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Outline

o \/\Vhy LTPDA"
e Formalities
¢ [nstallation

¢ Possible threads:

e Boot Camp
e Jopic 1: Introducing LTPDA - the basics

e Jopic 2: Preprocessing data

e [opic 3: Spectral analysis

e [opic 4: Transfer functions and digital filters

e Jopic 5: Fitting data
e Advanced Topics

e cxtension modules

e Writing your own methods, models
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Not a commercial product!
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Not a commercial product!

e \/Ve have about 3 FTEs currently working on the
toolbox

e [otal effort so far Is about 15 man-years
¢ ~cedback is essential

o \Ve will help whenever we can
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Why*

e Data analysis for LISA Pathfinder mission will be done on-line
¢ allow re-planning of upcoming experiments and investigations

e Front-line analysis done in STOC
e pre-planned data analysis pipelines for each experiment of the

MISSion

e Off-line analysis
e follow-up, problem solving, etc

e Results must have a long shelf-life (up to LISA
commissioning)

e Requirements:
¢ flexible and robust data analysis environment
e graphical user interface (for non-programming-experts)
e high-level of testing

e automated capture of processing chain
e data doesn’t exist in isolation
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Formalities

o | [PDA:
e Nttp://www.lisa.aei-hannover.de/ltpda/

e Bugs and features:
e Nttps.//ed.fbk.eu/ltpda/mantis/

LTPDA

a MATLABD toolbox for accountable and reproducible data analysis -
QUed N & M DNVEWTION (Marte

! Sl ) 2020-07-30 09.07 CIST

Project; | Ad fayerts %) (sener) E

Main | My View | Vogws Daves | Begort Daue | Change 129 | Scedmas | Doc | My Account | Plugios |
haget

N ¢ (s

LTPDA 15 a MATLAB toolbax that uses an cbject-oriented approach to data analysts. (' home

LTPDA Objects are processed through a data analysis pipeline. At each analysis

( installation D ® Search Acchy Mer [ Advanced Filters | [ Create Permalisk ) Renet Foner | [ Tawe Comons Fines
step, a record s kept of exactly what algorithm was applied to which abject and ‘
with which parameters. In this way, the result of a particular data analysis is one { System reguirements Viewing Issues (1 - 50 / 199) [ Prist Sporsy ) [ Geaoh | | S5¢ Sxport | [ st Prew 12 3 4 et k|
or more objects, each containing the final result as numerical data together with a - e e R & Category Severity  Status  Updated Summary
full processing histary of how the result was achleved. . Downloads Ouliiing & gibel pursaaie (Cavatunt
. S/ momes 3 m“‘wﬂ minor  atknewiedged ‘,’f; M)d;vmumw
( Flle reposkory Persst 0 the MaTb Worksasce
(N RS e —— s s SEMMN L B e s
(" Release Schedule
LTPDA includes algorithms and objects for p
| User manual {DA_LEPDA_TOOL0K] A method to inherk (from sncther
’ - X004 1 T Crange Request (martinhewitaon) 07-28 maethcd) one paramaeter
1. pre-processing of time-series data | Training Sessions R R — e STy e fimer/impress has fined sompte rate
2. performing spectral anatysts of various kinds r ' 5 DA LEPDA_T0OLAGK) 2010~ Typo: wrong XUNITS value for Time-
‘ Document: N wog
3. performing digital filtering via IIR and FIR filters — J/ s B0 Repert Wt Ne) @1 sertes Pet Constrector
- (DALEPDA_IOOLAOX] .
4, constructing pole/zero models (" Bugs and features 0/ oo00am -y ) —r ﬁ m IS NS B S i
5. constructing state-space models
6. and much more ( Troubleshooting mo oa'.‘."ﬁ.. festure g Load chjects from muigle files.
(" LTPDA Repository
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Mailing lists

9

® [tpda_releases@aei.mpg.de

® http://lists.aei.mpg.de/cgi-bin/mailman/listinfo/ltpda_releases
® for releases of LTPDA

® [tpda_users@aei.mpg.de

® http://lists.aei.mpg.de/cgi-bin/mailman/listinfo/ltpda_users
® for LTPDA users

® [tpda_dev@aei.mpg.de

® http://lists.aei.mpg.de/cqgi-bin/mailman/listinfo/ltpda_dev
® for core development team

® |[tpda_cvs@aei.mpg.de

® http://lists.aei.mpg.de/cqgi-bin/mailman/listinfo/ltpda_cvs
e for LTPDA CVS commit mails

® [tp da meeting@aei.mpg.de
® http://lists.aei.mpg.de/cqgi-bin/mailman/listinfo/ltp_da meeting
® for meeting announcements
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INnstallation

.00 LTPDA Ti Preferences
1. Download 2.5.beta version from I ——
1.1.http://www.lisa.aei-hannover.de/ltpda/ vebose evel (PROCT T8}
. Unzip to somewhere R

. Start MATLAB

. File->Set Path...

Click ‘Add with Subfolders...’

. Navigate to the ltpda_toolbox folder

you unzipped S

O O WN

. On MATLAB terminal

7.1.>> |tpda_startup
7.1.1.(you can add this command to you
normal startup.m file)
8. Set preferences
8.1.for now just click ‘Apply’ and close the

GUI

\l
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Post-installation steps

¢ [est Installation
® >> run_tests

e [nstall graphviz

e see LTPDA user manual (>> doc)

e | [PDA Toolbox

e Getting Started with the LTPDA Toolbox
e Additional 3rd-party software

http://www.lisa.aei-hannover.de/ltpda/usermanual/ug/additional progs.html
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Updating the toolbox

e Remove old toolbox from MATLAB path
¢ Fle -> Set Path
e Select all in list containing ‘Ltpda_toolbox’

e Click ‘Remove’
* [nstall new toolbox as per previous instructions

‘ LTPDA Introduction, GSFC, 11th October 2011
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Submitting a bug or feature request

¢ (GO to https://ed.fbk.eu/ltpda/mantis/
® Self-sign-up
e click ‘Signup for a new account’
e Once your account is active, you can log in

® [0 report an issue:
¢ [irst search the existing issues In case your problem is
covered!
e Click ‘Report Issue’
e Choose project ‘DA_LTPDA’
e Select ‘bug report’ or ‘change request’
e Complete the form with as much information as possible

‘ L TPDA Introduction, GSFC, 11th October 2011 11
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Topic 1

® [he basics
e Object-oriented programming (for beginners)
e Analysis Objects
e How history tracking works
e Other objects
e Parameter lists
e Building objects
e Setting object properties
® \/iewing history
e Making time-series AOs
e Basic math
e Saving and loading
e Reading data files
o \Writing LTPDA scripts

e Hands-on

Welcome to LTPDA Toolbox
Version: 2.3.1

Release: (R2010a)
Date: 30-07-10

——————————————————————————————————————————————————————
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Object-oriented programming

® Class

® Opbject

¢ nstance

® method

® constructor
® property

¢ iInheritance

el

e | carn these words:

LTPDA Introduction, GSFC, 11th October 2011
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Class

e A class Is a description of an object

1

—Xamp
® Jerop

eS.

ane, house, vehicle, animal

e algorithm, colour, sentence
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4
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® aerop
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Object, instance

e An object Is an Instance of a class

® Examples:

e Airforce 1 (aeroplane), me (person), garfield (cartoon
cat)

e mean (algorithm), red (color), “isn’t this
easy”?” (sentence)

‘ LTPDA Introduction, GSFC, 11th October 2011

16

Thursday, October 6, 11



Object, instance
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method

e Something that acts on an object (instance of a

class)

e ‘star
® ‘star

e -xamples:

"’ a ‘car’ - ‘start’ Is a method of the class ‘car’
’ my car - use the method ‘fly’ on my car

e mean(x) - use the method ‘mean’ on the data object ‘X’

4
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method

e Something that acts on an object (instance of a

class)

e ‘star
® ‘star

e -xamples:

"’ a ‘car’ - ‘start’ Is a method of the class ‘car’
’ my car - use the method ‘fly’ on my car

e mean(x) - use the method ‘mean’ on the data object ‘X’

4
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construct

e A special method of a c
instance of the class (bu

ass which builds an
lds an object)

e hormally the method has -

e Examples:

‘he same name as the class

e car(‘blue’) - builds a blue car
e animal(‘dog’, ‘brown’) - builds a brown dog which is a

type of animal

‘ LTPDA Introduction,

GSFC, 11th October 2011 18
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CONStruct

e A special method of a c
instance of the class (bu

ass which builds an
lds an object)

e hormally the method has -

e Examples:

‘he same name as the class

e car(‘blue’) - builds a blue car
e animal(‘dog’, ‘brown’) - builds a brown dog which is a

type of animal

‘ LTPDA Introduction,
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property

e A property is one aspect of a class (or object)

® -xamples:
e o ‘car’ might have properties:
e make, color, top-speed, cost
¢ an algorithm might have properties
® input-type, different configuration parameters

