
SparSpec

Sparse modeling for the spectral analysisof unevenlyspaced data

http://www.ast.obs-mip.fr/Softwares

SparSpec proposesan alternativ e approach to estimate frequenciesin time
series. Indeed, classical sequential methods, that iterativ ely deconvolve the
Fourier spectrum from the e�ect of the spectral window, can be very sensitive
to sampling artifacts and may lead to erroneousresults. The approach usedhere
addressesthe problem of �tting multiple sinusoidsas the sparserepresentation
of the data in an overcomplete dictionary of pure frequencies. In the signal
processingterminology, the latter refers to Basis Pursuit De-Noising while the
former sequential approach corresponds to someMatching Pursuit strategy.

Please ackno wledge the use of this soft ware in any publications:
"The SparSp ec soft ware is available at
http://www.ast.obs-mip.fr/Soft wares" and cite the reference S. Bour-
guignon, H. Carfan tan and T. Bo ehm, SparSp ec: a new metho d for
�tting multiple sinusoids with irr egularly sample d data , to app ear in
Astr onomy and Astr ophysics . Please send a copy of such publications
to SparSpecATast.obs-mip.fr .
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1 Overview

Let (tn ; yn )n =1 :::N be N samplesof available data: the physical quantit y yn is
obtained at instant tn . Let f xk gk= � P ::: P denotethe complex-valuedamplitude
spectrum discretised on a frequency grid of the form f k f max

P gk= � P ::: P , with
arbitrarily small frequencystep f max =P, i.e., arbitrarily large P.

The idea is to �nd the vector of complex-valued spectral amplitudes that
correctly �ts the data with the fewest number of non-zeroentries: the sparsest
spectrum that models the data. A classicalapproach to do this is to solve the
following optimisation problem:

x = argmin jjy � Wx jj 2 + �
X

k jxk j

where vectors y and x collect the available data and the unknown spectral
amplitudes, respectively, and W is the complex exponential matrix: W =n

ej 2� k f max t n
P

o

k= � P ::: P;N =1 ::: N
. For a correct value of parameter � > 0, a

sparsevector x is obtained, which locates the frequenciesat the correspond-

ing non-zerovalues: frequenciesf J =
n

j f max
P

o

j 2 J
are extracted from the data,

where J collects the indexesof the non-zero values of x. As the estimation of
the corresponding amplitudes are generallybiased(due to the jjx jj 1 penalisation
term), a posterior step is performed to correctly re-estimate the amplitudes for
frequenciesf J using least-squares(recall that for a given set of frequenciesf J es-
timating the best amplitudes turns to a linear problem which is over-determined
if # J � N , so least-squaresperform well).

More details about the method can be found in S. Bourguignon et al., Spar-
Spec: a new method for �tting multiple sinusoids with irr egularly sampled data,
to appear in Astronomy and Astrophysics. Preprint here.

2 How to use it

Imp ortant: the SparSpec project is stil l in its infancy! In particular, depending
on your platform, the selected parameters... and on your data, it stil l may fail,
crash or provide inacurrate results. In this case, please, do not resign! Send
your commentsand/or bugreports to SparSpecATast.obs-mip.fr and we wil l
do our best to help you.

2.1 Download
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The SparSpec package gives the sourcesand executablesfor Linux (tested
with Linux Fedora Core 4 and Ubuntu Dapper) and Windows (tested with
Windows XP and Windows 2000).

SparSpec is written in C using GTK+1.2 for the graphical user interface
(GUI). This program is under the GPL licensesoyou can download the sources
and modify them under the terms of this license.

2.2 Graphical mo de

An exampleof data analysis with SparSpec is given in x 4.

The Graphical User Interface is divided into four main menus:

� Data: here you can load the time seriesyou want to analyse, as well as
display and plot the corresponding curve. The time seriesshould be a
two-column (tn and yn ) asci i �le MYFILE.dat.

� Parameters: this section allows to select the upper frequency limit f max

and the number of discretisedfrequenciesP (the higher P, the higher the
frequencyprecision... but the longer will be the computation time and the
more RAM is required !)

If the data are irregularly sampled, aliasing is pushed at much higher
frequenciesthan for regular sampling and there is no more Nyquist limit.
So, select f max according to some physical knowledge about what you
are searching if you can. In this menu, you can plot the spectral window
jW (f )j = j

P
n e� j 2� f t n j between� f max and f max and the Fourier Spectrum

of the data jY (f )j = j
P

n yn e� j 2� f t n j: Both may help you to select a
reasonablevalue: in particular jW (f )j should be free from any periodicit y
or pseudo-periodicit y (i.e., f max not too high), but it should also show
sidelobes. If not, f max may not be in adequationwith the sampling scheme
of your data. The unit of f max is the inverseof the unit of the instants tn .

