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Abstract

We present the properties of a new software developed for examination of mulf-
periodic signals. The program package MuFrAn disposes a user-friendly graphical
user interface and an extended Tcl/Tk script language suitable for definition of cony-
plex and repeatable tasks, and creating publication-quality Postscript figures.
Implemented the standard frequency analyzer applications (FFT, DFT etc.) in ou
program, furthermore sample scripts (for example Intelligent Clean) are included
We show the efficiency of this package by means of analyzing sample data.

The new MuFrAn

The previous version of the MuFrAn
(Multi-Frequency Analyzer) package de-
veloped for analysis of multi-periodjc
time-series (Kokth, 1990). That progra
can be used under UNIX systems. S|m-
ple data processing tasks can be easily|per-
formed with its interactive command lipe
type user interface. It has minimal GUI ¢a-
pablilities based on Supermongo. Sevgral
variable star light curves was analyzed| by
Its help.

The accretion of the amount of pHo-
tometric data requires highly automatijed
but user controlled data processing topls.
For this purpose we allied the efficient gnd
fast algorithms of the old MuFrAn wit
the flexibility of another package TiFrAn
(Time-Frequency Analyzer) also devgl-
oped in the Konkoly Observatory (Csubyy,
2002). With this combination we have db-
tained an effective data analyzer tool.

MuFrAn IS now running O
UNIX/Linux and MS Windows operating
systems and requires installed TclfTk
package on the computer. The prograrmn Is
avallable freely for scientific and eduda-
tional purposes on the Konkoly Obserya-
tory web pageWwww.konkoly.hu/tifran ).

User-friendly interactive exertign
mode Is still available in MuFrAn. Simpje
tasks can be executed via these easy-to-
use interfaces. The GUI itself is writtgn
In the extended Tcl/Tk language. [In
principle expert users can modify it, Qut
we recommend the application of the
pre-generated interfaces attached to|the
package. One of the example GUIH Is
shown in the figure below.

R

Extended Tcl script lan-
guage

The use of our script language is highly
recommended for users proficient in pyo-
gramming. Performing complex and/or fe-
peatable data processing tasks is possible
with this option. Several low-level com-
mands with Tcl compatible syntactics are
defined to accomplish basic charges (data
read/write, FFT, least square fit, etc.), hjgh
level macros are also available. MuFrAn
can be controlled step-by-step through a
command line interface or with complgte
executable scripts. Users familiar in ghe
Tcl syntactics can easily write effectiye
programs, even complete automatic data
processing tools.

The script language of MuFrAn algo
gives the possibility to create publida-
tion quality Postscript figures of the light
curves and power spectra. The size and the
layout of the images can be adjusted with
simple commands.

IATEX output makes it possible to ggn-
erate an easily readable report of the data
processing, during script execution. Ugers
have to build in some simple command$ in
their script to write comment and data ito
the document. Postscript figures also fan
be attached.

Sample programs are included in fhe
package. The report generated by one guch
script Is displayed in the Appendix.
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Appendix

We present a portion of a report automatically created by MuFrAn. We processed the light
curve of © Tucanae, a Scuti type star, using a relatively simple script. The steps of the
classical whitening procedure (FFT, peak selection, linear and nonlinear fit of frequencjes and
amplitudes, whitening) was automatically executed, and can be followed iiATids tlocu-

ment.

The processing of this data was originally published in 1996 (FPegizal, 1996), and 1
frequencies was found in the spectrum. Now we did not go through the whole procedyre, for
we use it only for demonstrational purpose.

MuFrAn Report: © Tucanae

Data information

Data file: teta2.d

Number of data data points: 1444
Number of data segments: 25
Minimum gap between segments: 0.5
Maximum length of a segment: 2000

Full light curve

0.98

096:* ¥ .s l é ‘ oy i il " . ! L]
o1, {1 HIT T
00 }’ 2 IR AL Po

- ) R o - :
09T 1 l\ \ | 1 ! I \ ! | | \ I \
49250.0 49260.0 49270.0 49280.0 49290.0

ID - 2400000 (d)

Fourier transformation

Frequency range: 0.0 - 40.0 c/d
Number of data points: 3000

Power spectrum
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Whitening

Highest peak(s) found in spectrum:

f1=20.300100 A =0.012782 ®; = 0.000000
Result of nonlinear fit:

Number of frequencies: 1

Mean value: 0.933156

Epoch: 49240.000000

f1 =20.281013 A; =0.013583 &, = 1.426110

Residual: 0.012431
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Power spectrum after whitening

2nd whitening

Highest peak(s) found in spectrum:
f1 =0.293431 A = 0.009657

Result of nonlinear fit:

®; = 0.000000

Number of frequencies: 1
Mean value: -0.000071
Epoch: 49240.000000

f1 = 0.282667 A =0.009272
Residual: 0.010518

$; = 5.872000

Power spectrum after 2nd whitening
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7th whitening

Highest peak(s) found in spectrum:

f1 = 19.806602 A1 =0.003664 ®; = 0.000000
Result of nonlinear fit:

Number of frequencies: 1

Mean value: -0.000007

Epoch: 49240.000000

f1=19.797787 A; = 0.003531 ®; = 2487278

Residual: 0.006507

Power spectrum after 7th whitening
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Fit frequencies

Highest peak(s) found in spectrum:

fi = 20.281013 A; = 0.013583 ®, = 1.426110
fa = 0.282667 Ay = 0.009272 Py = 5.872000

fz = 18.059963 As = 0.007805 3 = 3.123420
f+ = 15.867595 Ay = 0.005188 ®, = 1.137687
f5 = 20.106312 As = 0.004705 ®5 = 4.210710
fe = 0.139697 Ag = 0.003835 P = 0.365638

fr =19.797787 Az = 0.003531 o, = 2.487278
fs = 19.020422 Ag = 0.003859 Pg = 5.361949

fo =15.943488 Ag = 0.003261
f10 = 16.064638 A = 0.002571
Result of nonlinear fit:

b9 = 0.044367
b9 = 5.404620

Number of frequencies: 10
Mean value: 0.932873
Epoch: 49240.000000

£ (c/d) f1 = 20.280937 A; = 0.014631 ®; = 1.499481
fa = 0.281360 Ay = 0.009517 P, = 6.123459
f3 = 18.062054 Az = 0.006200 b3 = 2.624453
8th whitening fa=15.865371 Ay = 0.003888 b, = 1.312676
f5=20.111355 A5 = 0.005227 ®; = 3.342306
Highest peak(s) found in spectrum: fe=0.141138 Ag = 0.003781 $g = 0.002809
f1=19.033010 A1 = 0.003956 &, = 0.000000 f7 = 19.795866 A; =0.003872 d; = 2.888664
Result of nonlinear fit: fs =19.019873 Ag = 0.004254 dg = 5.380031
Number of frequencies: 1 fo =15.943477 Ag =0.003713 by = 0.206760
Mean value: -0.000009 f10 = 16.063425 Ajg = 0.003534 ®19 = 5.641673
Epoch: 49240.000000 Residual: 0.004548
f1 =19.020422 A1 =0.003859 ®, = 5.361949
Residual: 0.005897
Power spectrum after 8th whitening Synthetic data
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