‘ LTPDA Introduction, GSFC, 11th October 2011
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iINheritance

e classes can inherit behaviour (methods and
oroperties) from other classes

vehicle

-color
+start

PN

boat

-# sails

wheeled
-# wheels

i

e

AN

bicycle
+ Start

LTPDA Introduction, GSFC, 11th October 2011
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Analysis Objects

e Aim to store data products

creator
- Name dqte

- Numerical data IP address

vectors Numerical Provenance Hostname

v . . Operating System
Creation date/time Data

- Additional flags software versions

Additional Processing Name
Name meta-data history

ID number
Comment
pipeline file(s)

Algorithm version
Parameter 1list
Creation date/time
Input histories

L TPDA Introduction, GSFC, 11th October 2011
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AO Methods

>> methods ao

Contents
abs

acos

angle

ao

asin

atan

atan2
bilinfit
bin_data
bsubmit
buildWhitenerlD
cat

char
cohere
complex
compute
confint
conj
consolidate
conv
convert
copy

corr

cos

cov

cpsd
crbound
created
creator
csvexport
ctranspose
curvefit
delay
delayEstimate
demux

det

detrend

dft

diag

diff

display
dopplercorr
downsample
dropduplicates
dsmean

dx

dy

eig

€q

egmotion
evaluateModel
exp

export

fft

fftfilt
filtSubtract
filter
filtfilt
find
firwhiten
fixfs

fngen
fromProcinfo
fs
gapfilling
gapfillingoptim
ge

get

getdof
gnuplot

gt
heterodyne
hist

hist_gauss
hypot

ifft

imag

index
integrate
interp
interpmissing
inv

iplot

iplotyy
isprop
isvalid

join

lcohere

lcpsd

le

len
1linSubtract
lincom
linedetect
linfit
lisovfit

1In

log

logl0

lpsd

lscov

1t

1tfe
ltp_ifo2acc
max

mcmc

md5
mdcl_contZ2act_utn
mdcl_ifo2acc_fd
mdcl_ifo2acc_fd_utn

mdcl_ifo2acc_inloop
mdcl_ifo2cont_utn
mdcl_ifo2control
mdcl_x2acc
mean

median

min

minus

mode

mpower
mrdivide
mtimes

ne

noisegenlD
noisegenZD
norm

normdist

nsecs

offset
optSubtraction
phase

plot

plus

polyfit
polynomfit
power

psd

psdconf

pwelch
quasiSweptSine
rdivide

real

rebuild
removeVal
report
resample

rms

rotate

round
sDomainFit
save

scale
scatterData
search

select
setDescription
setDx

setDy

setFs
setMdlfile
setName
setPlotinfo
setProcinfo
setTO

setUUID

setX

setXY
setXunits

setY

setYunits

setZ

sign
simplifyYunits
sin

sineParams
smallvector_lincom
smallvectorfit
smoother

sort
spectrogram
spikecleaning
split

spsd

sqrt

std
straightLineFit
string
submit

sum

sumjoin

svd

svd_fit

t0

table

tan

tdfit

tfe
timeaverage
timedomainfit
times
timeshift
transpose
type

uminus
unwrap
update
upsample
validate
var
viewHistory
whitenlD
whiten2D

X

xcorr

xfit

Xunits

y

yunits
zDomainFit
zeropad
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Tracking history...

4
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Tracking history...

m-) history

R

name

vVersion

L TPDA Introduction, GSFC, 11th October 2011
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Tracking history...

4

name

vVersion
- -
Version

data

input
histories
params

L TPDA Introduction, GSFC, 11th October 2011
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Tracking history...

R

version

name

Input
histories

Version
- -ra | e
data Version

input
histories

params

L TPDA Introduction, GSFC, 11th October 2011
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Tracking history...

version

name

Input
histories

Version
- -ra | e
data Version

input
histories

params

version

histories

‘ L TPDA Introduction, GSFC, MZOﬂ
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Tracking history...

name

name version y
¢

‘0

: 3
INPUT PR
TN =
‘
.
paramnis :‘

Version
- -
data Version

input
histories

params

version

histories

‘ L TPDA Introduction, GSFC, MZOﬂ
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Smart algorithms

Algorithmic step

A~
. -

. “
- ~

input
history

~~ asciiimport 1 TN _~7 asciiimport2 TN
~~._ Channel x12 ~._Channel etal2

>

.

-

Algorithm
history

“ -
~ -

A0l }(]2

input
history

2 S g = —~ -~ AP . ,‘\\
(_time-series selection | ) (_time-series selection 2 )

—_—
|

|
\ |
\ AD3 "A(]S

(" Ipsd with 150dB "
“\_f(axscr Windov._'__ A

/ [IR bamdpass\-.
[ 3-100mHz

e \:cth orda.i.. /
\ "' — —

\\Am
g\ /

%
combine |

traceable results
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Viewin

istory

s(FILENAME=mde2 12 20,
COLUMNS~{1 2], ROBUST=no,
TYPE-tsdats, XUNITS~Ixunz,
YUNITS =1 xrat, COMMENT_CHAR~
*, USE_FS=", FILEPATH~")

l

setNure(NAME=o!_nl)

l

St Yirdy YUNITS »m)

Y
setDescripton DESCRIPTION -
Nozz outp....)

Y
save(FILENAME-ol _nl.xmi)

:

o FILENAME=Usershew...)

;

seiName(NAME-ol)

l

whien! IXMODEL-{], MAXITER~
50, POLETYPE-2, MINORDER~17,
MANORDER=2S8, WEIGHTS=2, PLOT-
rue, DISP~truz, RMSEVAR~3,
FITTOLERANCE-0.08, KDES~100,
IDES=1er03, LMIN =0, WIN=Ixspecwin,
OLAP=-1, ORDER~0, SCALE-PSD,
RAND _STATE=2.1¢105)

l

sd{JDES=1¢403, KDES~100,
EMIN=O, WIN=Ixspecwm, OLAP-
0.661, ORDER~0, SCALE~PSD)

Siao
[WaYEFORM=
noise, SIGka=

1,F5=1,
MNSECS=1e+04,
YUNMITS=Y,
A=1,F=1.23,
PHI=0, T0=
1970-01-01...,
TOFF=0, XUNITS=
3, RAND_STATE=
[3.62e+08;5.21e+08])

1:index
[I=1,J=2]
It e[roise-=(Ip_filker{nois el+nois

ell

2:Itfe

[NFFT=1e+03,

Wik=EH32,
OL&P=0.661,

ORDER=0,

KDES=100,
JDES=1e+03,

LMIN=0, YARIANCE=

noise [Ip_fikernoisel+noise]

[3.62e+08;5.21e+08])

/ 4 plus
7 [ermnpty-plist]
P4 Ip_filterinaise) noise
4 L
/ s AN
,/ S: simplify funits \
/7 [PREFIXES= \
7 1dogical, \
EXCEPTIONS=
7/ " \
// Ip_filterfioise]
{/ S ﬁll
:filter
/7 [FILTER=",
GDOFF=[],
BANEK=parallel]
hoise
,.
, &: miir
/ [PZMODEL=
F 1x1xpzmodel. hist,
Tao =
[WAYEFORK=
noise, SIGka= & pemodsl
1,F3=1, : pzmod:
NSECS= 18404, (MaEip fier,
YUNITS=Y, YTV ]Epz'
A=1,F=1.23, oy
1970-04-01..., 2EROS]
TOFF=0, XUNIT 5= B
3, RAND_STATE=

10: ao
[WaYEFORM=
noise, SIGka=
3,F3=1,
MNSECS=1e+04,
HUNITS=4,
A=1,F=1.23,
PHI=0, T0=
1970-01-01...,
TOFF=0, XUNITS=
3, RAND_STATE=
[3.62e+08;5.21e+08])

T

=] ] ] i ] | J [ J | | J 1 )1 J JE J
| | | | | I 1 1
[ I )( ] ) ][ 1( )( ] ) I 1 )( ] ) ]
]
]
]

l%:
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Reliving history

obj.type(<file>)
output commands needed
to rebuild this object

robj = obj.rebuild
rebuild this object

‘ LTPDA Introduction, GSFC, 11th October 2011
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Objects, Objects, Everywhere...

e The LTPDA Toolbox is fully object-oriented

e [he user deals with:

o ‘| TPDA user objects’

e MATLAB primitives (strings, doubles, logicals, etc)
¢\/Ve have 13 LTPDA User Classes

® ‘a0, ‘collection’, 'filterbank’, 'matrix’, ‘'mfir’, ‘miir’,

‘parfrac’, 'pest’, 'pzmodel’, 'rational’, 'smodel’, 'ssm’

)

‘timespan’

e [wo°

nelper’ classes

e ‘plis

1

o time’

LTPDA Introduction, GSFC, 11th October 2011 28
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Class-diagram

1

(" ttpda_obj )

L TPDA Introduction, GSFC, 11th October 2011
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Class-diagram

9

tpda_nuo <—( ltpda_ob) )

LTPDA Introduction, GSFC, 11th October 2011
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Class-diagram

