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Template placement  
gridding the parameter space
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⇢i(t) = hd|hii

Data Template

T ⌘ {hi}
Template bank

Waveforms are described by many parameters 
How do we grid a multi-dimensional manifold efficiently?



Some Issues with marquee searches

• Optimal searches for fully spinning binary blackholes: 

!

• Instead, spins can be combined to one scalar parameter to form a lower dimensional 
space 

• Template placement can be mapped to sphere packing with overlap in a non-flat space. 

• How do we find good coordinates to place templates? 

• For higher dimensions, use a stochastic template placement. How can we use 
geometrical placement? (Important for aLIGO era) 

• Effective lower dimensional manifolds. Dimensional reduction. 

• SVD (utilize the fact that templates are linearly dependent) 

• Data fusion: Multi band analysis
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h(t; ~✓i) : ~✓i ⌘ {m1,m2,~s1,~s2}



A new paradigm on the horizon
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Deep Learning Networks
• Time domain signal processing based on deep learning neural 

networks 

• Can be the next big thing 

• Potential to facilitate multi-messenger astronomy 

• Implementation  for  simultaneously  targeting  different  
classes  of  gravitational  wave  sources  while ignoring 
anomalous noise transients 

• Our results strongly indicate that deep neural networks are 
highly  efficient  and  versatile  tools  for  directly  processing  
any  raw  noisy  data  streams.
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Time Frequency 
Track Search 
Excess Power

Dig deep into the noise
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Discovery potential!



Sparse representations
Dictionary learning 

Given a dataset X, one finds a dictionary D and a representation R 
such that,                        is minimised and the representations                            
      are sparse enough.  

!
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!

!
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||X �DR||
R = [r1, . . . , rk]
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BBH Supernovae



Denoising GW150914
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Implications for waveform based tests of GR and source 
reconstruction!



• Early days for machine learning algorithms applied to GW astronomy 

• Potentially useful for many aspects of GW astronomy 

• GW searches 

• Parameter estimation 

• Discovery potentials 

• Improvement in data quality [Sajeeth Philip and collaborators] 

• Challenge - exponential increase in search volume. Search and parameter estimation. 
Electromagnetic follow-ups require “quick” estimation and sky localization. Waveform extraction 
for tests of GR. Many opportunities for doing good science.  

• what can time domain analysis teach?  

• Can one think of other search paradigms which have not been tried in GWave data 
analysis?
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