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One Approach

1. Find the occurrences of maternal heartbeat by
identifying the peak

. Find the maternal ECG complex by “averaging”

. Subtract the maternal ECG complex from the
mixture.

4. Repeat the above for fetal ECG.
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Disadvantage: require significant fine-tuning in step
1 and 3.



Main Idea

o Identify the heart beat in the spectrogram.

e Observation: with the right window size used in
the spectrogram, a ECG complex in the spectrogram
can be viewed as a separable function.

f(s,t) = fe(s) fu(t)
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we want to find the “best” U,,, V,,, Uf and V¢ s.t.

S = U,V + UV

+ [ x [T
= +




Suppose we want to find the solutions that minimized
the noise in the sense that || N ||? is minimized,

S —_ Um Vm + Ufo +N

then, we can employ the well-known SVD.
However, experimental studies show that it gives
unsatisfactory results.

We borrow idea of ICA

(Independent Component Analysis).

In the proposed algorithm, we attempt to

find the solutions that are “statistically independent”
and non-Gaussian like.
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Independent Components Analysis

X; (t) = ay; 51 (L) + @y, s,(t)
Xy (t) = a3 51 (b)) + ay; sy(t)

unknowns > equations, under constrained.

We want to find the s; and s, which has
maximum independence and minimum nongaussianity.

/ \

> s4(t) s, (t) Negentropy

In our experiment, we use FastICA



we want to find the “independent” U,,, V.., Us and V; s.t.

S = U,V + UV
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Proposed method

1. Compute Spectrogram S

2. Perform SVD on S,

S=UT Wt
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Proposed method

1. Compute Spectrogram S
2. Perform SVDonS, S=UT Wt

3. Apply ICA on the k most significant spectral
components, i.e. on V4, V,, V3, ..
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Proposed method

1. Compute Spectrogram S
2. Perform SVDonS, S=UT Wt
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3. Apply ICA on the k most significant spectral
components, i.e. on V4, V5, V5, ..., V,.

4. Update the U using the mixture obtained in
step 3.



Proposed method

1. Compute Spectrogram S
2. Perform SVDonS, S=UT Wt

~ ICA

s| = u | [T

e

3. Apply ICA on the k most significant spectral
components, i.e. on V4, V5, V5, ..., V,.

4. Update the U using the mixture obtained in
step 3.

5. Apply ICA on the k most significant spectral of
the updated U.

6. Choose two ~ best” components in U and call
them u,, and u..



0.5H

05 | I | I | I | I I

0 200 400 600 800 1000 1200 1400 1600 1800 2000

1 I

J ‘II»II \II' - 'A ) II

05

.

-1
0 200 400 600 800 1000 1200 1400 1600 1800 2000




Remarks & Future works

1. The proposed method does not find the intended
us and u,, as stated in the formulation. It is an
approximation.

2. Extend the method to other applications.

3. More analysis.
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