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Entomology

The study  and under-

standing (Greek: λογία)  

of  the  insects (Greek:

ἔντομοι), i.e., literally

“entities which consist

of  (several)  parts”  



Glitch Entomologist Roadmap
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Time-Frequency Tools

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

Gabor Atomic Decomposition;

Hilbert – Huang “Empirical Mode” Decomposition



The Q-Transform

[J. C. Brown and M. S. Puckette, “An Efficient Algorithm for the Calculation of a Const-

ant Q Transform,” JASA  92 (1992) 2698.]

[J.C. Brown, ”Calculation of a constant Q spectral transform,” JASA 89 (1991)  425]

[S. Chatterji et al., “Multiresolution Techniques for the Detection of Gravitational -

Wave Bursts,” CQG 21 (2004) S1809]

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

are inversely proportional to their center frequencies.

,

Efficient computation in terms of D(W)FT, 

time

frequency



TF Plane Tilings

[R. Khan and S. Chatterji, “Enhancing the Capabilities of LIGO Time-Frequency

Plane Searches Through Clustering,” CQG 26 (2009) 155009]
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Short Time Fourier Wavelet Constant-Q

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. 
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The Wigner-Ville Transform

I.M. Pinto – EGO, Oct 15-17 2012

WV intermodulation artifacts do not

appear only for  two  special  signals:

• linear chirps,  � � �� � ��;

• Gabor (SG) atoms

where:

Hilbert transformanalytic mate of  x(t)
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WV of 2-atom Gabor molecule
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The Wigner-Ville Transform, contd.

WV of 0-PN Chirp,  � � � 0 �1 �
�

��
���/�

Think of  actual  instantaneous  frequency  as  a   superposition (chain) of  time-gated 

(short) consecutive linear chirps. ..

Intermodulation artifacts,

single signal

Actual skeleton (IFL)



The Wigner-Ville Transform, contd.

WV of 0-PN Chirp,  � � � 0 �1 �
�

��
���/� in AWGN

Intermodulation  between signal and noise may badly  blur the TF  representation .

In this specific case, the actual  skeleton is barely visible …

Actual skeleton (IFL)



Getting Rid of WV Artifacts
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CC Skeleton - Algorithm



CC Skeletons – Seeing is Believing

CC skeleton (L1 nor,m L2 cst)



CC Skeletons for GW Hunters

[LIGO-P1200170]



A Gabor «Molecule» 



A LIGO Glitch



A GEO 600 Glitch
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Atomic Decomposition

dictionary



Atomic Decomposition, contd.



The «Dark Energy» Problem
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The Hilbert Huang Transform

�� � exp	��Φ����� �

�� �
�Φ�				

��



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.
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The Q-Transform, contd.

I.M. Pinto – EGO, Oct 15-17 2012

• The squared mag of the Q transform coefficients � are   � −	distributed with 2 d.o.f. ;

• Define a normalized TF-tile energy as    ! =

 �


 �
(����	�	,
)

;

• This  is related  to  the  “SNR”  of  the  “corresponding”  SG-correlator by   "#$ = 2!	;    

• In the 	&�	hypothesis  (noise only)  !	 is  exp-distributed,  �'�( ! > ) = exp	(−)),   

which allows to set a threshold to  identify  candidate  “triggers” ;  the QT can be  

accordingly used to identify significant transients in

• 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].

• The GW Channel  (GW bursts and glitches )

• Auxiliary detector channels (glitches)

• Environmental monitoring data (environment excitations)


