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A VO-CENTRIC DATA LAKE WITH AUTOMATED EMBARGO FOR FAI DATA ARCHIVE

The study aims to modernize the scientific and technical infrastructure of the Fesenkov
Astrophysical Institute and the services of the Kazakhstan National Virtual Observatory to
integrate heterogeneous astronomical data into the global research workflow. The methodology
is based on designing a scalable file storage split into logical sections (partitioned Data Lakes),
complying with International Virtual Observatory Alliance standards, implementing automated
streaming FITS reduction pipelines, and applying the 'Scientific Showcase' access control model.
The key result of the work is the development and deployment of an end-to-end automated
pipeline for astronomical data ingestion, sorting, calibration, and cataloging. A software suite for
metadata indexing was established, and a four-class data embargo policy was administratively
institutionalized via a public license agreement. Pilot testing of the pipeline on the photometric
archive of the 1-meter Zeiss-1000 telescope validated the architecture's stability, successfully
cataloging over 800,000 files totaling more than 8 terabytes. The novelty of this work lies in the
creation of a hybrid model that separates the physical storage layer from international publishing
protocols while reliably protecting the priority rights of principal investigators. The practical
significance of the results is that we reorganized and structured our local observational archives:
fragmentation was eliminated, unified standardization was introduced, and open access to the
data was provided. The created software and hardware infrastructure is easily scalable, allowing
new datasets to be integrated without changing the core architecture.

Keywords: astronomical databases, virtual observatory, information storage and retrieval
systems, data management, pipeline processing, data lake, data policy.
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ADU manimeTTep apxmsiHe apHanfaH aBToMaTTaHAbIpbIAFaH ambaprocel 6ap BO-
bafgapnaHfFaH MaslimeTTep Keni

3epTTeyAiH MaKcaTbl — 9PTEKTI aCTPOHOMUANBIK AepeKTepai *KahaHabIK FblAbIMM alHaNbIMFa
WHTerpaumanay vywid B.[. ®deceHKOB aTblHAAfbl ACTPOPU3MKA UHCTUTYTbIHBIH,  FblAbIMM-
TEXHUKANbIK MHOPAKYPbIIbIMBIH KaHe KasaKCTaH YATTbIK BMPTyanabl obcepBaTOPUACHIHBIH
KbI3METTEPIH KaHFblpTy 60bIN Tabblnaabl. HyMbICTbIH METOLONOMMACH IOTMKAbIK CEKLMANAPFa
HeniHreH aykbimabl Gannapik KomaHbl s)kobanayfa, XasblKapanblk BUPTyanabl obcepeaTopuanap
aNbAHCbIHbIH, CTaHAAPTTapbIHA CalKecTikKe, FITS-barnaapbiH aFblHAbIK aBTOMATThI peayKumanay
KOHBeNepnepiH icke acblpyfa kaHe «FblNbIMU BUTPUHA» KOMKETIMAINIKTI LWeKTey MoaeniH
KON AaHyFa HerizgenreH. 3epTreyaiH, Heri3ri HaTUXKecCi — aCTPOHOMMANBIK AepeKTepai Kabblnaay,
cypbinTay, Kannbpnaey »aHe KaTanorTayfa apHaafaH TyMblK aBTOMATTaHAbIPblIFaH KOHBeNep|
23ipney KaHe eHrizy 6onbin  Tabblnagbl. MeTagepeKkTepai  MHAEKCTeyre  apHanfaH
baroapnamanblK KeleH Kypblaabl, coHaam-ak kapua odepTa Kenicimi apKbiabl AepekTep
3MBapProcbIHbIH, TOPT KNACTbl CancaTbl SKIMLINIK TYPFblaaH beKiTinai. KoHsenepai 1 meTpnik Zeiss-
1000 TeneckonbiHbiH GOTOMETPUANBIK aAPXMBIHAE MWAOTTbIK CblHAKTAH ©TKIi3y a3ip/eHrex
APXUTEKTYPAHbIH TYPaKTbIAbIFbIH A9Aenaesi; bya XyMbiC aacbiHAA Kannbl Kenemi 8 TepabanTraH
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actam 6onatbiH 800 000-HaH acTam daln caTTi KaTanorrandbl. MYMbICTbIH, *KaHalWbINAblFbl — OI3
nepektepai GU3nKanblK cCakTay AeHreMniH XanblkapasblK *Kapuanay xaTtamanapbliHaH Oe1eKTenTiH
mbpuAaTi Modenb Kypablk, Oyn petre bac 3eptreyuwinepaid, 6acbiMapbiK KYKbIKTapbl Aa CEHiMA
KopfanfaH. HaTwKenepaiH npakTUKanbiK MaHbI3abiAblFbl — 6i34iH, nokanbabl  6akbinay
APXMBTEPIMI3 pPeTKe KeAnTipinin, KymeneHai: onapAblH LWallblpaHKbIAbIFbl KOMbIAAbI, BipblHFal
CTaHZaAPTTap EeHri3iNai KoHe AepeKTepre awblK KOMKETIMAINIK KaMmTamachi3 eTingi. KypbiafaH
bargapnamanslik-annapaTTblk  MHOPaKYpPbIAbIMABI OHaW KeHelTyre 6onaapl, 6yn  Herisri
apPXUTEKTYPaHbl ©3repTnen-ak *KaHa AepeKkTep MacCMBTEPIH KOCyFa MYMKIHAIK bepeai.