9

ltpda_nuo (—(Itpda_obj )—) ltpda_uo

LTPDA Introduction, GSFC, 11th October 2011
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Class-diagram

ltpda_nuo (—(Itpda_obj )—) ltpda_uo

‘ LTPDA Introduction, GSFC, 11th October 2011
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Class-diagram

ltpda_nuo (—(Itpda_obj)—) tpda_uo =—>»

v \

history  +20 others...

el

LTPDA Introduction, GSFC, 11th October 2011
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Class-diagram

ltpda_nuo (—(Itpda_obj )—) ltpda_uo

v \

history  +20 others... /

A

ltpda_uoh

LTPDA Introduction, GSFC, 11th October 2011
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Class-diagram

----------------

4

ltpda_nuo (—(Itpda_obj)—) ltpda_uo —> plist

-----------------

history  +20 others... / U |me ______ ]

ltpda_uoh
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Class-diagram

----------------

4

ltpda_nuo (—(Itpda_obj)—) ltpda_uo —> plist

-----------------

history  +20 others... / U |me ______ ]

ltpda_uoh

ltpda_filter
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Class-diagram

----------------

4

ltpda_nuo (—(Itpda_obj)—) ltpda_uo —> plist

-----------------

history  +20 others... / U |me ______ ]

ltpda_uoh

ltpda_filter
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Parameter lists

e Essentially all methods and constructors are
configured by parameter lists (plists)

o A parameter list has:
® o [ist of parameters
e 2 name (inherited)
® o description (inherited)
e o UUID* (inherited)
e —ach parameter has a ‘key’ and a ‘value’
® kKey == string
e value == MATLAB primitive or LTPDA object

H *http://en.wikipedia.org/wiki/UUID
LTPDA Introduction, GSFC, 11th October 2011 30
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Examples:

>> pl = plis — :
T st o1 —mpty Parameter List
n params: @

description:
UUID: 9d9ef3a6-52f1-4fbf-a442-1f83d9d7bob88

>> pl = plist('a’', 1, 'b", "two")

___________ LSt O —ommemee Parameter list with

n params: 2

L param 1 - two parameters, ‘a’
wle 1 and ‘b’

---- param 2 ----
key: B
val: 'two

description:
UUID: d4b59063-292c-4254-b562-0fef3fbllcl?

a LTPDA Introduction, GSFC, 11th October 2011 31
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Building objects

e Objects are built using class constructors:
® object = <class_name>(<arguments>)

o[ '
_Xamp|eS- >> a = do| empty analysis object

>> a = ao(1)| analysis object with a single data value

>> a = ao(plist(‘vals’, 1))| as above, using a plist
>> s = smodel(‘a*x+b’) | symbolic model of a straight-line

>> S = mfir(‘Filter-xml’). build an FIR filter by loading it from a file

>> pl = plist(‘filename’, ‘filter.xml’)

>> s = mfir(pl) as above, using a plist

‘ LTPDA Introduction, GSFC, 11th October 2011
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Getting help

e How do | know which parameters to put in my
plist?

>> help mfir'

MFIR FIR filter object class constructor.
969696676%6%676363636969696676767676363696969696676 767676 63636969696767676767663636969696676. 7676766 363696969696.6. 76767656 363696969696.6. 7676765656696

DESCRIPTION: MFIR FIR filter object class constructor.
Create a mfir object.

CONSTRUCTORS:

f = mfirQ) - creates an empty mfir object.

Parameter Sets

VERSION: $Id: mfir.m,v 1.103 2010/05/05 ©9:30:07 ingo Exp $
SEE ALSO: miir, ltpda_filter, ltpda_uoh, ltpda_uo, ltpda_obj, plist

9696%67676766676767676J6%676767676676676766J6%676767676.76767676766J676767676.76.7676767666J676767676.76.6676766606767676.76.76.76676766606 66767606

‘ LTPDA Introduction, GSFC, 11th October 2011
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Getting help

e How do | know which parameters to put in my
plist?

>> help mfir'

MFIR FIR filter object class constructor.
969696676%6%676363636969696676767676363696969696676 767676 63636969696767676767663636969696676. 7676766 363696969696.6. 76767656 363696969696.6. 7676765656696

DESCRIPTION: MFIR FIR filter object class constructor.
Create a mfir object.

CONSTRUCTORS:

f = mfirQ) - creates an empty mfir object.

Parameter Sets

<€ ClICK here

$Id: mfir.m,v 1.103 2010/05/05 09:30:07 ingo Exp $

SEE ALSO: miir, ltpda_filter, ltpda_uoh, ltpda_uo, ltpda_obj, plist

9696%67676766676767676J6%676767676676676766J6%676767676.76767676766J676767676.76.7676767666J676767676.76.6676766606767676.76.76.76676766606 66767606
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LTPDA Toolbox contents
Method Report for mfir/mfir

Some information of the method mfir/mfir are listed below:

Class name mfir

Method name mfir

Category Constructor

CVS Version $id: mfir.m,v 1.103 2010/05/05 09:30:07 ingo Exp $

Min input args 0
Max input args
Min output args 1
Max output args 1

1

Sets for this method ...
Default

From MAT File

From XML File

From Repository

From Built-in Model

From Standard Type
From Pzmodel

From A
From AO

Default

Key Default Value Options Description

NAME ?"'_None; none The name o_fr‘t_he constructe& FIR_fiiter.

DESCRIPTION - none The description of the constructed FIR filter.

a back to top 34
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Getting more help

o | TPDA Toolbox has a decent amount of

documentation:
e >> doc Itpda

¢ \\V\hich methods are available?
e >> methods <class name>
® cxample:

>> methods mfir

Methods for class mfir:

Contents display mfir setA setPlotinfo update
bsubmit eq ne setDescription setProcinfo viewHistory
char get rebuild setHistout setUUID

copy impresp redesign setlunits simplifyUnits

created index report setMdlfile string

creator isprop resp setName submit

csvexport isvalid save setOunits type

‘ LTPDA Introduction, GSFC, 11th October 2011
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Setting object properties

® Properties of an object can be set using ‘setter’
methods, or during construction:

>> a = ao(plist('name', 'bob'))
——————————— ao Q1: bob -----------
name: bob

data: None

hist: ao / ao / $Id: ao.m,v 1.315 2010/06/25 13:55:38 ingo Exp $
mdlfile: empty
description:
UUID: 500458d6-2a4d-42a9-8d25-3fe5ebd1548f

>> d = ao0;
>> a.setName('bob")
——————————— ao Q1: bob -----—-—-----
name: bob
data: None
hist: ltpda_uoh / setName / $Id: setName.m,v 1.12 2010/06/07 16:35:26
ingo Exp $

mdlfile: empty

description:
‘ UUID: 7172543d-e69d-4fcf-abdd-b111b9c16434
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Moditying or copying...

e Many methods can be used to modity existing
objects; some methods create new objects
e Modifying:
®>> da.setName( ‘bob’)
e the object ‘a’ will be modified and its name changead
e Copying:
®>> b = ag.setName( ‘bob’)

e object ‘a’ will be copied. The copy will get the name ‘bolb’
and ‘a’ will be left intact

e Some methods can not be used as modifiers

‘ LTPDA Introduction, GSFC, 11th October 2011

37

Thursday, October 6, 11



Help!
¢ \/Vhich properties does an object have?

® >> properties <class_name>
® >> properties(object)

Note: some properties are read-only. You need to check
for the existence of a setter method like ‘setName’.
These methods take care of the history for you!

ﬂ LTPDA Introduction, GSFC, 11th October 2011
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Viewing history

trees
® Using matlab

e Use graphical explorer
e >> [tpda_explorer(ob))

¢ | 00Ok at the commands:
* >> type(ob))

e \\\Ve have two static ‘viewers’:

e Using graphviz (recall the introduction)
e outputs vector graphics so can be used for huge history

e suitable for small history trees only

@ objects

EH data hist 1x1 history
[ version

» @M History Object
> Info

!!!!!!!