� Computation: this is the core of SparSpec. Selecta value for parameter �
and start the computation.

Selecting a correct value for � is still not an automatic issue. However,
reasonablebounds can be obtained: if � is too high, x is identically zero;
if � is too small, then x is not sparseany more. Parameter � also has
a physical interpretation: for the estimated amplitude spectrum x, � is
the upper bound of the Fourier spectrum of the residual y � W x. See
the above referencedpaper for more details. In SparSpec, you enter the
normalised value for �=� max 2 [0; 1], where � max = maxk j(W yy)k j. (For
� � � max one has x = 0). In practice, set �=� max to a few percent, e.g.,
10%, decreasethe value and stop before under-regularisation is reached,
that is, when the solution has too many non-zerofrequencies.
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After optimisation succeeds,extracted components can be displayed as
a table and plotted in the frequency domain, jointly to the initial and
residual Fourier spectra. Frequenciesare also saved in asci i format in
�le MYFILE.spec, where MYFILE.dat is the asci i �le containing the time
series.

� Help: displays a reducedversion of this document.

2.3 Console mo de

If you don't want to use the gtk-based Graphical User Interface or want to
include SparSpec results in an automated procedure, a consolemode is also
available. To start in consolemode, type at the command line:
./SparSpec nogtk MYFILE.dat
where MYFILE.dat contains the data. This option requires adequatevalues for
parametersP, f max and �=� max havebeenstored in con�guration �le MYFILE.conf.
Otherwise, default parameters are used, that may be not optimal. After op-
timisation succeeds,extracted components are saved in asci i format in �le
MYFILE.spec.

2.4 Adv anced options

After the �rst utilisation with a given time series(stored in a �le MYFILE.dat),
SparSpec generatesa con�guration �le named MYFILE.conf in asci i format,
storing the last set of parameters that were used (f max , P and normalised
�=� max ). Additional technical parametersare also stored:

� threshold is a numerical threshold under which complex amplitudes jx k j
are consideredzero. Its default value is 10� 6.

� nitmax is the maximum number of iterations authorised by the optimisa-
tion procedure. Its default value is 50000.

� L �xes the frequency the zero values of the iterates are visited in the
optimisation procedure. Setting L > 1 allows to save up computational
time. Its default value is 100.

� relax is a relaxation parameter in the range ]0; 2[ used by the Iterativ e
Coordinate Descent procedure, that allows to speedup the optimisation.
Its default value is 1.5.

All theseparameterscan be modi�ed by editing �le MYFILE.conf (seeTable 2
for an exampleof .conf �le). Beware: just changethe parameter valueswithout
modifying the structure of the �le.
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2.5 To-do list

Many things have to be done to improve SparSpec, such as:

� Account for di�eren t noise levels on the data (weight each least-squares
term by variance � 2

n associated to data yn ).

� Display a progressionbar during computation.

� Display the L-curve to help to chooseparameter � (or any other parameter
tuning rule).

� Improve graphical display (zoom on graph, print graph. . . )

� Monte-Carlo simulations to derive con�dence levels on the estimated pa-
rameters.

3 Links

3.1 Bibliograph y

� The paper by Gray and Desikachary (1973) may be the �rst paper on
sequential methods to estimate multiple sinusoids: D.F. Gray and K. De-
sikachary, A new approach to periodogram analyses, The Astrophysical
Journal, April 1973,vol. 181, pp. 523{530.

� The cleanest methodology was described by G. Foster (1995). Data in
this paper were used in the test example provided in x 4. G. Foster, The
Cleanest Fourier spectrum, The Astronomical Journal, April 1995, vol.
109, pp. 1889{1902.

� The �rst paper by S.S. Chen et al. (1998) intro ducing the Basis Pur-
suit De-Noising: S.S. Chen, D.L. Donoho and M.A. Saunders, Atomic
decomposition by basis pursuit, SIAM Journal on Scienti�c Computing,
20(1):33{61, 1998.

� The description of SparSpec, applying this methodology to the spectral
analysisproblem with an own-developed optimisation algorithm: S. Bour-
guignon, H. Carfantan and T. Boehm, SparSpec: a new method for �tting
multiple sinusoids with irr egularly sampled data, to appear in Astronomy
and Astrophysics. Preprint here.
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3.2 Online stu�

� Period04 is a software implementing a sequential algorithm that alsoaims
at �tting multiple sinusoids. It can be viewed as an implementation of
the cleanest strategy, as explained in G. Foster, The Cleanest Fourier
spectrum, The Astronomical Journal, 109(4):1889{1902,April 1995.

