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1 Introduction

Scope of the following document is to introduce fhieject called STraDiIWA (Sky Transient Discovery
Web Application), as part of the DAME Program. Tlpsoject consists of a scientific workflow to
implement a set of tools for the real time detectnd classification of photometric transients mitiband,
multi-epoch surveys. Classification (in terms oblpability density function) needs to be performedeal
time in order to trigger possible follow-ups.

This project has been firstly proposed in [1] aachhically detailed in [15].

Basic requirements are:

v Interface with VO is needed to provide multi-wavejéh constraints to be fed as input to the
classifiers (as additional constraints);

v' A powerful distributed computing environment (CLOMERID-SCOPE) needed to perform
intensive simulation, image segmentation and deteetxperiments;

v DAMEWARE (Web Application REsource) infrastructuneeded for classifiers (models based on
machine learning paradigm) as well as to expossithelation package to the wide community (this
also imposes the largest possible flexibility ardeyality of the GUI).

Summary of working steps:

Check for existing stuff;

Define set of rules for most significant variablgext models;

Search for algorithms able to work on transients;

Define a strategy to evaluate their performancesralistic framework (i.e. simulations);
Implement within DAME the simulation package;

Evaluate and test classification algorithms on &ited data;

Implement selected algorithms on real pipeline;

VVVYVYVYVYVYVY

This project is directly connected with the KDD?}|Ghe Interest Group for data mining establishethiwi
the IVOA Consortium.

We plan to implement most of the variable objectigle and to design and implement specific classifie
However, the participation is intended to be erddrtp externals collaborators, to improve sciengegise
and background on variable object modeling andaio ¢he possibility to test the workflow on reamWne
generation survey pipelines or large programs, sisdBUCLID.

More aspects of the project can also be found alittp://dame.dsf.unina.it/dame td.html

1 http://www.ivoa.net/cgi-bin/twiki/bin/view/IVOA/lvaKDD is the official wiki site of the Interest Group
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2 Strategy

We plan to implement a simulated realistic workfltmbe used for studying the optimal classifieg(FAi).

The evaluation of classifiers requires benchmahence reference templates. At the moment, these
templates are not available. The usage of existaig (cf. PQ survey, etc.) does not solve all @oisl due

to: high threshold for detection (which rules outny variable objects), incomplete classificationmaist
variable objects.

In our opinion, the best way to obtain these teteglés to provide a realistic sky simulation franoekv

These realistic simulations should take into actasnmmany as possible relevant factors (exceptathgéom
presence of artifacts which, however, could berteseat a later stage). In particular:

* Instrumental realistic setup (telescope scale andntng, S/N ratio, band, instrument features,
optical design and optimization, residual aberratjavavefront sensing, site environment and seeing
parameters, etc...);

* Survey strategy (how many bands, how deep). A gnode on what are the relevant parameters
could be derived from [9];

» Sampling mode (even, uneven, realistic, i.e. tdkam existing surveys) and rate (how frequently is
the same region of the sky observed in each band);

* Realistic distribution of pre-modeled variable albge (from the list of objects defined in the
following);

By having this simulation framework available, @ s&synthetic multi-band and multi-epoch sky imsge
can be obtained.

It needs to be stressed however that simulatignsisone module into the workflow. And therefore th
strategy which is described in the following candasily tuned to match the requirements of anyrothe
simulation pipeline (such as for instance, the $atmn pipelines foreseen for both image and spacotthe
Euclid mission).
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Fig. 1 — flow-chart of the proposed workflow

The second step of the workflow should hence bedas the analysis and implementation of data mginin
algorithms, deployed on the DAME Cloud/GRID platfer already available, that could perform detection
and classification of such variable objects ondineulated images.

The final step should foresee the test of the D&&talgorithms on real cases, i.e. next generagdestope

and focal plane instrument survey pipelines, ireoitd evaluate the selected DM models in a realastid
operational environment.
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3 The Simulation Framework

The LSST, [8], Image Simulation Group has impleradra simulation pipeline which, however, while loein
useful to test detection algorithms, is completedgless for testing classification algorithms. Brents are
generated randomly with no physical reality attactoethem.

Details can be found in [8]. Their flow-chart (Fig) , however, is useful to better understand how t
implement the simulation.
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Fig. 2 — The LSST Simulation workflow

The core aspects of the simulation we proposebased on two software packages, publicly availabtee
site http://www.astromatic.net/softwgreainly related to:

» Simulation of galaxies: Stuff, [10]. This packagma@lso simulate stars but it does it in a ratlaéven
way. It is necessary to investigate whether theetlgithg assumptions are not too crude;

» Simulation of galactic foreground stars (based ahdall and Soneira model) to be added in Stuff .

» With reference to LSST simulation it is evidentttf@ our purposes, the simulation of solar system
objects (i.e. asteroids and KBO) is useless asagedihe implementation of a shear map;
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» Simulation of observing site conditions, telescapgics, etc: SkyMaker [11]. This software package
appears to be very flexible and can be used witlthéu improvements mainly referred to
telescope/instrument optical and site environmeanaimpeters.

Taken all the above into account, it is realisi@ssume that a prototype WEB based simulatiorlipgand
GUI can be implemented in few months. Hereinafter shall call “instance” a simulated sky patch and
“frames” the individual epochs of each instance.

In order to provide simulation of transients (spedcific section for details), the idea is to use itstancé
catalogue as “starting point” and then to perttiiih variable objects, obtained by taking intc@ant the
rules established in their modeling phase, andddyces the frames accordingly to the survey sigatibn.

A possible structure of the Simulation could be:

define survey parameters;

produce catalogue of stars;

add galaxies and select a fraction of them as AGN,;

randomly select among centroids those which slegbtme variable stars and attribute them variable
properties using the simulation environment andabée stars rules defined as below;

place SN near galaxies and change their brighaswsdingly specific rules (to be investigated);
change brightness of AGN (to be investigated);

Produce simulated frames for each instance;

Pipe the simulated images through NEXYdt other pipelines, and extract variable objects:

bR

©NOo O

In order to be realistic, a large number of inséamnis needed. Therefore interface to the Cloud/GRiBugh
the DAME distributed computing infrastructure isju@ed.

As mentioned before, there is available a softwpeekage for simulations of sky patches and
instrumentation FOV response.