(erptypiet)

LTPDA Object explorer

‘ L TPDA Introduction, GSFC, 11th October 2011 39
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Viewing history

e \\\Ve have two static ‘viewers’:

e Using graphviz (recall the introduction)

e outputs vector graphics so can be used for huge history
trees

® Using matlab
e suitable for small history trees only

ann Exploring objects
[ e ——— —
>> type(a)
o S
———————————————————————— bob--------------o -
® >
a2812886 = ao([plist()]); % ao
S I_ a2818295 = setName(a2812886, [plist('NAME', 'bob')]); % ltpda_uoh
O( ,
a_out = a2818295;
>
———————————————————————— bob------------m o
‘. __________________________________________________ ect explorer
LTPDA Introduction, GSFC, 11th October 20711 39
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Build a time-series AO

e AOs can contain different types of data
e [ime-series data are stored in a tsdata object
¢ |n this case, the ao.data field will be a tsdata object
e [hey also have properties:

tsdata

Absolute time-stamp

0 of first sample

Xunits X-axis units

yunits Y-axis units

e Constructors:
® g = ao(vector, sample_rate)
@ a = ao(plist('tsfcn', 't. A2 + t', '"fs', 10, 'nsecs',6 1000))
® others: >> help ao, click ‘Parameter Sets’

‘ LTPDA Introduction, GSFC, 11th October 2011
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Basic Math

e You can operate on AOs using a large set of

methods
¢ |n particular, many typical Math operations are available

(overloaded)
e Further details at: http://www.lisa.aei-hannover.de/ltpda/
documents/files/operator_rules.pdf

a =ao(l); a=ao(2); a= [ao(1l) ao(2) ao(3)];
b = ao(2);! a.A2 b = ao(4);
c = a+b c=a+b

da

al

da plus ipdot

az Mew Block Wew Block 1
daa

a3

‘ LTPDA Introduction, GSFC, 11th October 2
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Saving and loading objects

o Al

T

loaded from), f

D

DA Use

o XML format
e pinary MAT format

>> save(a, 'foo.xml")
"foo.mat"')

>> save(a,
>> d
>>

>>

.save(plist('filename', "foo.xml'))
b = ao('foo.xml")
>> ¢ = ao('foo.mat") .
d = ao(plist('filename', 'foo.xml")) </object>

- Objects can be saved to (and

le in

<?xml version="1.0" encoding="utf-8"2>
<ltpda_object ltpda_version="2.0 (R2008b)">
<object shape="1x1" type="ao">
<property prop_name="data" shape="1x1" type="fsdata">
<object shape="1x1" type="fsdata">
<property prop_name="t0" shape="1x1" type="time">
<object shape="1x1" type="time">
<property prop_name="utc_epoch_milli" shape="1x1"
<property prop_name="timezone" shape="1x1" type="
<property prop_name="timeformat" shape="1x23" typ
<property prop_name="time_str" shape="0x0" type="
<property prop_name="version" shape="1x53" type="

</property>

LA

<property prop_name="navs" shape="1x1" type="double">1<
<property prop_name="fs" shape="1x1" type="double">1000
<property prop_name="enbw" shape="1x1" type="double">0.
<property prop_name="version" shape="1x55" type="char">
<property prop_name="xunits" shape="1x1" type="unit">
<object shape="1x1" type="unit">
<property prop_name="strs" shape="1x1" type="cell'

LTPDA Introduction, GSFC, 11th Octobér 2011 42
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Reading existing data files

¢ You can construct AOs from existing ASCII (raw)
data files

a = ao('topicl/simpleASCII.txt")

sigs = ao(plist('filename', "topicl/multicolumnASCII.txt",
"columns', [1 315], ...
"'name', {'sin2', 'sin4'}, ...
'yunits', {'m', 'm'}, ...
'"description', {'sine wave at 2Hz', 'sine wave at 4Hz'}))

‘ LTPDA Introduction, GSFC, 11th October 2011 43
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Hands on the keys...

® You can work through these concepts in the

relevant section of the documentation
e “| TPDA Training Session 17

LTPDA Toolbox contents (4] E’

LTPDA Training Session 1

This series of help pages consitute the first training session of LTPDA. The various data-packs used throughout the tutorials {’
are available for download on the LTPDA web-site. #.

1. Topic 1 - The basics of LTPDA

2. Topic 2 - Pre-processing of data

3. Topic 3 - Spectral Analysis
4. Topic 4 - Transfer function models and digital filtering

5. Topic 5 - Model fitting
e ——ee——eeeeee 3——«

‘ LTPDA Introduction, GSFC, 11th October 2011
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Introducing the worklbench

0.006

File Edit View Format Pipeline Tools Window Help

Itpda_training_workbench.lwb

+ | |-

¢

.
g

Q

.

4

.

» 4HEIC K 4K JHENSENSHENEE

Gl
,

% Topicl
% Topic2
» %¢ Topic3
» ®¢ Topic4
» 8 TopicS

Shelf  Library  Pipelines ]

Properties

[ Controls

|_created by: hewitson

created on: 2010-D8-403(14155132
modified on{ 2010-08-08 17:29:34

_Topig 5 + Mode! fitting

ao
split

——

|‘|o
20 ew Bloc
filter

remp

ao split

x: 0000 y: 0000

V7
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Introducing the worklbench

PO Itpda_training_workbench.lwb
File Edit View Format Pipeline Tools Window Help

+ B4 20X 2 |8 [ a[aQFE[?2/0 = 82

*¢ Topicl \ O.60.60 Topic5
% Topic2 . .
> e Graphical editor for LTPDA commands
> 9 TopicS Topid 5 - Mbdel fitting
E‘ split Ssplit
g | 0 msfmmw
5 filter
.- temD
7 ao Split

4 ( x: 0000 y: 0000
Z
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Introducing the worklbench

n06006 Itpda_training_workbench.lwb

File Edit View Format Pipeline Tools Window Help
. : I ‘T s z z == = YESHE
+.U“_D 4 ix;@~' ‘§°s°sg s:]gl?ua- _.f’
% Topicl
% Topic2
» %¢ Topic3
» %¢ Topic4
> S8 Topic5
S A
-3
o
-y
]
S
-l
E
ao split
.g tﬁ
g ra ew Blo...
o
o
-
o
. —————————— .
4 ( : x: 0000 y: 0000
Z
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Introducing the worklbench

SNeNG) Itpda_training_workbench.lwb

File Edit View Format Pipeline Tools Window Help

@@ ][220 [X][e[=2][2][8][a]a]

%F Topicl
%¢ Topic2
» %% Topic3
» %¢ Topic4
> S8 Topic5 -
i Create multlple plpellnes IN one Workbeneh
g sont 1 | 1 | | | | | | | | .S om_ 1 [ | | | | | |
Edit block parameter Ilsts N plaee}

:

R

4 (100% H

x: 0000 y: 0000
Z.
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Introducing the worklbench

MO0 Itpda_training_workbench.lwb
File Edit View Format Pipeline Tools Window Help

+HU4-_’011X1--'I$°~°~séjél?umi,.?

%F Topicl
%¢ Topic2
» %% Topic3
» %¢ Topic4
> S8 Topic5 r
i Create multrple prpelrnes N one Workbeneh
; fsemt | [ | | | | 1 1 1 1 1 ®som | 1 1 1 1 1 1 |
Edrt bleek parameter Irsts In |o|ac>e|
Create (reusable) subsystems
4 ((100% A x: 0000 y: 0000
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Introducing the worklbench

SESNS) Itpda_training_workbench.lwb

File Edit View Format Pipeline Tools Window Help
me T 5 z == YESHE
+.u‘§L~DLixgﬁ*"g"sc’sgszj;l?vmga y
%F Topicl
®F Topic2
» %% Topic3
» %¢ Topic4
> S8 Topic5
-3
o
-y
]
S
-l
S
&
<
g
o
a.
s
&)
A
v
4 (100% WA x: 0000 y: 0000
.
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Parameter list editing

Current Parameters M

Key Value Edit
FIGURE ]
COLORS {{0.80000000000
ARRANGEMEN]|stacked

FUNCTION plot

LINECOLORS
LINESTYLES
MARKERS
LINEWIDTHS
LEGENDS
LEGENDLOCAT|NorthEast
XERRL (]
XERRU (]
YERRL 1]
YERRU ]
XSCALES

() ) e e e o ) &

g

set =]+
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Parameter list editing

S B Different parameter sets

N

Key Value Edit
FIGURE 0
COLORS ((0.80000000000{ ... |
ARRANGEMEN]|stacked
FUNCTION  |plot
LINECOLORS
LINESTYLES
MARKERS
LINEWIDTHS
LEGENDS
LEGENDLOCAT|NorthEast
XERRL i
XERRU i
YERRL i
YERRU 7
XSCALES

s E+

AREEEEEEEEEEEE

sls l

g

‘ L TPDA Introduction, GSFC, 11th October 2011

Thursday, October 6, 11



Parameter list editing

[ Current Parameters hﬂ

Key Value Edit

f:lgtjg:s ((0.80000000000{ ... Parameter ‘key,

ARRANGEMEN]|stacked |
FUNCTION plot !
LINECOLORS
LINESTYLES
MARKERS
LINEWIDTHS
LEGENDS
LEGENDLOCAT|NorthEast
XERRL 1
XERRU 1
YERRL ]
YERRU 1
XSCALES

C Fl+

(] ) g e v =

4 >

g
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Parameter list editing

' Current Parameters *'ﬂ

N

Key Value Edit
FIGURE

COLORS {{0.80000000000¢% ...
ARRANGEMEN)]|stack
FUNCTION plot
LINECOLORS
LINESTYLES
MARKERS
LINEWIDTHS
LEGENDS
LEGENDLOCAT|NorthEast
XERRL 1
XERRU ]
YERRL 1

YERRU U E
XSCALES v |

o =]+

Parameter ‘Key’

Parameter “value’

