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  G R A V I T A T I O N A L  W A V E S  A N D  T H E I R  D E T E C T I O N

ACCELERAT ING MASSES PRODUCE 
DEFORMATIONS IN SPACE T IME THAT  
WE CAN DETECT V IA  INTERFEROMETRY
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A SIGNAL WILL APPEAR IN AT  LEAST TWO INTERFEROMETERS,  WITH THE T IME DELAY BECAUSE OF THE 
D ISTANCE BETWEEN THE DETECTORS

  T H E  L I G O - V I R G O - K A G R A  C O L L A B O R A T I O N
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LIGO HANFORD

 LIGO LIVINGSTON   
VIRGO

KAGRA



KNOWN “UNKNOWNS” POSSIBLE S IGNAL SOURCES THAT ARE POORLY MODELLED AND THEREFORE 
CANNOT BE EASILY DETECTED USING THE MATCH F ILTERING P IPEL INE  

  G W A K  A N O M A L O U S  G R A V I T A T I O N A L  W A V E  S O U R C E S
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CORE-COLLAPSE 
SUPERNOVA (CCSN) NEUTRON STAR GLITCHES



UNKNOWN “UNKNOWNS” NEW, UNEXPECTED GW SOURCES 
WE REFER TO THEM AS ANOMALOUS AND A IM TO DEVELOP A SEMI-SUPERVISED APPROACH WHICH 
WOULD LET  US TO D ISCOVER ANOMALOUS S IGNALS WITHOUT EXPL IC IT  MODELL ING

  G W A K  A N O M A L O U S  G R A V I T A T I O N A L  W A V E  S O U R C E S
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CONTINUOUS T IME SERIES 4096 HZ 

WHITENING  
IS  TRANSFORMING THE DATA SO THAT I T  HAS A FLAT 
(UNIFORM) POWER SPECTRAL DENSITY,  MAKING 
D IFFERENT FREQUENCY COMPONENTS COMPARABLY 
SCALED FOR MORE EFFECT IVE S IGNAL DETECT ION 

BANDPASSING 30 HZ < X < 1500 HZ 
IS  A  F ILTERING TECHNIQUE THAT ISOLATES THE 
FREQUENCY RANGE WHERE GRAVITAT IONAL WAVE 
S IGNALS ARE EXPECTED,  REMOVING BOTH LOW-
FREQUENCY NOISE AND H IGH-FREQUENCY 
COMPONENTS OUTSIDE THE S IGNAL BAND

  G R A V I T A T I O N A L - W A V E  D A T A  P R E P R O C E S S I N G
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A guide to LIGO-Virgo detector noise and extraction of transient gravitational-wave signals18

estimation proceed by first high-pass filtering the data, to remove high-amplitude noise
below the range of frequencies that will be analyzed by the pipelines which typically
starts at ⇠ 20 Hz. The data may also be down-sampled, after low-pass filtering to avoid
aliasing, to reduce computational costs; thus its frequency content will be a↵ected by
the anti-aliasing filter at high frequency, with a formal cuto↵ at the Nyquist frequency
of the down-sampled data [20, 21]. The LVC parameter estimation pipelines do not
apply any bandpass filter to the data, but limit the likelihood integral calculation to
begin at some lower frequency cut-o↵ (typically also 20 Hz).

GW150914 was originally identified with high significance by a generic search for
coherent excess power across the detector network [1,62], as well as by matched-filtering
analyses [2], as described in Section 8, but this loud signal is also clearly visible in the
data even with the minimal processing described here.

Figure 3. A sequence of processing steps applied to the calibrated strain from
the LIGO-Hanford detector showing 4 s of data centered on GPS time 1126259462
(September 14, 2015 09:50:45 UTC). First a Tukey window with 0.5 s roll-o↵ is
applied, then the data are whitened using an estimate of the noise spectral density.
Finally the data are bandpassed filtered to enhance features in the passband
[35 Hz, 350 Hz], revealing the presence of gravitational-wave signal GW150914.
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 B A C K G R O U N D  D A T A S E T
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K.GOVORKOVA ET AL MLST 
10.1088/2632-2153/AD3A31

SAMPLING RATE IS  4096 HZ,  MEANING THERE ARE 4096 DATA POINTS RECORDED EVERY 
SECOND 

THE DATA IS  D IV IDED INTO SEGMENTS OF 50 MILL ISECONDS EACH,  WHICH CONTAINS 200 DATA 
POINTS (50 MILL ISECONDS * 4096 SAMPLES/SECOND = 200 SAMPLES)  

THE D IMENSION OF THE INPUT DATA IS  (N,  200,  2) ,  WHERE N REPRESENTS THE NUMBER OF 
DATA SEGMENTS.  THE LAST D IMENSION OF 2 CORRESPONDS TO THE DATA STREAMS FROM THE 
TWO LIGO INTERFEROMETERS IN HANFORD,  WASHINGTON,  AND LIV INGSTON,  LOUIS IANA

https://iopscience.iop.org/article/10.1088/2632-2153/ad3a31
https://iopscience.iop.org/article/10.1088/2632-2153/ad3a31
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 E X A M P L E  S U B M I S S I O N
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 import tensorflow as tf 
 import os 

 class Model: 
    def __init__(self): 
        # You could include a constructor to initialize your model here, but all calls will be made to the load method 
        self.clf = None  

    def predict(self, X): 
        # This method should accept an input of any size (of the given input format) and return predictions appropriately 
        b = self.clf.predict(X) 

        return [i[0] for i in b] 

    def load(self): 
        # This method should load your pre-trained model from wherever you have it saved 
        with open(os.path.join(os.path.dirname(__file__), 'config.json'), 'r') as file: 
            for line in file: 
                self.clf = tf.keras.models.model_from_json(line) 
        self.clf.load_weights(os.path.join(os.path.dirname(__file__), 'model.weights.h5')) 



 R E S O U R C E S
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• THE NOTEBOOK WITH EXAMPLE HTTPS:/ /COLAB.RESEARCH.GOOGLE.COM/DRIVE/
1HATKYT5XQ6QAUDXY6XFRFNGZB66QPSV8?USP=SHARING  

• THE PAPER WITH MORE DETA ILS AND OUR ALGORITHM MLST 10.1088/2632-2153/AD3A31  
  
• CHALLENGE PAGE WITH DETA ILS ABOUT THE DATASET HTTPS:/ /WWW.CODABENCH.ORG/

COMPET IT IONS/2626/  

• ANY QUEST IONS SHOULD BE SUBMITTED AS A GITHUB ISSUE HTTPS:/ /G ITHUB.COM/A3D3-
INST ITUTE/HDRCHALLENGE/ ISSUES 

https://colab.research.google.com/drive/1hatkYT5Xq6qauDXY6xFrfnGzB66QPsV8?usp=sharing
https://colab.research.google.com/drive/1hatkYT5Xq6qauDXY6xFrfnGzB66QPsV8?usp=sharing
https://colab.research.google.com/drive/1hatkYT5Xq6qauDXY6xFrfnGzB66QPsV8?usp=sharing
https://iopscience.iop.org/article/10.1088/2632-2153/ad3a31
https://www.codabench.org/competitions/2626/
https://www.codabench.org/competitions/2626/
https://github.com/a3d3-institute/HDRchallenge/issues
https://github.com/a3d3-institute/HDRchallenge/issues
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