TyiH ce3pmep: acTPOHOMUANLIK ManimeTTep 0asackl, BMpTyanasl obcepBaTopus,
aKknapaTTbIK-i34ecTipy KyWhenepi, manimeTrepai backapy, mManimeTTepni KOHBeNepnik eHaey,
OEPEKTEP KBNI, AEPEKTEP CaAcaTbl.
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LACTPOPU3NYECKUI MHCTUTYT UM. B.I. deceHkoBa, AimaTbl, KasaxcTaH
ZKa3axcKuil HauMOHaNbHbINA YHUBEPCUTET UM. anb-Dapabu, Anmartsl, KasaxcraH
Yy p p

*e-mail: izmailova @fai.kz

Bo-LeHTpUYHOE 03epo AaHHbIX C aBTOMATU3MPOBAHHbBIM aMbapro
apxuBa gaHHbIx AGUD

Lenbto uccnenoBaHua ABAAETCA MOAEPHM3ALMA HaYyYHO-TEXHUYECKOW WMHOPACTPYKTYpPbI
ACTPOdM3INYECKOTO MHCTUTYTa MMeHM DeceHKOoBa M COMYTCTBYIOLLMX CepBMCOB Ka3axCTaHCKOM
HaUMOHabHOW BMPTYanbHOM 0bcepBaToOpUM ANA MHTErpaumm pa3HOPOAHbIX aCTPOHOMMUYECKMUX
[aHHbIX B rnobanbHbIA MccnenoBaTenbcknii obopot. Metogonorma paboTbl HasmpyeTcs Ha
NPOEKTMPOBaHMM MacliTabupyemoro ¢GainoBoro XpaHWauLLa, PasfeNeHHOro Ha Jornyeckue
cekumm (partitioned Data Lakes), cooTBeTcTBMM CTaHAapTam MeKayHapoAHOro anbsHca
BMPTYyabHbIX 06CepBaTOPUN, peann3aumm KOHBENEPOB NOTOKOBOM aBTOMATMYECKOW peayKumm
FITS-dainnoB U NPUMEHEHUN MOAENMN PA3TPAHNYEHMA A0CTyNa «Hay4YHON BUTPUHbLI». KntouesbiMm
pe3ynbTaTOM  WUCCAeAOBaHWA  ABAseTcA  paspaboTka M pasBepTbiBaHME  CKBO3HOMO
aBTOMATM3MPOBAHHOIO KOHBeMepa ANs 3axBaTa, COPTUPOBKWM, KanMBPOBKM M KaTanormsauum
HabnoaaTeNbHbIX MaTepuanos. Co3aaH NPOrpammHbI KOMMNEKC ANA MHAEKCALLMM MeTafaHHbIX,
a TaKXe aAMUHUCTPATMBHO 3aKpen/ieHa YeTblpexkaaccoBas NoauUTMKa sMbapro AaHHbIX Yepes
cornawenune nybamyHon odepTsl. NMNOTHOE TecTMpoBaHMe KoHBeMepa Ha GOTOMETpUYECKOM
apxmBe 1-meTpoBoro Teseckona Zeiss-1000 noaTrBepAmuno CcTabuabHOCTb pa3paboTaHHOM
apPXUTEKTYPbI, MO3BO/IMB YCMNELWHO KaTanornsnposatsh 6onee 800 000 dannos obuiMm obbemMom
oKkono 8 TepabalT. HoBM3Ha AaHHOM paboTbl 3aKNOYAETCA B CO3JaHMM TMOPUAHOM MOAENM,
N30AMPYIOLLEl YPOBEHb PU3MYECKOTO XPaHEHUA OT NPOTOKO/I0B MEXAYHAPOAHON nyBanKaLmm
NPy OAHOBPEMEHHOM 3allMTe NMPUOPUTETHBLIX MPaB FNaBHbIX MccaenoBaTenen. MpakTnyeckas
3HAYMMOCTb PE3Yy/1bTAaTOB 3aK/KOYAETCA B PEOPraHmM3aLMmM M yCOBEPLUEHCTBOBAHMM CTPYKTYPbI
NOKaNbHbIX HabaaaTeNbHbIX apPXMBOB: JIMKBUMAMPOBAHA WX GparMeHTapHOCTb, obecneyeHbl
eAMHas CTaHAaPTU3aLUMA U OTKPLITLIM AOCTYN K AaHHbIM. CO34aHHas nNporpaMmmHo-annapaTHas
MHOpacTpyKTypa o0bnajaeT MaclTabupyemMocTblo, 4YTO MO3BOAAET MHTErPUPOBATbL HOBbIE
MaCCUBbI JaHHbIX 6e3 M3MeHeHNs BA30BOMN APXUTEKTYPbI.

