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Data Fitting in LTPDA

curvefit Non-linear least square fit to data

lisovfit LISO to fit a pole/zero model to the input frequency-series
Iscov Overloads Iscov function of MATLAB for Analysis Objects
polyfit Overloads polyfit function of MATLAB for Analysis Objects
sDomainFit Fit a partial fraction model to frequency series data
zDomainFit Fit a partial fraction z-domain model to frequency series data

Correlated functions

Funcion | Deseipion

noisegenl1D Generate colored noise with given power spectral density

noisegen2D Generate cross correlated colored noise with given cross spectral
density

whitenl1D Noise whitening tool

whiten2D Noise whitening tool for two cross-correlated time series
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Scheduled Changes for the next
release

curvefit

lisovfit

Iscov

polyfit

sDomainFit K « Fit Objects with a delay

> DomainEit e * Fit correctly real objects
noisegenND L Multichannel noise generator
whitenND £3 Multichannel noise whitening tool
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Inspected Functions

curvefit Non-linear least square fit to data
polyfit Overloads polyfit function of MATLAB for Analysis Objects
zDomainFit Fit a partial fraction z-domain model to frequency series data

Correlated functions

Function | Desertion

noisegenl1D Generate colored noise with given power spectral density
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Topic 5 — Exercise 1

* Go to help section

—LTPDA Toolbox

« LTPDA Training Session 1
— Topic 5 - Model fitting
— Open the page of the first exercise
» System identification in z-domain
— Open a new editor window
» In Matlab command window type » edit
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Topic 5 — Exercise 1
System ldentification in Z-domalin

@ate W’lu’te@
Relevant functions
zDomainFit @

It i1s used to run a system

identification in z-domain on a - .
transfer function calculated from @te [ransfet F‘@

data. Model order is automatically l
selected on the basis of input _ y - .
@mmter Function in Z-domain

tolerance settings
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Topic 5 — Exercise 1

Generate random noise

a = aol(plist('tsfcn', 'randniszize(t))', '£=2', 1, 'nsecs', 10000,'wyunits';'m')1);

* Build a pzmodel
» Convert to a miir
» Color white noise

pEm = pEmodel (1, [0.005 2], [0.05 4]);

filt = miir(pzm, plist('£=s', 1)):
filt.setIunits('m');:
filt.setOunits('V');

% Filter the data

ac = filter (a,f£filt) ;
ac.simplifyYunits;

Make PSD and inspect results

S lpadia):
acH lp=diac)
iplot (axx,acxx)
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Topic 5 — Exercise 1

'aX Figure 2
File Edit View Insert Tools Desktop Window Help
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Topic 5 — Exercise 1

Calculate transfer function and cut away first bins

tf = 1ltfeia,ac):
tf = tf.index(1,2):
tfsp = splititf,plist (' frequencies', [S52-4 Se-1]1):

iplotitf, tf=p)

~ e

Figure 3
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Topic 5 — Exercise 1

Fit Transfer Function

% Zet up the parammeters

plfit = plist('F3',1,...
"hAutolearch','aon', ...
'JtartPoles0pt!' 'l L.
'maxiter' ,50,...
'minorder’' 2, ...
'maxorder!' 9, ...
'weightparam', 'abs', ...
'BesLogDhiff' ,0.5,...
'BesFlat'  []1,;...
'"EM3IE',5,...
'Plot','an', ...
'Forceltability!' ,'on', ...
'CheckProgress', 'off' ) ;

Sampling fregquency for the model filters
Iutomatically search for a good model

Define the properties of the starting poles - complex
maximun nunber of iteration per model order
mwinimwum model order

mwax i model order

as=2ign weights a=s 1./ abs (data)

Fesziduals log difference

Feziduals spectral flatness

Foot Mean 3quared Error Variation

et the plot on or off

force to output a stable poles model

display fitting progress on the commmand window

B Y Y Y .

A

% Do the fit
fokbhjy = zhomainFit(tfsp,plfit):

% Zet the input and output units for fitted model
fobj.setlunitsi('m'):
fobj.setOunit=s('V'):
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Topic 5 — Exercise 1

Fit Transfer Function

% Zet up the parammeters

Check if the log-scale plEAE = Blisi( B ;s oo-

"hAutolearch','aon', ...

