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1 Intr oduction

Recognizing lines in theamplitudespectral density 1 andmeasuring theircharacteristicsmaygiveusoneof
basics for detector characterizationandhelp usimprove its sensitivity.

In theamplitudespectral density, generally onecouldseevariousspices of lines: ultra thin lines, thin
lines, broadlines,drifting linesin frequency with time. They aresometimesisolatedandsometimescrowd
together.

Theselines areofteneasilyfound by visual inspectionandthusit is anoptimalmethod to useeyesto
detect thelines. It is not a goodideain a long run, however, if therearehundredsof lines andtensof chan-
nels. Moreover, theresults obtainedby visual inspection, especially measurementsof lines characteristics,
possibly depend on humanstatus.

A suitableautomatedlines detection codeon computers runsmuchmorequickly anda clearly defined
proceduregivesusunambiguousmeasurementof thelinescharacteristics.Wecanlook into variouschannels
anddetecthundredsof lines within affordabletime andalsowe canimplement the method into a online
monitor. It is interestingto have a online monitor which detectslines in the channels,sincethe statusof
thedetector changessecond by secondandit is possible thatwe fail to notice many linesappearingwhich
might indicateabnormalitiesof thedetectorand/or environment andthereasonof them.

A problem associatedwith automationis that it is difficult to realize criteria for recognizing a line
optimizedfor all thechannelsandany time chunks. This problem is relatedwith a definition of a line and
noise floor (continuous partof theamplitudespectral density. A continuous spectrum in theastrophysical
context). Let usshow someexample. Giventhat therearemany “lin es” on a “bump”. Thenwe sometimes
saythatthereis awidebroad line with many notcheson it, or wesaythatthebumpdefinesanoisefloor and
therearemany lineson it. For other example, if thereis a drifting line in thedata,thenis it possiblefor the
codeto recognizeit asaoneline ? Noticethattheextentof drift partly dependsontimestretch thatwetake.

Thereseemsno perfectly satisfying solutionof theabove problemfor all ourpurposes,sincethedefini-
tion of a line andnoisefloor depend on thevery purpose:which frequency bandis interesting, whatkind of
lineswe needto know, andsoon.

Herewe proposeanautomatedlines detection algorithm which providesseveralparameterswhich can
befreely tuned for various purposes.Also we report results obtainedby theapplication of our algorithm to
January dataof GEO 600 (the channel is G1:h) andthe S1 run data. Our purposehereis to detect lines
andmeasure characteristics through all the channelsandmake a databaseof the results for later detector
characterizationandgravitational wavesearchpurposes.Thepresent resultsarecollectedinto aMySQL[1]
databaseon theweb[2]: "freq_data" of “frequencies” on
http://info.geo600.uni-hannover.de/frequencies/phpMyAdmin-2.2.0/.

We would like to notice thatour algorithm is robust in thefollowing sense. We definea noisefloor to
detect linesandmeasuretheir amplitudesetc.,however, thenoisefloor itself is calculatedby theamplitude
spectral density andshould follow it. So if the noisefloor tightly follows the original amplitude spectral
density, we could notdetect linesefficiently. By using running median[3, 4] (seealso,[5]), we successfully
construct a robust noise floor which doesnot follow precisely the original spectral density at frequencies
wheretherearelines. Also we have useda runningquartile to definea robust criterion for line recognition.

Wehaveconfirmedthattheanalyzedchannels,thelinesdetectedby ourcodearealmostalwaysseenby
quick visual inspection. Through our experienceswe have found thatoncea channel andtime stretch are
chosen,our codewith somesuitably (but not severely) chosen setsof freeparameterscandetect almostall
kind of linesefficiently.

Weshallexplainourmethodin detail in Sec.3. Theresultsarefound in thesection 4 andappendicesA,
andB. We mentiontheanalysis result on theS1data in Sec.4.2. Thedefinition of various quantities used

1Theamplitudespectraldensityis calledlinearspectraldensityin Ref [6].
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in themethod is explainedin Sec.7.

2 Implementation

Our automatedline detection code hasbeenwritten with MatLab[7]. The required toolboxesareSignal
Processing Toolbox andStatistical Toolbox. Useis madeof theGEO-Tools[8] to load time series of data,
calibrationinformation from thedataserver.

A onlinemonitor hasbeenbeing developedin theframework of GEO++[9].

3 Method

3.1 Overview and fr eeparamter

In a visual inspection, we recognizea potion of theamplitude spectral density over somebinsasa line if it
is well above thelocal standarddeviation around thenoisefloor at thebinsconcerned.

Thus, the basic ideaof the methodis as follows. First we estimate the amplitudespectral density of
thedata,thenestimatethenoise floor by using running median[3]. Next we estimatetherunning standard
deviation by using running interquartile-ranges. Then we detect those lines that are above the standard
deviation timesomepositivenumber, which is oneof thefreeparametersof thepresentmethod. Finally the
analysisresultsarecollectedon aMySQL[1] databaseavailableon theweb[2].

Therearefour important freeparametersin ouralgorithm.
(1) blocksize_fine over which theamplitudespectral density is smoothed.
(2) blocksize_coarse over which therunningmedianandrunningquartilesarecalculated.
(3) threshold_broad: thresholdfor detectingbroad line candidates. A positivenumber
(4)threshold_thin: threshold for detecting lines. A positivenumber largerthanthreshold_broad.

In general, broadlineshavenotcheson them.To avoid to detect suchnotches,wesmooththeamplitude
spectral density using running mediancalculatedover blocksize_fine andcompare the noise floor
with thesmoothedamplitudespectral density whenwe try to detect broad lines.So,
blocksize_fine should besmallenough to follow therough featureof theamplitudespectral density.

We estimatethe noise floor andrunning standarddeviation by usingthe running medianandrunning
quartilescalculatedoverblocksize_coarse. Thus,blocksize_coarse should belargeenough not
to follow theamplitudespectral density preciselyandsmallenoughto give therobust estimateof thenoise
floor andrunning standarddeviation. If blocksize_coarse is setto betoo large, andif theamplitude
spectral density hasaconvex form, thenwe woulddetect very broadbumps.

Thenif thesmoothed amplitudespectral density over somebinsexceeda criterion line defined by (the
noisefloor) plus(threshold_broad timestheestimated standarddeviation), it is abroadline candidate.
Sincewe usethesmoothed amplitudespectral density, we canavoid to detect notcheson a line. However,
it is possible to detecta broadbump mistakenly which is not a line. Thus we compare the amplitude
spectral density with anothercriterion line definedby (thenoise floor) plus(threshold_thin timesthe
estimatedstandarddeviation). Wethendetect isolatedthin linesaswell asthebroad lineswhichhaveenough
amplitudeto belines. Therefore, thethreshold_thin hasto belarger thanthreshold_broad.

3.2 Stepby stepdescription

Herefrom we shall explain stepby stepour methodon automatic line detection andmeasurementof their
characteristics. Thechoiceof freeparametersexplainedabove will beshown in Sec.4.
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1. Loadfrom aframe-serveranSeccontinuoussecondsworth timeseriesdataof achannelwhichstarts
atstart_time.

2. DC (andtrend)wouldberemovedif necessary.

Noticethatin GEOdata, if we do not remove DC, DC hasrelatively enormous amplitudecompared
with the other part in the amplitude spectral density. Also the amplitudespectral density often has
relatively large amplitudeat low frequencies.Sincewe estimate theamplitudespectral density using
windowfunctionsto solveaproblemcaused by thefinitenessanddiscretesamplingof thetimeseries
data[6], thereshould bepower (or amplitude) leakageinto theneighboring frequencies (bins). There-
fore, if thedynamicalrange of thespectral density is large asmaybethecasedueto DC, caremust
betakento keepsuchapower leakagefrom maskingthetruespectraldensity features.Useawindow
function whichhaslow sidelobe[6], if necessary.

