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Abstract: To cope with the frequently occurred subsynchron-
ous oscillation (abbr. SSO) in large-scale grid-connected wind
power system, it is necessary to develop a method to identify
and detect SSO quickly and accurately. During the occurrence
of SSO there are such features as time-varying characteristics
and uncertainty and these bring the challenge to the realtime
monitoring of SSO. In allusion to this problem, firstly, a solu-
tion based on leading in intrinsic time-scale decomposition (ab-
br. ITD) improved by algebraic estimation was proposed, the

proposed solution did not need any priori information and its
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performance was not affected by the frequency constitution of
the SSO. Secondly, by use of synthetic signals, simulation res-
ults of Electro-Magnetic Transient Program (abbr. EMTP) and
the measured data of SSO the research of comprehensive com-
parison was conducted, and the research results showed that in
the aspects of dynamic performance of signal check and the ac-
curacy of parameter estimation the proposed solution achieved
good results. Finally, by means of hardware-in-the-loop test the

feasibility of the proposed solution is verified.

Keywords: subsynchronous oscillation (SSO); intrinsic time-
scale decomposition (ITD); grid-connected wind power sys-

tem; real-time monitoring; power system protection
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Fig. 1 The oscillation signal decomposed and

synthesize by ITD algorithm
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Table 1 Average error and variance of five kinds of
algorithms under the step change of the amplitude

(=R Prony ERA MPM TLS-ESPRIT ITD

BIE-Yy 11.69+547.00 1.10£4.63 1.36+8.58 1.61£9.90 0.02:£0.00
BRMH-Y433.25+2376.003.82179.002.44+77.70 2.96:65.90 0.37+0.50
BIA-Ys 11.78+£555.00 0.15£0.10 0.22+0.18 0.17+0.13 0.00+0.00
BR{H-Y525.13+2157.00 0.51+0.92 0.58+1.27 0.51£0.98 0.27+0.43
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Fig. 4 Topology of ERCOT system
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Table 2 Prewarning time of five kinds of algorithms in
case 1 and case 2

Bk Prony ERA MPM TLS-ESPRIT  ITD
ZBIET)s 1248 1246 1.246 1.247 1.231
FOREE/S  1.051 1.046  1.040 1.046 1.089
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Table 3 Average error and variance of the estimation results of frequency and amplitude of oscillation components in
Guyuan and Hami by five kinds of algorithms

RS Prony ERA MPM TLS-ESPRIT ITD
THUE-40 ms- AR 0.28+0.20 0.34+0.36 0.210.09 0.26+0.16 0.01£0.00
THIH-40 ms-1F{E 12.25+2922.00 17.10+£3755.00 9.504+2929.00 12.89+3229.00 3.40+16.84

T IH-100 ms- S 0.06+0.24 0.04+0.09 0.04+0.08 0.06+0.08 0.01£0.00
Wi-100 ms- IE{E 5.49+542.40 3.45+£283.60 3.52+122.00 4.95+305.30 3.40+5.88
%% -40 ms- 4% 0.21+0.07 0.23+0.09 0.20£0.07 0.22+0.60 0.01+0.04
5% -40 ms- IF{E 2.46+11.25 2.85+16.07 2.52+13.66 2.55+15.32 1.17£2.15
5 45-100 ms- SR 0.18+0.06 0.09+0.02 0.12+0.02 0.09+0.02 0.01+0.05
W 45-100 ms- IE{E 2.13+11.50 2.45+12.71 1.97+10.98 1.95+12.97 1.17+1.58
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Fig. A1 The performance of five algorithms to track
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Fig. A3 Estimation results of five algorithms under
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Fig. A11 Measured results of hardware-in-the-loop
measurement
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