We started to analyze in details the packages ShdfSkyMaker. In both cases, their internal meismatis
guiet simple. They require to configure specifitupdiles, in order to specify the correct sky tingment and
observation site features for the current simutatio

In particular, in Stuff, after adding star objedise main specification to simulate a variable objs to
introduce a realistic (i.e. obtained through thieo$eules discussed below) change in magnitude.

Hence, one of the main tasks of the variable objexdeling is to identify a pseudo-analytical fuoatii.e. a
look-up table) of the variation of magnitude wiimé, for each kind of objects: by giving as input a
magnitude, a phase and a time, the pseudo-analfticetion should return the changed magnitude (the
beginning of the phenomena could be randomly geedyalt can be also taken into account an overlap
effect, induced by Stuff that works on centroidgiether with transient effects on bulge and disésax

We verified also that it is possible to generatierded objects with SkyMaker.

By analyzing several releases of Stuff and SkyMagkght variations are present, that , howeverndb
seem to affect our final result. A special effdrosld be spent on the right integration of optalaérrations
into the original software, depending on the spet#lescope and instrument modeled in the simanati

2 Multiple instances of each sky patch are needed&tuate statistics

NEXT-Il is an image segmentation program devedopby DAME team, currently under testing
(http://dame.dsf.unina.it/next.htjnl
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4 The variable objects

4.1 Rules for variable object modeling

An important aspect of the project is to identdevant group of objects and derive rules for thefinition.
Starting point for stars: the VO ontology, [7]. ®bis must be translated where possible in setaajtic
rules.

Example: RR-Lyrae Cepheid variables:

* Periodic;

* Amplitude of variation (as a function of band);

» If present: delay in epoch of maximum among diff¢tgands;

» Typical shape of the light curve (from parametdr@aof template light curves or from models);
» Multi-wavelength characterization: e.g. X ray odiloud, etc.;

» Number density as a function of magnitude and gal&titude (where available, in tabular forms,
otherwise from models).

Periodic objects present no problems. Just worlired to define set of rules. Some problems ansarder
to derive rules from ontologies:

1. How to integrate in realistic way a-periodic trams (among which AGN, etc.). How to quantify
their temporal behaviors;

2. Sporadic events like SN;

3. Completeness of simulations requires rules to lieetat various wavelengths;
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Fig. 3 — Ontology Tree for stellar objects [7]
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4.2 Preliminary summary of Stellar Object

What follows is a preliminary summary of variabtelgr objects for which it is intended to derivdas and
is therefore just an outline of the types of olsetct be consideredt is therefore, incomplete, naive and
might contain errors.

It needs to be stressed that, for the purposeseoprtesent work, once classes have been definsdtbyof
rules, they can be agglomerated into the same atimolmodule.

Rules will include also parameters needed to @statiie number of objects to be included in theusation.
Eclipsing Binaries

- W Ursae Majoris: close binaries, whose surfaces are in contath wne another. They are
termed contact binaries because the two stars tandhthey essentially share material in their outer
layers. Through the neck between the two stars aradseat is transferred between th e componehés. T
latter one equalizes the temperatures of the tans.st

- Algol: class of eclipsing binary stars. When the cootanponent passes in front of the hotter one, part
of the latter's light is blocked, and the totalghtness of the binary, as viewed from Earth, temuplgr
decreases. This is the primary minimum of the yin&otal brightness may also decrease, but lesspnwh
the hotter component passes in front of the camier, this is the secondary minimum.

- Beta Lyrae: class of close binary stars. Their total brigiss is variable because the two component
stars orbit each other, and in this orbit one camepo periodically passes in front of the other dhereby
blocking its light. The two component stars of Bejaae systems are quite heavy (several solar reasse
each) and extended (giants or supergiants). Thesarclose, that their shapes are heavily distdiyed
mutual gravitation forces: the stars have ellipabghapes, and there are extensive mass flows drem
component to the other.

Symbiotic Star. is a variable binary star system in which onelsés expanded its outer envelope and
is shedding mass quickly, and another hot staerfadtwhite dwarf) is ionizing the gas .

Spectroscopic Binary:the binary consists of a pair of stars where geesal lines in the light emitted from
each star shifts first toward the blue, then towhmdred, as each moves first toward us, and thery rom
us, during its motion about their common centemags, with the period of their common orbit.

X-ray Binary: when a binary system contains a compact object as@hwhite dwarf, neutron star or black
hole, gas from the other, donor, star can accraiethe compact object. This releases gravitatipotntial
energy, causing the gas to become hotter and edidtion. X-ray binaries are further subdivided in two
subclasses. Note that the classification by mdgs,(intermediate, low) refers to the opticallyikie donor.
Low mass X-ray Binaries are semidetached binarieghich gas from a late-type donor star overflohes t
Roche lobe and falls towards the neutron star ackbhole. High mass X-ray Binaries: contain a yqung
early type, high-mass donor star which transferssnhy its stellar wind.

Irregular Variable Star: These are usually red supergiants with little orpeoiodicity. They are often
poorly studied semi-regular variables that, upaset scrutiny, should be reclassified.

Eruptive variable Stars: stars who exhibit sudden changes in brightnegheriorm of outbursts, flares, or
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fades. The variations are caused by activity insfag's chromosphere or corona, and may be accaeapan
by mass loss through the ejection of shells omasdanced stellar wind.

Cataclysmic Variables:stars that undergo a cataclysmic change in thepepties.

* Nova star that brightens suddenly several hundre@: ftaillion-fold, remains bright for a few
days to several months and then returns to itsdgriow luminosity. Novae are classified
according to the light curve development speeds thuNA, fast novae, with a rapid
brightness increase, followed by a brightness dechf 3 magnitudes — to circa 1/16
brightness — within 100 daysIB, slow novae, with a 3 magnitudes decline in 15¢sda
more ,NC, very slow novae, staying at maximum light for ecalde or more, fading very
slowly andNR, recurrent novae, novae with more than one knowpiosion in historical
times.

* AM Herculis: type of cataclysmic variable binary star systeithva very strong magnetic
field. Polars derive their name from the linearklydacircularly polarized light that they
produce.

* DQ Herculis (Intermediate Polar): type of cataclysmic variable binary star systéime
name "intermediate polar" is derived from the githrof the white dwarf's magnetic field,
which is between that of non-magnetic cataclysnadable systems and strongly-magnetic
systems.

* Nova-like variables (NL). these systems have spectra that indicate tlegt dhe possibly
novae that are either in a pre-or post-outburgiest@he period between outbursts is too long
to have been seen by modern observations.