A

A

dlffer_ence_betwefen data N PN
and fit residuals is larger 'maxiter',50, ... 5
than the assigned value ROEEIEE gBg oo %
'maxorder!' 9, ... £
'weightparam', 'abs', ... £
'ResLogDiff',0.5, ... 5
'ResFlat', [1,... 5
Check if the step-by-step 'RMSE', S5, ... 5
t mean square error D98 B gooo :
rOO- . _ q 'Forceldtability','on', ... %
variation is lower than 'CheckProgress', 'off'): %
109 (d is the assigned _
% Do the fit
value) fobi = zDomainFit (tfsp,plfit):

Sampling fregquency for the model filters
Iutomatically search for a good model

Define the properties of the starting poles - complex
maximun nunber of iteration per model order
mwinimwum model order

mwax i model order

as=2ign weights a=s 1./ abs (data)

Fesziduals log difference

Feziduals spectral flatness

Foot Mean 3quared Error Variation

et the plot on or off

force to output a stable poles model

display fitting progress on the commmand window

% Zet the input and output units for fitted model

fobj.setlunitsi('m'):
fobj.setOunit=s('V'):
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Topic 5 — Exercise 1
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Topic 5 — Exercise 1

Calculate filters response and check fit results

“,

% get plist for filter response

plesp = plist('bank','parallel' [ 'f1',1e-5,"£2"',0.5,'nf"', 100, 'scale','log') ;
% compute the response of the original noise-shape £ilter
rfilt = resp(filt,plrspl:

rfilt.setlame;

% compute the rezponse of our fitted filter bank

rfokbj = resp(fokb]j,plrspl:

rfolkhj.setlame;

% Ccompare the responses

iplot(rfiltc,rfok])

% and the percentadge error on the magnitude

pdiff = 100.%gb=( (rfobj-rfilt) . /rfilt);
pdiff.simplifyYunitcs;

iplot (pdiff,plist (' YRanges',[1le—-2 100711
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Topic 5 — Exercise 1
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Topic 5 — Exercise 2

* GO to help section

— LTPDA Toolbox

« LTPDA Training Session 1
— Topic 5 - Model fitting
— Open the page of the second exercise
» Generation of noise with given psd
— Open a new editor window
» In Matlab command window type » edit
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Topic 5 — Exercise 2
Generation of Noise with Given PSD

@9clata Analysis ()DD
Relevant functions _ l

zDomainFit It is used to get a
smooth model for @Vef Spectral DD
the calculated psd. l

noisegenlD Genera_te noise with @Me Noise With Give1®
the given power
spectral density
Check Results
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Topic 5 — Exercise 2

Load test noise

tn = aol(plist('filename’, 'tDpiGEfTE_EKDS_TEStNDiSE.Kml']];
th.setlame;

Calculate power spectral density

thnxx = th.psd(plistc ('NLLfc' 20007 ;

Cut away first bins and plot

Lhxxr = splititnxx,plistc('frequencies', [2e-3 5e-1]111:
iplot (tnxx, Cnxxr)
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Topic 5 — Exercise 2

Nl

Figure 2

File Edit View Insert Tools Desktop Window Help
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Topic 5 — Exercise 2

We smooth PSD data and then define the weights as the inverse of the absolute value of
smoothed PSD. This should help the fit function to do a good job with noisy data

SthXX = Swmoother (CnXxr) !
iplot (tnXXr, Sthnxx)

ey

Figure 5
File Edit View Insert Tools Desktop Window Help
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Topic 5 — Exercise

Fit PSD

plfit = plisc('F3',;1,...
"hAutoZearch''on' ;...
'SJtartPolesOpt!' 'l ...
'maxiter' ,50,...
'minorder' 10,...
'maxorder' 45, ...
'weights' ,wyh, ... ¥ @ssign externally calculated weights
'BesLogbiff' ; [1,;...
'"FesFlatc' ,0.77,...
'"BEM3E' ;5;...
'"Plot!' ,'on', ...
'Forceltabilicy' ,'off' ;...
'CheckProgress', 'off' ) ;

¥ Do the fit
[paratn, fmod] = zslhowainFit (tnxxr,plfitc):;
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Topic 5 — Exercise 2

plfit = plist('F3',1,...

