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Abstract The dangers inherent in using fully automated data processing for 
large data sets are exemplified by examining the eclipsing binary stars identified 
via the Detached Eclipsing Binary Light curve fitter. The software may have 
confused eclipsing binaries with other types of low amplitude variable stars and 
it is estimated that over a quarter of the 10,862 variable stars listed may have 
been misclassified.

1. Introduction

 The Detached Eclipsing Binary Light Curve Fitter (DEBiL; Devor 2005) 
was used to process 218,699 light curves from the galactic bulge fields of the 
Optical Gravitational Lensing Experiment (OGLE) survey (Udalski et al. 1997). 
A total of 10,862 binary stars were identified and details of these variable stars 
were made available via the viziEr service (Ochsenbein et al. 2000) operated by 
Centre de Données astronomiques de Strasbourg ( http://vizier.u-strasbg.fr/viz-
bin/VizieR?-source=J/ApJ/628/411).
 The data processing pipeline used by DEBiL involved passing the light curves 
through a series of analytical programs designed to create a more rigorous level 
of scrutiny at each tier. By eliminating light curves that failed to match the pre-
set criteria for a given step it proved possible to focus computational resources 
on the ever-shrinking pool of candidate variable stars that reached the later tiers. 
A measure of the success of the technique was that step five of the process was 
only required for 10% of the light curves.

The light curve analysis involved six stages:

1. Determining the period.

2. Filtering out non-periodic curves.

3. Making an initial “guess” for the binary star parameters.

4. Filtering out non-eclipsing (pulsating) stars.

5. Fitting the parameters of a detached eclipsing binary star to the data.

6. Filtering out unsuccessful fits.

 The limitations of DEBiL were explored in some detail by Devor (2005). 
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Light curves with very similar primary and secondary minima and light curves 
with no detectable secondary minima were particularly difficult for the software 
to analyse. The similarity between the light curves of some eclipsing and some 
non-eclipsing variable stars also created analytical problems.
 Pribulla et al. (2009) further describe the difficulties associated with classifying 
low amplitude variable stars with periods between 0.1 and 0.5 day. Detailed 
study showed that most were δ Sct, RR Lyr, SX Phe, or γ Dor types, although 
some were contact binaries seen at low inclination angles. A further complication 
was the presence of companions to close binaries that might alter the observed 
light curve and the color of the combined system. Since the frequency of such 
companions “may be approaching 100%” the use of period-color diagrams as 
an analytical tool as suggested by Duerbeck (1997) may be invalid.

2. Objectives

 A preliminary examination of the DEBiL data showed that over one in 
six of the variable stars listed had a period of over ten days. This compares 
with a figure of about one in sixteen for all the eclipsing binary stars listed in 
International Variable Star Index (VSX; Watson et al. 2007). This raised the 
suspicion that many of the stars listed in the catalogue were pulsating variables, 
as referred to by Devor (2005), rather than eclipsing binaries. It was also noted 
during the preliminary examination that only small scale variation—less than 
0.2 magnitude—could be seen in the first ten light curves of long period variable 
stars that were examined in detail.

• Objective 1—to examine a random sample of stars to see if any of the 
variable stars listed as eclipsing binary stars had been misclassified

• Objective 2—to examine the characteristics of any misclassified variable 
stars to see if any such stars were spread equally throughout the entire 
DEBiL catalogue or if they shared one or more common features

3. Data and results

3.1. Experiment 1
 A sample of twenty stars was selected from the entries in the DEBiL catalogue 
using the random number facility in microsoft ExcEL. The prime aim of this 
experiment was to see if the phase diagram obtained for each star in the sample 
were consistent with the claim that the star was an eclipsing binary. Any attempt 
to identify the nature of the variability of any star not thought to be correctly 
classified was a secondary consideration and it was recognized that without 
additional information such identifications would be problematic.
 Each star had its phase diagram generated using the software package pEranso 
(Vanmunster 2007). These were then compared with phase diagrams for stars 
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known to belong to each of the three main sub-types of eclipsing binaries: EA, 
EB, and EW. The “saw tooth” shape of the phase diagrams obtained for seven of 
the twenty stars is quite unlike what would be expected for an eclipsing binary 
being more like those obtained from a pulsating or rotating ellipsoidal variable 
star. The phase diagram for an eclipsing binary of type EB or type EW is in the 
form of a continuous curve rather than as straight lines that come to a relatively 
sharp maximum or minimum. The comparison results were as follows:

 Category /20 Star #

Star is confirmed as an eclipsing binary with a  13 1, 2, 3, 4, 7, 8,
close match between the period obtained via  10, 12, 13, 14,
pEranso and the period quoted in the catalogue.  15, 17, 19
  
Star appears not to be an eclipsing variable but there 2 11, 16
is a close match between the period obtained via 
pEranso and the period quoted in the catalogue.