3. Choosea fr equencyresolution, fr . Notea relationship

��� � �
	
�
� (1)

where
� 	

is a sampling frequency of the time seriesand
�

is the length of the discrete Fourier
transform[6].

4. Estimatean amplitude spectral density, Asd(f), from the time seriesdata. Notice that ������� ��� is
called the linear spectral density (LSD) in Ref. [6]. We have used“Welche’s methodof averaging
modifiedperiodogram”[10].

5. CalculateENBW (
�

effective noisebandwidth, see[6]). TheENBW dependsonly on thewindow
function andthefrequency resolution. Seealso7.

Noticethatwe needENBW to calculatetheamplitudeof thelines.Notethefollowing equations.

��� � �������! ���#" � (2)$ � � % ��� � (3)

wherePSandPSDstand for the power spectrum andthe power spectral density respectively. AS
denotestheamplitudespectrum,alsocalledlinearspectrum.

6. Calibratetheamplitudespectrum density, if necessary. Thecalibrationinformationis available from
the framedataitself. Thenif only eitherwhiting filter or systemfilter is available,we multiply the
absolute value of it by theamplitudespectral density to achieve thecalibration. If both of thefilters
areavailable, thenwe multiply theabsolutevaluesof thefilters andthenmultiply it by theamplitude
spectral density to obtaincalibratedamplitudespectral density.

Notice that somecalibration functionsarenot reliable within somefrequency band. So we record
only thelineswithin thefrequency bandwherethecalibrationinformationis valid.

7. Calculaterunningmedianoverblocksize_fine, wecall it running_median_fine from now
on.Blocksize_fine is a freeparameterof thepresentalgorithm. ThisgivessmoothedAsd with
whichwe detect broadline featuresin Asd.Blocksize_fine needsto betunedto make surethat
therunning_median_fine should follow Asdwhile smearsout thenotcheson theoriginalAsd.
Thusthechoiceof thefreeparameterblocksize_fine dependson whatkind of broad linesone
is concernedabout, or morespecifically, how broad thelineswhichshould bedetectedare.
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8. Calculate running medianover blocksize_coarse. Blocksize_coarse is a free param-
eter of the present algorithm. We call it running_median_coarse from now on. We take
Running_median_coarse as a estimator of a noise floor of Asd. In other words we define
noisefloor of Asdby noisefloor = running_median_coarse. Wecomparethenoisefloor with
theoriginal AsdandsmoothedAsd to detect lines.

Blocksize_coarse needto be tuned to make surethat the noise floor “roughly” follows the
original Asd. If noisefloor follows theAsd precisely, we would only detect smallnotchesbut miss
prominentbroadlines. While if noisefloor doesnot follow theAsd,we woulddetect fictionslines.

& Noteon the step8: It is possible that blocksize_coarse is taken so wide that thereare
too many datapoints within the blocksizeandwe may needtoo muchmemoryto compute a
running median. In thatcase,we have resampledoriginal Asd at , say, every coarsing factor
bins, calculatea running_median_coarse of resampledAsd, thenlinearly interpolateto
obtain running_median_coarse at all of the bins. The coarsing factor is a (technical)
freeparameter.

9. Calculatefirst andthird running quartiles over blocksize_coarse. Thentheestimatedrunning
standarddeviation at i-th bin (i:positive integer) is givenby

' � ��(
�*) � �,+.-
)0/1+.2
) �,3 2546-87 � (4)

where ' � �9(:��) � +.-
) , and +.2
) are the estimated running standard deviation at i-th bin, the third
quartile at i-th bin, andthefirst quartile at i-th bin. Thefactor 2546-87 is from thecaseof normaldis-
tribution. (Overall constantfactoris not important anyway, sincewe multiply theestimated running
standard deviation. by aconstantnumber (threshold).)

10. In above stepswe explainedthequantities to beneededin thepresent algorithm andhow to calculate
them.Now we shallexplainhow to detect linesin thefollowing few steps.

With the amplitudespectral density (Asd) in hand,supposethat we look into Asd from the lower
frequency to higher frequency bin by bin. At thei-th bin, examinea criteriondefinedas

�<;=� )�> �.;=? )A@B(
C �#DFE ' � �9(
�*) (5)

where
�.;=� ) , �.;=? ) , and ' � �9( ' � ) arerunning_median_fine at the i-th bin,

running_median_coarse at the i-th bin, andestimated running standard deviation at the
i-th bin. The index G runs from 0 to GIH�J9K which correspondsto the highest frequency (GIH�J9K �
� 35L

whereN is the length of the DFT). (
C �#D is a positive constant (over whole frequency range)
number anddenotesthreshold_broad. Threshold_broad is a freeparameterof thepresent
algorithm.

If theequation (5) holds, thereis a line candidateat thei-th bin. Registerthebin. Now westopat the
i-th bin.

11. Now, Move to the next bins. ExaminEq. (5) at eachbin. Thensupposethat consecutive bins (the
i+1,i+2,... j -th bins) areregisteredin theabove step(while the (i-1)-thebin andthe(j+1)-th bin are
not registered). Thenthesebinstogetherform abroad line candidate. Examineaequation

���<�*MN> �.;=? M�@B(
C � ( E ' � ��(
�*M � (6)

where ���<�*M and
�.;=? M areoriginal Asd at the k-th bin andrunning_median_coarse at the

k-th bin (NotethatTheindex k OQP8G � GR@S2 � 46464 �UT�V ). (:C � ( is apositiveconstant(overwholefrequency
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range) number anddenotesthreshold_thin. Now if the equation (6) holds at least at onebin
with its index WXOYP8G � GZ@[2 � 46464 �UT�V , thenthe setof the consecutive bins togetheris defined to form
onebroad line. Calculate the characteristics of the broadlines, e.g.,central frequency of the line,
bandwidth, full width half maximum,signal to noiseratio, root meansquare amplitude,andso on.
Seethetablein Sec.4.2 for thequantitieswhichwe have recorded.

Quit theoperationfor thesetof binsandmove to (j+2)-th bin andexaminethestep10.

12. Onthecontrary, supposethatin thestep10thei-th bin is registeredbut the(i-1)-th bin andthe(i+1)-th
bin arenot. ExamineEq. (6)

���<�*)R> �.;=? )A@\(:C � ( E ' � �9(
�*)]4 (7)

If this equation holds, thenthereis an isolatedline at the i-th bin. Register the frequency at thebin,
calculatethe line characteristics,e.g.,signal to noiseratio, root meansquareamplitude,andso on.
Thenmove to the(i+2)-th bin andexamine thestep10.

13. On thecontrary again, supposethat i-th bin is not registeredin thestep10, (andassumethatneither
(i-1)-th bin nor (i+1)-th bin is not registered).ExamineEq. (6)

���<�*)R> �.;=? )A@\(:C � ( E ' � �9(
�*)]4 (8)

If this equation holds, thenthereis an isolatedline at the i-th bin. Register the frequency at thebin,
calculatethe line characteristics,e.g.,signal to noiseratio, root meansquareamplitude,andso on.
Thenmove to the(i+2)-th bin andexamine thestep10.

