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LIGO
Statistics (1)

® “1D” Statistics: (2 Order Cumulants, 15t Order Spectra)

» Correlation: ny(t)=fwx(T)Y(f+T)dT < X(f)Y (f)=S,(f)

» Power Spectral Density: C, (1) =  X(f) X (f)=5.(f)

. C) =T
» Coherence: y V5. (NS, ()
— Tells us power and phase coherence at a given frequency
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LIGO
Statistics (2)

® “2D” Statistics: (3rd Order Cumulants, 2nd Order Spectra)

» Bicumulant:

C,,.(1,1') =f:x(t)y(t+t)z(t’ +7)dt < X(£)Y(£)Z(fi+£)=S..(f. 1)
» Bispectral Density: C.(1) = X(fl)X(fz) X*(fl +f2) = S3x(f1,f2)

S (firf5)
S (FS ()= (fi + 1)
) S oe(fir12)
A S (s T

nyz(f) = \/

» Bicoherence:

— Tells us power and phase coherence at a coupled frequency

LSC Meeting ® March 2006 LIGO G060139-00-Z 3




LIGO

Why Higher Order Statistics?

® For a Gaussian process: C,.(t) =0, forn>2

® For independent processes:

2(r)=x(0)+¥(1), C,.(1)=C,(1)+C, (1) —==C,(1)

® Allows for isolation of nonGaussian processes

» Visual check of frequency coupling and phase noise

Statistical test for the probability of gaussianity and linearity

Ilterative process to reconstruct nongaussian signal from the higher
order cumulants

»

»
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LIGO Current Version

BICOHERENCE VIEWER I Bico: H1:LSC-AS_Q: Fr:827097229 .

Sleve Penn == v. 063, March D6

o

CALCULATION PARAMETERS

(Select 1--3 channels)
|FiLsC-A5 0 =]
| =
| [
PARAMETER MEW CLIHFIENT|
Freg Max (Hz) [128 =] 128
Freg Resal (Hz) | 0.25 =] 125
DataSpan(s) [ o4 =] 64
Data Cverlap (%) 0% -|| 50%

Window Method [Defaull = || D
Uncerainty (%) g | 8
Calculation Time Bz | [

10K}

.11

H1:LSC-AS_Q -- Frequency (Hz)

20 [

SAVE BICOHERENCE PLOT

r Save Bicohenence as I GIF il =
100 120
Write Current Pt | H1:LSC-AS_Q - Frequency (Hz)

PLOT LIMITS PSD: HI:LSC-AS O,
Zscale [ Lnear =] )
vain [ o [T 02 vmax 3
min [0 [0 4 Hma
MONITOR CONTROL
Time to next plot (5 = 43
_Restart | pause | Quit |

Rl PR IIPEE PR EPEPE i
21 A0 b Ril I 120
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LIGO

Monitor Versions: BicoViewer (Foreground Monitor)

Plots Bicoherence (auto- or cross-) & PSD’s of input channels

Proper decimation, Optimized windowing, Vectorized FFT

User selects: (Channels, Frequency Range, Frequency resolution, Data Span, Overlap)
Outputs GIF files.

Table of Current and New Parameters with Accuracy & Time Estimates
Plot Countdown clock

Better Smoothing Routine

Heterodyning

GUI panel for Input file or frame retrieval

Strip Chart for Monitoring Bicoherence of certain ROI
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LIGO Current Version (2

BICOHERENCE VIEWER I Bico: HO:PEM-EX_SEISZ, HO:PEM-LVEA_SEISZ, H1:LSC-AS Q: Fr:827098283 .,

Sleve Penn == v 0.Ga, March 06

CALCULATION PARAMETERS
(Select 1--3 channels)

| HD.PEM-EX_SEISZ -
|HOFEM-LVEA_SEISZ =l
|HILEC-AE_ 0 -

A0

= Frequency (Hz)

PARAMETER | MNEW | CURRENT
Freg Mas (Hz) [64 =] 64
Freq Resol (Hz) [0125 =] )izt
pataspan(s) [ o1 =] &4
Data Overlap (%) 50% x| S0%
Window Method [Defauit =] Defit
Uncertainty (%) [ B
Calculation Tane | 73 | 73

A0

HO:PEM-LVEA_SEISZ

SAVE BICOHERENCE PLOT

" Sawe Bicoherence as | GIF 1'|Ie'r| - 2l ; i ; ST
1 20 30 4l 30 fill
wnite Current Flot | HO:PEM-EX_SEISZ -- Frequency (Hz)

PLOT LIMITS PSD: HO:PEM-EX_SEISZ . | PS0: HO-PEMLVEA_SEISZ .| PSD: HI:LEC-AS 0.