AEEEEEEEEEEEEE

g
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Parameter list editing

[ Current Parameters f-ﬂ

Key Value Edit

2383:5 {{0.80000000000Y ... Parameter ‘key,

ARRANGEMEN|stack
FUNCTION plot - ‘ ,
LINECOLORS

ISmoONon : FParameter "value
MARKERS

NEWDTHS Open “special” editor

LEGENDS
LEGENDLOCAT|NorthEast
XERRL U
XERRU i
YERRL U

YERRU (] E
XSCALES D

Set (=] +

AEEEEEEEEEEEEE

g
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Parameter list editing

B — ) Different parameter sets

Key Value Edit

ngg:s {{0.80000000000Y ... Parameter ‘key,

ARRANGEMEN]|stack
FUNCTION  |plot ‘ :
LINECOLORS Parameter "value
LINESTYLES o

MARKERS ‘ . 1y :
LNEWDTHS - Open "special” editor

LEGENDS

=== EEEE

NorthEast
XERRL ]
XERRU i
YERRL |

[

] =
veRRU ) o parameter

Set (=] +

-

Y=
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Parameter list editing

i —— =) Different parameter sets
Key Value Edit -
ggtjg;s {{0.80000000000( ... Parameter key
W/ |ARRANGEMEN{stack
M[FUNCTION  [plot ‘ ,
esscoons Parameter ‘value
LINESTYLES -
™ |MARKERS ‘ . .
TS = Open “special” editor
| -0 rI‘\]JorthEasz
™ |XERRU i
' MIYERRL i
e — = parameter
>l (=] g Add/remove a parameter
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Parameter list editing

[.*&urrént Parameters ,.,v%

Key Value Edit -
ngg:s ((0.80000000000( ... Parameter key
M|ARRANGEMEN{stack
MIFUNCTION  [plot — ‘ :
R hwecoLoRs Parameter ‘value
LINESTYLES
M |MARKERS ‘ . .
DT Open “special” editor
| 200 gor{hEaS{ 7 H
W |XERRU i -
'MI|YERRL i
T = parameter
<l 8" Add/remove a parameter
'Set’ a parameter set
‘ L TPDA Introduction, GSFC, 11th October 2011 47

Thursday, October 6, 11



Special blocks

4

S O O NN A B
- This part of my pipeline does all
—+— the good stuff.
il & From Pipeline
I
r ToWsS
TATFlOC =1:10
[ ed | b

ux De...

100
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Special blocks

Annotation

4

1

This part of my pipeline does all
the good stuff.

|

Eai—Eal e O O i

From Pipeline

ToWsS

100
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Special blocks

Annotation

1

This part of my pipeline does all
the good stuff.

|

Eai—Eal e O O i

From Pipeline

MATLAB

EXpressions

4

ToWsS

100
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Special blocks

Annotation

JJJJJJJJJJJ

the good stuff.

MATLAB

EXpressions

MATLAB

Function

4
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Special

blocks

Annotation

JJJJJJJJJJJ

the good stuff.

MATLAB
EXpressions

\VAY I WAV
Function

4
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Special

blocks

Annotation

JJJJJJJJJJJ

the good stuff.

MATLAB
EXpressions

\VAY I WAV
Function

4

|
8
1]
L
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Special

blocks

Annotation

JJJJJJJJJJJ

the good stuff.

MATLAB
EXpressions

\VAY I WAV
Function

4

|
8
1]
L
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Special blocks

Import objects
from another
pipeline

Annotation

JJJJJJJJJJJ

the good stuff.

MATLAB AT 0 Workspace
EXpressions

\VAY I WAV
Function

Mux/Demux

Constant

‘ L TPDA Introduction, GSFC, 11th October 2011 48
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Shortcut keys

ctrl-s

Save workbench

ctrl-n

New pipeline in current worklbench

ctrl-c,ctrl-v,ctrl-d

copy, paste, duplicate

ctrl-t comment-out block(s)
ctrl-b quick-block dialog
ctrli-1 edit canvas info
ctri-f find blocks in worklbench
shift-F1 help on selected block

&

LTPDA Introduction, GSFC, 11th October 2011
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INnterferometer- lemperature example

¢ \/\le have a data analysis exercise which will
develop fully over the course of the training

Session
e [his Is the first part: reading and preparing the data

¢ \/Vork through help section
® [OpIC
e |[FO/Temperature Example - Introduction

D
e

‘ LTPDA Introduction, GSFC, 11th October 2011 51
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Reading IFO and Temperature data

clear all;
%% Read IFO and Temperature data from disk
pl = plist('filepath', 'DataPack/ifo_temp_example',

‘columns', [1 2],
'type', 'tsdata');

ao(pl.pset('filename', 'ifo_training.dat',
‘yunits', 'rad',
'name', 'ifo'));
temp = ao(pl.pset('filename', 'temp_training.dat"',
‘vunits', 'degC',
'name', 'temp'));

ifo

%% Calibrate IFO data to m

ifo_cal = ifo.scale(plist('factor', 1064e-9/2/pi, 'yunits',
%% Calibrate temperature data to K

temp_cal = setYunits(temp + 273.15, 'K')

%% Save calibrated data

save(ifo_cal, 'ifo disp.mat');

save(temp_cal, 'temp_kelvin.mat');

‘ LTPDA Introduction, GSFC, 11th October 2011
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Topic 2: Pre-processing data

o \/\/hy"/

e data preparation for further analysis

ol |

D

DA contains a bunch of functions for

e resampling data

® interpolation of data
® de-trending data

® Noise whitening

¢ Jata selection

4

L TPDA Introduction, GSFC, 11th October 2011
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Look In the help!

rQ- Search

Search Results |

N

2

v & LTPDA Toolbox
» [ Getting Started with the LTPDA Toolbox
4)- Examples
» [ Introducing LTPDA Objects
» [B) Parameter Lists
» B Simulation/modelling
v Signal Pre-processing in LTPDA
Downsampling data
Upsampling data
Resampling data
Interpolating data
Spikes reduction in data
Data gap filling
Noise whitening
» @ Signal Processing in LTPDA
3 @ Craphical User Interfaces in LTPDA
» [B) Working with an LTPDA Repository
» [ Class descriptions
B Functions - By Category
v [B LTPDA Training Session 1

& o #H- [ » LTPDA Toolbox » Signal Pre-processing in LTPDA » -

LTPDA Toolbox nten («] (%]

Signal Pre-processing in LTPDA

Signal pre-processing in LTPDA consists on a set of functions intended to pre-process data
prior to further analysis. Pre-processing tools are focused on data sampling rates
manipulation, data interpolation, spike cleaning and gap filling functions.

The following pages describe the different pre-processing tools available in the LTPDA
toolbox:

e Downsampling data

e Upsampling data
eResampling data

e Interpolatin t

e Spikes reduction in data
e Data gap filling

e Noise Whitening

[€] Converting models to digital filters Downsampling data ]

e ———
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Resampling

® Integer factor

e Down-sample (ao/downsample)
e for example, to reduce data load
e Up-sample (ao/upsample)
e for example, to match sample rates, do ‘better’ filtering

¢ Re-sample (ao/resample)
e fs_out = P/Q * fs_in (P and Q are integers)

‘ LTPDA Introduction, GSFC, 11th October 2011
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Topic 2 - Exercises 1,2,3

e Open MATLAB documentation

e |n the MATLAB terminal
e >> doOC

® “Help -> Product Help>"

* \WOrk through
o | TPDA Toolbox - LTPDA Training Session 1 Topic 2
e Downsampling
e Upsampling
e Resampling

‘ LTPDA Introduction, GSFC, 11th October 2011
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Interpolation

el

Figure 4
File Edit View Insert Tools Desktop Window Help

» NEgde h AAOPRE- 2 0@ O

Time origin: 1970-91-01 00:00:00.000
-

57 Y

1 . T
Jy .\ g —=1one
}" L \ ——spline(x)
0.8 f 3 ;! \__ nearest(x) ||
/

N [
7 x 4\

Amplitude [V]

9.8 \ Fid .

) A\

1 Tﬁb D

4] 8.1 0.2 0.3 8.4 a.5 a.6 a.7 a.8 a.9 1
Time [s]

work through:
Topic 2- Interpolation
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Interpolation

‘vertices’

new time grid

interpolation methods

linear’ inear interpolation
‘'spline’ spline interpolation
‘cubic’ cubic interpolation
‘nearest’ nearest neighbour

i

work through:
Topic 2- Interpolation

Figure
File Edit View Insert Tools Desktop Window Help

» Dogde b

% & Py
S N SY =

57 Y

Time origin: 1970-91-91 00:00:00.000
-

A-2 0@ uD

1 1
A

0.8 /

0.6
A

[v]

P
0.4
0.2
o

Amplitude

P

...............

