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Fig. 1  GGMM fitting results under different mixing orders
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Table 1  GGMM fitting index under different mixing degrees
Ei=tn GGD 2GGMM 3GGMM 4GGMM
RMSE  0.0342 0.0708 0.0174 0.0231
R 0.9867 0.9428 0.9966 0.9939
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Fig. 2 Fitting result in different time scale
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Table 2 Fitting index of different models in

different time scales

RMSE R
T

Smin 10min 30 min 5 min 10 min 30 min

GGMM 0.021 0.020 0.023  0.997 0.995 0.982
t location  0.071 0.063 0.049 0964 0.947 0.921

2GMM 0.072 0.041 0.031 0.962 0.978 0.959
3GMM 0.075 0.035 0.031 0.960 0.984 0.959
4GMM 0.080 0.035 0.035 0955 0.984 0.950
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Table 3 Fitting indexes in different weather types

b Nat EE=V TN GGMM t location 2GMM 3GMM 4GMM
i RMSE 0.032 0.113 0.050 0.051 0.039
=]
R 0.990 0.955 0.982 0.982 0.985
. RMSE 0.022 0.161 0.132 0.102 0.067
Zr
R 0.999 0.931 0.954 0.972 0.982
51 RMSE 0.156 0.391 0.324 0.216 0.247
R 0.988 0.928 0.950 0.978 0.971
RMSE 0.028 0.099 0.076 0.060 —
ey
R’ 0.995 0.940 0.965 0.978 —
= s I F(Tr) IRER R 0, ) Z F(Tr) BAEE K 1, fr LA
2 BEFIUBHTRAERCEE G () WA | "
T FHF(Tr) 35 5 i ) ROBE R GAR e 3k =54 i 1 o 2

AR A7 1 G AR Hh T TS A A R 5 88 e KL, 2
Mt AN TR] F ] ] B R0 10 (L DG AR L 3 e A TR g
PEREAATE IR, Xof St P 1] RUBE R DG AR ri ol 2 TR g =
PHRERHEAT 0T . ) SCR TR S B Ry
SR BREL F () AT RIR N -

1 sign(x —u,) | = - 1
)= 2 1) F{[ B J a} )
o, F(x,a)=f1e”t”’]dt — PN R

HR A BEDLAE £ RR(r) (AL 2 25 B R 4R S R

A1 BRECE S, T 28 /N F BIE Tr BHE2R F(Tr) ] 3%
NN

p(RR(t)<Tr)=F(Tr) (6)
Kb, p() —FARAEWMMA, 4 Tra T 51 TCs

AIATHY

b FAT 2 245 5 WO B AE Tr R R] B A, 61k
FHL it & A TC S A A 3 ] SRR A

p(\ RR(1)|= Tr) =1-F(Tr)+F(-Tr)  (7)

P U Sk B Tr N 10% . 20% 1 30% , A~
(i) s 0] R 00 [ R B A1 I 67 N 33 25 5 o (o {5 3
Y TE 3 4 A SR U6 4 TR o Bl s 8] RUBE 9
BN, e AR €3 =5 1 B 6% MR 8 320 T 34 o 5 B o 15
{EL (A 158 T M€ 33 =5 4 i B % ARE 23528 W s /)
FUE TN B Tr=10% B, SGAR H b & AR IR Y =419
MR 8% ity ¥R R A 5 Y FF 5 1fif
Tr=30% B, JGARTE 3 = F A% 0.36% . AT
11 NG = A T N R (L = R C - o 8 N
%

10 min

R4 FEREREMSERESE 4 HIARBE

Table 4 Probability of ramp events under various time scales and threshold value

i Tr=10% Tr=20% Tr=30%
s 6] XS /min

/% 1/% F/% 11/% /% 11/%

5 227 230 0.16 0.16 0.003 0.003

10 3.98 4,01 1.01 1.01 0.180 0.180

15 6.21 6.21 1.72 1.71 0.400 0.390

30 12.43 12.40 4.17 420 1.210 1.280
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Fig. 4 Variations of PV power and SDA ramp extraction
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Fig. 5 Variations of PV power and detected ramp event
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202.

PV POWER RAMP EVENTS PROBABILITY MODELING AND
ASSESSMENT IN MULTIPLE TIME SCALES

Li Fen', Li Chunyang', Yan Quanquan®, Wang Lijuan’, Yang Xingwu', Duan Shanxu'
(1. School of Electrical Engineering , Shanghai University of Electric Power, Shanghai 200090, China;
2. Maintenance Company of SMEPC, Shanghai 200063, China; 3. Meteorological Service Center of Hubet Province ,
Wuhan 430074, China; 4. State Key Laboratory of Advanced Electromagnetic Engineering and Technology ,
Huazhong University of Science and Technology , Wuhan 430074, China)

Abstract: Photovoltaic (PV) power fluctuations and PV rate events have significant influence on the operation of the
grid. In order to analyze PV ramp events in short time scales, the generalized Gaussian mixture model (GGMM) of PV
power ramp rate is set up. By comparison with different models under different time scales and weather types, the results
show that 3 order GGMM performs best to describe the probability distribution of PV ramp rate under short time scales.
Then, based on the proposed model of PV ramp rate, the probability of PV ramp events is assessed in short time scales.
Finally, applying the swinging door algorithm, modified score function and defined label vector and so on, PV ramp
events are identified under different weather types and it is concluded that ramp duration, ramp speed and ramp
magnitude in a long time scales are all in power-law distribution. The distribution of three kinds of indicators under the
sunny days and other days is different.

Keywords: PV power fluctuation; ramp rate ;ramp event; generalized Gaussian mixture model ; swinging door algorithm