* Dwarf Novae (DN} double stars involving a white dwarf star inievh matter transfer
between the component gives rise to regular outhursere are three types of dwarf nova: U
Geminorum stars, which have outbursts lasting rugt?0 days followed by quiet periods of
typically a few hundred days (during an outbursttbrighten typically by 2 - 6 magnitudes ),
Z Camelopardalis stars, in which occasional platgfabrightness callegdandstills are seen,
part way between maximum and minimum brightnessUsthe Majoris stars, which undergo
both frequent small outbursts, and rarer but lasgpeeroutbursts. These binary systems
usually have orbital periods of under 2.5 hours.

* RS Canum Venaticorum close binary systems with a longer period chrgvhesic activity,
including flares, that typically last 1-4 years.iFlactivity cycle is comparable to the solar
cycle of the Sun. The prototype of this class $® @n eclipsing binary.

Orion Variable: variable star which exhibitirregular and eruptiwariations in its luminosity and is
typically associated with diffuse nebulae. It igught that these are young stars which will latecdme
regular, non-variable stars on the zero-age majnesece. Brightness fluctuations can be as muckssa
magnitudes. Subtypes of Orion variable star @r€auri andFU Orionis. Variability of T Tauri stars is due
to spots on the stellar surface and gas-dust cluorpgting in the circumstellar disks. FU Orioniariables
are of spectral type A through G and are possiblgwlutionary phase in the life ®fTauri stars.

R Coronae Borealis (RCB) eruptive variable star that varies in luminositytwo modes, one low
amplitude pulsation (a few tenths of a magnitudey one irregular unpredictably sudden fading by @
magnitudes. R Coronae Borealis variables are sigmgrgtars in the spectral classes F and G.

Rapid Irregular Variables : have no apparent connection with diffuse nebatagshowing light changes of
about 0.5 - 1.0 mag within several hours or days.

Rotationally Variables: stars with sizable sunspots may show significamtations in brightness as they
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rotate, and brighter areas of the surface are btaagp view. Bright spots also occur at the magnpbles
of magnetic stars. Stars with ellipsoidal shapeg atso show changes in brightness as they preseying
areas of their surfaces to the observer.

* Ellipsoidal Variables: very close binaries, the components of whichram-spherical due to their
mutual gravitation. As the stars rotate the areth@i surface presented towards the observer esang
and this in turn affects their brightness as seam Earth.

* Pulsars highly magnetized, rotating neutron stars thait enbeam of electromagnetic radiation.
The observed periods of their pulses range frommiilliseconds to 8.5 seconds. Three distinct ckasse
of pulsars are currently known according to thers@wf the power of the electromagnetic radiation:
Rotation-powered pulsars, where the loss of rotational energy of the stevvigdes the power,
Accretion-powered pulsars (accounting for most but not all X-ray pulsarshere the gravitational
potential energy of accreted matter is the powarcggMagnetars, where the decay of an extremely
strong magnetic field provides the electromagnebiwer.

* Alpha-2 Canum Venaticorum: these stars are chemically peculiar main sequstiace of spectral
classB8p to A7p. They have strong magnetic fieldand strong silicon, strontium,
or chromium spectral lines. Their brightness tylycaaries by 0.01 to 0.1 magnitudes over the ceurs
of 0.5 to 160 days.

* BY Draconis: main sequence variable stars of late spectrastypsually K or M. They exhibit
variations in their luminosity due to rotation ofhetstar coupled with star spots, and
other chromospheres activity. Resultant brightrilesduations are generally less that 0.5 magnitudes
on timescales equivalent to the star's rotatioealog, typically from a fraction of a day to severa
months.

Pulsating Variable Stars.Pulsating variable stars are intrinsic variableshes variation in brightness is
due to a physical change within the star. In thsecaf pulsating variables this is due to the pétiod
expansion and contraction of the surface layerthefstars. The different types of pulsating vagahte
distinguished by their periods of pulsation andghapes of their light curves

- Cepheids Typical classical Cepheids pulsate with periofig dew days to months, and their radii
change by several million kilometers (30%) in thegess. They are large, luminous stars, of spectral
class F6 — K2, they are 5-20 times as massiveeaSuh and up to 30000 times more luminous.

- Delta Scuti variable star which exhibits variations in itsrmosity due to both radial and non-radial
pulsations of the star's surface. Typical brighgnisctuations are from 0.003 to 0.9 magnitude¥ in
over a period of a few hours, although the ampditadd period of the fluctuations can vary greatly.
The stars are usually AO to F5 type giant or magugnce stars.

- RR Lyrae: periodic variable stars, commonly found in glautlusters, and often used as standard
candles to measure galactic distances. RR Lyrapusating horizontal branch stars of spectralschas
(and rarely F), with a mass of around half the SURR Lyrae are old, relatively low mass, metalf#poo
Population Il stars. Their period is shorter, tyhig less than one day, sometimes ranging down to
seven hours.

- RV Tauri: supergiant variable stars. They exhibit changelkiminosity which are tied to radial

pulsations of their surfaces. Their changes in htngss are also correlated with changes in
their spectral type. While at their brightest, thars have spectral types F or G, at their dimntlesir,
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spectral types change to K or M. The formal penbtirightness fluctuations is typically around 80 t
150 days, and exhibits alternating primary and séary minima, which can change relative to each
other. Difference between maximum and minimum kirighs can be as much as four magnitudes.

- Pulsating White Dwarf: white dwarf star whose luminosity varies due ton-madial gravity
wave pulsations within itself. These variables esdhibit small (1%—-30%) variations in light output,
arising from a superposition of vibration modeshwitriods of hundreds to thousands of seconds.

- W Virginis : are a subclass Cepheid variables in Populatiamidth exhibit pulsation periods between
10-20 days and are of spectral class F6 — K2.

- Long Period Variables type of variable star in which variations in Hrigess occur over long
timescales of months or years. Long period vari@ble giant stars and brighter, from spectral dfass
and rewards, but most are red giants and AGB giamsning spectral class M, S or C. The following
well defined variable star classes use to be cdunte the LPV category:

. Mira Ceti: a class of pulsating variable stars charactermedery red colors,
pulsation periods longer than 100 days, and lighpldaudes greater than one magnitude. They
are red giant stars in the very late stages dastekvolution that will expel their outer
envelopes as planetary nebulae and become whitdsdwighin a few million years.

