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Abstract & Summary

We propose to apply independent component analysis (ICA) for extracting gravitational wave (GW) signals. This approach does not require templates of
waveform, so that it can be applied for testing general relativity, and also for finding unknown GW.

Our idea is to use multiple detector data and to extract meaningful signal which should be included commonly. We demonstrate the signal extractions with
injected data (both sinusoidal and inspiral waves) to the Gaussian noises, and also to the real L1/H1 data around GW150914. We also try to detect

GW150914 signal from L1/H1 data, and we find the signal can be detected clearly when we shifted Livingston’s data 7.5f8j§ ms advanced. (LV paper
suggested the shift 6.97; ms). . ((T))
§1 ICA o
Method ro Previous works of ICA on GW

Independent component analysis (ICA) is a method to separate the set of data The usage of ICA to gravitational wave data analysis was first pointed out by De Rosa et al.
as the new set has “statistical independency” of each component. Most easiest 2012. Application of the non-Gaussian noise subtraction was Suggested by Morisaki et al.
example is to identify the voices of n person from their mixed sound files with
n microphones. 2016.
Suppose we receive the time-series signal x(t) = (x1(t),--- ,z,(t))* from n * De Rosa + demonstrated ICA for injected signals mimicking two interferometer data,
detectors from the n source signals s(t) = (s1(t), -+, $n(1))", and reported that preprocessing ICA before matched filtering technique allows to
x(t) = As(t), (1) lower the level of noise (increase the SNR (signal-to-noise ratio)).
where A is the time-independent matrix which represents the superposition of * KAGRA collaboration applled ICA to their real observation data (IKAG RA data in 2016)
the source signals. Our goal is to extract the source signal s from x. in 2020. By injecting a sinusoidal data to the strain channel and applying ICA together
ICA casts on the idea of “statistical iIldEpEIl{iEIlﬂ}r“ of each source Slgllcilﬁ Wlth physical enVIronmentaI Channels (Selsmlc Channels)’ then they Showed that ICA
We write the problem as :
i recovered correct parameters with enhanced SNR.
5(t) = Wa(t), (2)
where s are statistically independent components of s obtained from this linear
transformation with time-independent matrix W. Note that ICA is not ap- § 2 O u r Co d e
propriate for extracting GGaussian signals since their superposition is GGaussian.
Therefore one strategy to find W is to look for it as 1. Whi tening the data Z( t) using PSD of detectors

s1(t) = wi Va(t) = wi 2(t) (3) _ ‘
- 2. Normalize the data z(¢) (mean zero, variance one)
has the most non-Gaussianity, where wi = (wq1, w2, --) is a line of W, and V

expresses the whiten process of (1) (makes (%) has no correlation and variance 3. Determine the number of independent components m. Set the counter p
unity). _
We apply FastICA method using kurtosis of w” z, top = 1.
kurt(w?'2) = E[(w?2)1] — 3{E[(w?2)?]}? (4) 4. Randomly choose an initial weight vector w,,.
. 1T : a1raa)s : - _ 1 / T _
which measures Fhe dlﬂmzmlce from _Gdu&&mn dl&tl‘llr}lltl;]ﬂ. By 15(1111}‘11113_, the 5. Let w, = E[Zg(’wp Z)} — E’[g (wp z)]wp . Let g be ¢4 (y) = tanhy .
norm of w is unity, ||wl|[* = 1, (which makes E[(w* z)*] = ||lw||*), from the
derivative by wy, we get 6. The following orthogonalization is performed:
(‘-} E[*ﬂc(’f_ﬂ?ﬁ)ﬁzl] U1 }D—l
ilanT o — | Eld(wiz)? 2 | -
S kurt(w? z)| = [ (ﬂ?li z)%zo] | _ 12| || ”{12 : (5) Wy = Wy — Z(wgwj)wj
: . 7=1
We search wy as eq. (5) equals zero by iterative method, then identify sq(%).
We then repeat the process of finding w; to identify s;(f) as each w; satisfy its 7. Let w, = Wy / pr ||
orthogonality.
Since kurtosis is vulnerable to outliers, we actually used an approximation based 8. It Wy does not CONVerge, go back to 5.
on negentropy.
9. Let p=p+ 1. If p < m, go back to 4.
Injection to Gaussian-Noise Injection to L1/H1 data
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