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Power Spectrum Estimation of EEG Signal Using Robust Filter

T. 8. Kim*, J. M. Huh*, J. 8. Kim*, S. K. Yoo**, and 8. H. Park*

Background EEG signals can be represented as the sum of a conventional AR process and

an innovation process. It is know that conventional estimation techniques, such as least

square estimates (LSE) or Gaussian maximum likelihood estimates (MLE-G) are optimal

when the innovation process satisfies the (zaussian or presumed distribution. When the data

are contaminated by outliers, however, these assumptions are not met and the power

spectrum estimated by conventional estimation techniques may be fatally biased. EEG signal

may be affected by artifacts, which are outliers in the statistical term. So the robust filtering

estimation technique is used against those artifacts and it performs well for the

contaminated EEG signal.
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3. Robust Filtering Algorithm
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Fig. 2. 2 - AR(2)+AR(1) process
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(a) Linear prediction error and robust regidual
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Fig. 3 Power spectrum of 2-AR(2)+AR(1)

process when outliers does not exit
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(a) Linear prediction error and robust residual
PED o83 PFED (oo)

uo”

IDEAL

LEV
ROBUST ROBUST

(b) Estimated power spectrum
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Fig. 4. 2 - AR(2)+AR(1) process+additive outliers
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(a) Linear prediction error and robust residual
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Fig. 7 Power spectrum of simulated EEG signal
when outliers does not exist
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(a) Linear prediction error and ' bust residual
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Fig. 9 Power spectrum of EEG signal when outliers
exist
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Fig. 8 Simulated EEG signal contaminated by outliers
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Table 1 List of statisical parameters

ar. dat oar. dat seeg. dat oseeg. dat
®1 —1.10072 —1.10913 —~1.51595 —1.52775
@z 0.30178 0.27038 0.61074 0.61929
@3 —0.11955 —0.05559 0.10479 0.12238
2 —0.14477 —0.20965 —~0.17292 —0.19689
s 0.12725 0.08022 0.21800 0.23094
@s 0.02040 0.03727 —0.06689 —0.08361
@ —0.11050 —0.04295 | 008110 —0.06156
s 0.07284 0.09342 1 0.01246 0.01040
®s —0.05086 ~0.06041 0.11801 0.10581.
P10 0.02235 0.01198 —0.02597 —0.01968 |
en of 0.59462 —~0.52845 0.55262 0.53993
opeanol 0.59462 —0.53687 0.58093 0.55140
J?;i;fﬁ;& 1.05138 1.13921 8.68335 8.64575
reventfon data, 1.04718 1.06253 8.42152 8.40996
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Fig. 10 Real EEG signal contaminated by artifacts
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(a) Linear prediction error and robust residual
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(b) Estimated power spectrum
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Fig. 11 Power spectrum of FEEG signal
contaminated by artifacts
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