. Semi-irregular variable stars: giants or supergiants of intermediate and
late spectral type showing considerable periodiaitytheir light changes, accompanied or
sometimes interrupted by various irregularitiegideis lie in the range from 20 to more than
2000 days, while the shapes of the light curves beayather different and variable with each
cycle. The amplitudes may be from several hundeedbthseveral magnitudes (usually 1-2
magnitudes in the V filter).

. Slow Irregular Variables (ascribed the GCVStypes L, L and LC):
variable stars that exhibit no or very poorly defirperiodicity in their slowly changing light
emissions. Most of them are late spectral typesitK M, S stars or carbon stars. The LBs are
generally giants, while the LCs are supergianksldting a light variation interval of about
1 magnitude.
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4.3 Supernovae

Supernovae are extremely luminous and cause a lofirsadiation that often briefly outshines an
entire galaxy, before fading from view over sevewateks or months. Categories of supernovae are
traditionally defined by the spectrum that revethle composition of the ejected matter. Complemgntar
information is obtained from the light curve, thattern of rapid brightening and slower dimming dated

by each event. From the studies of supernovaeher gfalaxies, astronomers have identified two bypies
called Type | and Type Il

- Type la: appear in all kinds of galaxies—elliplicspiral, and irregular. Type la tend to avoid #ims

of spiral galaxies. Type la show characteristicmapts in the spectrum, with elements such as
magnesium, silicon, sulfur, and calcium near maxmiight and iron later on. The light curve for Type
la supernovae is also characteristic. There isifialirise to a peak that takes about two weekkthan

a long slower period of gradual decay over time=caf months that is very similar for all thesergse

- Type Ib and Type Ic: are associated with masstaes. Type Ib show evidence for helium in the
spectrum near maximum light. Type Ic show littlenar such evidence for helium. On the other hand,
both Type Ib and Ic show evidence for oxygen, magme and calcium at later times. Type Ib and Ic
show little or no evidence for a strong line ofcgih, a major characteristic of the spectra of Tigpe

- Type II:  occur occasionally in Irregular galesj but mostly in spiral galaxies and then withna t
confines of the spiral arms. There exist sever@gmies of Type Il supernovae , which are categaoki
based on the resulting light curve following theplesion. Type Il-L supernovae show a steady
(Linear) decline of the light curve following thex@osion, whereaJype II-P display a period of
slower decline (®lateau) in their light curve followed by a hormaicay.

4.4 Compound Object

Active Galactic Nuclei (AGN). compact regions at the centre of some galaxyhvha&ve a much higher
than normal luminosity over some or all of the #l@magnetic spectrum (in the radio, infrared, icgt
ultra-violet, X-ray and/or gamma ray waveband4any AGNs vary in brightness by substantial amounts
over timescales as short as years, months, daysyesr hours. It is convenient to divide AGN intootw
classes, conventionally called radio-quiet andadmiud. For a given IR through soft x-ray lumingsithe
radio-loud AGNs are 2—3 orders of magnitude monaimous in the radio than the radio-quiet objects.

- Radio-Quiet AGN:

* Low-ionization nuclear emission-line regions (LINER These systems show only weak
nuclear emission-line regions, and no other sigeatof AGN emission. They constitute the
lowest-luminosity class of radio-quiet AGN.

» Seyfert galaxies. . They show optical nuclear cantm emission, narrow and
(sometimes) broad emission lines, (sometimes) gtromclear X-ray emission and
sometimes a weak small-scale radio jet. OrigintBy were divided into two types known
as Seyfert 1 and 2: Seyfert 1s show strong broassén lines while Seyfert 2s do not, and
Seyfert 1s are more likely to show strong low-ggeX-ray emission.

STraDi WA proj ect docunentation

This document contains proprietary information of DAME program Board. All Rights Reserved.



Rev.: 1.0
DAME Program

Date: 24/01/2011

STraDiIWA_DAME-DOC-NA-0003-Rel1.0 Pag. 19 of 43

» Radio-quiet quasars/QSOs. Quasars has opticahbsities that is greater than that of
their host galaxy. They always show strong opta@aitinuum emission, X-ray continuum
emission, and broad and narrow optical emissiaslin

- Radio-Loud AGN:

« Radio-loud quasars. They show strong optical cantim emission, broad and narrow
emission lines, and strong X-ray emission, togethién nuclear and often extended radio
emission.

e Blazars (BL Lac objects and OVV quasars). Thesssela are distinguished by rapidly
variable, polarized optical, radio and X-ray envgsiBL Lac objects show no optical

emission lines, broad or narrow. OVV gquasars belhawe like standard radio-loud quasars
with the addition of a rapidly variable component.

« Radio galaxies. These objects show nuclear anch@stkradio emission. They can
broadly be divided into low-excitation and high-gaton classes. Low-excitation objects
show no strong narrow or broad emission lines. Bytrast, high-excitation objects
(narrow-line radio galaxies) have emission-linect@ similar to those of Seyfert 2s.
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5 Current status of the pipeline

At the present stage of the project we designeddmwveloped a pipeline that allows the user to sateul
images, as more realistic as possible, containamggble objects, then extracted catalogues by uSing
Extractor. This well known software is also useaider to verify and validate the goodness of theikated
images, before to explore their segmentation aedl¢tection of various objects.

So far, our simulation pipeline consists of thédwing steps:

1. Merge common parameters spread in Stuff, SkyMakel &-Extractor configuration files, and
collect them in a new single setup file (e.g.,ditka.config);

2. create a first catalog of galaxies with Stuff;

3. add a star catalog, produced by simple star fieltegator coming from SkyMaker;

4. add variable objects (modeled offline) in numbett &ype defined by the setup file;

5. evaluate temporal evolution of the magnitude fertdansients, defined by appropriate rules;

6. produce simulated images through SkyMaker ( withapeters defined by STraDiWA and
SkyMaker setup files);

7. extract catalogues with S-Extractor .

An example of STraDiWA setup file is in Appendix |

In the current version of the simulation the usaes the opportunity to set the parameters relatetthdo
modeling of the extragalactic objects (cosmologiatameters, luminosity function coefficients) ituf§

all the information related to the simulated instant and the observing conditions in SkyMaker, the
behavior of those parameters that evolve over &imgk number and type of the transients to be indude
STraDiWA setup file.

Until now the variable objects available for themslation are Irreqular Variable Objects (randomly
assigned) and Classical Cepheids

The rule used to find temporal evolution of Rand@tnject is very simple: magnitudes at each time are
randomly generated in the range defined by magaitidits. This obviously can be performed in eaahd

For classical Cepheids modeling, the rules usedlayetly more complicated.