Check if residuals | ButoSearch! ,on' , ...
spectral flatness is FrartPolesoptt,Tedls
'maxiter',; 500G
Iarger than the 'minorder’'  10,...
. 'maxorder' 45, ...
aSSIQned Value 'weights' ;wgh, ... % assign exXternally calculated weights

'"BesLogDiff' ;[]1;...
'FesFlat' ,0.77; ...

'"BEM3E' ;5;...

'Plot!'  'on' ;...
'Forceltabilicty' ,'off' ;...
'CheckProgress','ofLf' ) »

¥ Do the f£it
[paratn, fmod] = zlDomwainFititnxxr,plfit):
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Topic 5 — Exercise 2

OO0 Figure 2

File Edit WView Insert Tools Desktop Window Help

s DEdde h AKAXODEE- 2 OW a0

10 1 | ' ]
= 0riginal
. = DFIT
gyl ~—FResidual |
)
-
E_ -6
5 10+ .
1@‘3 . L . L . L
-3 - -1
16 16 16 16
Normalized Freguency [f/fs]
20 ey e C
= 0riginal
1wk —\VDFIT |
Z /\
a
=
ar = |
% — v \/
=
=
[wTy
_1@— -
-7 . S NN | . N | L
-3 -2 -1 =]
16 1a 16 16

Mormalized Frequency [f/fs]

LTPDA 1st Training Session - Topic 5
Hannover March 10-11 2009




Topic 5 — Exercise 2

a0 Figure 2
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Topic 5 — Exercise 2

Generate white noise

a = aol(plist('tsfcn', 'randn(=zize(t))', '£=2', 1, 'nsecs', 10000, 'syuanits';'m')1);

Color noise with given psd

plng = plist(...
'model' , abs(fmwod)] .,
'MaxIter', 50,
'PoleType', 2,
'MinOrder!', 20,
'MaxOrder!', 50,
'WMeights', 2,
'Plot', false,...
'Dizsp', false,...
'"BEM3IEVar', 7;...
'FitTolerance', 2):

A

model for colored noise psd

maximuan numkber of £it iteration per model order

generates complex poles distributed in the unitary circcle
winimun model order

waximun model order

weight with 1/abs (model)

on to show the plot

on to display fit progress on the command window

Foot Mean Jquared Error Variation

Feziduals log difference

E I L L G

A

ac = noisegenlD(a, plog) !

Calculate psd and plot

acxx = ac.psdiplisc ('N££c' ,2000) ) ;
iplot [Cnxx, acxx)
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Topic 5 — Exercise 2
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Topic 5 — Exercise 3

* Go to help section

—LTPDA Toolbox

« LTPDA Training Session 1
— Topic 5 - Model fitting
— Open the page of the first exercise
» Fitting time series with polynomials
— Open a new editor window
» In Matlab command window type » edit
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Topic 5 — Exercise 3
Fit Time Series with Polynomials

@tsdata Analysis (I@

polyfit Fit a time series l
with a 6 order @ta with ao;-'l@
polynomial

Check Results
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Topic 5 — Exercise 3

Load test data

a = aol(plist('filename’, 'tDpiGEﬁTE_EKD&_TEStNDiSE.xml']];
a.setName:;

Fit data with a polynomial

plfit
D

plist('H', 6]
polyfit(a, plfit):

Evaluate fitted model

b = aolplist('polyval', p, 't', &all:
b.setYunits (a.yunits) ;
b.setName;

Check results - plot data, model and fit residuals

iplotia, bl
iplot (a-hb)
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Topic

Figure 2

5 — Exercise 3
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Topic 5 — Exercise 4

* Go to help section

—LTPDA Toolbox

« LTPDA Training Session 1
— Topic 5 - Model fitting
— Open the page of the first exercise
» Non-linear least square fitting of time series
— Open a new editor window
» In Matlab command window type » edit
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Topic 5 — Exercise 4

Non-linear least square fit of time series

Relevant functions _

curvefit Fit a time series
with a non-linear
model (linearly

chirped sine wave)

ASin[Zﬂ' fo +kt t +gp}

@tsdata Analysis (@
l
@ with ao..-"CI@
@ﬂl Pa1‘amet11'z®

Check Final Results
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Topic 5 — Exercise 4