Kniouesble CfioBa: acTpoHomuuyeckie 6asbl  AaHHbIX, BMPTyanbHaa obcepBaTopuA,
MHPOPMALIMOHHO-MOMUCKOBbLIE CUCTEMbI, YMNpPaBAeHWEe [AaHHbIMKM, KoHBeWepHaa o0bpaboTka
[aHHbIX, 03€PO AaHHbIX, MONTUKA AAHHbIX.

Introduction
continuous petabyte-scale data streams [1]. The
Modern astronomy is undergoing a major exponential growth of data volumes has exposed the
methodological shift: the classical paradigm focused decentralized nature of storage infrastructures at
on targeted observations of individual objects is many regional observatories. According to estimates
gradually giving way to wide-field sky surveys and [2, 3], the lack of unified data management
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approaches and reliance on manual logging led to the
loss of up to 50% of numerical scientific results,
keeping them from entering global scientific
circulation.

To address this systemic issue, the International
Virtual Observatory Alliance (IVOA)! developed a
three-tier architecture comprising the Resource
Layer, the VO Core (middleware), and the User
Layer. This framework ensured technical data
interoperability long before the institutionalization of
modern storage standards [4]. The open access and
cross-service search principles historically embedded
in the Virtual Observatory (VO) largely anticipated
the global FAIR data principles [5], the retrospective
alignment and practical adaptation of which to
astronomical repositories have been thoroughly
investigated in [6]. Budgetary analysis of successful
projects (e.g., SDSS, 2MASS) confirms that up to
50% of modern observational complex development
costs should be allocated to software and data
management systems to minimize the risks of
diminishing scientific return on instruments [3].

Within this paradigm, the functional role of the
scientific archive is shifting from a static repository
to an active component of the computational pipeline.
Implementing a VO-centric archive architecture
based on an invariant metadata model like CAOM
(Common  Archive Observation Model) [7]
demonstrates that observation descriptions can be
effectively abstracted from hardware specifications.
Furthermore, using the Table Access Protocol (TAP)
and the Astronomical Data Query Language (ADQL)
ensures that client interfaces remain decoupled from
the backend. This enables the server infrastructure to
scale and modernize without requiring modifications
to end-user application software [7-8].

Beyond structural optimization, open science
requires ensuring the verifiability and reproducibility

Materials and Methods

The operation of the KazVO archival
infrastructure is based on the end-to-end automation
of processes: from the primary ingestion of
observational materials to their deterministic
publication. The overall architectural logic of the
developed end-to-end pipeline, which links the
processes of inter-server replication, preprocessing,
physical partitioning, and access control rights, is
illustrated in Figure 1.