.o 4
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Detrending data

e Remove trends by
e subtracting polynomial fit from data
¢ 90/detrend calls MATLABSs polyfit

N el

Figure 2
File Edit View Insert Tools Desktop Window Help

» Ngde M AATPDRAL- 2 0@ a0

Time origin: 1976-91-91 00:00:00.000
120

100

20 /

work through: 6@ pe
Topic 2- Removing trends

Amplitude [V]

AN

T [s]
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Whitening

e [he LTDA Toolbox offers various ways to whiten

your data

e with a known filter
e puild filter and apply it to your data

e with a known model of spectral content

e Use whiten1D
e for single, uncorrelated data streams

e whiten2D
e for a pair of correlated data streams

e without model (Exercise)
¢ et whiten1D fit a model to the spectrum of your data

work through
Topic 2 whitening

‘ LTPDA Introduction, GSFC, 11th October 2011
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Time-series in LTPDA v2.5

toffset
« > X1 R
t=0 t0
sets t@ which means the data moves In
setTO . .
time (toffset is unaffected)
: sets t@ and recalculates toffset to leave
setReferenceTime .
the data in place
cotToffeat sets the toffset to thel gl\{en value which
means the data moves in time
timeshift(dt) |changes toffset by dt

A LTPDA Introduction, GSFC, 11th October 2011
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Select & find/ split & join

e Chose the samples you want to analyse

e find/select data samples by its properties
e sample numbers - ‘select’
e query for x and y values - ‘find’

e split data by
¢ ntervals, times, frequencies, samples
e Group of functions helps you to
e for find and select exactly the data you want split your
data into pieces and eventually
® join them back together

Work through
Topic 2 - select and find, split and join

‘ LTPDA Introduction, GSFC, 11th October 2011
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Pre-processing the IFO/Temp data

e [here Is a useful function which ‘cleans up’ the

data
® consolidate

e consolidate fixes our two data streams such

that

e they start at the same time

¢ they have the same sampling rate

¢ the are evenly sample on the same grid

¢ \/\Vork through

o | TPDA Toolbox - LTPDA Training Session 1, Topic 2
o [FO/Temp example

‘ L TPDA Introduction, GSFC, 11th October 2011 63
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IFO-Temperature - topic 2

clear all;

%% Load calibrated IFO and temperature data
i f ao('ifo disp.mat');
e ao('temp_kelvin.mat');

0
mp

o

%% Plot subplots
iplot(ifo, temp, plist('arrangement', 'subplots'))

%% Plot zoomed area

ppl = plist(...
‘arrangement', 'subplots’,
'linestyles', {'none', 'none'},
'markers', {'all', '+'}, ...
‘xranges', {'all', [200 210]}, ...
‘vranges', {[2e-7 3e-71, [200 350]});

iplot(ifo, temp, ppl)

%% Consolidate the two data series
[temp_fixed ifo_fixed] = consolidate(temp, ifo, plist('fs',1));

%% Plot fixed data
iplot(ifo, temp, ppl.pset('xranges', {'all', [0 20]}))
iplot(ifo_fixed, temp_fixed, ppl.pset('xranges', {'all', [0 20]}))

%% Save the data

save(temp_fixed, 'temp fixed.mat');
save(ifo_fixed, 'ifo fixed.mat');
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Power Spectral Density Estimation (1)

Definition;

P.(f)=— ) R.(m)exp(=2zi-f-m/f,)

—stimates the one-sided PSD:

0, —Lsst

P.(f)= i |

2p,(f). 05 <L

ﬂ LTPDA Introduction, GSFC, 11th October 2011
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Power Spectral Density Estimation (2)

e [he PSD at each frequency Is estimated via the
Welch method:

e Given a discretized signal x[n] of length N, Data are
divided into segments of length L and multiplied by a

window
e this also reduces the edge-effects (simulating a periodic
seguence)
e The PSD at each frequency f is estimated as:
2
: X, |
e where Pxx(f)=f.L.U
x,[n]= x[n]w[n]
L-1 L-1
fn) 1 2
f = exp —2m — =— w(n)
S B

n=0
‘ LTPDA Introduction, GSFC, 11th October 2011 67
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Power Spectral Density Estimation (3)

e \ethods:

e 90/psd: linear frequency scale
e 90/Ipsd: log-frequency scale
e specwin: iImplements spectral windows

‘ LTPDA Introduction, GSFC, 11th October 2011
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Power Spectral Density Estimation (4)

® g = [a0 with
S = a.psd(p
‘order’,orde

time-series data]

ist(‘'win’,win,... ‘nfft’,nfft,'olap’,olap, ...

‘scale’,scale))

Or add a block on a workbench:

M psd W

L TPDA Introduction, GSFC, 11th October 2011
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Power Spectral Density Parameters

mm

‘PSD’ gives Power Spectral Density

[m"2 HzM-1]
, ‘ASD’ gives Amplitude Spectral Density e,
scale the output quantity (m HzA-1/2] PSD
‘PS’ gives Power Spectrum [m”2]
‘ASD’ gives Amplitude Spectrum [m]
Taken from
. A spectral window to ‘BH92’ or ‘Rectangular’ or ...
win multiply the data b (name or object) H>er
Py y J preferences
NFt Whindeny lemsl -1: one window, length = ao fjata set 1
Or: length (number of points)
Order of segment -1: no detrending
order detrending (prior to 0: mean subtraction 0
windowing) N: order N polynomial trend subtraction
-1: taken from window parameters
Percentage overlap
olap 0: no overlap -1

between adjacent segments
J & 100: total overlap

‘ 09/03/2009 LTPDA Training Session1, AElI Hannover 6
LTPDA Introduction, GSFC, 11th October 2011
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Power Spectral Density Estimation (5)

¢ Fcatures:
e Multiple inputs:
e S = psd(al,a?,a3,plist()
e Matrix inputs:
e S = psd(lal a2;a3 a4],plist())

‘ LTPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 1

¢ \/ery simple idea:

A

White noise

—» PSD —® Sqrt [—»

Parameters for psd:
all default

LTPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 1

Worklbench implementation:

tsaata

psd sart

Ps sart

dao

WHI(Q noise

Matlab terminal implementation:

>> dl = ao(plist('waveform', "'noise’', 'type', 'normal’, 'nsecs’',
1000, 'sigma',1.0, 'yunits', 'm"))

>> 1plot(al)

>> S1 = al.psd(plist('win', "'BH92"))

>> P1 = sqrt(S1)

>> 1plot(P1)

‘ LTPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 2

e \ore involved ...

¢ Playing with parameters
e Playing with windows

e Adding block inputs/outputs

e Output to workspace
e Saving output data

window type

EGSE FEE x1 data

EGSE FEE x2 data

EGSE FEE yl data

EGSE FEE y2 data

individual plots

.

window detrending

window length

output type

‘ LTPDA Introduction, GSFC, 11th October 2011

window overlap

L

window
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PSD Exercise 2

e Spectral windows

000 LTPDA Specwin Viewer
— Settings — Build
Window type | BH92 :] 1 Window: BH92
Window size 100 0.9
Window PSLL 100 0.8
. PlotTime-domain | | PlotFreg-domain | 0.7
o
alpha=0 = 0.6
psll =92 = 05
rov = 66.1 g.
nenbw = 2.0044 s 0.4
w3db = 1.8962
flatness = -0.8256 0.3
0.2
0.1
specwin('BH92", 100) 20 40 60 80 100
sample
plot

k2

L TPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 2

e Adding inputs/outputs to blocks

\EMHEET Add input

Add output
Copy
Help
Delete me . . \
Delete my pipes e Playing with parameters
Set name
Set output pipe color Key Value Edit
Default Size
v Toggle keep result D KDES 100.0} ...
P—————— . 1JDES 1000.0| ...
" ILMIN 0.0{ ...
" IWIN BH9?2
" IPSLL 200.0] ...
" IloLap -1.0m=
" ||ORDER 0.0| ...
" 1ITIMES (]
W [sCALE PSD
‘ L TPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 2

ao
™ B /plot W
x1 -
ao m x1ASD =
iplot
o
psd =
X2 a
2 X2 ASD
a
ao <
psd inlot
o
ad
vl
vl ASD
a0 inlot
- a
V2 “v2 ASD
‘ L TPDA Introduction, GSFC, 11th October 2011
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Log-Scale

Power Spectral

Density

—stimation

* [mplemen
e “Measure
® [he same

as psd but:

ation of the algorithm described In
ment 39 (2006) 120-129”

e Reduces individual point variance by adjusting the
window length at each frequency
e Frequency bins and number of averages are calculated
automatically
e Slower because of requires use of DFT rather than FFT

window length
e | ower uncertainty

1

e Energy content of the spectrum is preserved
e Reduced resolution at high frequencies due to shorter

LTPDA Introduction, GSFC, 11th October 2011 78
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Log-Scale

Power Spectral

Density Parameters

Parameters:

e ———

Kdes Desired number of averages

Jdes

Desired number of spectral

frequencies to calculate

Lmin Minimum segment length

4

An integer number

An integer number 1000

An integer number 0

LTPDA Introduction, GSFC, 11th October 2011 79
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Log-scale Power Spectral Density Estimation

e Features:
o Multiple inputs:
e S = |psd(al,a2,a3,plist())
e Matrix inputs:
e S = |[psd(jal a2;a3 a4],plist())

‘ LTPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 3

e Using lpsd
¢ | 0g-scale psd calculation to reduce variance
e Using MDC1 IFO data

1

e Setting units

e Setting plot features

Simulated IFO data ASCII file

window type

—{ Set units

window length\‘

output type

window detrending

window overlap

—1r 1

7 \ 11

window

LI N\ AU J LIV " NS \J, I LY Ay )