5.1 Rules for Classical Cepheids modeling

In our work we referred to the classification Gepheids provided by AAVSO (American Association of
Variable Star Observers) .

The AAVSO identifies three types of Cepheids:

DCEP ( Classical Cepheid)
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Period Range: 1-135 d.
Ay =0.1 -2 mag.

CEP(B) ( Beat Cepheids)

Cepheids displaying the presence of two or morellsémeously operating pulsation modes (usually the
fundamental tone with the period PO and the fivertone P1).

Period Range:2 — 7 d.
P1/PO ~0.71.

DCEPS ( SCepheids)

These star have almost symmetrical light curVéey are probably first-overtone pulsators andferiathe
first transition across the instability strip afteaving the main sequence.

Period Range: 3 - 10 d.
Ay < 0.5 mag.
A, <0.7 mag.

Currently we focused on Classical Cepheids becthese obey the well-known Period-Luminosity redati
This relationship is linear ifogP and has been calibrated in several bands. We heaédults from Sandage
& Tammann 2004 in B, V, and | bands.

We give now a brief summary of what are the stéphesimulation of a Classical Cepheid:
» the Period can be assigned by the User or ex@adomly within the AAVSO values;
» use P-L relation in order to find mean absolute mtagde;
» the Phase can be assigned by the User or extratimay;
» the Amplitude can be assigned by the User or eda@ndomly within the AAVSO values;

e itis possible to assume a sinusoidal law and ataltihe temporal evolution of the absolute
magnitudes;

* The apparent magnitude of each star can be estrbgtesing the values of absorption
coefficients given by Tammann and extracted rangidh@ color excess.

For a Classical Cepheid the parameters that musebim the STraDiIWA configuration file then: P, &,
As an initial example we produced a simulation &l8ssical Cepheids and 2 Irregular Variable, us8F
(VLT Survey Telescope) parameters. The simulatioreiated to three consecutive observing days, avith
uniform sampling mode and in the B, V, and | bands.

A movie of the simulation, in RGB colors, is availble at http://dame.dsf.unina.it/dame td.html#se

An example of an image, extracted from the movie@tn each band, can be found in Appendix II.
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5.2 Catalog Extraction

In order to verify the consistence of the imposadameters (also taking into account the forthcones
with several classifiers), we submitted the reduomdges to S-Extractor, by opportunely tuning its
parameters.

We performed several tests ( in Johnson B, V dahds ) in which we have:
» changed one parameter at time;

 changed the FILTER or THRESHOLD parameters in Sdetbr configuration file, or the
MAG_ZEROPOINT or AUREOLE RADIUS parameters in Skylkéa configuration file;

» replicated the tests by changing values of seeagpectively 0.7 and 1.07;

» performed the tests with objects simulated in trge [18, 26] mag and extracted in [18, 24] mag,
binning them in intervals of 1 mag.

We simulated an image with exposure time of 150fbghat the MAG ZEROPOINT in S-Extractor is the
MAG ZEROPOINT in ADU per sec (set in SkyMaker) msntt 2.5l0g,,(GAIN) + 25log,, (T exp) plus

[0010 (t_exp * GAIN), where GAIN is expressed in[ADU] and Texp is in [sec].

The most significant tests are those with FILTERapzeter set tgauss_5.0_9x9.conwith seeing 1.07 and
gauss_4.0_7x7.conwith seeing 0.7 (see tab.4 in Appendix Il foraefnces).

The detection rates performed by S-Extractor shaw for Stellar Objects, with a seeing of 1.07,ca@a’'t
go deeper of 23 mag, while with a lower seeing.@ftBe results are quite acceptable up to 24 mag.

We report the S-extractor detection rates relatatiis test. In Appendix Il and Il you can findrse results
of performed tests.

We want to point out that the parameter THRESHGEDto 0.8 is chosen in order to avoid spuriousaibj
(the simulation environment is done for not crowded/erse).

The results obtained by S-Extractor are a wellesugtarting point to estimate what threshold we usmin
the evaluation and tuning of the classifiers.

We also provided a plot with the difference betwé®m magnitudes in input and outparsus the input
magnitude (as in Fig. 4)
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Fig. 4 — input/output magnitudes versus input magrude

( The bright galaxies that deviate from the valti®.65 mag are, in a case almost on the edge dfrthge,
in the others overlap another fainter object )

S-Extractor was our preliminary choice. We inteadrnivestigate more crowded fields in which to ewsdu
results by using other more specific reductionvgaife packages (such as DAOPHOT).

Examples of simulated images and of checked impigahuced by S-Extractor can be found in Appendix Il

STraDi WA proj ect docunentation

This document contains proprietary information of DAME program Board. All Rights Reserved.



Rev.: 1.0
DAME Program

Date: 24/01/2011

STraDiIWA_DAME-DOC-NA-0003-Rel1.0 Pag. 24 of 43

6 Algorithms for variable object identification

This is the section related with the DM methods atgbrithms to be explored in order to perform the
required detection and classification of varialdigeots. We are currently at the very beginninghig phase.

It requires a preliminary review of all existingyalithms which could be relevant to the classifaain real
time of transients. For instance we intend to engldetection models based on the machine learning
paradigm, such as:

» Bayesian Networks;

Wavelets and segmentation methods;

» Supervised classifiers trained on simulations;
» Unsupervised clustering models;

* Multi-model gated experts;

The application of such methods could also arieenfthe analysis of algorithms and applicationsaalye
available in the DAME framework. At the moment,gbare listed in the following table.

MODEL CATEGORY FUNCTIONALITY
MLP with Back Propagation Supervised Classificgti@agression
MLP with Genetic Algorithm Supervised Classificatjdregression
MLP with Quasi-Newton Supervised ClassificationgRession
Support Vector Machine (SVM) Supervised ClassifaatRegression
Multilayer Clustering (Self Organizing Unsupervised| Clustering
Maps - SOM)
NEXT-II hybrid Image segmentation and clustering
Principal Probabilistic Surfaces (PPS) Unsupervisedimensional reduction, pre-
clustering

Tab. 3 — data mining models currently available irDAME

Further methods, after the decision to be emplageatis project, will be implemented in the fortmsimg
releases of DAME applications and services.

Various indicators for variable objects (uniformityglex, etc...) need also to be explored.