14. Noteon thesteps from10 to 13.

& Noteon thesteps10and11: We intend to detect broad lineswith thesesteps. In thesesteps,we
have usedrunning_median_fine instead of the original Asd. The reason is asfollows.
Broadlinesin theoriginal Asd have oftennotchesandourcodesometimes(frequency depend-
ing onthethreshold_broad) detect many thin linesaswell asnotchesanddonotrecognize
broad lines on which thin linesandnotcheslive. Thento find a cactus(a broad line with many
notcheson it) notasabunch of spinesbut asa cactus, it is foundto behelpful to usesmoothed
Asd instead of theoriginal Asd.

& Noteon thesteps 10 and11: Sincebroadlines sometimeshave relatively smallamplitude,we
have setthreshold_broad relatively smallnumber. This givesusnot only broadlinesbut
alsoa bump.Thenthecriterion equation (6) in thestep11helpsusselectbroadlinesonly.

& Noteon thestep13.: In general, it is possible thatEq. (8) holds while Eq. (5) doesnot. This
occurswhen

�.;=� )�^_^[������) .
15. Make adatabase

Thecharacteristicsof thedetectedlinesarecollectedinto theMySQL[1] database.

4 Result

We have analyzedcalibrateddatafor theJanuary data(G1:h). andtheS1data(calibratable channelsand
G1:DER_H_HP-EP) to investigatethe physically meaningful sizeof the line amplitudes. Herewe shall
show our results. In theanalyaiswe have usedMatLab6.1on machines with dual xeon1.7GHz and1 GB
memory.
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4.1 Application to the January data

The analysis resulton the G1:h channel January datais summarized here. Also we show a list of lines
databaseandthegraphsof thelinesin theappendicesA andB.

1. settings

Channel starttime in GPS(sec) start time in UTC
G1:h 694827000 11-Jan-2002 23:29:47

time stretch(sec) window overlap(%)
60 Hanning 50

fr (Hz) DC removal calibration
0.1 done done

In theG1:h January data, we have removedDC with high pass butterworht filter. (We have usedthe
5thorder highpassbutterworthwith 25` Hz cutoff andfiltfilt function of MatLab.)

Thehanning window with a5`5b overlap hasbeenused. Thuswemake Fouriertransformover 2 35���
secondstimechunksof thedatawhichhas50% overlaponthenearest two chunksandtakeanaverage
of the Fourier transformsof all the chunks in the nSecsecondsworth data. (Seethe step1 in Sec.
3.2.)

If onewantsto measureamplitudesof linesprecisely, theHFTxx andHFTxxD windowsshould be
implementedin thecode[6].

We have usedMatLabpwelch function. Notice that it givesa power spectral density. Take a square
rootof thepowerspectral density to obtainanamplitudespectral density.

2. Theeffectivenoisebandwidth is 0.15Hz.

3. freeparameters

blocksize_fine (Hz) blocksize_coarse (Hz) coarsing factor
32 1 8

threshold_broad threshold_thin
6 4

ForJanuarydata(G1:h), wesaw lotsof lineswhichhaveabout1 Hz bandwidthandhavemulti-thorns
judging by visual inspection. Thuswehavesetblocksize_fine

� 25ced .
In G1:h January data, it seemsthat somebroad lines have width of 25` Hz or so. We have set
blocksize_coarse - L Hz to detect such broadlines. Though wehavenotexperimentedit seems
better to useblocksizeof smallerthan50 Hz. If we took, thepower lineswouldaffect thenoisefloor
twice.

We have setcoarsing factor
�gf

. Theso-calculatedrunning_median_coarse seemsto give a
good estimationof noisefloor (at leastjudging by visual inspection).

We have setthreshold_thin 6 to detect100 Hz line andsomelines found by quick visual in-
spection.
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4. In the current settings and choice of free parameters,it takes 9 seconds on average. To calculate
quartiles, it takes lessthan0.2seconds.

Whenwe setthefrequency resolution finer, say, 2 3 2 L5f chd , thenthenumber of datapoints contained
in blocksize_coarse (or blocksize_fine) becomesbigger. In thatcase, mostof computa-
tional burdenis from computationof quartiles (, i.e.,sortof thedata).

5. Wehave detected186lines

4.2 Application to the S1run

TheS1run startedon 23 August 2002 at 15:00 UTC andended on 09 August2002UTC andsuccessfully
completed.Wehavecompletedtheanalysis andmadea databaseof thecharacteristics of thedetectedlines
for therun.

1. settings

Channel starttime in GPS(sec) starttime in UTC
G1:DER_H_HP-EP 714321897 25-08-200214:44:44

Others 714928813 01-09-200215:20:00

time stretch (sec) window overlap (%)
60 Hanning 50

fr (Hz) DC removal calibration
0.1 No done

2. Theeffectivenoisebandwidth is 0.15Hz.

3. freeparameters

blocksize_fine (Hz) blocksize_coarse (Hz) coarsing factor
32 1 8

threshold_broad threshold_thin
6 4

Thuswe adoptthesamefreeparametersastheones taken for theJanuary data. This is becausewe
would like to testto whatextentour code with onefixedchoice of a parameterssetfor any channels
canwork well. As a result, weobserve thatalmostall (aquickvisual inspection tellsusmorethan90
%) linesdetectedby ourcodearealsoconfirmed(, i.e., found) by visual inspection.

For theG1:PEM_NBR_WIN_S andG1:PEM_NBR_WIN_D channels,however, we have used
blocksize_coarse = 0.3Hz, blocksize_coarse = 4 Hz, andcoarsingfactor = 1, sincefor
bothchannelstheamplitudespectral density rangesfrom 0 Hz to about 60 Hz.

4. Thechannelsof theS1datawhichwehaveanalyzedare(G1:DER_H_HP-EP) dataandthechannels
for whichcalibration informationwasavailableatthemomentwhentheanalysiswasdone(September
2002). Thetimeseriesof thedatastartsat14:44:44UTC on25August 2002for G1:DER_H_HP-EP
channel andat 15:20:00 UTC on 01 August2002for theotherchannels.We took a 1 minutesworth
datafor eachchannel.For bothof thetime theG1:DER_H_HP-EP trenddatawasfairly quiet.

Hereis thelist of thechannelsthatwe analyzed.
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G1:DER_H_HP-EP

G1:LSC_BS_PWR-EAST
G1:LSC_MID_EP-P
G1:LSC_MID_EP-P_HP
G1:LSC_MID_FP-MCEI-MCNI
G1:LSC_MID_FP-MCE-MCN
G1:LSC_MID_VIS
G1:LSC_MIC_FP-MMC2B
G1:LSC_MIC_EP
G1:LSC_MIC_VIS
G1:LSC_ML_FP-PZT
G1:LSC_MC1_EP
G1:LSC_MC2_EP

G1:PSL_SL_PWR-LDA
G1:PSL_SL_PWR-AMPL-OUTLP

G1:SEI_TCIb_ACC-X-ST3
G1:SEI_TCC_SEIS-Y
G1:SEI_TCC_SEIS-X
G1:SEI_TFN_ACC-Z-ST3
G1:SEI_TFN_ACC-Y-ST3
G1:SEI_TFN_ACC-X-ST3
G1:SEI_NBC_SEIS-Y
G1:SEI_NBC_SEIS-X

G1:PEM_NBC_ACOU
G1:PEM_TCC_ACOU-BD
G1:PEM_TFN_ACOU-BD
G1:PEM_TFN_MAG-Z
G1:PEM_TFN_MAG-Y
G1:PEM_TFN_MAG-X
G1:PEM_TCMa_MAG-X
G1:PEM_NBR_WIN-S
G1:PEM_NBR_WIN-D
G1:PEM_NBG_RK-V2
G1:PEM_CBCTR_RK-C-V2

5. Theresult of ouranalysis for theS1run is availableon theweb:
"freq_data" of “frequencies” on
http://info.geo600.uni-hannover.de/frequencies/phpMyAdmin-2.2.0/. There
onecanfind thecentral frequency of theline, thebandwidth andthefull width half maximumof the
line, therootmeansquaredamplitudeof theline andits unit, signal to noiseratio, andsoon.