Z Scale [ Linear -] ’ W .

anin [ 0 il | [ i’ Y

Hmin I 0 ﬂ I 0 ﬂ Hmar
MONHITOR CONTROL

Timi to newd plat (5) = PAUSED
Regtart | Resume | guit |

Ty T T

T T

1

T

1 2 3 4D 50 &0 I 20 3 4D 50 &0
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LIGO Current Version (3)

BICOHERENCE VIEWER | Bico: L1:LSC-AS_Q: Fr:752422701. |

Steve Penn -- v. 083, March D6

——— CALCULATION PARAMETERS
(Select 1--3 channals)
|Liisc-as e =]
| E
| 5

PARAMETER NEW | CURRENT |
Freg Max (Hz) [258 =] 256

Freq Resol () [0e5 =] 225
Daa Span(s) | 64 =] 64
Data Overlap (%) S0% =] 50%
Window Method |Default =] Dedit
Uncertainty (%) | 8 | &8
Calculabion Time | 72 | 72

L1:LSC-AS O — Frequency [Hz)

SAVE BICOHERENCE FLOT
™ Save Bicoherence as | GIF flex &l :
200 250

Write Current Fiol | L1:LSC-AS @ — Frequency (Hz)

PLOT LIMITS
£ Scale | Lingar ‘i
“min I o ﬁ I o ﬂ ma
s | 0 i| | 0 i| i
MONITOR CONTROL

Time fo next plot (s) = PAUSED

_ReStart | Resume | guit |

Es LH
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LIGO

Current Version (4)

BICOHERENCE VIEWER

Steve Penn — v. 0.8a, March 06

{Select 13 channels)

CALCULATION PARAMETERS

[LiL5c-a5_a =]
I Z
| E
PARAMETER | NEW |CURRENT|
Freq Max (HT) [256  =]| 258
Freq Resol (Hz) | 025 =] 125
Data Span (3) B4 = B4
Data Overlap (%) 50% =] 50%
Window Method [Default =||  Defl
Uncerainty (%) | & ]
Calculation Time | 72 72

| Bico: L1:LSC-AS

Q: Fr752422765 . |

L1:LSC-AS_Q — Frequency (Hz)

SAVE BICOHERENCE PLOT

™ Save Bicoherenca as GIF file=

Write Current Fot. |

PLOT LIMITS
Zscale [ Lnear ]
vmin [ o4 [ 02 yma
dmin [~ o0& [ 0] smax
MONITOR CONTROL
Time fo nexd plod (s) = 55
ReStart | Pause |  gut |

L1:LSC-AS 0 — Fregquency (Hz)

FSICLULSC. RS GO,
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— CALCULATION PARAMETERS

LIGO Current Version (5)

BICOHERENCE VIEWER | Bico: L1:LSC-AS_Q: Fr:752422829 . l

Stewe Penn -- v. 0.83, March 06

{Select 1--1 channels)
[LiLsc-as_a =l
| I
| =

PARAMETER NEW  CURRENT|
Freg Max(Hzy [z56  =]| 236
Freq Resol (Hz) [ 025 =] 125
Dala Span (5) 62 =] 64
Data Overlap (%) 50% =] 50%
Window Method [Detaull =]| Deft
Uncertainty (%) & g
Calculation Time 72 12

L1:LSC-A5 @ — Frequency (Hz)

SAVE BICOHERENCE PLOT

" Save Bicoherance as GIF 1’|I=_HII

250
write Current Piot | L1:LSC-AS_Q — Frequency (Hz)

PLOT LIMITS

2 scale [ Linear -] :ld
min I n H il ﬂ s '?E.‘llg
Hmin I_nﬁ I_EIEI Hma Eld
MONITOR CONTROL =

Time to next plod () = 52 T

Restart | Pause | out | |

1]
1d I T L
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LIGO Current Version (6)

BICOHERENCE VIEWER || Bico: L1:LSC-AS Q: Fr752422893 . |
Steve Pann = v. 0.6a, March 06 ; i R _ R . R - e ——— 1
a0 -. 1 M Bl T o = ¥ g e B R g T A i o -
I CALCULATION PARAMETERS ) :
(Select 1-3 channels) E
[Liisc-as o =] S am
| = g 07
- .
| =l | ;
o = —10s
FARAMETER MNEW |cumsm| ) 150]
Freg Maw (Hzy [256 =] 256 3 - —ns
FreqResol Hy) [025 =] 225 2 B
Dala Span (5) 4 v B4 I mh 0.4
Data Overap (%) 50% ] 50% G
Window Method | Default r|| Dt 0.3

Uncerainty (%) | 8

Calculation Time | 72 72 02
SAVE BICOHERENCE PLOT 0.1

I Save Blconerence as | GIF rﬂ&"l 25

250
Write Currenl Plot L1:LSC-AS O — Frequency (Hz)
PLOT LIMITS PSDLELSC.A5 0 |
Z Scale | Limear "I I
210

vain [ o0& [ 02 vmax [S10
Hinin |—|:|§I [—Jﬂ Hmas E:g

&

MONITOR CONTROL 11%

Time to nesd plot (5) = 12 1

Restat | _puse | _au | | )
1’ T T 750
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LIGO Current Version (7)

