Detecting variability in astronomical time series data
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We present applications of clustering methods to de- Clustering results 4. Processing SuperWASP DR1
tect variability in massive astronomical time series We cluster 16,189,040 light curves, having data points at
data. Focusing on variability of bright stars, we more than 15 epochs, as variable and non-variable cal\ie also explore the public data release 1 from the

use clustering methods to separate possible variable dates in 638 NSVS fields. SuperWASP project. This data set has about 15 million
sources from other time series data, which include in- .-+ T LrEo e lighteurves over both northern and southern skies. Because
trinsically non-variable sources and data with common =& ifaisiiia g . o sl the SuperWASP DR1 does not have well-defined obser-
systematic patterns. We already finished the anal- \ “hewwost  oowoicwe vation fields, first, we group light curves having similar
ysis of the Northern Sky Variability Survey (NSVS) ., fgz. o . time-scales such as starting and ending times.

data, which include about 16 million light curves, and .. *5’%5,&% R I

present candidate variable sources with their associa- i T SRR ST - 57 Cloud computing environments
tion to other data at different wavelengths. We also ap- .= %rgﬁ I ] A— - «=————  [For processing the SuperWASP DR1 data, we try to use a

ply our clustering method to the light curves of bright " ”""4_,2«-."‘ L f, - % oo Cloud computing testbed which is deployed by the Korea
objects in the SuperWASP Data Release 1 (DR1). R e o Institute of Science and Technology Information (KISTI)
This study Is conducted Iin cloud computing environ- Supercomputing Center. We test two different system con-

ment provided by the KISTI Supercomputing Center. Figure - GMM results with respect to the number of observagpochg(left) and  figurations. One system uses Condor as a job manage-
We explain our experience of using the cloud comput- center coordinates of the largest clusteght). The distribution shows that there arement software, and stores data in Lustre distributed file sys

ing test bed. field-by-field variations of systematic effects which prodwariations of the largest tem. Another system adopts Hadoop Computing environ-
clusters central position in the eight-dimensional space. ment with its distributed file system. Both systems are built

1. Introduction with virtual machines which are managed by Eucalyptus.
Variable candidates Although Hadoop systems does not allow us to use differ-

Detecting variability in astronomical time series data:;==="=""= .. owwm « g Feews o entfile systems and is less flexible than the Condor system,

can be understood as a problem of outlier or anomaly: - . S N R S I E its job management considers data locality which can im-

detection in statistics and machine learning. The main . si.0  Swasns e sl prove performance of parallel distributed processing.

assumption is that the time series data of detectable vagjrg*.f;g'”g g ocpmanw e ‘?4 Exaciltion Service

able objects is considerably different from the rest of data:: #**"*. LI 1N Repository

In usual data sets of astronomical time series data, there', it PLIILT R Condor oM
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well in given data sets, we can detect variable objectsyeasil e
and Completely. Figure - Example light curves of variable candidates matdbeSIMBAD objects of C;ndgrm Mansgament
The Common types Of anomaly deteCtion methOdS %-VaLL?BlgiI?rS. IRAS 19044+0855 2MASS 18552297+0404353 2MASS 09322353+1146033 APIJ‘”E]”CES Haduap S8
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O tlr_n_e series data or erasing the systematic _patterns W t; - NG R SURVUOTEUOTEUOY- (R I R SV ) SN computing. In this initial configuration, Condor and Had®ystems will be equipped
em.plrlcal appro_aches._ Here, we apply CIUStermg methOd_S’ ) i 2 ~ <(>) oS G 5 <(>) with maximum 300 virtual machines, which can be elasticaliyfigured and de-
which can Conglder ObJeCtS affected by commaon SYStem?‘t!bg ,:;"h M’#’.".; A :\ .'{';é;.‘,,,, .o g}iﬁz,‘, ‘n‘#?’#‘ ployed by users. The current test bed is made of 13 and 20 domgpeirtual ma-
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"he Hadoop system shows a slightly better performance
than the Condor system when the input light curve is large

due to its usage of data locality. Because the Hadoop sys-
(Ch2/25: Cas/60) are presented in the top of each panel. The 2MASS desigrsadiod tem requires a Java program to eXpIOit Its general support
— H, H — K,) are given in the top of each panel. 2MASS 18552297+O404§353ﬁ)]c the Map—Reduce approach, we use Hadoop Streaming to
run programs written in C or C++. Therefore, it is more

Figure - Example light curves of variable candidates that IRRAS sourcegleft),

2. Methods : clustering with variabllity indices
and with the reliable 2ZMASS photomet(gight). The IRAS designations and colors
Multiple variability indices
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In order to detect various patterns of light variation, w

- ST TP AT : - (ﬁ:lso PDS 551 which is a Herbig Ae/Be candidate star.
adopt the following variablility indices which are derive
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VNS5 Figure - Performance tests of deriving variability indidesm light curves combined

Figure - SDSS color-color diagrams of the variable candsideft), and example

AoV M the maximum value of the analysis of variance (ANOVA) statistic (Schwarzenberg-Czerny 1996)

_ _ _ _ ~ to the specific sizes with the Condfeft) and Hadoogright) systems. From top to
light curves selected as RR Lyrae variable candidates WehSDSS spectroscopic

Note. — o, u, 11, 72, and po are standard deviation, average, skewness, kurtosis, and . ] . bottom, the pIOtS ShOW user CPU tlme, SyStem CPU tlme, anHOIVij t|me Red,
median of N magnitudes z,, in each light curve, respectively. 0, is v/N/(N — 1) (2 — ) /en data(right). Boxes represent the ranges of single-epoch colors for RRelLyariable _ _ o
where e, is a photometric error for each data point. sign(d,0,1) is the sign of 5,5, 1. black, and blue lines correspond to maximum, average, anagmam measurements.

candidates. Solid lines in the panel gf€ r) and ¢ — ) colors representg(— 1)

Infinite Gaussian Mixture Model colors corresponding to spectral types O5, A0, FO, GO, KO, &f@al M5 from left to
Gaussian Mixture Model (GMM) IS commonly used as t%ht. The light curves of RR Lyrae variables are folded vaghproximate periods of

density estimator and a clustering method by describing {£,1757 (top) and 0.489448 (bottom) days, respectively.

5. Conclusion

We are processing all SuperWASP DR1 light curves

distribution of data as mixtures of multivariate Gaussian o SRR s R | | | |

distributions. Because we do not know how many clus-’ .. | .° v & L0 cME ey tofind new var_lable candicates by using the KISTI CIO[_Jd
ters exist in our data, we use an Infinite Gaussian Mixtuge5 E ii o ﬁ,:’r Eiz.: computing environment. The most parts of the Processing
Model with Dirichlet Process which allows the model to AR BT om0 wems o will be done with the Condor system. The analysis results

T of the NSVS and SuperWASP DR1 will be released to

fewo R T8 B puplic on our web site (http://stardb.yonsei.ac.kr) soon.
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