Notice that we have first calibratedthe amplitudespectral density, then detect lines. Thus, in the
databaseon theweb,we have only recordedlineswhich lie within the rangeover which calibration
informationarereliable (Thereliable range differs channel by channel). Thecalibrationinformation
includingreliablefrequency rangefor eachchannel is availablefrom theframedataitself.

Noticethatfor theS1data,wehavenot removedDC.

Thefollowing tablegivesacompletedescription about thedatabaseentries.
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column description

id Eachtableentryhasits unique Id-number.
channel Thechannel nameaccording to theGEO600naming convention

[11].
start_time_UTC Thesecond atwhich theanalyzedtimeseriesbeginsin theCoor-

dinated Universal Timescale.
start_time_GPS Thesecondatwhichtheanalyzedtimeseriesbeginsin theGlobal

Positioning Systemscale.
time_stretch_sec Thelength of theanalyzedtimeseries in seconds.

central_frequency_Hz Thecentral frequency of the line by calculatingthecenter of the
frequency interval thatis recognized asaline by themethod used.

bandwidth_Hz Thewidth in Hz of thatfrequency interval which is recognized as
a line by themethod used.

FWHM_Hz Thefull-wid th-half-maximumin Hz of theline.
amplitude_rms The root-mean-square-amplitude of the line which is calculated

according to
��#i �ejlk M ��mon �M whereENBW is theeffec-

tivenoisebandwidth (seecolumnENBW_Hz ), ��monpM is thevalue
of theamplitudespectraldensity in the W -th bin andwhereW runs
over thewholebandwidth of theline.

amplitude_unit The unit of the root-mean-square-amplitude in the column
’amplitude_rms’.

SNR_dB Theamplitudesignal to noiseratio in Decibelscalculatedaccord-
ing to

L `5qsrut#v �xw*y{z , where z is the amplitude signal to ratio cal-

culated according to M�|A}�~
��� �� . Here ��monpM and

� M are the

amplitude spectral density andthenoise floor in thek-th bin re-
spectively andk runsover thewholebandwidth of theline.

frequency_resolution_Hz Thefrequency resolution of thespectrum in Hz.
ENBW_Hz The effective noisebandwidth in Hz which is necessary to cal-

culatethe value of the amplitude spectrum from the amplitude
spectral density or vice versa. TheENBW is calculatedaccord-
ing to [6].

comments Herespecial informationto theline and/or channelcanbefound,
e.g.whethertheline is amemberof aseriesor whetherthechan-
nel is calibratedor not. NB: Thecalibrationfunction is either the
whitening filter, thesystem filter or theproduct of bothaccording
to whatis available.

reference This column contains information connected to the
respective table entry. The format is as follows:
”author#date#instrument of line search#
PSD computation method”.

5 Discussion,knownproblems,and summary

5.1 Discussionand knownproblems

1. Oneknown problem of our methodis that it is difficult to detectrelatively small linesnear a broad,
steep, largeamplitudeline, sincetherunning quartile +<-
) becomeslargeneartheline. In factthereare
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somelineswhich thecodefailed to detect. For examle,seethegraphin thepage25whichshows two
linesaroundfrequency = 3100 Hz. Becauseof thebroadline around frequency = 3117.2Hz, ourcode
missedoneline next to f = 3100 Hz line. Onepossible way is to use + � only andestimaterunning
standarddeviation by

L�E �,+ L )�/Q+.2
) �,3 2546-87 , where+ L ) is therunning medianat thei-th bin. However,
we found that,at least for the S1 run datawhich we have analyzed,there is littl e advantageto take
thisestimatorfor thestandarddeviation.

2. Related with the above, at the low frequencies, it is difficult for our code to detect lines. This is
becausetherunning mediancoarsefail to bea goodestimator of a noise floor at thelow frequencies
andthe running medianfine fail to be a good estimator of a smoothed Asd at the low frequencies.
Thisseemsmainlydueto thefactthatblocksize_fine andblocksize_coarse aretoo large
comparedto thevariationof theoriginal Asd.

3. Our codehasdetectedsomelines which visual inspectioncould not confirm. For example, seethe
graphsin thepage21 whichshow “lines” around frequenciesof 1250.75Hz and1251 Hz.

4. Thereis other kind of lines which our code hasdetectedwhile visual inspection could not confirm.
For example, seethegraphsin thepage21 which show“lines” around frequenciesof 1095.8 Hz and
1116.9Hz.

5. For the above two issue, the four free parameters, blocksize_fine, blocksize_coarse,
threshold_broad, andthreshold_thin need to be tuned. Especially, we observe that it
seemsbetter to take asmallervaluefor blocksize_fine thanpresent choice(1 Hz).

6. It is interesting to note that our codedetectlines whosesiginal to noise ratio is about 2. Seefor
example, thegraphsin thepage24 which showslineswith frequenciesof 2369.75Hz. This line has
signal to ratioof 2.1.

7. In the present algorithm, we detectbroad lines through two steps. (Seethesteps 10 and11 in Sec.
3.2.) With thefirst step,it is possible thatwe mistakenly detect bumps.Thusin thesecond stepwe
demand thatat least onebin in thebroadline candidatehasaenough amplitudeto bea line.

A possible other way is asfollows. For instance,if anAsd around certain bin hasline-like form, then
we detect it asa line. Wehadonceused Q-valueasa criterion for line-like form, somehowit hadnot
worked well.

8. Wedo notknowhow to estimatenumber of lineswhichwe have failedto detect.

5.2 Summary

Wehaveproposedanautomatedline searchalgorithm andshown theanalysisreault ontheJanuary dataand
theS1run data.Thealgorithm is implementedin theMatLabcode. We have usedthesameparametersset
for both January andtheS1data.As a result, we observe thatalmost all (a quick visual inspection tells us
morethan90%) linesdetectedby ourcodearealsoconfirmed(, i.e., found) by visual inspection. Although
thefour freeparametersof thepresentalgorithmneedto betuned, it is encourageousto seethatonepaticular
parametersetcanalmostsuccessfully work onvariouschannelsanddifferenttimestretches.

6 Futur e look

The resulting databasemay be usedas a initial input for a online line detection monitor aswell as line
tracking codes asa piece of detector characterization pipelinessuch asrDCR/DCR[4]. Also the resulting
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databasemaybeusedin suchawaythatin agravitationalwavesearchpeopleavoid to analyze/usefrequency
bandswherethelinesareknown to exist from thedatabase.

7 Terminology

1. ENBW: Effectivenoisebandwidth. Also calledeffectivenoise-equivalentbandwidth andequivalent
noise bandwidth in Ref [6]. ENBW dependsonly on a frequency resolution (

���
) and a window

function used. Suppose that we usea window function expressedasa setof N real numbers P8��� V
with T � `5464 � /12 in thetimedomain. N is thelengthof theDFT. Definetwo sumsby

m � � ��� �
�8� w � ��� (9)

m � � ��� �
�8� w �

�� 4 (10)

Thennormalizedequivalentnoisebandwidth (NENBW) is definedas

��������� � �[m �
m � � � (11)

andeffectivenoisebandwidth (ENBW) is definedas

������� � ���������! 5���l����������� �
	
� �[�
	 m �

m � � 4 (12)

Here
�
	

is thesampling frequency of thetimeseries.