Load data and plot

a = aol(plist('filenzune’ , 'tDpiGEfTE_ExDE_TEStNDiSE.xml']];
a. setName;
iplot (&)

a6 Figure 2
File Edit View Insert Tools Desktop Window Help
» DgdHe bh AR 0U9EK- @2 08 a O
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Topic 5 — Exercise 4

Fit data — Try fitting Amplitude, Frequency, Chirp Parameter and Phase

plfit = plist|'Function', 'ADDP{1} + P(1).*sin(2.*pi.*(P(2) + P(3).*Edata).*Hdata + P(4)] ',
'PO', [4 3e-5 Ee-6 0.5],
'LE', [1 0 0 -pi],
'UB', [5 1 1 pi],...
"ADDF', {5}):
params = curvefit(a, plfit):;

Evaluate fit results

plewval = plist|'Function', '"ADDP{1} 4+ P(1l).*sin(2.%pi.*(P(2) + P(3).*Edata).*Xdata + P(4)] ',
'Edata', a,
'doype', 'tsdata’,
"ADDE', {51):

b = evaluateModel (params, plewval):

b.setYunits (a.yunits) ;

b.setXunits (a.xunits) ;

b.setName;

iplot {a,b)
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Topic 5 — Exercise 4

D006 Figure 3
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Topic 5 — Exercise 4

Run a fit with a reduced set of parameters — fix amplitude and phase

% Do the fit again
plfit = plist|'Function', 'ADDP{1} + 3.*sin(Z.*pi.*(P(1) + P (2).*Hdata).*ddata + 0.4)"',
'PO', [Te-4 S9e-6],
'LE', [le-7 1=-7].,
'UBE', [1 1e=e-4],...
"ADDE', {51):

params = curvefit(a, plfit):;

% Ewvaluate the model

plewval = plist|'Function', 'ADDP{1} 4+ 3.%sin(2.*pi.*(P(1) + P(2).*¥data).*ddata + 0.4)"',
'Edata', a,
'doype', 'tsdata’,
VADDP', {5});:

b = evaluateModel (params, plewval):

b.setYunits (a.yunits) ;

b.setXunits (a.xunits) ;

b.setName;

iplot {a,b)
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Topic 5 — Exercise 4

Run a fit with the full set of parameters — use former results as starting guess
for frequency and chirp parameter

% Do the fit again
plfitc = plist('Function', 'ADDP{1} + P{l).*sin(2.*pi.*(P(2) + P(3).*Edata).*Edata + P{d))"',;
'PO', [3 5e-5 1le-5 0.4],
'LE', [2.8 1le-5 1le-6 0.2],;
'UE', [3.2 S5e-4 5=-4 0.5],...
"ADDE', {5}):

params = curvefitia, plfit):;

% Ewvaluate the model

pleval = plist('Function', 'ADDP{1} + P(l).*sin(2.*pi.*(P(2) + P(3).*Edata).*Zdata + P(d)) "',
'Edata', a,
'deoype!' , 'tsdata',
VADDER', {5});

b = evaluateModel (params, plewval):;

b.set¥units (a.yunits) ;

b.setiunits (a.xunits) ;

b.setlName;

iplot {a,b)
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True parameters

ADDP = 5
Fil] = 3
Fi2] = le-4
F(3] = 1le-5
Fi4) = 0.3

Fitted parameters

ADDP = 5

{1} = 2.993

F(2} = 0.000121
F(3] = 9.983e-006
F{d4] = 0.278



Topic 5 — Exercise 4

We could look at the covariance matrix in the process info
» In the command window of Matlab »

params.procinfo.find('cor!')
Coluwns 1 through 3

1 0.0220543553134523 0.005406953742447 142
0.0220543553134523 1 -0.9632745331180157
0.005406953742447 142 -0.9632745331180157 1
-0.0911417233676055 -0.833530057 704702 0.6927671454873Z1

Coluwmn 4

-0.0911417233676055
-0.833530057 704702
0.6927671454873Z1

1
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Topic 5 — Exercise 5

* Go to help section

—LTPDA Toolbox

« LTPDA Training Session 1
— Topic 5 - Model fitting
— Open the page of the first exercise

» Time-domain subtraction of temperature
contribution to interferometer signal

— Open a new editor window
» In Matlab command window type » edit
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Topic 5 — Exercise 5
|IFO/Temperature Example

@FO;‘T Analysis O@.