A detailed description of the developed methods,
algorithms, data storage structure, and functional
pipeline components is provided in the respective
subsections below.

1 https://www.ivoa.net/
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of results, which is achieved through end-to-end data
provenance tracking [9]. The resulting conflict
between the concept of Open Access and protecting
the priority rights of Principal Investigators (PIs) is
resolved by introducing automated proprietary
periods (embargos). This approach is formally
established in the ESO Science Archive [10-11], the
ESO Data Access Policy [12], as well as in the data
rights regulations of the Hubble [13], Chandra [14],
NRAO [15], and Keck [16] missions. Global statistics
indicate that the operation of open archives increases
publication activity by a factor of 3 to 5 due to the
secondary reuse of data by the external scientific
community [3].

The technical implementation of this embargo
policy is based on the "Scientific Showcase" pattern.
To publish data within the KazVO infrastructure, we
utilize the DaCHS (Data Center Helper Suite)
integrated  software  solution [17]. DaCHS
dynamically filters the exposed datasets: if the
observations are under an active proprietary period,
only the FITS file metadata (headers) are broadcasted
into the open registry. The actual binary files remain
isolated within a secure segment of the Data Lake
[18] until the calculated expiration timestamp is
reached.

This paper presents the interim results of
modernizing the scientific and technical infrastruc-
ture of the Fesenkov Astrophysical Institute (FAI)
and the associated services of the Kazakhstan
National Virtual Observatory (KazVO)?. The primary
objective of this study is to describe the developed
architecture of a unified canonical archive, the
principles of its integration with the provenance
model, and the operational algorithms of the
automated embargo pipeline built upon the
"Scientific Showcase" concept.

Data Storage Architecture and Partitioning

The physical infrastructure of the KazVO data
repository is designed around the principle of a
Partitioned Data Lake. The file space organization
logic accommodates the future scaling of the system
to the level of a regional data center capable of
integrating external heterogeneous datasets.

The storage is divided into two macro-contours:
/observations/ (observational results) and
/simulations/ (modeling and synthetic spectra). The
directory topology within the observational contour
has a strict hierarchical structure, as shown in
Figure 2.

2 https://vo.faikz/
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Figure 1 — End-to-end architectural diagram of the KazVO data ingestion, processing,

and publication pipeline
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Figure 2 — Partitioning topology of the FAI observational Data Lake.

Deep partitioning isolates data by observatory
(<observatory id>), telescope (<instrument id>),
and observation mode (<observ_mode>: CCD
imaging, long-slit spectroscopy, or echelle
spectroscopy). Within each mode, the data are split
into two pools:

1. Calibration frame pool (calibration): contains
date folders (YYYY-MM-DD) segmented by frame
types (bias, dark, flat, lamp). It also includes a
masters/ directory for integrated master frames.

2. Scientific frame pool (targets): structured by
observation years and dates. FITS files are distributed
across processing stages:

o raw/—raw files directly from the telescopes;

o prereduced/ — intermediate frames after
geometric correction. This stage is critically
important for working with digitized archival spectral
data, the preprocessing of which is performed using
the ARXSP software [19];

o reduced/ — calibrated science products
matching Phase 2 requirements;
o meta/ — local service files and pipeline

execution logs.

The hierarchical directory structure isolates
heterogeneous datasets at the physical level, reduces
filesystem overhead, and establishes a predictable
topology for automated indexing.

To organize a huge amount of data into the
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required directories according to this hierarchical
structure manually would require a lot of time. To
solve the time-consuming problem of data sorting, a
special file sorting program [20] was created. The
program's sorting algorithm begins by checking the
specified directory for folders with a date. Within
these folders, the "*.fits/* fit" files are categorized
into calibration and scientific frames and moved to
their respective destinations. Then the sorted files are
placed in the previously mentioned data structure
according to the corresponding year and date
catalogs. Calibration files are in turn sorted by frame
type (bias, dark, flat, lamp). Other service and log
files are placed in the "meta" folder. The visual
algorithm of the program code is shown in Figure 3.

With this tool, sorting several thousand files into
the required categories takes a short period of time.
At the same time, possible errors during program
execution are also recorded.