2. quartile : Imagine that we have a setof data��) , G � 2 � L � 46464 � � . ��) ’s aresupposedto be ordinable.
Sort ��) in ascending orderanddenotetheorderedset ���) . Then

� � G � �9(0+u�R� � (UGuq ' ��� �� ����� (13)

�,� ' ? ru����+u��� � (IGuq ' ��� �� ��� � � � ; ' �
G8��� � (14)

�x(:C�G � ��+u��� � (IGuq ' ��� �� �*� ����� 4 (15)

(This is NOT an exact definition.
� 3 7 is assumedto be an integer. If not, “

� 3 7 ” is set to be the
nearestintegerof

� 3 7 . If thenumberof datapoints is largeanddense,donotbather.)

50 % of thesorted datapointsexist between the third quartile andfirst quartile. If thedistribution of
thedataset��) is normal,thenthestandarddeviation andthequartilesarerelated via

�,��(
�*����� � ��� '�� Gu�*(IG8r9� ��� �,�x(:C�G � ��+u��� � (IG8q ' � /1� � G � �9(�+9�R� � (UGuq ' �,�,3 2546-87�4 (16)

3. q-value:

�,+Z/ � ��q�� ' �o�
? ' ��( ' ����� ' +u� ' � ? �� �Rqsq#��Gu�
(
CBC���q ��; �*��G ; � ; (17)

Whenfull width half maximum
� ` , we use

�,+�/ � ��q�� ' ���
? ' ��( ' ����� ' +u� ' � ? �' ��� ' ? (UG �0' ��ruGu� ' D �*���_��Gu�
(
C 4 (18)
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4. root meansquared amplitude:

For a thin line at thei-th bin,

� � r.ru( ; ' ��� �<+u��� � ' ��� ;¢¡ q�G£(U��� ' � r � �¤(:C�G£� q�G£� ' �
� i �ejlkL ������)I4 (19)

For abroad line

� � r.r9( ; ' �*� �<+9�R� � ' ��� ;¢¡ q�G£(I�R� ' � r � � DI� r.����q�G£� ' �
�

)s¥*¦6§�¨5©ª)¬«<¨
i �hjlkL �,���<�*) � � 4 (20)

5. running median: Imaginethatwe have setsof datapair �x�­) � ��) � , G � 2 � L � - � 46464 � � . Suppose thatwe
cansetboth �0) and��) in orderindependently. Thentherunning medianat �0� over someblocksize ®
is themedian of thesetof data
� � � M � � � � M5¯ � � 46464 � ��� � � � ��� � ��� ¯ � � 46464 � � ¯�M , wherethe integer W is definedby � � ¯�M°/±� � � M³²´® ²
� � ¯�M5¯ � /B� � � M � � . To calculaterunning mediansof thedatapoints whoseindicesareeither T ²�W or� / T ²[W , suitablepadding to thebothendsof datashould bemade.

Thepaddingwehavechosen arezeropadding. Theresulting running medianhasthesamedimension
(length)astheoriginal dataset P8��) V Seealsothehelpof medfilt1function of MatLab.

6. running quartile : ”running” meansthesameastherunningmedian. Seealsoquartile.

7. signal to noiseratio :

For a thin line at thei-th bin,

�,��G£t�����q8(
rA��r9G8� ' � �*(UGur � r � �¤(:C�G£� q�G£� ' �µ� ������)�<;=? ) 4 (21)

For abroad line

�,�9G£t�����q8(:rA��ruGu� ' � ��(UGur � r � � DI� r<����q�G£� ' �µ� )s¥*¦6§�¨.©ª)¬«<¨ �,������) � �
�:¥�¦6§*¨<©�)¬«�¨ � �<;=? � � � 4 (22)

Noisefloor is alwaysestimatedby running meancoarse.

8. width of a line: Given that consecutive bins areregistered asbins on which lines exist. Thenthe
width of the line is defined by largest bin minussmallestbin in theregisteredbins. That is, largest
frequencyminussmallest frequency.
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A Line list

In eachraw of the lists, line id, channel name,(center) frequency, line width (Hz), FWHM (Hz), rms
amplitude,unit of Asd,SNR(dB), SNR(Linear)areshown in thisorder.

/* threshold_broad = 4.000000, threshold_thin = 6.000000 */
/* startf = 0.000000, stopf = 8192.000000 */
/* id,channel, */
/* central_frequency_Hz,bandwidth_Hz,FWHM_Hz, */
/* amplitude_rms,amplitude_unit,SNR_dB, */
/* SNR_Linear */

