic generation: An efficient 464.
statistical approach[ J]. IEEE Transactions on Power DING Ming, BAO Yuying., Bl Rui. Time series sim-
Systems, 2017, 32(3) . 2471-2472. ulation of photovoltaic output using improved Markov

[21] LIS, WANG P, GOEL L. A novel wavelet-based chain[J]. Power System Technology, 2016, 40 (2):
ensemble method for short-term load forecasting with 459-464.
hybrid neural networks and feature selection [ J]. (277 B0, MRIMT, SRR, 4%, #Ea WAOBk W o X () i
IEEE Transactions on Power Systems, 2016, 31(3): mEEXHNHLI]]. BARSE AL, 2019, 43
1788-1798. (3): 10-18.

[22] ##iE. Ko, XIEAr, & B TR F B0 & LI Min, LIN Xiangning, ZHANG Zheyuan, et al.
e B 27 2 HILASE 7Y 1 XU R T 3 X ] 0 vk 1), R E Interval prediction algorithm for ultra-short-term
B TEF, 2015, 35(Sup. 1) 146-153. photovoltaic output and its application[ J]. Automa-
YANG Xiyun, GUAN Wenyuan, LIU Yuqi, et al. tion of Electric Power Systems, 2019, 43(3) . 10-18.
Prediction intervals forecasts of wind power based on [28] AU, Beafil, 25, 45, LT RABMERIFG
PSO-KELM[J]. Proceedings of the CSEE, 2015, 35 JEAR F2 45 48 4 T i BRRE & e T B A 5E [T ). R E
(Sup. 1): 146-153. BYLTEFM. 2011, 31(34): 28-35.

[23] HUANG G B, ZHU Q Y, SIEW C K. Extreme DAI Qian, DUAN Shanxu, CAI Tao, et al. Short-
learning machine: A new learning scheme of feedfor- term PV generation system forecasting model without
ward neural networks[ C] // 2004 IEEE International irradiation based on weather type clustering[J]. Pro-
Joint Conference on Neural Networks. Budapest. ceedings of the CSEE, 2011, 31(34). 28-35.
Hungary: IEEE, 2004 985-990. (KX BB .ZH M)

[24] HUANG G, ZHU Q, SIEW C. Extreme learning





