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Motivation
✓Glitch classification and analysis is a pre-work required to upgrade data quality(DQ)

✓Compared to LIGO and VIRGO, it is necessary to check whether there is a glitch of the
same shape and whether there is a characteristic of KAGRA

✓However, unlike LIGO and VIRGO, KAGRA is a recent gravitational wave detector, and
the accumulated data is incomparably insufficient

✓Since KAGRA is a design that can be less affected by environmental factors than other
detectors, improving the data quality through these way can yield good results



Detector Characterization
Goal

◦ Checking and elimination detector noise

◦ Improved signal detection performance

Tool
◦ Omicron

◦ Hierarchical veto (hveto)

◦ …

◦ Machine Learning



Omicron
Spectrogram

◦ Q-transformation

◦ Hilbert-Huang transformation

◦ Wavelet transformation



Hveto







Methods
✓Omicron : tool developed for performing multi-resolution time-frequency analysis
of data from gravitational wave detectors

✓Hveto : statistically analyzes event correlation between the main channel and
hundreds of thousands of auxiliary channels using Omicron
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Example: Hveto Results
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Results: Classification
✓Glitches are divided into 4 types (Gravity Spy)
✓Blip-like : Blip, Blob, Helix, Jewel, and Whistle

✓Line-like : Power-line, X Hz line, Harmonics, and X hz Scratchy

✓Spire-like : Spire, Fireball, and Weird

✓Low Frequency : Splatter and Low frequency burst

Blip Harmonics Spire Low frequency burst



Results: Blip

➢Blip glitch is like the gravitational wave signal 
from the merging process of binary black hole

➢KAGRA's blip appears from 100Hz to 400Hz on 
the sub channel and comes out in the form of a 
single character

➢When the low frequency falls below 100Hz, the 
shape of the blip tends to look faint or unclear in 
the main channel

Main channel Auxiliary channel
K1:VIS-ITMY_IM_PSDAMP...

GW150914

Auxiliary channel
K1:VIS-ITMY_MN_PSDAMP…



Results: Blob

➢In KAGRA, a bubble-shaped glitch appeared on the main channel and a blip glitch appeared on 
the sub-channel at the same time

Main channel Auxiliary channel
K1:PEM-ACC_OMC_TABLE…Example: Blob



Results: Helix

➢In the case of the helix glitch, a helix appeared in the main channel, but a blip glitch appeared 
in the sub channel

Main channel Auxiliary channel
K1:VIS-ITMY_IM_PSDAMP...Example: Helix



Results: Whistle

➢Whistle-shaped glitches were mainly detected 
and formed from 100 Hz to 200 Hz

➢When the inflection point of the Whistle glitch 
was near 200Hz, the Whistle strength of the 
main channel came out strong

Main channel Auxiliary channel
K1:LSC-ALS_CARM…



Results: Analysis
✓Blip-like Glitch
✓Blip, Blob, Helix, Jewel, and Whistle

✓The blip glitch is like the gravitational wave signal from the merging process of the Binary Black Hole, 
which interferes with the detection of the gravitational wave signal

✓KAGRA’s blip appears from 100Hz to 400Hz on the sub channel and comes out in the form of a single 
character

✓In the case of the blip, when the low frequency falls below 100Hz, the shape of the blip tends to look 
faint or unclear in the main channel

✓Whistle-shaped glitches were mainly detected and formed from 100 Hz to 200 Hz

✓When the inflection point of the whistle glitch was near 200Hz, the whistle strength of the main channel 
came out strong



Results: Analysis
✓Line-like Glitch

✓Power Line, X Hz Line, Harmonics, and X Hz Scratchy

✓Power Line glitch: comes out according to the frequency of electricity in each country, and in Japan it 
comes out between 60Hz

✓Harmonics glitch: Harmonics are multi-line glitches in which the X Hz Line glitch is continuous multiples

✓16Hz, 24Hz, and 32Hz

Main channel
Auxiliary channel

K1:PEM-ACC_EXC_CHAMBER…
Main channel

Auxiliary channel
K1:VIS-OMMT1_TM_OPLEV



Results: Spire

➢Spire of KAGRA detector is displayed near 0 to 1000 Hz in the shape of a triangle on the spectrogram

➢In the main channel, the blip is shown

Main channel Auxiliary channel
K1:PEM-MAG_BS_BOOTH...Example: Spire



Results: Fireball

➢Fireball glitch shows many spires superimposed

➢No glitch in main channel.