/* number of lines 186 */
1, G1:h, 0.00, 0.00, 0.00, 0.0000e+00, m, 0.00, 1.0
2, G1:h, 8.15, 0.10, 0.10, 7.3920e-17, m, 30.98, 35.4
3, G1:h, 8.65, 0.10, 0.10, 6.5532e-17, m, 25.20, 18.2
4, G1:h, 31.85, 1.30, 0.50, 5.2261e-16, m, 19.85, 9.8
5, G1:h, 43.00, 0.20, 0.10, 4.5011e-16, m, 23.48, 14.9
6, G1:h, 50.05, 0.30, 0.10, 1.1267e-15, m, 29.56, 30.0
7, G1:h, 100.10, 0.10, 0.00, 9.8287e-17, m, 10.17, 3.2
8, G1:h, 150.10, 0.20, 0.10, 1.4699e-16, m, 14.38, 5.2
9, G1:h, 198.35, 1.30, 1.30, 9.9711e-17, m, 7.18, 2.3
10, G1:h, 250.20, 0.20, 0.10, 8.3287e-17, m, 15.06, 5.7
11, G1:h, 450.30, 0.10, 0.00, 1.3062e-17, m, 5.64, 1.9
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12, G1:h, 550.40, 0.10, 0.00, 1.6511e-17, m, 7.96, 2.5
13, G1:h, 779.40, 1.00, 0.50, 7.5022e-17, m, 13.05, 4.5
14, G1:h, 950.75, 0.10, 0.10, 1.1233e-17, m, 8.41, 2.6
15, G1:h, 1050.80, 0.10, 0.00, 7.4459e-18, m, 9.57, 3.0
16, G1:h, 1095.80, 0.40, 0.40, 8.6222e-18, m, 6.47, 2.1
17, G1:h, 1116.90, 0.10, 0.00, 4.8755e-18, m, 8.18, 2.6
18, G1:h, 1200.90, 0.20, 0.20, 8.4873e-18, m, 11.78, 3.9
19, G1:h, 1250.75, 0.10, 0.10, 5.2439e-18, m, 10.78, 3.5
20, G1:h, 1251.00, 0.20, 0.20, 1.1458e-17, m, 15.82, 6.2
21, G1:h, 1300.95, 0.30, 0.30, 7.1890e-18, m, 12.71, 4.3
22, G1:h, 1350.85, 0.10, 0.10, 3.2720e-18, m, 10.79, 3.5
23, G1:h, 1351.10, 0.20, 0.20, 6.4845e-18, m, 14.97, 5.6
24, G1:h, 1400.00, 0.10, 0.00, 2.3847e-18, m, 13.00, 4.5
25, G1:h, 1401.05, 0.30, 0.30, 7.8990e-18, m, 17.43, 7.4
26, G1:h, 1451.25, 0.90, 0.20, 9.2550e-18, m, 15.92, 6.3
27, G1:h, 1500.00, 0.10, 0.00, 1.9058e-18, m, 13.28, 4.6
28, G1:h, 1501.20, 0.60, 0.30, 9.3689e-18, m, 18.67, 8.6
29, G1:h, 1558.65, 3.90, 1.00, 2.7557e-16, m, 39.86, 98.4
30, G1:h, 1600.00, 0.20, 0.10, 2.3131e-18, m, 12.22, 4.1
31, G1:h, 1601.20, 0.60, 0.30, 4.8022e-18, m, 14.59, 5.4
32, G1:h, 1602.10, 0.10, 0.00, 9.3545e-19, m, 8.78, 2.7
33, G1:h, 1648.60, 0.10, 0.00, 6.4566e-19, m, 6.67, 2.2
34, G1:h, 1649.55, 0.10, 0.10, 1.0945e-18, m, 8.46, 2.6
35, G1:h, 1650.35, 0.10, 0.10, 9.9355e-19, m, 7.68, 2.4
36, G1:h, 1651.25, 1.10, 0.40, 2.5139e-18, m, 7.95, 2.5
37, G1:h, 1652.10, 0.20, 0.20, 1.3461e-18, m, 8.51, 2.7
38, G1:h, 1653.00, 0.20, 0.20, 1.1917e-18, m, 7.47, 2.4
39, G1:h, 1700.00, 0.20, 0.10, 2.3296e-18, m, 13.51, 4.7
40, G1:h, 1701.30, 0.80, 0.30, 5.8856e-18, m, 16.55, 6.7
41, G1:h, 1750.50, 0.10, 0.00, 6.0932e-19, m, 6.32, 2.1
42, G1:h, 1751.15, 0.70, 0.40, 1.8629e-18, m, 7.17, 2.3
43, G1:h, 1800.00, 0.20, 0.10, 2.0893e-18, m, 12.87, 4.4
44, G1:h, 1801.35, 0.90, 0.30, 5.0286e-18, m, 15.19, 5.7
45, G1:h, 1851.45, 0.70, 0.40, 3.1208e-18, m, 12.15, 4.0
46, G1:h, 1900.00, 0.20, 0.10, 1.8794e-18, m, 11.98, 4.0
47, G1:h, 1901.45, 0.70, 0.30, 2.8911e-18, m, 11.36, 3.7
48, G1:h, 1950.60, 0.10, 0.00, 5.4471e-19, m, 6.50, 2.1
49, G1:h, 1951.50, 1.40, 0.40, 3.2627e-18, m, 10.29, 3.3
50, G1:h, 1952.35, 0.10, 0.10, 7.1554e-19, m, 5.85, 2.0
51, G1:h, 2000.00, 0.20, 0.20, 1.9751e-18, m, 13.15, 4.5
52, G1:h, 2001.50, 0.60, 0.30, 3.4830e-18, m, 14.23, 5.1
53, G1:h, 2048.10, 0.20, 0.20, 1.8394e-18, m, 11.84, 3.9
54, G1:h, 2051.60, 0.40, 0.30, 2.1157e-18, m, 11.24, 3.6
55, G1:h, 2100.00, 0.20, 0.10, 1.7928e-18, m, 11.32, 3.7
56, G1:h, 2101.65, 0.30, 0.30, 1.8953e-18, m, 10.57, 3.4
57, G1:h, 2110.15, 1.50, 0.20, 8.0822e-18, m, 17.26, 7.3
58, G1:h, 2151.60, 0.60, 0.30, 1.8889e-18, m, 9.05, 2.8
59, G1:h, 2200.00, 0.20, 0.20, 1.5137e-18, m, 10.58, 3.4
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60, G1:h, 2201.65, 0.50, 0.50, 1.7411e-18, m, 8.83, 2.8
61, G1:h, 2251.70, 0.20, 0.20, 1.2238e-18, m, 8.66, 2.7
62, G1:h, 2300.00, 0.20, 0.10, 1.7087e-18, m, 11.38, 3.7
63, G1:h, 2301.80, 0.20, 0.20, 1.2063e-18, m, 8.49, 2.7
64, G1:h, 2305.75, 0.70, 0.70, 1.6454e-18, m, 7.49, 2.4
65, G1:h, 2337.90, 4.60, 1.50, 4.7721e-16, m, 43.21, 144.8
66, G1:h, 2369.75, 1.10, 1.00, 1.8365e-18, m, 6.50, 2.1
67, G1:h, 2400.00, 0.20, 0.20, 1.5319e-18, m, 10.95, 3.5
68, G1:h, 2401.75, 0.70, 0.50, 2.0166e-18, m, 9.08, 2.8
69, G1:h, 2432.85, 0.50, 0.20, 3.7677e-18, m, 15.80, 6.2
70, G1:h, 2451.50, 0.10, 0.00, 6.0435e-19, m, 7.66, 2.4
71, G1:h, 2451.90, 0.60, 0.40, 2.8596e-18, m, 12.72, 4.3
72, G1:h, 2500.00, 0.20, 0.20, 1.4651e-18, m, 10.88, 3.5
73, G1:h, 2501.40, 0.10, 0.00, 5.0420e-19, m, 6.42, 2.1
74, G1:h, 2501.85, 0.70, 0.70, 1.7046e-18, m, 7.98, 2.5
75, G1:h, 2546.00, 0.10, 0.00, 5.0872e-19, m, 6.72, 2.2
76, G1:h, 2551.95, 0.70, 0.60, 1.9346e-18, m, 9.33, 2.9
77, G1:h, 2600.00, 0.20, 0.20, 1.3778e-18, m, 10.39, 3.3
78, G1:h, 2601.50, 0.10, 0.00, 5.9140e-19, m, 7.81, 2.5
79, G1:h, 2601.95, 0.70, 0.60, 2.1905e-18, m, 10.11, 3.2
80, G1:h, 2608.65, 0.70, 0.40, 5.6932e-18, m, 18.01, 7.9
81, G1:h, 2651.50, 0.10, 0.00, 5.2112e-19, m, 6.85, 2.2
82, G1:h, 2652.05, 0.90, 0.50, 2.5731e-18, m, 10.76, 3.5
83, G1:h, 2700.00, 0.20, 0.20, 1.3215e-18, m, 10.33, 3.3
84, G1:h, 2702.10, 1.20, 0.80, 2.3699e-18, m, 9.00, 2.8
85, G1:h, 2703.00, 0.10, 0.00, 5.1045e-19, m, 6.71, 2.2
86, G1:h, 2752.05, 0.90, 0.60, 2.8850e-18, m, 12.54, 4.2
87, G1:h, 2799.95, 0.10, 0.10, 1.2543e-18, m, 11.31, 3.7
88, G1:h, 2801.90, 3.60, 0.40, 5.7068e-18, m, 11.81, 3.9
89, G1:h, 2852.15, 0.90, 0.70, 2.6161e-18, m, 11.39, 3.7
90, G1:h, 2900.00, 0.20, 0.20, 1.2798e-18, m, 10.48, 3.3
91, G1:h, 2902.25, 0.10, 0.10, 8.8023e-19, m, 8.99, 2.8
92, G1:h, 2952.25, 1.30, 0.50, 3.4141e-18, m, 12.55, 4.2
93, G1:h, 2999.95, 0.10, 0.10, 1.0600e-18, m, 10.62, 3.4
94, G1:h, 3002.35, 1.70, 0.40, 4.1166e-18, m, 12.64, 4.3
95, G1:h, 3052.20, 1.20, 0.80, 3.1079e-18, m, 11.95, 4.0
96, G1:h, 3100.00, 0.10, 0.00, 8.7775e-19, m, 11.46, 3.7
97, G1:h, 3117.20, 4.60, 2.00, 1.0232e-16, m, 34.38, 52.3
98, G1:h, 3152.40, 1.20, 0.80, 2.2639e-18, m, 9.55, 3.0
99, G1:h, 3199.95, 0.10, 0.10, 1.1586e-18, m, 11.21, 3.6