Ipsd

\
P

global plot

plot attributes

NS SIS INIJ v T

81
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PSD Exercise 3

® Passing values as parameter values

]2 8][ LS E|2]0|=] | 5|52
d by: ananymou 0
d on: 2010-08-08(21{00154 Value for 'JDES' por@
ed on{ 2010-08-08 21:02:3%
PORT_1
anvas
(Cancel) ( OK )
a0
)
a %W
SR
‘ LTPDA Introduction, GSFC, 11th October 2011
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PSD Exercise 3

4

iplot

Plot settings

setYunits

JDES=2000

L TPDA Introduction, GSFC, 11th October 2011

83

Thursday, October 6, 11



Cross-Power Spectral Density Estimation

Definition:

C.(f)=— o (m)exp(=2i- f-m/f)

b S

ﬂ LTPDA Introduction, GSFC, 11th October 2011
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Cross- Power Spectral Density Estimation (2)

¢ Use Welch method as in PSD
e The CPSD at each frequency f is estimated as:

A XY,
ny(f) = f-LU
® \Wwhere:
xL(f)=§xL[n]exp(—2m'°fT;n) U=%2 w(n)2

‘ LTPDA Introduction, GSFC, 11th October 2011
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Cross- Power Spectral Density Estimation (3)

e \ethods:

e 90/cpsd: linear frequency scale
e o0/Icpsd: log-frequency scale

Similarly, we can evaluate coherence:

C, (/)
o )= 5 111, (7)

XX yy

‘2

Methods:
ao/cohere: linear frequency scale
ao/lcohere: log-frequency scale

ﬂ LTPDA Introduction, GSFC, 11th October 2011
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Cross- Power Spectral Density Estimation (4)

pl = plist(...
'win',wiln, ...
‘nfft',nfft,...
‘olap',olap, ...
‘order',order, ...
'scale',scale);

Cxy = cpsd(x, y, pl)

‘ LTPDA Introduction, GSFC, 11th October 2011
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Cross- Power Spectral Density Parameters

mm

win

nfft
order

olap

1

Taken from
A spectral window to ‘BH92’ or ‘Rectangular’ or ... User
multiply the data by name or object S
, -1: one window, length = ao data set length
SO G e Or: length (number of points) 1
Order of segment -1: no detrending
detrending (prior to 0: mean subtraction 0
windowing) N: order N polynomial trend subtraction
Percentage overlap -1: taken from window parameters
between adjacent 0: no overlap -1
segments 100: total overlap

L TPDA Introduction, GSFC, 11th October 2011
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Transfer Function Estimation

e \ethods:

e go/tfe: linear frequency scale
¢ o0/ltfe: log-frequency scale

e Definition:

Yy

¢ Use Welch method again

‘ LTPDA Introduction, GSFC, 11th October 2011
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Transfer Function Estimation (2)

pl = plist(...
'win',win, ...
‘nfft',nfft,...
‘olap',olap, ...
‘order',order, ...
'scale',scale):;

Txy = tfe(x, y, pl)

‘ LTPDA Introduction, GSFC, 11th October 2011
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Transter Function Estimation Parameters

mm

: Taken from
: A spectral window to ‘BH92’ or ‘Rectangular’ or ...
win : . user
multiply the data by name or object
preferences
, -1: one window, length = ao data set length
nfft Length of the window £ . £ -1
Or: length (number of points)
Order of segment -1: no detrending
order detrending (prior to 0: mean subtraction 0
windowing) N: order N polynomial trend subtraction
Percentage overlap -1: taken from window parameters
olap between adjacent 0: no overlap -1
segments 100: total overlap
And similarly for 1tfe ...
‘ 09/03/2009 LTPDA Training Session1, AElI Hannover 27
LTPDA Introduction, GSFC, 11th October 2011
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|FE Exercise

e Using tfe

e Simulated data input: white noise

e Band-pass filter o
¢ Fltering the input
e Adding output wh

0ject
NOISE

ite noise

¢ Estimate the transfer function

filter object apply filter

output noise ao%\’

Input noise ao

—>

transfer function estimate

‘ LTPDA Introduction, GSFC, 11th October 2011
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IFO/Temperature Example

e Estimating the empirical transfer function:

temperature -> position

e | 0oad preprocessed data

e Fvaluate PSD of T and x

e Reduce the time range

e Fvaluate CPSD and cross-coherence of T and X
e Estimate the transfer function of T Into X

e Perform the noise projection

‘ L TPDA Introduction, GSFC, 11th October 2011
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IFO/Temperature Example

¢ \/\e are aiming to obtain:
-4
10 1 1 1 1 IIfldl I L L L IIIrl 1 I 1 - 111
=sqrt{Interferometer)
’A =—=sqrt(temp. contrib. projection)
10
E
16
=
'
QU
2107°
= A e e N e s e s s ma e
5
-12
19
-14
10 = . '
-6 -5 - - -2 -1 @
10 19 19 16 16 19 19
Frequency [Hz]
‘ LTPDA Introduction, GSFC, 11th October 2011
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IFO/Temp - topic 3, part 1

clear all;

%% Load consolidated data
ao('ifo fixed.mat');
ao('temp_fixed.mat');

— X

0P

% Estimate PSD

x_psd = 1lpsd(x)

x_psd.setName('Interferometer');

T _psd = 1psd(T)

T_psd.setName('Temperature');

% Plot estimated PSD

pl_plot = plist('Arrangement', 'subplots', 'LineStyles', {'-','='},"'Linecolors', {'b"', 'r'});
iplot(sqrt(x_psd), sqrt(T_psd), pl_plot);

%% Skip some IFO glitch from the consolidation
pl_split = plist(...

‘start_time', x.t0 + 40800,

‘end time', x.t0 + 193500);

x_red = split(x, pl_split);
T _red = split(T, pl_split);
%% PSD

x_red_psd = 1psd(x_red);
x_red_psd.setName('Interferometer');
T_red_psd = 1lpsd(T_red)
T_red_psd.setName( ' Temperature');

% Plot estimated PSD

pl_plot = plist('Arrangement', 'stacked', 'LineStyles', {'-','='}, 'Linecolors', {'b", 'r'});
iplot(sqrt(x_psd), sqrt(x_red_psd), pl_plot);

iplot(sqrt(T_psd), sqrt(T_red_psd), pl_plot);

%% CPSD estimate
CTx = lcpsd(T_red, x_red);

CxT = lcpsd(x_red, T_red);
% Plot estimated CPSD
iplot (CTx);
iplot(CxT); 95
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IFO/Temp - topic 3, part 2

LA

%% Coherence estimate

coh = lcohere(T_red, x_red);

% Plot estimated cross—coherence
iplot(coh, plist('YScales', '"lin"))

%% transfer function estimate
tf = ltfe(T_red, x_red)

% Plot estimated TF
iplot(tf, plist('autoerrors', true));

%% Noise projection in frequency domain
proj = T_red_psd.x(abs(tf)).”2;

proj.simplifyYunits;
proj.setName('temp. contrib. projection')

o
i)

% Plotting the noise projection in frequency domain
iplot(x_red_psd, proj);

%% Save

plist('filename', 'ifo_psd.mat');
plist('filename', 'T_psd.mat');

pl_save_x_PSD
pl_save_T_PSD

pl_save_XxT_CPSD = plist('filename', 'ifo_ T cpsd.mat');
pl_save_xT_cohere = plist('filename', "ifo_T cohere.mat');

pl_save_XxT_TFE = plist('filename', 'T_ifo_tf.mat');

x_red_psd.save(pl_save_x_PSD);
T_red_psd.save(pl_save_T_PSD);
CxT.save(pl_save_xT_CPSD);
coh.save(pl_save_xT_cohere);
tf.save(pl_save xT_TFE);

96
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Topic 4: Transfer function models and digital filters

¢ [ransfer function models in s domain
e Pole zero representation
e Rational representation
e Partial fraction representation

e [ransformation between representations

* Modeling a system

¢ Fltering data
e discretizing a model
e setting filter properties

¢ [FO/Temperature example

‘ LTPDA Introduction, GSFC, 11th October 2011
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Overview

® [he general scheme: input, output and a transfer

function ) y
»{ H >

e Aim of this topic:
e How to model the transfer function H in continuous
domain, H = H(s)
e How to discretize our model H(s) -> H(z)
e How to filter data with H(z)
e How to define H(z) from filter properties

‘ LTPDA Introduction, GSFC, 11th October 2011

Thursday, October 6, 11



Tools used here
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Tools used here

1. Continuous domain
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Tools used here

1. Continuous domain

-

4

pzZmodel

rational

orlgigsle

\

-

L TPDA Introduction, GSFC, 11th October 2011
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Tools used here

1. Continuous domain

-

4

pzZmodel

rational

orlgigsle

\

2. Discrete domain

-

L TPDA Introduction, GSFC, 11th October 2011
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Tools used here

1. Continuous domain

-

4

pzZmodel

rational

orlgigsle

\

2. Discrete domain

-

-

\_

mfir

~
J

resp

setlunits

setOunits

L TPDA Introduction, GSFC, 11th October 2011
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Tools used here