Metadata Modeling and Software Layer
Architecture

To facilitate cataloging, rapid search, and
knowledge base generation for FITS files, the
specialized software suite FFDB [21] (FAI FITS
database) was developed. Its modular server
architecture consists of three main components:
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1. Metadata Registry (DB): a relational
database that stores physical filesystem attributes (file
paths, sizes, access permissions, and SHA-256
hashes) alongside scientific and technical parameters
extracted from FITS headers (keywords, values, and
comments).

2. Indexing Daemon (Scanner): a background
Python process that continuously monitors the Data
Lake. Upon detecting new or modified files, the
scanner parses their headers using the astropy library,
updates the database records, and automatically flags

3. Access Gateway (API Server): a web server
built with the FastAPI framework that handles JSON
data exchange and access control. All operations—
including  multi-parameter ~ queries, =~ LDAP
authentication, tagging, and secure temporary
download link generation—are unified via HTTP
APL

The FFDB architecture completely automates
background cataloging and FITS file analysis,
establishing a centralized search environment for
extracting accumulated astronomical data.

corrupted datasets.

Sorting ".fits" files

)

l

Creating "science,
& "meta" folders

nn

calib,"

[ Ressngfies
\ v/ :

]

File's format
fits/fit ?

Moving file
into "meta"

|
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Creating a folder
"observ_mode"

i

Creating "Science" &
"Calibration” In "observ_mode"

yes I

Creating folders
for years and dates

i

Moving files
"dark/flat/bias/lamp”

"science”, "calib”
& "meta" into "observ_mode"

Figure 3 — Sorting algorithm for "fits/fit" and other files

Automated Embargo Algorithm

The technical implementation of the "Scientific
Showcase" concept is based on an end-to-end
automated  pipeline = comprising  inter-server
synchronization, preprocessing, and dynamic
publishing. The pipeline runs through the following
sequential stages:

1. Ingestion (Capture): A software module
replicates primary archives from remote observatory
servers to the institute's server, placing them in a
temporary transit directory. Subsequently, the sorting
daemon routes the files to the main /observations

storage directory in accordance with the
aforementioned hierarchy (see Figure 1, Stage 1).

2. Preprocessing: A background script parses
the original raw file, performs primary reduction, and
calculates the data class along with the embargo
expiration timestamp. These parameters, combined
with  the proposal metadata (Pl NAME,
COI NAME, PROPOSID, CONTACT,
REFERENC), are written back to the header of the
newly generated FITS file as metadata keywords:
OBS-CLSS (observation class) and RELEASE (the
public release date).
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3. Routing: Processed frames are saved to the
reduced/ directory of the corresponding observation
mode. Currently, the pipeline is fully functional for
photometric  data, while spectroscopic data
processing modules are undergoing testing. The
source code and configuration scripts are deposited in
a GitHub repository [20].

4. Indexing (FFDB Integration Layer): At this
stage, the FFDB suite is integrated into the pipeline.
Its background indexing daemon (Scanner)
continuously monitors the Data Lake, extracts the
newly injected FITS headers, and immediately
imports them into the centralized relational Metadata
Registry.

5. Publishing: The DaCHS software suite scans

the directories of respective observation modes,
extracts the RELEASE embargo tags from the FITS
headers, and exposes the metadata to the public [VOA
registry while blocking binary file downloads until
the specified open-access date is reached.
To automate access rights management across the
pipeline, we have implemented a strict categorization
of observational programs, presented in Table 1. The
schematic workflow of this end-to-end ingestion,
processing, and publishing pipeline is shown in
Figure 1.

Table 1. Observation classes and access levels in the KazVO archival infrastructure

Observation

Class Data Category Embargo Period Status in KazVO after Embargo
A Standard scientific observations 12 months Public

B Monitoring observations Up to 36 months Public

B+ Long-term monitoring projects  Up to 60 months Public

C Strategic / Commercial data Indefinitely Restricted / Unlisted

The assignment of these classes is strictly
determined by the type of observational program:

» (Class A: Observations of point and extended
sources obtained through regular proposals, including
standard photometric series and routine spectral
observations.

» (lass B: Short- and medium-term monitoring
programs targeting variable objects and dynamic
stellar systems.

= (Class B+: Large-scale sky surveys, multi-
year spectral monitoring campaigns, and international
collaborative programs.