3.3 Con tact us

SparSpec is currently maintained by Herv�eCARFANTAN and S�ebastienBOUR-
GUIGNON. Many thanks to Ali KHAAZAL and AbdelouahedLASFAR, who
contributed to the implementation of this project.

Sendany comment, bug report or improvement suggestionat:

SparSpecATast.obs-mip.fr

4 An example

The arti�cial data set below is similar to the data proposedby Foster (1995,
data set A), which consist in three sinusoidswith periods 370,230and 100days
and amplitudes 3, 2.828 and 3, respectively. A constant value of 10 is added.
An initial data set was generatedwith 200 points sampledevery 10 days. The
�nal data sets shows gaps of 100 days every 365 days and gaps of 10 days
every 30 days. To make the problem a bit tric kier, a fourth sinusoid was added
with period 122.5days and amplitude 3, such that the sidelobescausedby the
annual gaps (for periods 370 and 122.5 day) superimpose at a period of 184
days (1/122.5 - 1/365 = 1/370 + 1/365 = 1/184), generating a high falsepeak
in the Fourier spectrum. White Gaussiannoisewith standard deviation of 0.3
was also added. Data are stored in the test.dat �le given with the SparSpec
package.

To analyse these data with SparSpec, �rst call SparSpec and load the data
with the load button in the Data menu (seeFig. 1.a). To verify the data are
correctly loaded, you can plot them (seeFig. 1.b): the annual gapscan be seen
easily.

In the Parameters menu, you now have to set the analysis parameters f max

and P: The mean sampling period of the data is around 13 days so a maximal
frequency of 0:5 � 1

13 = 3:810� 2 cycle per day (c/d) is a reasonable�rst guess.
Note that, for thesedata, sampling instants wereextracted from a regular sam-
pling scheme,so f max should be set theoretically to lessthan 0:5 � 1

10 = 5:10� 2

c/d to avoid aliasing. For P = 1000; you can verify in the Fourier Spectrum
of the data (see Fig. 2.a) that most energy is concentrated under 2:10� 2 c/d
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a)

b)

Figure 1: Load the data and plot the time series.
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(for clarit y, the mean value of the data was substracted to plot the spectrum).
You can also check the shape of the spectral window (see Fig. 2.b), with its
secondarylobesaround the frequency3:10� 3 c/d (period 1=365 day).

In the Computation menu, you have to choosefor parameter �=� max 2 [0; 1]:
Remember that this parameter can be viewed asan upper bound of the Fourier
spectrum of the residual, so 10% (relativ ely to the maximum of the Fourier
spectrum of the data) is a realistic �rst choice. SparSpec results canbedisplayed
asa Table (seeFig. 3.a), a frequencydomain plot (seeFig. 3.b) or a time domain
plot (seeFig. 3.c). You can verify that SparSpec correctly estimates the four
frequenciesand amplitudes, as well as the data mean. A �fth frequency is also
estimated, but with an amplitude negligible compared to others. Note that
during computation, the shell window displays the state of the optimisation
algorithm.

Finally, SparSpec saves results (frequencies,amplitudes and phase) in �le
test.spec (see table 1) and produces the con�guration �le test.conf (see
table 2) with the parametersusedfor the computation.

SparSpec results on /tmp/SparSpec/test.dat
for Fmax=0.050000, P=1000 and Lambda/Lambda_max=0.100000

Frequ. Ampl. Phase.
0.000000 9.996442 0.000000
0.002700 2.974487 1.862453
0.004345 2.808216 -1.570961
0.005450 0.021796 0.377260
0.008153 2.986128 -2.249254
0.010007 2.994560 -1.192582

Table 1: test.spec results �le
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a)

b)

Figure 2: Fourier Spectrum of the data and spectral window.
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a)

b)

c)

Figure 3: SparSpec results.
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P = 3000
fmax = 0.012000000000
Lambda/Lambda_max= 0.100000000000
threshold = 1.000000000000e-06
nitmax = 50000
L = 100
relax = 1.500000000000

###################################################################
# CAUTION!!! #
# This configuration file is generated automatically by SparSpec. #
# You can modify the parameter values. #
# Do not modify neither the parameters namenor their order. #
###################################################################

Table 2: test.conf con�guration �le

11