100, G1:h, 3202.30, 1.00, 0.90, 2.2427e-18, m, 9.42, 3.0
101, G1:h, 3252.25, 1.50, 0.80, 3.2334e-18, m, 10.92, 3.5
102, G1:h, 3287.15, 0.10, 0.10, 9.3400e-19, m, 9.56, 3.0
103, G1:h, 3299.95, 0.10, 0.10, 1.0518e-18, m, 10.06, 3.2
104, G1:h, 3302.50, 2.00, 0.90, 3.1689e-18, m, 9.18, 2.9
105, G1:h, 3352.40, 1.20, 1.00, 2.2703e-18, m, 9.11, 2.9
106, G1:h, 3399.95, 0.10, 0.10, 1.0553e-18, m, 10.73, 3.4
107, G1:h, 3402.50, 1.00, 0.90, 2.0031e-18, m, 8.95, 2.8
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108, G1:h, 3452.55, 1.10, 0.80, 2.5954e-18, m, 10.77, 3.5
109, G1:h, 3500.00, 0.20, 0.20, 1.1441e-18, m, 9.78, 3.1
110, G1:h, 3502.50, 1.40, 1.00, 2.8647e-18, m, 10.55, 3.4
111, G1:h, 3552.65, 1.10, 1.00, 2.2122e-18, m, 9.13, 2.9
112, G1:h, 3600.00, 0.20, 0.10, 1.1267e-18, m, 8.93, 2.8
113, G1:h, 3602.80, 1.80, 0.90, 3.7363e-18, m, 11.30, 3.7
114, G1:h, 3652.90, 0.10, 0.00, 6.1521e-19, m, 9.30, 2.9
115, G1:h, 3699.95, 0.10, 0.10, 9.6100e-19, m, 9.70, 3.1
116, G1:h, 3702.80, 0.80, 0.80, 1.4856e-18, m, 6.90, 2.2
117, G1:h, 3752.85, 0.70, 0.70, 1.1898e-18, m, 6.05, 2.0
118, G1:h, 3800.00, 0.20, 0.20, 1.1500e-18, m, 9.52, 3.0
119, G1:h, 3802.85, 1.70, 0.70, 3.2862e-18, m, 10.90, 3.5
120, G1:h, 3852.40, 0.10, 0.00, 4.4824e-19, m, 6.32, 2.1
121, G1:h, 3852.95, 0.70, 0.60, 1.7023e-18, m, 8.92, 2.8
122, G1:h, 3896.40, 5.40, 2.60, 1.0209e-16, m, 35.50, 59.5
123, G1:h, 4000.00, 0.20, 0.10, 1.0895e-18, m, 9.42, 3.0
124, G1:h, 4003.15, 0.50, 0.50, 8.9416e-19, m, 4.78, 1.7
125, G1:h, 4052.50, 0.10, 0.00, 3.7831e-19, m, 5.44, 1.9
126, G1:h, 4053.10, 1.00, 0.80, 1.6582e-18, m, 7.82, 2.5
127, G1:h, 4094.40, 0.10, 0.00, 6.4566e-19, m, 9.78, 3.1
128, G1:h, 4096.20, 0.20, 0.10, 2.8218e-18, m, 17.56, 7.6
129, G1:h, 4097.95, 0.10, 0.10, 8.3011e-19, m, 8.69, 2.7
130, G1:h, 4099.95, 0.10, 0.10, 8.4609e-19, m, 8.64, 2.7
131, G1:h, 4200.00, 0.10, 0.00, 7.5038e-19, m, 11.23, 3.6
132, G1:h, 4202.60, 0.10, 0.00, 5.0555e-19, m, 7.77, 2.4
133, G1:h, 4203.20, 1.00, 0.90, 1.7522e-18, m, 8.06, 2.5
134, G1:h, 4220.00, 0.20, 0.10, 2.0178e-18, m, 15.38, 5.9
135, G1:h, 4253.30, 0.60, 0.60, 1.1869e-18, m, 6.82, 2.2
136, G1:h, 4300.05, 0.10, 0.10, 7.9742e-19, m, 9.13, 2.9
137, G1:h, 4303.30, 1.00, 1.00, 1.5379e-18, m, 7.40, 2.3
138, G1:h, 4352.70, 0.10, 0.00, 3.6778e-19, m, 5.77, 1.9
139, G1:h, 4353.25, 0.70, 0.60, 1.0818e-18, m, 6.11, 2.0
140, G1:h, 4399.95, 0.10, 0.10, 8.2859e-19, m, 9.43, 3.0
141, G1:h, 4500.00, 0.10, 0.00, 5.2187e-19, m, 8.72, 2.7
142, G1:h, 4502.70, 0.10, 0.00, 4.8060e-19, m, 7.76, 2.4
143, G1:h, 4503.40, 1.00, 0.60, 1.8069e-18, m, 8.83, 2.8
144, G1:h, 4553.45, 0.70, 0.60, 9.9465e-19, m, 5.43, 1.9
145, G1:h, 4600.00, 0.10, 0.00, 6.2452e-19, m, 10.18, 3.2
146, G1:h, 4675.65, 5.30, 3.10, 3.3632e-17, m, 26.39, 20.9
147, G1:h, 4690.00, 0.10, 0.00, 6.2223e-19, m, 9.32, 2.9
148, G1:h, 4700.00, 0.10, 0.00, 6.1567e-19, m, 9.78, 3.1
149, G1:h, 4753.80, 0.10, 0.00, 4.4881e-19, m, 7.69, 2.4
150, G1:h, 4800.00, 0.10, 0.00, 5.0923e-19, m, 8.49, 2.7
151, G1:h, 4803.75, 0.50, 0.50, 1.0719e-18, m, 6.93, 2.2
152, G1:h, 4865.70, 0.10, 0.00, 3.6132e-19, m, 6.02, 2.0
153, G1:h, 4900.00, 0.10, 0.00, 5.5191e-19, m, 9.02, 2.8
154, G1:h, 5000.00, 0.10, 0.00, 4.8856e-19, m, 8.65, 2.7
155, G1:h, 5003.85, 0.10, 0.10, 4.5056e-19, m, 4.94, 1.8
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156, G1:h, 5100.00, 0.10, 0.00, 3.7565e-19, m, 6.01, 2.0
157, G1:h, 5160.00, 0.10, 0.00, 4.0361e-19, m, 6.63, 2.1
158, G1:h, 5200.00, 0.10, 0.00, 4.3844e-19, m, 7.38, 2.3
159, G1:h, 5217.35, 1.10, 0.70, 3.5859e-18, m, 14.67, 5.4
160, G1:h, 5300.00, 0.10, 0.00, 4.2397e-19, m, 7.52, 2.4
161, G1:h, 5400.00, 0.10, 0.00, 3.4806e-19, m, 5.35, 1.9
162, G1:h, 5454.85, 5.70, 3.50, 5.6910e-17, m, 30.86, 34.9
163, G1:h, 5504.40, 0.10, 0.00, 3.4563e-19, m, 5.41, 1.9
164, G1:h, 5553.95, 0.10, 0.10, 4.7480e-19, m, 6.10, 2.0
165, G1:h, 5554.25, 0.30, 0.30, 5.3287e-19, m, 4.09, 1.6
166, G1:h, 5723.10, 0.10, 0.00, 3.7682e-19, m, 6.44, 2.1
167, G1:h, 5800.00, 0.10, 0.00, 4.1578e-19, m, 7.54, 2.4
168, G1:h, 5900.00, 0.10, 0.00, 3.5030e-19, m, 6.10, 2.0
169, G1:h, 5973.60, 0.10, 0.00, 5.0917e-19, m, 9.11, 2.9
170, G1:h, 6114.80, 0.10, 0.00, 2.9799e-19, m, 4.74, 1.7
171, G1:h, 6142.50, 0.20, 0.20, 1.0439e-18, m, 10.22, 3.2
172, G1:h, 6144.30, 0.20, 0.10, 2.6442e-18, m, 18.28, 8.2
173, G1:h, 6146.05, 0.10, 0.10, 1.1021e-18, m, 12.50, 4.2
174, G1:h, 6163.65, 0.10, 0.10, 8.4620e-19, m, 10.46, 3.3
175, G1:h, 6175.05, 0.10, 0.10, 5.9998e-19, m, 7.40, 2.3
176, G1:h, 6234.35, 5.30, 4.10, 1.4650e-17, m, 20.72, 10.9
177, G1:h, 6300.00, 0.10, 0.00, 3.3356e-19, m, 5.66, 1.9
178, G1:h, 6330.00, 0.10, 0.00, 3.9657e-19, m, 6.80, 2.2
179, G1:h, 6524.60, 0.10, 0.00, 3.2641e-19, m, 5.34, 1.8
180, G1:h, 6592.90, 0.10, 0.00, 3.5242e-19, m, 6.06, 2.0
181, G1:h, 6604.25, 0.10, 0.10, 1.4075e-18, m, 15.06, 5.7
182, G1:h, 6615.65, 0.10, 0.10, 9.7669e-19, m, 11.73, 3.9
183, G1:h, 6627.00, 0.10, 0.00, 4.2812e-19, m, 6.63, 2.1
184, G1:h, 6800.00, 0.20, 0.20, 2.5063e-18, m, 18.55, 8.5
185, G1:h, 7013.60, 5.40, 4.60, 1.3402e-17, m, 20.85, 11.0
186, G1:h, 7049.40, 0.10, 0.00, 3.1080e-19, m, 6.40, 2.1