= (Class C: Positional, photometric, and spectral

Results and discussion

Regulatory Framework and Embargo Policy
Implementation Status

A key milestone of this work is the formal legal
and administrative institutionalization of the
developed data embargo policy. The established
access control regulation has been officially approved
as an internal regulatory document of the FAIL

Starting from the third quarter of 2026, the
proposal submission procedure for observing time on
FAI instruments has been fully synchronized with the
developed data classification scheme. A public
license agreement has been published on the official
KazVO web platform [22]. When submitting an
observing proposal, the Principal Investigator (P]) is
now required to explicitly declare the requested data
class (A, B, B+, or C). This selection automatically

30

monitoring of near-Earth space (including active
satellites and space debris), as well as proprietary
commercial data. These datasets are completely
excluded from automatic release cycles, and their
distribution is governed strictly by individual non-
disclosure agreements.

This established categorization and the
"Scientific Showcase" algorithm fully automate the
data life cycle, guaranteeing proprietary

confidentiality during the initial phase and a
structured, deterministic transition of scientific
results to the public domain.

predetermines the subsequent ingestion parameters
and embargo duration timestamps to be written into
the FITS headers.

The implementation of this regulatory
framework has successfully legitimized the archiving
workflow, eliminating potential legal risks associated
with the division of researchers' intellectual property
rights and the institute's commitment to advancing
open science principles.

Pipeline Testing and Verification on Real
Datasets

To wvalidate the developed Data Lake
architecture and automated processing algorithms, a
pilot deployment of the pipeline was conducted using
a dataset of archival and current observational data
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obtained with the 1-meter Zeiss-1000 telescope at the
Tien-Shan High-Altitude Observatory (TShAO).

During testing, the developed sorting module
successfully processed the accumulated repository of
photometric data. The pipeline execution logic was
verified according to the following scenario:

1. Ingestion: Using the developed sorting
software, the raw test frames were structurally
distributed into the target directories of the Data Lake
in strict compliance with the
/observations/tshao/zeiss1000 east/ccd/ topology.

2. Reduction: The automated photometric data
processor performed primary reduction (including
master frame assembly, flat-field correction, and
dark-current subtraction), saving the calibrated
science-ready outputs directly to the reduced/
directory.

3. Embargo Tagging: The embargo module
calculated the precise expiration timestamp and
integrated the corresponding metadata attributes into
the FITS file headers (see Figure 4).

@ @ AS446-001_R.fit

SIMPLE = T

BITPIX = 16 /8 unsigned int, 16 & 32 int, -32 & -64 real
NAXIS = 2 /number of axes

NAXIS1 = 3056 /fastest changing axis

NAXIS2 = 3056 /next to fastest changing axis

BSCALE = 1.0000000000000000 /physical = BZERO + BSCALE*array value
BZERO = 32768.000000000000 /physical = BZERO + BSCALE*array value
DATE-OBS= '2026-07-05T20:53:06.78' /YYYY-MM-DDThh:mm:ss observation start, UT
EXPTIME =  40.000000000000000 /Exposure time in seconds

EXPOSURE= 40.000000000000000 /Exposure time in seconds

SET-TEMP= -20.000000000000000 /CCD temperature setpoint in C

CCD-TEMP= -20.000000000000000 /CCD temperature at start of exposure in C
XPIXSZ = 12.000000000000000 /Pixel Width in microns (after binning)
YPIXSZ = 12.000000000000000 /Pixel Height in microns (after binning)
XBINNING= 1 /Binning factor in width

YBINNING= 1 /Binning factor in height

XORGSUBF= 0 /Subframe X position in binned pixels
YORGSUBF= 0 /Subframe Y position in binned pixels
READOUTM= '8 MHz (RBI Flood)' / Readout mode of image

FILTER = 'R_johnson' / Filter used when taking image

IMAGETYP= 'Light Frame' / Type of image

OBJECT = 'AS446 !