Bico: L1:LSC-AS Q: Fr:752422957 . |

BICOHERENCE VIEWER

Steve Penn — w. 0.Ba, March 08

Freq Max(Hz) [256 =] 258

FragResol (Hz) [ 025 =] 228
DataSpan(s) [ @ =] 64
Data Overap (%) 50% =] 50%
Window Method |Wuu;ﬂ Dent

Uncatainty (%) | | g

Calculation Time | 72 72

——————  CALCULATION PARAMETERS )
(Select 1-3 channels) E
[LiLsc-as_a | s
-

| = 2
| =l |
e

PARAMETER | MEW |cuﬂRENT| ¢
<L

0

74}

-

L]

SAVE BICOHERENCE PLOT

[ Save Bicoherence as [ GIF fiies)

write Current Fot | L1:LSC-AS_Q — Frequency [Hz)
PLOT LIMITS
2 Scalg Lingar -
W min i] ﬂ il ﬁ mas

Hmin I_”il I_Gﬂ W
MONITOR CONTROL
Tiene 1o nesd plot () = 40

Regtart | Pause | Quit |

LSC Meeting ® March 2006 LIGO G060139-00-Z 12




—— CALCULATION PARAMETERS

LIGO Current Version (8)

BICOHERENCE VIEWER | Bico: L1:LSC-AS_Q: Fr:752423021 . |

Stewa Pann -- . 083, March 06

3

(Select 1--3 channels)
[L1L5c-A5 |

| H
I =
PARAMETER MEW | CURRENT
Frog Max (M) [z56 =] 256
Freq Resol Hz) [ 05 =] 325
DataSpan () | 62 =| 64
Data Overap (%)] 50% =| 50%
Window Meathod | Defaud = .W
Uncedainty (%) | ® | @
Calculation Time | 72 | 72

.'E

8

L1:LSC-AS @ — Frequency [Hz)

8

SAVE BICOHERENCE PLOT
[ Save Bicoherenca as [ GIF fla=]
Write Current Plot |

m P T, e =5 iy
L1:L5C-A5_Q — Frequency (Hz)

PLOT LIMITS [
Z scale [ Linear -] '
W min i] ﬂ | i] ﬂ W mas
Hmin i i| [ i i' M
MONITOR CONTROL
Time 1o next plot (s} = 57

Fﬂﬂ‘lﬂ‘ll Eﬂﬂﬂl ﬂ“ll

R I
k. AHiTh
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LIGO
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Online Demo
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BicoMon: Current Version

e Multiple configurations: Bicoherence calculated for each
configuration

* Multiple measurements: Integrates bicoherence over
specified ROI’s

e Measurements trended and sent to DMTviewer & to trend
dataframes.

* Fixed problem with decimation that was causing crash when
there was input data discontinuity.

LSC Meeting ® March 2006 LIGO G060139-00-Z




LIGO 2 H1:LSC-AS_Q

H1:SUS-ITMX_OPLEV_PERROR 2048
256 1.0 0.5

Bico:H1:AS_Q-ITMX_OPLEV_PERROR_ALL
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_60_2_2
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_60_10_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_60_38_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_60_50_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_120_2_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_120_10_2
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_120_38_2

50_2

2

1

3

5

Configuration File

2
2
2
2

Bico:H1:AS_Q-ITMX_OPLEV_PERROR_120_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_180_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_180_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_180_
Bico:H1:AS_Q-ITMX_OPLEV_PERROR_180_

2

ZETEZITETETEEEEEEXEEXEXEEX
NNNNNNNNNNNNOSO

0.2
8.2
0.2

(@)

2 H1:LSC-AS_Q

(::Eil(:t]lfﬂtl()r1 H1:SUS-ITMY_OPLEV_PERROR 2048
Parameters z6 10 05

Bico:H1:AS_Q-ITMY_OPLEV_PERROR_ALL
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_60_2_2
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_60_1
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_60_3
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_60_5
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_120_
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_120_

0_2
8_2
0_2
2_2
10_2
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_120_38_2
50_2
2
1
3
5

Measurement
Parameters

Bico:H1:AS_Q-ITMY_OPLEV_PERROR_120_
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_180_
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_180_
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_180_
Bico:H1:AS_Q-ITMY_OPLEV_PERROR_180_

2

M
M
M
M
M
M
M
M
M
M
M
M
M

NNNNNNNNNNNNOSO

0.2
8.2
0.2

(@)

1 H1:LSC-AS_Q
256 1.0

Bico:H1:AS_Q_ALL
Bico:H1:AS_Q_120_2_2
Bico:H1:AS_Q_120_10_2
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Conclusions

Bicoherence monitors could be a useful tool for analyzing data
for glitches, gaussianity, upconversion, and chirps.

LIGO is currently sensitive to upconversion noise.
BicoMon operational, needs some

BicoViewer works (beta) (Developer-Users Needed).
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