Details of above methods can be found on DAME ofiial website: http://dame.dsf.unina.it/
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7 Appendix | — Samples of setup files

In the following, a sample of our custom setupsfile reported. As underlined in the previous sesti@ne
of the project tasks is the integration of suchugdtles, together with the corresponding updaiifighe
source code which are needed to implement sucloiveprents.

Main output values coming from Stuff sky simulatioamework (verbosely described in [15]) are:

» Label 100> star object; 200> galaxy object;

e pixel position in simulated image;

» apparent magnitude;

* bulge-to-total ratio;

* bulge effective radius;

» bulge apparent aspect ratio;

» bulge position angle (degrees, CCW with respebbtizontal axis);

» disk scale length (in arcsec);

» disk axis ratio and position angle (degrees, CCWl vaspect to horizontal axis);
» galaxy redshift.

In the following, two samples of customized and-&ekractor setup files are reported.

7.1 STraDIWA setup file

The setup file reported below is referred to tmeusation of Cepheids as described in the document.

#STrabDi WA v1.0
1# Default configuration file Version 1.0

e L Setup Files---------mmmmmmi e
SETUP_FI LES ./default.stuff,./defaul t VST. sky,./default.sex
#nane and path of configuration files of Stuff, SkyMaker and S-Extractor

e L Stuff Parameters------------------------------
STUFF_CATALOG NAME B.list,V.list,l.list # different for each band
PASSBAND OBS sandage/ B, sandage/ V, j ohnson/ | # Cbserved passband(s) in Stuff
(sandage, johnson etc are the folders contains filters)

R R E Comon paraneters to Stuff and SkyMaker-------------------
| MAGE_SI ZE 1024 # Wdth, [ height] of the output frane
MAG LIM TS 18, 26.0 # al l oned range of apparent magnitudes
R R R Conmon paraneters to Stuff, SkyMaker and Sextractor-------------
GAIN 0. 53 # detector gain in e-/ADU

Pl XEL_SI ZE 0. 213 # size of pixel in arcsec

R LR Conmon paraneters to SkyMaker and Sextractor ---------------------
SATUR LEVEL 65535 # saturation | evel (ADU)
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SkyMaker Paranmeters---------------------------
#(s)

# background surface brightness

EXPOSURE_TI ME 1500. 0
BACK_MAG 22. 81, 21. 81, 19. 78

(mag/ arcsec2), one for each band to take in to account

R R R T Variable Qbjects---------mmmmmmm i
TRANSI ENT 1, 20. 3, 2. 5, RANDOV RANDOM # OBJECT TYPE, |N TIAL MAGN TUDE,
PERI OD (days), AMPLI TUDE( nag), PHASE(rad) (to have random val ues, RANDOWV)
TRANSI ENT 1, 21.3,1.2,1.8, 2Pi # OBJECT TYPE, |N TIAL MAGN TUDE,
PERI OD (days), AMPLI TUDE( nag), PHASE(rad) (to have random val ues, RANDOWV)
TRANSI ENT 1, 19. 5, 3. 0, 0. 7, RANDOM # OBJECT TYPE, |N TIAL MAGN TUDE,
PERI OD (days), AMPLI TUDE( nag), PHASE(rad) (to have random val ues, RANDOV)
TRANSI ENT 0, RANDOM RANDOM RANDOM RANDOM  # OBJECT TYPE, | N TI AL MAGN TUDE,
PERI OD (days), AMPLI TUDE( nag), PHASE(rad) (to have random val ues, RANDOV)
TRANSI ENT 0, RANDOM RANDOM RANDOM RANDOM  # OBJECT TYPE, | N TI AL MAGNI TUDE,
PERI OD (days), AMPLI TUDE( nag), PHASE(rad) (to have random val ues, RANDOV)

SAMPLING B, 3, 2,9

#SAMPLI NG identifies the selected behavi or between:

0, egq:

# First character
#A) time series (in hours) fromt =
A 0,111, 3143, 32432, 5454, 454

#B) fixed sanpling with nunber of days , tine(hours), and
| ength of night (hours), es: B,50,4,9
#note that paramti me(hours) has to be consistent to
exposure_ti me;
SEEI NG FWHM B, 0.6, 1.1
#SEElI NG_FWHM # First character identifies the sel ected behavi or between:
#A) series of specific values, eg:
A, 123, 234, 5543, 543543643, 232432
#B) random val ue between nmin and max, for each inmage: B, m n, nax

(m n+ RAND(O, 1) *max-mn
| NSTR_ZEROPO NT A, 26 # instrunental magnitude zero-point
#Vari abl e Cbjects available in the current version of STraD WA
#0) RANDOM for each band

#1) d assi cal Cepheid, avai |l abl e band B, V,|

7.2 S-Extractor setup file

The following setup file is referred to the test Wy reported in this document.

Cat al og
# NONE, ASCI |, ASCI | _HEAD, ASCI | _SKYCAT,
# ASClI | _VOTABLE, FITS 1.0 or FITS_LDAC
# name of the file containing catal og contents

CATALOG_TYPE ASCI | _HEAD

PARAMETERS _NAME def aul t. param

e Extraction --------------cmmmo
DETECT_TYPE CCD # CCD (linear) or PHOTO (wth ganma correction)
DETECT_M NAREA 5 # m ni mum nunber of pixels above threshold
DETECT _THRESH 0.8 # <sigmas> or <threshol d>, <ZP> in nag. arcsec- 2
ANALYSI S THRESH 0. 8 # <sigmas> or <threshol d>, <ZP> i n nag. arcsec-2
FI LTER Y # apply filter for detection (Y or N)?

