Exploring Glitchland - Il

T-F Glitch Entomology

Innocenzo M. Pinto
University of Sannio at Benevento and INFN

Institute of Cosmic Ray Research, University of Tokyo, May 23, 2014



Entomology

The study and under-
standing (Greek: Aoyla)
of the insects (Greek:
gvtopol), i.e., literally
“entities which consist
of (several) parts”



Glitch Entomologist Roadmap

Investigate glitch (linear) decompositions using a pre-determined set of element-
ary “glitches”. Simplest choice: SG-atoms =) Matching - Pursuit represent-
ation of glitches using a Gabor-atom dictionary .

Investigate glitch (linear) decompositions using an adaptively - determined set of
elementary glitches mmmp Basis - Pursuit, K-means-SVD dictionary construction
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Time-Frequency Tools

Natural choice for analyzing non-stationary (transient) signals;

All limited by Gabor resolution bound (frequency - time uncert-
ainty) - to different extents, e.g.,

Short-Time Fourier Transform (worst of them all in terms of
TF resolution);

Wigner-Ville transform, best (in energy-preserving transform
class) in terms of resolution ...
... but, being bi-linear, exhibiting signal-signal and signal-noise
intermodulation artifacts which may affect its readability ...

Gabor Atomic Decomposition;
Hilbert — Huang “Empirical Mode” Decomposition



The Q-Transform

Project signal into time-shifted, time-windowed-sinusoids , whose time-widths

are inversely proportional to their center frequencies.
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[S. Chatterji et al., “Multiresolution Techniques for the Detection of Gravitational -
Wave Bursts,” CQG 21 (2004) S1809]



TF Plane Tilings

Short Time Fourier Wavelet Constant-Q

frequency

time

QT can be regarded as template bank (in the whitened signal manifold), whose templates
are sinusoidal-Gaussians of different central time, central frequency, and quality factor Q.
Typical Q values are in the range (4, 64); typical center frequencies from 102 to 103 Hz.

QT stands at the core of the (widely adopted) Qscan, QOnline and Omega pipelines.

[R. Khan and S. Chatterji, “Enhancing the Capabilities of LIGO Time-Frequency
Plane Searches Through Clustering,” CQG 26 (2009) 155009]
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The Wigner-Ville Transform
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The Wigner-Ville Transform, contd.

WV of 0-PN Chirp, f = f(0)(1 —+) /8

Think of actual instantaneous frequency as a superposition (chain) of time-gated
(short) consecutive linear chirps. ..



The Wigner-Ville Transform, contd.

WV of 0-PN Chirp, f = f(0)(1 —-)73/8 in AWGN
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Intermodulation between signal and noise may badly blur the TF representation .
In this specific case, the actual skeleton is barely visible ...



Getting Rid of WV Artifacts

Smoothing by use of an ambiguity-function (AF) adapted
kernel [R. Baraniuk and D. Jones, Signal Proc. 32 (1993)
263] - Husimi / Choi-Williams can be seen as special cases;

Re-assigment (re-squeezing) [P. Flandrin et al., IEEE T-SP 43
(1995) 1968]

m— Retrieving the TF skeleton of the WV from a reduced car-
dinality AF-data subset, using a sparsity constraint [P. Flan-
drin and P. Borgnat, IEEE T-SP58 (2010) 2974]
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CC Skeleton - Algorithm



CC Skeletons — Seeing is Believing

CC skeleton (L1 nor,m L2 cst)



CC Skeletons for GW Hunters

Compressed Coding for Time-Frequency Gravitational
Wave Data Analysis

Paolo Addesso', Maurizio Longo', Stefano Marano !, Vincenzo
Matta'!, Maria Principe’ and Innocenzo M Pinto’

! Dept. of Electrical and Computer Engineering and Applied Mathematics, University of
Salerno, Italy, >WavesGroup, University of Sannio at Benevento, Italy, INFN and LVC

E-mail: pinto@sa.infn.it

PACS number: 04.80.Nn, 07.05.Kf, 95.55.Sz

Abstract. The potential of sparse time frequency representations (compressed coding) for
gravitational wave data analysis is illustrated, by comparison with existing methods, as regards
1) shedding light on the fine-structure of noise glitches, in preparation of their classification,
and ii) boosting the performance of waveform consistency tests in the network detection of
unmodeled transient gravitational wave signals co-existing with unmodeled noise glitches.

[LIGO-P1200170]



A Gabor «Molecule»



A LIGO Glitch



A GEO 600 Glitch
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Atomic Decomposition

dictionary



Atomic Decomposition, contd.
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The Hilbert Huang Transform
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HHT Specific Issues

tone amplitudes ratio.



HHT «Dark Energy» Problem



Conclusions

TF tools are a natural choice to investigate the fine struct-
ure of glitches, and hopefully improving our understanding
about their origin, and our skill in getting rid of them.

The Gabor duality bound limits TF resolution.

No Holy Grail TF technique exists: all techniques have their
own strenghts and pitfalls.

CC-based TF skeletons produce readable TF representations
of complex multi-component wave-forms, which are free
from intermodulation artifacts and yield as much time-
frequency resolution as possible uniformly throughout the
TF plane.



Thanks for Your Kind Attention
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The Q-Transform, contd.

e The squared mag of the Q transform coefficients X are y? — distributed with 2 d.o.f. ;

| X|?

e Define a normalized TF-tile energyas Z = > ;
(x| )(same fo0.Q)

e This isrelated to the “SNR” of the “corresponding” SG-correlator by SNR =27 ;

* Inthe H, hypothesis (noise only) Z is exp-distributed, prob(Z > {) = exp(—J),
which allows to set a threshold to identify candidate “triggers” ; the QT can be
accordingly used to identify significant transients in

e The GW Channel (GW bursts and glitches )
e Auxiliary detector channels (glitches)
e Environmental monitoring data (environment excitations)

e Performance improves if significant (“hot”) tiles are clustered on the basis of their “prox-
imity” in the TF plane [R. Khan and S. Chatterji, “Enhancing the Capabilities of LIGO
Time-Frequency Plane Searches Through Clustering,” CQG 26 (2009) 155009].
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