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Regional inertia identification of high wind power penetration power systems
based on a combination model
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Abstract: The large-scale integration of wind turbine generators has led to a significant decrease in power system inertia,
posing threats to system frequency security and stability. To address the challenges of optimal frequency measurement
point selection and high estimation error in regional inertia identification of high wind power penetration systems, a
regional inertia identification method based on a combined model is proposed. First, the K-shape clustering algorithm
based on the shape-based distance (SBD) index is adopted to cluster frequency response curves, and the optimal path of
frequency dynamic responses within each region is determined. Second, the least squares support vector machine
(LSSVM) and the autoregressive moving average with exogenous input (ARMAX) model are combined and used to
identify regional inertia levels under different wind power penetration rates. The results are compared with those obtained
using the traditional ARMAX-based inertia identification method. Finally, the effectiveness of the proposed method is
verified through simulations using the modified IEEE 10-generator 39-bus system. The results show that the proposed
method effectively improves the identification accuracy of both regional and system-level inertia.
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Fig. 5 Simulation results of frequency response

L PSASP 4R H 45 ROFEHE, 701t 5 %
PR PR e KA S 1R 72 o DA KT D036 AR 7% 132
ZEf RRN

fHz

a= M x100%

me_SO

S~ Jo (26)
=250 15100%

L=

A S NRIHER BRI R WL f,, A
RS 5 1, NIRRT ¢ 9 A4
%1 f ONTIITER R RN AR f, Ak
B DIVA I EERA

LA DhPzhJa Busl6 SRR MR AR, %757k
7 FL4E R BB AR 2 P



fkbede, & BTGB R ERIE ) RE X R RN - 107 -
R 2 BFHEMEMMLER xR3 R 1 HXER
Table 2 Comparison of frequency response of each method Table 3 Partition results of Scenario 1
i fo/Hz al% f/Hz B1% X 3k 5 XN K LS Dy
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Table 5 Comparison of two models

75 H,./s H,/s H, /s e\/s &.2/%
Y1 3.712 4.027 3.787 8.49 2.02
Y52 3.346 3.672 3.445 9.74 2.95
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Table 6 Region inertia identification results of Scenario 1

X I g = H,./s H , /s &0 1%
X4 1 5.000 5.181 3.62
X3 2 4.138 4.081 1.37
X33 3 3.854 3.932 2.02
ERG 12.992 13.194 1.55

R7 %R 2 XFIREFHRAGR

Table 7 Region inertia identification results of Scenario 2

X I gn= H,./s H /s & /%
X3 1 5.000 5.033 2.14
[X 35, 2 4.407 4.654 4.62
X3 3 2.928 3.014 2.95
X% 4 3.163 3.066 3.08
ARG 15.498 15.767 1.74
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