Star appears not to be an eclipsing variable and the 5 5, 6, 9, 18, 20
true period is half the period quoted in the catalogue.

 It appeared to be the low amplitude variable stars that were particularly prone 
to misclassification by the software. All the variable stars with an amplitude > 
0.20 magnitude were correctly classified whereas all the variable stars with an 
amplitude < 0.15 magnitude seem to have been misclassified. Unfortunately the 
on-line DEBiL database does not include the amplitude of variation and this can 
only be determined by examination of the individual light curves.
 The results for the individual stars are summarized in Table 1 and phase plots 
for the possible misclassified variable stars are shown in Figures 1 to 7 inclusive.

3.2. Experiment 2
 Ten DEBiL catalogue variable stars with quoted periods of over ten days were 
examined in detail using the software package peranso, with the following results:

 Category /10 Star #

Star is confirmed as an eclipsing binary with a close 0
match between the period obtained via pEranso and
the period quoted in the catalogue.

Star appears not to be an eclipsing variable but there 8 22, 23, 24, 25,
is a close match between the period obtained via  26, 28, 29, 30
pEranso and the period quoted in the catalogue.

Star appears not to be an eclipsing variable and the 2 21, 27
true period is half the period quoted in the catalogue
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 None of the supposed eclipsing binary stars had their classification confirmed 
since the shape of the phase diagrams obtained were quite unlike what would 
be expected for an eclipsing binary, being far more like those obtained from a 
pulsating variable star. The results for the individual stars are summarized in 
Table 2 and a specimen light curve and phase plot for a possibly misclassified 
star are provided in Figures 8 and 9.

4. Possible improvements to the Detached Eclipsing Binary Light Curve 
Fitter

 A) Mis-classification of long period variable stars—Visual examination of 
the light curve and/or phase diagram of a small sample of the supposed long 
period binary stars identified by the automated data processing pipeline would 
have revealed possible errors in the algorithms being used. A simple filtering 
process could then have removed all such entries from the entire data set prior 
to publication.
 B) Mis-classification of low amplitude variable stars—Pribulla et al. (2009) 
have described in some detail the difficulties associated with classifying low 
amplitude, short period variable stars. Obtaining spectra of candidate close binary 
systems was a key diagnostic tool but this technique was not used by Devor 
(2005) to check the operation of the algorithms within the Detached Eclipsing 
Binary Light curve fitter. Doubtless this was due to the large number of stars 
being examined.
 C) Alternative approaches (1)—Eyer and Blake (2005) report an estimated 
classification error of 7% in the system they used with candidate variable stars from 
the All-Sky Automated Survey. The autocLass algorithm was able to generate results 
of this level of reliability using just four parameters— period, amplitude, phase 
difference, and amplitude ratio. Crucially, they discovered that adding parameters 
“...often does not improve the classification.” Testing the algorithm on a sub-
sample of the data as a prelude to refining the methodology was seen as desirable.
 D) Alternative approaches (2)—The O’Connell effect (Wilsey and Beaky 
2008) is the name given to the situation where there is an obvious difference 
between the two maxima in the light curves of an eclipsing system. Evidence of 
the O’Connell effect in the phase diagram of a variable star would be evidence 
of a binary, rather than a pulsating system. The article on the Detached Eclipsing 
Binary Light curve fitter (Devor 2005) makes no mention of using the O’Connell 
effect as a diagnostic tool. 
 
5. Data access

 Additional data relating to the possibly misclassified variable stars discussed 
in this paper can be downloaded from http://www.martin-nicholson.info/debil.
xls. This file will also be archived and made available through the AAVSO ftp 
site at ftp://ftp.aavso.org/public/datasets/jnichm381.xls.  
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6. Summary

 Over a quarter of the 10,862 variable stars listed in the DEBiL data set may 
have been misclassified and therefore the results published through viziEr and 
subsequently imported into VSX need to be reviewed on a star-by-star basis.
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Figure 1. Phase diagram for star #5, 2MASS J17504498-2954194.

Figure 2. Phase diagram for star #6, 2MASS J17522545-3007032.

Figure 3. Phase diagram for star #9, 2MASS J17574170-3110322.
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Figure 4. Phase diagram for star #11, 2MASS J17585070-2853195.

Figure 5. Phase diagram for star #16, 2MASS J18023615-2957242.

Figure 6. Phase diagram for star #18, 2MASS J18031230-2844088.
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Figure 7. Phase diagram for star #20, 2MASS J18103207-2637252.

Figure 8. Light curve for star #22, 2MASS J17543116-2954252.

Figure 9. Phase diagram for star #22, 2MASS J17543116-2954252.