1. Continuous domain

-

4

pzZmodel

rational

orlgigsle

\

>

-

~N

L TPDA Introduction, GSFC, 11th October 2011

Discretize

2. Discrete domain

-

\_

mfir

~
J

resp

setlunits

setOunits
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Tools used here

2. Discrete domain
Setting properties

(4 ™

1. Continuous domain Discretize

. R »(

(

pzZmodel

resp

setlunits

rational

setOunits

orlgigsle

‘ L TPDA Introduction, GSFC, 11th October 2011 100
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Tools used here

2. Discrete domain
Setting properties

(4 ™

1. Continuous domain Discretize

. R »(

(

pzZmodel

resp

setlunits

rational

setOunits

orlgigsle

3. Filter data

‘ L TPDA Introduction, GSFC, 11th October 2011 100
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Tools used here

2. Discrete domain
Setting properties

(4 ™

1. Continuous domain Discretize

. R »(

£ ™

pzZmodel

resp

setlunits

rational

setOunits

orlgigsle

3. Filter data

AT g i gy TAGRN

‘ L TPDA Introduction, GSFC, 11th October 2011 100
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Pole/zero models

e A DO
e Gai

o |

D

e zero model is defined by:
N, poles, zeros, delay

S— Z M= 20 susa b
H(s)_(w(s 71)(3 2) (5 n) o IWT

. — A

(s—p1)(s—p2)...(8— pm)

DA constructor:

2/

e P/MODELs can be multi
e Delay is added or subtracted in such a case

4

MO

D

=

Dlied and divided

L TPDA Introduction, GSFC, 11th October 2011
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About poles (and zeros) notation
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About poles (and zeros) notation

e Simple pole: f=1 Hz
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About poles (and zeros) notation

Am

e Simple pole: f =1 Hz ——] e
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About poles (and zeros) notation

Am

e Simple pole: f =1 Hz ) e

e Pole pairs: (f=1 Hz, Q)
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About poles (and zeros) notation

Am

e Simple pole: f =1 Hz ) e

e Pole pairs: (f=1 Hz, Q)
Q> 0.5

(underdamped)

‘ L TPDA Introduction, GSFC, 11th October 2011 102
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About poles (and zeros) notation

Am

e Simple pole: f =1 Hz ——] e

e Pole pairs: (f=1 Hz, Q)
Q> 0.5

(underdamped)

Alm

‘ L TPDA Introduction, GSFC, 11th October 2011 102
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About poles (and zeros) notation

AIm

e Simple pole: f =1 Hz ——] e
® Pole pairs: (f =1 Hz, Q)

Q> 0.5 Q=0.5

(underdamped) (critically damped)

AIm
’Re
‘ LTPDA Introduction, GSFC, 11th October 2011 102

Thursday, October 6, 11



About poles (and zeros) notation

AIm

e Simple pole: f =1 Hz ——] e
® Pole pairs: (f =1 Hz, Q)

Q> 0.5 Q=0.5

(underdamped) (critically damped)

AIm Im
Re 2X Re
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About poles (and zeros) notation

AIm

e Simple pole: f =1 Hz ——] e
® Pole pairs: (f =1 Hz, Q)

Q>0.5 Q=0.5 Q< 0.5

(underdamped) (critically damped) (overdamped)

AIm Im
Re 2X Re
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About poles (and zeros) notation

AIm
e Simple pole: f =1 Hz ——] e
® Pole pairs: (f =1 Hz, Q)
Q>0.5 Q=0.5 Q<0.5
(underdamped) (critically damped) (overdamped)
I 4 #{
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Pole/zero models

® \Norking example: Compute pole zero response
® Topic 4 -> Create transfer function -> Create pole zero model

Key Value
CAIN 5
POLES (t=1Hz Q=2)
ZEROS (f=1H2), (t=0.1 H2)
; File Edit View Insert Tools Desktop W|nd0s;gw:ie‘lp
bt Jd da & ‘\'\"'A..-‘@\C:YA':'.D. [ =]
107, . [
——resp(unknown)}
///'\-_
Pl
/”/
F”‘/
10°L y , - _
107 10 . IOX . 10 10°
|~ respiunknown)
150
] N
. oLl \
= \

50 e

] N

?o; 10 10 10 10

Frequency [Hz
‘l LTPDA Introduction, GSFC, 11th October 2011 77777777103

Thursday, October 6, 11



Rational models

e A rational model is defined by:
e Num. and den. coefficients

L s)—

a1 8™ +azs™ ! + ... + amat1

e | TPDA constructor: RA
e RATIONALs can NOT be

e \\Norking example: Compu

|IONAL

MU

by s™ + by s 1 + ... 4+ by

tiplied and divided

e rat

onal response

e Jopic 4 -> Create transfer func... -> Create rational

model
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Partial-fraction models

e A partia
e Poles,

e PARF
e Worki

e Jopic 4 -> Create transfer fu

H(s) = K(s)+ Z .

RACs can NOT be

Ng example: Compu

o | TPDA constructor: PARFRAC

ultipl
e pa

model

LA

fraction model is defined by:
residues and direct terms

ied and divided

. frac. response

nC... -> Create par. frac.

L TPDA Introduction, GSFC, 11th October 2011 105

Thursday, October 6, 11



Transforming models

e Some of the possible transformations are

implemented in v2.3

e \orks by inputting an object into a constructor
® c.g. rat = rational(pzm)

¢ \Vorking example: pzmodel -> rational ->
pzmodel

e [opic 4 > Transforming models between
representations

Partial

Pole/Zero | Rational | .~ .

Pole/Zero

Rational

Partial
Fraction
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Modeling a system

¢ Pole zero model

e Modelling a closed loop system with pzmodel
e Basic pzmodel operations

Our system:

® [he problem:
e Assuming OLG and

— b

known, determine G and CLG
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Modeling a system

e Step-by-step
1.G = OLG/H
(G Is a pzmodel)
2. Operate on G: setName, simplify ...
3. CLG = 1/(1-OLG)
(CLG is NOT a pzmodel)

e Repeat loading H with delay

o \Norking example: Modeling a system
e [opic 4 > Modeling a system
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—ntering the discrete domain

e [he LTPDA toolbox allows you to build digital

filters...

¢ Discretizing your model
e Example: find the filters for

H,G, OLG in our closed loop

e Defining filter properties

e Example: Design a bandpass filter to

evaluate power spectrum |
e [lter constructors in LTP

N a bandwidth

DA

N M
e MIIR (IR filters) vl =) _blkl=ln — k] = > _alk]y[n — K]
k=0 k=1

e MFIR (FIR filters)  yin = 3 t{#] zfn — A]

k=0
‘ LTPDA Introduction, GSFC, 11th October 2011
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By discretizing a transter function

e Syntax: insert pzmodel iInto constructor

e Step-by-step

‘ » (Constructor

— miir((|3|,plist('fs',10));

- pzmodel obj.

\ ,
— b

1.Discretize G,H,0OLG H Xg

2.Compare continuous and digital responst

3.Get filter coefficients

e \\lor
e [O

1

Delay is NOT used in the discretization!

King example: Get filters for closed loop pzmodels

nic 4 > How 1o filter data > By discretizing...
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By defining filter properties

* Design a bandpass filter

e Standard pre-processing step
used In LTP lab
e Alternative to detrending

04 ' '
08 -
. 0 08 1 15 2 25 J 35 4 45
. ' l E IX Time (s] ;
|
File Edit W Insert

= miir(plist('fs’,32.47, ‘order’,...));

¢ \/Vorking example: Band
pass
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IFO/Temperature Example

e Aim

Measured
Temperature
@—» T™MP ‘ K2RAD

m

Measured
Interferometer

. perform the ana

e Create transfer functio

®o [

scretize

4

Interferometer
No_i_se (?)

ysis with a toy model

N models: TMP, [FO,K2RAD

ter (white noise) data

e Estimate transfer function (topic 3) with synthetic data
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IFO/Temperature Example

® [he toy
models

R

OO0 0

Figure 5

File

Edit View Insert Tools Desktop Window Help

™~

NEdS h A9 RZ- 3 0O a O

10", :
3\‘ resp(K2RAD)
; —— resp(TMP)
g 10 resp(IFO)
g 1
g 10
g ===
© 102
3
10
10° 10 10° 10
Frequency [HZ]
0 —— 1 1 1 1 —
— . resp(K2RAD)
20 ——resp(TMP)
_ e resp(IFO)
Y
2 0
(4]
8 60 \\
=
o
80 P h‘"ﬁ...________
100
10° 10 10° 10

Frequency [HZ
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IFO/Temperature Example

-Stgp—by—stepd |

o t :

< TV, 1RO, K2RAD OsEisEas
e Discretize oy %’*

e Builld two white-noise

time-series ( mm?ﬁ)
l:-leﬁ | Deskiop Wmdo:uw;:lp
DeL- 2 0B

ol Measured
Interferometer

e Filter with the digital filters
e Estimate transter function

e Project temperature noise \W

Working example: IFO/ Tempera ture
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Topic 5: Fitting to data

¢ |[et’s see If we will have time...
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