FI LTER _NAME gauss_5. 0_9x9. conv # name of the file containing the filter

DEBLEND_NTHRESH
DEBLEND_M NCONT

# Number of debl endi ng sub-threshol ds
# M ni mum contrast paraneter for debl endi ng
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MEMORY_OBJSTACK
MEMORY_PI XSTACK
MEMORY_BUFSI ZE

CATALOG_NAME

GAI N
SATUR_LEVEL
MAG_ZEROPOI NT

Pl XEL_SCALE
SEEI NG_FWHM
CHECKI MAGE_NANME
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CLEAN Y # Cl ean spurious detections? (Y or N)?
CLEAN_PARAM 1.0 # Cleaning efficiency
MASK TYPE CORRECT # type of detection MASKi ng: can be one of

# NONE, BLANK or CORRECT

e R Photometry --------mmmm o
PHOT _APERTURES 5 # MAG _APER aperture dianeter(s) in pixels
PHOT _AUTOPARAMS 2.5, 3.5 # MAG _AUTO paraneters: <Kron_fact>, <m n_radi us>
PHOT PETROPARAMS 2.0, 3.5 # MAG PETRO parans: <Petrosian_fact>, <m n_radi us>
SATUR_KEY SATURATE # keyword for saturation |level (in ADUs)
MAG_GAMVA 4.0 # gamma of emul sion (for photographi c scans)
GAl N_KEY GAIN # keyword for detector gain in e-/ADU
R Star/Galaxy Separation -----------c-omommma o
STARNNW NAME defaul t. nnw # Neur al - Net wor k_Wei ght table fil enane
R e Background ----------c o
BACK Sl ZE 64 # Background nesh: <size> or <w dt h>, <hei ght>
BACK FILTERSI ZE 3 # Background filter: <size> or <w dth>, <hei ght >
BACKPHOTO TYPE  GLOBAL # can be GLOBAL or LOCAL
R e Check Inmage ------------- e
CHECKI MAGE_TYPE APERTURES # can be NONE, BACKGROUND, BACKGROUND RMS,

# M NI BACKGROUND, M NI BACK_RMS, - BACKGROUND,
# FI LTERED, OBJECTS, -OBJECTS, SEGVENTATI ON,
# or APERTURES

————— Menory (change with caution!) -------------------------

3000 # nunber of objects in stack
300000 # nunmber of pixels in stack
1024 # nunmber of lines in buffer
————— =T [ e

sky newi nage. cat
1.0

65535

33. 9402

0.213

1. 07

check_newi mage. fits
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8 Appendix Il — Simulation of Variable Objects

Images containing variable objects defined in theaBiWA setup file in B, V and | bands at t = 0.
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Fig. 5 — simulated image in the B band (left) and Wand (right)
Fig. 6 — simulated image in the | band
The images reported above are some frames taken m frothe movie

(http://dame.dsf.unina.it/dame_td.html}¢er Cepheids/Irregular variable objects simulat{parameters are
reported in the Appendix I).
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9 Appendix Il — S-Extractor detection rate tests

Remind that the detection rates are divided by binsiagnitude, however the images reported bel@av ar
referred to objects always extracted in the lifi& — 24] mag. The difference between followingdas in
terms of change of some parameters (see tables isdoimages for details), mainly seeing, filtéreshold
and aureole radius of PSF.

In the tables reported for the tests,; 8nd G are the objects well classified by S-Extractoattis with
Stellarity index Sl >= 0.98 for the stars and S).88 for the galaxies. Obviously the quantitigsad G,
are known.

A summary of reported tests, in terms of main patans, is shown in Tab.4.

TEST MAG AUREOLE GAIN SEEING THRESHOLD FILTER
ID ZEROPOINT RADIUS [e-/ADU] [arcsec]
[ADU per set [pixel]
1 26.0 188 1.0 1.07 0.8 gauss_5.0_9x9.conv
2 26.0 188 1.0 1.07 0.5 gauss_5.0_9x9.conv
3 28.0 188 1.0 1.07 0.8 gauss_5.0_9x9.conv
4 26.0 0 1.0 1.07 0.8 gauss_5.0_9x9.conv
5 26.0 188 1.0 1.07 0.8 default.conv
6 26.0 188 1.0 1.07 0.8 gauss_4.0_7x7.conv
7 26.0 188 1.0 1.07 0.8 gauss_3.0_7x7.conv
8 26.0 188 1.0 1.07 0.8 gauss_3.0_5x5.conv
9 26.0 188 1.0 0.7 0.8 default.conv
10 26.0 188 1.0 0.7 0.8 gauss_4.0_7x7.conv
11 26.0 188 1.0 0.7 0.8 gauss_3.0_7x7.conv
12 26.0 188 1.0 0.7 0.8 gauss_3.0_5x5.conv
13 26.0 188 1.0 0.7 0.8 gauss_5.0 9x9.conv

Tab. 4 — Summary of test parameters
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Test 1
@ s . .
Fig. 7 — Test 1, Simulated image produced (left)riage verified by S-extractor (right)
Test 1 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
c N GAIN 1.0 e-/ADU
ommon parametersi=—— o~ 107
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_5.0_9x9.corn
Mag Bin Sout/Sin Gout/Gin
18 — 19 mag 100% | 100% 0% 0%
19 — 20 mag 100% | 100% 0% 0%
20 — 21 mag 100% | 100% 0% 0%
21 — 22 mag 100% | 100% 0% 0%
22 -23 mag 94.7 | 100% 4.25% 0%
23 — 24 mag 32.1%| 96.3% 64.1% 0%
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Test 2
. - - : 0_ o.
Fig. 8 — Test 2, Simulated image produced (left)mage verified by S-extractor (right)

Test 2 I mage Parameters Value

MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
SEEING 1.07
THRESHOLD 0.5
S-Extractor parameters
FILTER gauss_5.0_9x9.con
Mag Bin S)ut/Sn Gout/Gin

