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High-frequency oscillation identification method for
MMC based on WPD-UKF

Liu Mengjie He Shunfan Ding Feng Huang Zhuo Zhang Junmin
(School of Computer Science,South-Central Minzu University, Wuhan 430074, China)

Abstract: Based on the modular multilevel converter (MMC) , flexible direct current (DC) transmission technology has
been widely adopted in China's power system. In recent years, from the Yu-Hu Project to the Zhangbei Project, high-
frequency oscillation phenomena have occurred in multiple voltage-source converter based flexible DC transmission
projects both domestically and internationally, jeopardizing the safe and stable operation of the system. To address this
issue, this paper proposes a high-frequency oscillation detection method for flexible DC transmission systems based on
wavelet packet decomposition (WPD) and unscented Kalman filter (UKF) tracking. First, the filter bank structure of
fast wavelet packet decomposition (WPD) is employed to accurately partition the grid-connected current signal of the
flexible DC system into frequency bands. Then, a threshold is set based on the wavelet packet coefficients of each node
at every layer. If the threshold is exceeded, it is determined that a high-frequency oscillation may be present. The
wavelet packet coefficients that exceed the threshold are reconstructed to obtain a time-domain signal containing only
specific frequency components. Subsequently, the unscented Kalman filter (UKF) 1is applied to track this signal,
yielding dynamic frequency tracking curves and dynamic amplitude tracking curves. Finally, an MMC-based flexible DC
transmission system model was built on a simulation experimental platform to generate high-frequency oscillations.
The results verify the sensitivity and accuracy of the proposed method in detecting high-frequency oscillations, meeting
the detection requirements for subsequent oscillation suppression.

Keywords: MMC-HVDC systems;high-frequency oscillation;oscillation detection; WPD; UKF tracking
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Fig. 4 Wavelet packet reconstruction of the sa; signal
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Table 1 Comparison between actual data and detection

results at a resolution of 50 Hz

s W%/ Hz _ffi/kv
TR /% S RN %%
sa | 670 678. 3 1.2 8 7.7 3.8
sa, 1130 1137.4 0.7 20 19. 3 3.5
sas 1420 1412.1 0.6 5 4.8 4.0

x2 AEMEBSYPEERT FFT SR FEMRGNE R
Table 2 Comparison of frequency detection results
between FFT and the proposed method under different

frequency resolutions

il il s, sa, sas
JEWS /s ik (670 Hz) (1130 Hz) (1 420 Hz)
0.02 AT 678.3 1137.4  1412.1
(Af= k1 691. 2 1150.6 1436.9
50 Ho  gypk2 6948 1149.5  1443.8
0.1 R 670.2 1135.6  1416.2
(Af= R 677.1 1144.9 1427.4
10H2) g2 675.5  1137.2  1435.3
0.2 AT 668.6 1129.3  1421.1
(Af= k1 670. 9 1135.5 1418.8
5Hz)  gypr2 669.7  1127.1 14240
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AR SO 22 T B 0

MR AE BTy 0. 1 s BF, AR5 BEE R 10 Hz, ik 1
Xt sa, 5 osa, BRI 5 50 25 55K, e 32 B AL R 3k A0 i
% 1 A I T AT T it R F IR 5 A SR AG I v AR T ORZ . T
D5k 2 I g A A 0 7 SAB IR T O ik 1 SR R A T X
sa, SENTARAS T RSB I 25 2R AR sa, MRURARTHA R R
2, HFEFEKNE E Hanning & )5, 7 2 W56 R 5 9
RO AT N I BT 5 R 5 R G S T sa
W AR A, T AR S VR A DL L R

KA A7 0. 2 s B AR FER Ry 5 Heo RSO T
%15 2 % 3 M55 A AR Ak SR AR Ay v L L PR A
RPN BV AEAE ST R RS 5 0 T, 0 BE 8 R s
B AGE U 28] 41 35 A (ARG ZEE B 3K 3] 1 10 N1 .
2.4 BEERGEN

MMC-HVDC F 4t i & 50 4k 7 5 32 5 #4615
rF R E R TR | R I PN B RIS R B A O 2 IR 510
MMC e Vi #5§ A [R5 B 119 4 BHLJE 4R 1 55 32 Ui Fie, I 1 | 25 4
P 22 IRDAH B A PR S AT S5 3503 P 970 B PR 2R 0 1) 5 00 4R
B RV /B IR A IR 5 5 e AR 3 ) AR AE

9 T WAIEAS SCRT R 7 B MMC R G 28R IR 5 16
WA SO BB IR 5 sa, RAR SO B b AT A,
R O PR AR BEE R 50 Hz. R 35 4R B ko
B 530 Hz(IRE A 5) FIES 40 1 420 Hz(F{E R 10).

sa, = g()[5cos(1 060m(t — 0.1)) + 10cos(2 840xn(t —
0.1))]50c0s(1007t) + 2. 5cos(500mt) + 1. 5cos(700mz )

29)

S JE TEAGA B ) 25 M (5 S ANl 8 TR AR PE 1.1
P15 51 8 IR AR LA R =X (8) I 500~600 Hz, 1 400~
1 500 Hz WM N AT FE 8% ¥ - i UKF Ak 31 i 45 5 i
EEE R ANE 9 BT , K il 45 5 5 v 45 92 3% 45 R 4 530 Hz,
WRAEL A 4. 8. 59 i A0 % 9 1 420 Hz, WE{E N 9. 3. 7T WLAE
TE A AR 397 I A% SC T 48 77 6 AP B 6% [) IS A6 00 HR AN ) A
SRR LAY » LSS R (G 0 25 SR A A v A

3 MMC R BMR%ESSHHIR

3.1 MMC RgE

£ Matlab/Simulink H#4 & SCHR[8 142 i By £ T MMC
R IE 10 FroR 32 3% MMC $e 7 sl B 210 i s 306 38 g 42
TUHLHE , 28 10 AE R AR 4 A R A SR A A5 (point of
common coupling, PCC) , -4 — B 32 I £k % 5 32 i e, ) 3%
e ACMHABR A Z A o B B AR IREIT, B Z e
Z o S 5NFR7R MMC BH AT AN ZZ 3 M B4 . AR 9% SCiik[1-3]
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Table 3 Frequency detection results of the proposed method
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