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Dynamic harmonic state estimation of an unscented Kalman filter based on long
short-term memory neural networks

HUANG Manyun, WANG Tianhao, WEI Zhinong, SUN Guoqiang
(College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China)

Abstract: The Kalman filter prediction step of traditional dynamic harmonic state estimation usually constructs the state
space model with a unit matrix and assumes the system noise covariance matrix as a constant matrix. This reduces the
accuracy of the estimation and affects the results of the dynamic state estimation model. In order to establish the spatial
model of harmonic state accurately, this paper proposes a time series prediction method based on a long short-term
memory network. The complex state transfer process is simulated by off-line training of a large number of historical data,
and the harmonic state at the present moment is predicted based on the filtering estimation of historical moments. This
effectively improves the accuracy of the prediction model in an unscented Kalman filter. The method in this paper is
tested and analyzed on the improved IEEE 34-node three-phase unbalanced system. Compared with the traditional method,
the results show that the proposed method performs better in both precision and robustness of harmonic state estimation.
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Table 1 Harmonic source spectrum table
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Table 4 Comparison of the prediction steps estimation

errors of three methods with bad data

- A 1% % MAPE/% FHAIRZEE MAE/()
B kA P Wkl TN
LAl 5.965 4 1.659 8 29287 1.4027
Holt's 6.070 3 1.746 5 2.878 0 1.449 1
LSTM 45190 0.7358 1.096 7 0.228 6
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Table 5 Comparison of the filtering step estimation

errors of three methods with bad data

- MR 1% 2% MAPE/% HFRZE MAE/(®)
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1) #i5E LSTM =4 Z e 4
B BT ARG R A LSTM #5284 354 T 9 2% Z BRI AN
DL RN 26 550 A A 5 YR HLUR Al 145
JB, R L ATLUEH, A MRREM TR RS
WIGRER, EPE LSTM J2 2 e 80051 4 60

45 50

6

(¥}

AngleTrainRMSE

AngleTrainLoss

Loss

5 10 15

20

25 30
epochs
(b)

35

40

HL AR AR I SRR T AR 22 5 1K bR K

120, 60 1.

2) i€ Batch_size Al Epochs

P 2 AT RUE R a MR AAG V1A B2 A
SRR, LR LSTM 4% i Kk Rk %L Epochs
50, —INZRPTIEEURIFE AL Batch_size by 128.
Mizk 1 TN EIAR %

Attached Table 1 Result of neuron number tuning

45 50

LSTMI  LSTM2 LSTMS3 fllﬁiﬂ%[ﬂlzi’/ﬂ ) fllﬁﬁ[i’/ﬂjﬂ‘ﬁif%% *ﬂﬁﬂ:ﬂj ) *ﬂﬁ%i’/ﬂjﬂﬁi%% IR
AR ZE(x1072) RMSE(x107?) FHXHEZE(x1072) RMSE(x107)
32 32 32 0.796 24 0.181 83 0.651 51 1.060 32 23
32 60 32 0.761 78 0.177 65 0.483 00 0.879 97 23
60 60 60 0.733 96 0.172 68 0.509 36 0.872 64 23
60 120 60 0.724 55 0.171 71 0.448 66 0.819 41 24
120 120 120 0.730 40 0.171 21 0.468 94 0.827 88 28
120 256 120 0.690 34 0.166 51 0.431 97 0.778 10 30
256 256 256 0.682 70 0.165 60 0.445 36 0.798 18 35
MiZ 2 batch size F1 epochs B FE
Attached Table 2 Result of batch_size and epochs tuning
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PRFE(x1072) RMSE(x1072) BEE(x1072) RMSE(x1072)
8 16 1.606 46 0.285 08 0.870 11 1.344 58 7
16 32 1.084 81 0.214 88 0.714 95 1.12224 10
32 64 0.748 43 0.176 61 0.576 05 0.971 52 17
50 64 0.756 18 0.174 90 0.484 46 0.866 31 19
50 128 0.726 29 0.169 86 0.538 76 0.933 32 23
64 128 0.726 15 0.165 78 0.444 00 0.788 81 31
128 256 0.648 61 0.15513 0.390 58 0.714 11 58
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