Relevant functions L

zDomainFit @-::-»IFO Transfer Fu@
Fit a z domain model to l
measured transfer function. = PR

. . xtract Meanin ata
The model is used to filter < » >
data so as isolating l

temperature contribution to @mlsfer Function in z-doD
IFO signal l
@lﬂate Temperature Contribution to IFO Signal>
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Topic 5 — Exercise 5

Load data from exercise 2 and split to extract the good part

ifo = aoi(plist('filenzume’' 'ifD_temp_ExamplEHifD_fixEd.xml']];
ifo.setlame;
T = ao(plist ('filenzume’ , 'ifD_temp_Exampleftemp_fixed.xml']];

T.setlNatne;

% Zplit out the good part of the data

pl split = plisc('split type', 'interwval',
'start time', ifo.td + 40500,
'end time', ifo.t0 + 193500);

ifo_red = splic(ifo, pl split);
T red = splic (T, pl splitc);

Plot to inspect data

iplot{ifo red,T red,plist('arrangement', 'sSubplots'])
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Load transfer function data from exercise 4

tf = aDi'ifD_temp_ExamplEHT_ifD_tf.xml'];

Split to extract meaningful data

tfzp = =zplit(tf,plist (' frequencie=s', [2e-5 1le-3]1): _ S
iplot(tf,tcf=n) File Edit View Insert Tools Desktop Window Help
» D5 Hde b AR09E- 2 0E a0
-6
1@
_ T T
L 1w ni
= 5
w
= -
g 18 —1ltfesplit{consolidate{(temp+273.15) 1 )—==plit{cons. . i
E —split{ltfe(split{consolidate!{temp+273.153)—spli. .. [
T L O I A [ TN
1 18" 1w 1@ 18" 19 16"
Frequency [Hz]
260
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166 - A L
= f N ! ‘F |
& ™ \i ! l
=, I} [
: I ITATHAR I\I
£ My LI ll
~lee J _1tfe(Spl1t(con5011date((temp+2?3 15000 >sp11t(cons Il
spl1t(1tfe(spl1t(consol1dute((temp+2?3 150 3->spli. .
_zom o i ma i i a w
& -5 -4 -3 -2 -1 o
18 18 1@ 1@ 18 1@ 18
Frequency [Hz]
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Fit transfer function — fit with a fixed order

plfitc = plisc('F3',1,...
"AutoSearch','off', ...
'StartPolesopt'  'el', ..
'maxiter' 20, ...
'minorder' 3,
'maxorder!' 3,
'weightparam' , 'abs', ...
'Plotc!','on',
'Forceltabilicy!', 'on',
'CheckProgress', 'off!' ) ;

fob) = zhomainFitc(cfsp,plfit) ;

fobj.secIunitcs('K');
fobj.setOunitcs('m') ;
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O00 Figure 6

File Edit View Insert Tools Desktop Window Help
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Filter Temperature data with the fitted model in order to extract temperature
contribution to interferometer signal

ifoT = filter (T red,fobj,plistc('bank', ' 'parallel']);
ifoT.detrend(plist('order' 0] ;
ifoT.simplifyYunits:

ifoT.setlame;

Subtract temperature contribution

ifonT = ifD_rEd - ifoT:
ifonT.setName;

Plot to check results

iplot(ifo_red, ifoT, ifonT)
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o606 Figure 8

File Edit View Insert Tools Desktop Window Help
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Compare power spectral density of IFO and IFO-Temp signals

ifoxx = ifoc red.lpsd;
ifonT=x = ifonT.lpsd;
iplot (ifoxx, ifonTxx)

Temperature subtraction
changes low frequencies
power content

)

~

Figure 4
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spfit
gfist viewy TS
zhlit ifo feomed Iedot
sedit
remove ali... HEES
a0
Mewy Block Mewy Blac. ..
=plit temi
priject zubtract
a0
fit TF

TFmesas

LTPDA 1st Training Session - Topic 5
Hannover March 10-11 2009




ifa

remave ...
20

sefit

shlit ifo

snfit

shlit temp

Topic 5 — Exercise 5
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