18 — 19 mag 100% | 100% 0% 0%

19 — 20 mag 100% | 100% 0% 0%

20 — 21 mag 100% | 100% 0% 0%

21 —22 mag 100%| 100% 0% 0%

22 — 23 mag 93.6%| 100% 5.32% 0%

23— 24 mad 47.3%| 97.5% 48.1% 0%

The meaning of the rates are the same for alle$is.t
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Test 3
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Fig. 9 — Test 3, Simulated image produced (left)mage verified by S-extractor (right)
Test 3 I mage Parameters Value
MAG ZEROPOINT [28.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS|188
Common parameter GAIN 1.0 e-/ADU
° ParameterSISEEING 1.07
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_5.0_9x9.conv
Mag Bin S)ut/Sn Gout/Gin
18 — 19 map100%| 100% 0% 0%
19 — 20 map100%| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 — 22 mapg100%| 100% 0% 0%
22 — 23 maf96.8% 100% 2.13% 0%
23 — 24 map90.1%| 97.5% 5.34% 0%
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Test 4
. - - o R
. ‘" . . - - DR | P
. L . . 9 .
® a . o = i - y P - .-
'. . e > R .
. . . -. ‘. - e Y . . » Y. :
. ® ' s . %5
‘e ! - .
a . ~ - - ad
. & . g . S @ '._
’ . ™ . o' a D 5 . -‘"3' -
. . . . " .' . . .
., | ' s -.. » = ,.
. . . . ' o in @
. . e ‘ # - a T =, o~
- . . . o - .
. . . ° " . - . . a ., : »
L a . : ¢ . - . - o
. a , e® A 2 » : i
. . . . . .‘ '_'. . *
. & e ) =t ...
: s . B e O § e N
Fig. 10 — Test 4, Simulated image produced (leftinage verified by S-extractor (right)
Test 4 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS |0
Common parameters Call 1.0 e-/ADU
R SEEING 1.07
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_5.0_9x9.con
Mag Bin  |Sou/Sin|Gout/Gin
18 — 19 mag 100%] 100% 0% 0%
19 — 20 mag 100%| 100% 0% 0%
20 — 21 mag 100%| 100% 0% 0%
21 — 22 mag 100%]| 100% 0% 0%
22 — 23 mag95.7%| 100% 3.19% 0%
23— 24 mag32.1%| 97.5% 64.1% 0%
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Test 5
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Fig. 11 — Test 5, Simulated image produced (leftinage verified by S-extractor (right)
Test 5 I mage Parameters Value
MAG ZEROPOINT [26.0 ADU per sed
SkyMaker parameters
AUREOLE RADIUY188
Common parameter GAIN 1.0 e-/ADU
° parametersisEeING 1.07
S-Extractor parameters IIHIRE SO D B
FILTER default.conv
Mag Bin S)ut/Sn Gout/Gin
18 — 19 mag100% | 100% 0% 0%
19 — 20 mag100% | 100% 0% 0%
20 — 21 mag100% | 100% 0% 0%
21 -22 mapg100% | 100% 0% 0%
22 — 23 mag91.5%| 100% 7.45% 0%
23 — 24 mag28.2%| 97.5% 68.7% 0%
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Test 6

Fig. 12 — Test 6, Simulated image produced (leftinage verified by S-extractor (right)

Test 6 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
> SEEING 1.07
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_4.0_7x7.conv
Mag Bin Sout/Sn Gout/Gin
18 — 19 map100%| 100% 0% 0%
19 — 20 map100%/| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 — 22 mag100%/| 100% 0% 0%
22 — 23 map92.5%| 100% 6.38% 0%
23 — 24 map25.2%| 98.8% 69.5% 0%
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Test 7

® g b

Fig. 13 — Test 7, Simulated image produced (leftinage verified by S-extractor (right)

Test 7 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
> SEEING 1.07
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_3.0_7x7.conv
Mag Bin Sout/Sn Gout/Gin
18 — 19 map100%| 100% 0% 0%
19 — 20 map100%/| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 — 22 mag100%/| 100% 0% 0%
22 — 23 map94.7%| 100% 4.25% 0%
23 — 24 map31.3%| 95.1% 66.4% 1.23%
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Test 8

Fig. 14 — Test 8, Simulated image produced (leftinage verified by S-extractor (right)

Test 8 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
. SEEING 1.07
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_3.0_5x5.conv
Mag Bin Sout/Sn Gout/Gin
18 — 19 map100%| 100% 0% 0%
19 — 20 map100%/| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 — 22 mag100%/| 100% 0% 0%
22 — 23 map92.5%| 100% 6.38% 0%
23 — 24 map29.0%| 98.8% 66.4% 0%
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Test 9

Fig. 15 — Test 9, Simulated image produced (leftinage verified by S-extractor (right)

Test 9 I mage Parameters Value
MAG ZEROPOINT [26.0 ADU per sed
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
: SEEING 0.7
S-Extractor parameters ITRINE RO g
FILTER default.conv
Mag Bin Sout/Sn Gout/Gin
18 - 19 mapg100% | 100% 0% 0%
19 - 20 map100% | 100% 0% 0%
20 — 21 mapg100% | 100% 0% 0%
21 - 22 mapg100% | 100% 0% 0%
22 — 23 map97.9%| 100% 1.06% 0%
23 — 24 map77.1%| 97.5% 20.6% 0%
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Test 10
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Fig. 16 — Test 10, Simulated image produced (leftinage verified by S-extractor (right)

Test 10 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
? SEEING 0.7
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_4.0_7x7.conv
Mag Bin Sout/Sin Gout/Gin
18 —19 mapg100%| 100% 0% 0%
19 — 20 map100%/| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 - 22 mag100%| 100% 0% 0%
22 — 23 map97.9%| 100% 1.06% 0%
23 — 24 maf78.6%| 97.5% 18.3% 0%
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Test 11
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Fig. 17 — Test 11, Simulated image produced (leftynage verified by S-extractor (right)

Test 11 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADU
P SEEING 0.7
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_3.0_7x7.conv
Mag Bin Sout/Sin Gout/Gin
18 —19 mapg100%| 100% 0% 0%
19 — 20 map100% | 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 - 22 mag100%| 100% 0% 0%
22 — 23 map97.9%| 100% 1.06% 0%
23 — 24 maf74.8%| 97.5% 22.1% 0%
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Test 12

Fig. 18 — Test 12, Simulated image produced (leftinage verified by S-extractor (right)

Test 12 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
SkyMaker parameters
AUREOLE RADIUS188
Common parameters GAIN 1.0 e-/ADY
. SEEING 0.7
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_3.0_5x5.conv
Mag Bin Sout/Sin Gout/Gin
18 — 19 map100%| 100% 0% 0%
19 — 20 map100%/| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 — 22 mag100%| 100% 0% 0%
22 — 23 map97.9%| 100% 1.06% 0%
23 — 24 mafy77.1%| 97.5% 19.8% 0%
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Test 13

Fig. 19 — Test 13, Simulated image produced (leftynage verified by S-extractor (right)

Test 13 I mage Parameters Value
MAG ZEROPOINT |26.0 ADU per sec
AUREOLE RADIUS188

SkyMaker parameters

Common parameters GAIN 1.0 e-/ADY
P SEEING 0.7
THRESHOLD 0.8
S-Extractor parameters
FILTER gauss_5.0_9x9.conv
Mag Bin Sout/Sin Gout/Gin
18 — 19 mag100%/| 100% 0% 0%
19 - 20 map100%| 100% 0% 0%
20 — 21 mag100%| 100% 0% 0%
21 - 22 map100%| 100% 0% 0%
22 — 23 map96.8%| 100% 2.13% 0%
23 — 24 mafj75.6%| 97.5% 20.6% 0%
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