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Introduction

Among different forecasting methods, the singular spectrum analysis (SSA)
is a powerful nonparametric technique with both filtering and forecasting
capabilities. The SSA method breaks down the observational series into two
components, i.e. noise and signal, using the eigenvalues and eigenvectors of
the trajectory matrix. Then it calculates the forecast by reconstructing the
original series using the signal component and a recursive linear relationship
from the original series. Since the real data are not noise-free, the linear
recurrent relation (LRR) coefficients obtained from the eigenvectors of the
trajectory matrix are also contaminated with noise and lead to a reduction
in the forecast accuracy. Thus, to improve the performance of the recur-
sive forecasting methods, some actions have been taken into account. In
this paper, a hybrid method is proposed to improve the recursive forecasting
performance of SSA using the Kalman filter algorithm. Then, the effective-
ness of this method was compared with the reconstructed SSA-R, the SSA
weighting algorithm, and the basic SSA method using the root mean square
error criterion.

Material and Methods
For a time series y; with constant window length L, there are L-1, SSA-R co-
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efficient ¢1, ..., ¢r_1 are obtained from eigenvectors of the trajectory matrix.
Therefore if the observational series includes noise, the estimated coefficients
¢1,...,¢1-1 are not accurate and will reduce the accuracy of the predic-
tion. We will use the state-space equations and Kalman filter algorithm to
reduce noise, improve our prediction, and define the KF-SSA-R method. An-
other approach that can be used to improve the recursive prediction of SSA
method is the reconstructed SSA. In this method, the prediction coefficients
are obtained from the re-execution of the SSA method for the reconstructed
series. In the last method, to improve the prediction of SSA method, we
use a weighting algorithm. In this method, to obtain the coefficients, 2/3
observations are used to calculate the weights.

Results and Discussion

To investigate the effect of data refinement, the proposed methods have been
compared using simulation studies and for the gas consumption in England.
For the impact of noise on the performance of the methods, the signal-to-
noise ratio is used for different window lengths and prediction horizons. To
compare the introduced methods, the RRMSFE is used.

Conclusion

The simulation studies and real data results show that the KF' — SSA — R
method compared to the basic SSA, Reconstructed SSA and weighted S S A
have better performance, especially when the window length is small. When
the window length is considerable, the weighted SSA method is more effi-
cient than the primary SSA method in the data obtained from the structural
model. Compared with the reconstructed SSA and original SSA methods,
when the window length is small, we conclude that the reconstructed SSA
method performs better.

Keywords: Forecasting, Kalman Filter, Singular Spectrum Analysis, Re-
current Forecasting.
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