B Graphs

In the186graphs,we show lines detectedby our code.Title of eachfigureshows thefrequency of thethin
line. Greenlinesarerunning mediansover 32 Hz. Redline is thethreshold line. Thethreshold for linesis
running medianplus6 timesrunning standarddeviation. Therunning standarddeviationis estimated by the
interquartile-rangescalculatedover32 Hz andhave valueon eachbin.
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Figure1: Detectedlines
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4195 4200 4205 4210

−18.2

−18

−17.8

−17.6

 f =4202.6

4195 4200 4205 4210

−18.2

−18

−17.8

−17.6

 f =4203.2

4210 4220 4230

−18.2

−18

−17.8

−17.6

−17.4

 f =4220

4245 4250 4255 4260

−18.2

−18

−17.8

 f =4253.3
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4290 4300 4310

−18.2

−18

−17.8

 f =4300.05

4295 4300 4305 4310

−18.2

−18

−17.8

 f =4303.3

4345 4350 4355 4360

−18.2

−18

−17.8

 f =4352.7

4345 4350 4355 4360

−18.2

−18

−17.8

 f =4353.25

4390 4400 4410

−18.2

−18

−17.8

−17.6
 f =4399.95

4490 4500
−18.4

−18.2

−18

−17.8

−17.6

 f =4500

4495 4500 4505 4510

−18.2

−18

−17.8

−17.6

 f =4502.7

4495 4500 4505 4510
−18.4

−18.2

−18

−17.8

−17.6

 f =4503.4

4545 4550 4555 4560

−18.2

−18

−17.8
 f =4553.45

4590 4600 4610

−18.2

−18

−17.8

 f =4600

4665 4670 4675 4680 4685

−18

−17.5

−17

 f =4675.65

4680 4690 4700

−18.2

−18

−17.8

−17.6

−17.4

 f =4690

4690 4700 4710

−18.2

−18

−17.8

 f =4700

4745 4750 4755 4760

−18.2

−18

−17.8

 f =4753.8

4790 4800 4810
−18.4

−18.2

−18

−17.8

 f =4800

4795 4800 4805 4810
−18.4

−18.2

−18

−17.8

 f =4803.75

4860 4865 4870 4875

−18.3

−18.2

−18.1

−18

−17.9

 f =4865.7

4890 4900 4910

−18.2

−18

−17.8

 f =4900
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4990 5000 5010
−18.4

−18.2

−18

−17.8

 f =5000

4995 5000 5005 5010
−18.4

−18.2

−18

−17.8

 f =5003.85

5090 5100 5110

−18.3

−18.2

−18.1

−18

−17.9

 f =5100

5150 5160 5170
−18.4

−18.2

−18

 f =5160

5190 5200 5210
−18.4

−18.2

−18

−17.8

 f =5200

5210 5215 5220 5225

−18.2

−18

−17.8

−17.6

−17.4

 f =5217.35

5290 5300 5310
−18.4

−18.2

−18

 f =5300

5390 5400 5410

−18.3

−18.2

−18.1

−18

−17.9

 f =5400

5445 5450 5455 5460 5465

−18

−17.5

−17

−16.5

 f =5454.85

5495 5500 5505 5510
−18.3

−18.2

−18.1

−18

−17.9

 f =5504.4

5545 5550 5555 5560

−18.4

−18.2

−18

 f =5553.95

5545 5550 5555 5560

−18.4

−18.2

−18

 f =5554.25

5715 5720 5725 5730

−18.3

−18.2

−18.1

−18

−17.9

 f =5723.1

5790 5800 5810

−18.3

−18.2

−18.1

−18

−17.9

 f =5800

5890 5900 5910

−18.4

−18.2

−18

 f =5900

5965 5970 5975 5980

−18.2

−18

−17.8

 f =5973.6

6105 6110 6115 6120

−18.3

−18.2

−18.1

−18

 f =6114.8

6135 6140 6145 6150

−18.2

−18

−17.8

−17.6

−17.4

−17.2

 f =6142.5
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6135 6140 6145 6150

−18.2

−18

−17.8

−17.6

−17.4

−17.2

 f =6144.3

6140 6145 6150 6155

−18.2

−18

−17.8

−17.6

−17.4

−17.2

 f =6146.05

6155 6160 6165 6170

−18.2

−18

−17.8

−17.6
 f =6163.65

6165 6170 6175 6180 6185

−18.2

−18

−17.8
 f =6175.05

6225 6230 6235 6240 6245

−18

−17.5

−17

 f =6234.35

6290 6300 6310

−18.3

−18.2

−18.1

−18

 f =6300

6320 6330 6340
−18.4

−18.2

−18

 f =6330

6515 6520 6525 6530

−18.4

−18.2

−18

 f =6524.6

6585 6590 6595 6600

−18.3

−18.2

−18.1

−18

−17.9

 f =6592.9

6595 6600 6605 6610
−18.4

−18.2

−18

−17.8

−17.6

−17.4
 f =6604.25

6610 6615 6620 6625
−18.4

−18.2

−18

−17.8

−17.6
 f =6615.65

6620 6625 6630 6635

−18.3

−18.2

−18.1

−18

−17.9

 f =6627

6790 6800 6810

−18.2

−18

−17.8

−17.6

−17.4

−17.2

 f =6800

7005 7010 7015 7020 7025

−18

−17.5

−17
 f =7013.6

7040 7045 7050 7055

−18.4

−18.2

−18

 f =7049.4
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