Main channel Auxiliary channel
K1:LAS-POW_FIB…Example: Fireball



Results: Weird

➢Weird glitch has a small triangular shape in the low frequency band in sub channel and a glitch 
like a blip shape around 100Hz in main channel

Main channel Auxiliary channel
K1:PEM-MAG_BS_BOOTH...Example: Weird



Results: Analysis
✓Spire-like Glitch

✓Spire, Fireball, and Weird

✓Spire-like glitches showed a little correlation between the main and secondary channels

✓Main channel: Blip, Aux channel: Spire-like

✓Spire of KAGRA detector is displayed near 0 to 1000 Hz in the shape of a triangle on the spectrogram

✓Fireball glitch shows many spires superimposed

✓Weird glitch has a small triangular shape in the low frequency band and a glitch like a blip shape 
around 100Hz

✓The glitch of the sub channel below 100Hz has no effect on the main channel



Results: Analysis
✓Low Frequency Glitch

✓Splatter and Low Frequency Burst 

✓Looking at the trend of LF glitch, the glitch appearing in the low frequency band in the auxiliary channel does 
not significantly affect the main channel

Main channel Aux channel
K1:AOS-TMSX_IR_PDA1...

Main channel Aux channel
K1:PEM-SEIS_IXV_GND...

Example: Splatter



Result: Table & Tree

Blip-like Line-like Low Frequency Spire-like

AOS ○ ○ ○

IMC ○ ○ ○

LAS ○

LSC ○ ○

PEM ○ ○ ○ ○

VIS ○ ○



K1:IMC-IMMT1_TRANS_QPDA1_DC_YAW_OUT_DQ

K1:AOS-TMSX_IR_PDA1_OUT_DQ

Blip-like Line-like Low Frequency Spire-like
AOS

IMC

LSC

VIS

K1:AOS-TMSX_IR_PDA1_OUT_DQ

K1:IMC-IMMT1_TRANS_QPDA1_DC_YAW_OUT_DQ

K1:PEM-ACC_OMC_TABLE_AS_Z_OUT_DQ

K1:PEM-MIC_SR_BOOTH_SR_Z_OUT_DQ

K1:VIS-ITMY_IM_PSDAMP_R_IN1_DQ

K1:VIS-ITMY_MN_PSDAMP_L_IN1_DQ

K1:VIS-ITMY_MN_PSDAMP_Y_IN1_DQ

K1:VIS-TMSY_DAMP_R_IN1_DQ

K1:PEM-MAG_BS_BOOTH_BS_X_OUT_DQ

K1:PEM-SEIS_IXV_GND_EW_IN1_DQ

K1:PEM-VOLT_REFL_TABLE_GND_OUT_DQ

K1:PEM-ACC_OMC_TABLE_AS_Z_OUT_DQ

K1:PEM-MAG_BS_BOOTH_BS_X_OUT_DQ

K1:PEM-MAG_BS_BOOTH_BS_Y_OUT_DQ

K1:PEM-MAG_BS_BOOTH_BS_Z_OUT_DQ

K1:LSC-ALS_CARM_OUT_DQ

K1:LSC-ALS_DARM_OUT_DQ

PEM

AOS

IMC

K1:AOS-TMSX_IR_PDA1_OUT_DQ

K1:IMC-IMMT1_TRANS_QPDA1_DC_PIT_OUT_DQ

K1:IMC-IMMT1_TRANS_QPDA1_DC_YAW_OUT_DQ

PEM

K1:PEM-ACC_EXC_CHAMBER_EXC_Z_OUT_DQ 

VIS

K1:VIS-OMMT1_TM_OPLEV_PIT_OUT_DQ

K1:VIS-OMMT1_TM_OPLEV_YAW_OUT_DQ

K1:VIS-OSTM_TM_OPLEV_YAW_OUT_DQ

K1:VIS-SR3_TM_OPLEV_TILT_YAW_OUT_DQ 

K1:VIS-SRM_TM_OPLEV_LEN_YAW_OUT_DQ

AOS

IMC

K1:IMC-IMMT1_TRANS_QPDA1_DC_PIT_OUT_DQ

PEM

PEM

LSC

LAS

K1:LAS-POW_FIB_OUT_DQ

K1:LSC-ALS_DARM_OUT_DQ



The Need for AI in Glitch Classification
•There is a lot of glitch data coming out, but there is not enough manpower to sort them out 
visually

GW Signal

Noise

Data Quality Analysis,
Noise Discrimination

( ~105 Auxiliary channel Analysis)
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Types and 
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Current Denoising Procedure
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on Big Data
Denoise

KAGRA
Detector Data

Eliminate Noise Sources
(Physical Coupling)

Application of 
noise canceling signal filter

Reanalysis of Noise Source

GW Signal 
Detection

Remove only exactly known noise
A lot of noise still under analysis

Hundreds of 
essential channels



The Need for AI in Glitch Classification
•If an AI method is introduced for noise removal, the dependence on manpower can be greatly 
reduced

KAGRA Detector
Data

GW Signal and
Noise

Identification 
through AI 

(Tensorflow)

Dentification of 
Types and Causes 

of Noise

A.I. Training

Discover New Noise 
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(DQ Flag Creation and 
Application through 

AI)

Noise Removal Method After Applying AI



Thanks
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