OBJCTRA = '20 50 58' / Nominal Right Ascension of center of image
OBJCTDEC= '+49 00 24' / Nominal Declination of center of image
OBJCTALT= ' 83.8733' / Nominal altitude of center of image
OBJCTAZ = '351.3878' / Nominal azimuth of center of image

OBJCTHA = 0.0933"' / Nominal hour angle of center of image
SITELAT = '43 03 26' / Latitude of the imaging location

SITELONG= '76 58 18' / Longitude of the imaging location

JD =
JD-HELIO=
AIRMASS =
TRAKTIME=
FOCALLEN=
APTDIA =
APTAREA =
SWCREATE=

SBSTDVER=
TELESCOP=
INSTRUME=
OBSERVER=
NOTES =
FLIPSTAT=
SWOWNER =
OBS~CLSS=
RELEASE =
PROPOSID=
PI_NAME =
COI_NAME=
CONTACT =

END

2461227.3702173610
2461227.3718680711
1.0056812301035576
1.0000000000000000

/Julian Date at start of exposure

/Heliocentric Julian Date at exposure midpoint

/Relative optical path length through atmosphere

/Exposure time used for autoguiding
6583.0000000000000 /Focal length of telescope in mm
1040.0000000000000 /Aperture diameter of telescope in mm
849486.67716979980 /Aperture area of telescope in mm"2

‘MaxIm DL Version 5.24 130322 0SH3X' /Name of software that created

the image

'SBFITSEXT Version 1.0' /Version of SBFITSEXT standard in effect
' y telescope used to acquire this image
'FLI L7/ instrument or camera used

'Rotate 90 CW'
'Maxim Krugov' /
‘A "
'2027-07-05"

Licensed owner of software
/ KazVO data-policy class (A/B/B+/C)
/ Embargo release date (YYYY-MM-DD)
170 / Proposal identifier
'Nadezhda Vaidman' / Principal investigator
'Anatoly Miroshnichenko' / Co-investigators
‘nvaldmann@gmail.com' / Proposal contact email

HISTORY Data policy: proposal 170; match=object_name; source=submission.csv/user
HISTORY s.csv.

Figure 4 — Structure of a FITS header with integrated KazVO data policy metadata blocks,
administrative fields (OBS-CLSS, RELEASE, PROPOSID), ownership credentials (Pl NAME,
COI NAME, CONTACT), and execution provenance record.

The development of a similar automated pipeline
for spectral datasets is currently at the design stage.
This is due to the significantly more complex
mathematical and  instrumental nature of
spectroscopy—such as the necessity of automating
trace extraction, wavelength calibration, and
continuum normalization—which demands the
construction of customized instrumental profiles for

each specific spectrograph.

Analysis of the Current Archival Data
Volume

During the system deployment phase, a
comprehensive audit of the institute's available
archival funds was conducted. Complete cataloging at
this stage is constrained by the physical isolation of
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certain datasets, which remain stored locally on
remote observatory servers lacking permanent high-
speed communication channels to the institute's

central repository. The quantitative breakdown of
these cataloged archival funds by telescope and
observation type is detailed in Table 2.

Table 2. Current cataloging status of FAI observational data (excluding service and log files)

Observation

Total volume Total quantitative

T Tel
Observatory ype elescope mode (GB) volume (files)
Zeiss 1000 east CCD 3540 455198
TShAO FAI Zeiss 1000 west Echelle 460.06 83176
spectra
CCD 438.67 89886
AZT-2
0 Slit spectra 1.92 1347
Assy FAI RC-500 CCD 77.24 2089
WFOS-400 CCD 2810 128730
WFOS-700 CCcD 41.98 649
AZT-8 Slit spectra 186.38 27057
Maksutov CCD 169.52 9790
Kamenskoe FAI meniscus
telescope
Schmidt CCcD 283.96 12296
telescope
TCO Partner Eshel-TCO Echelle 0.082 1026
spectra
At all 8009.81 809244

To illustrate the readiness of these data for
processing and publication, Figure 5 presents the
distribution of data volumes categorized by
observation type and pipeline processing stage.

Automated reduction and calibration of these datasets
are performed by an open-source Python pipeline
[20], built upon the standard astropy [23—-25] and
ccdproc [26] astronomical libraries.

7321.37 GB
I Spectroscopy (Total)
7000 - Raw Data (Total)
Preprocessed
- -to-

6000 - Ready-to-Analyze
= 5000 +
e
g
5 4000 - « Total Raw:
3 7321.37 GB
]
® 3000
a

2000 -

Preprocessed:
«— 1360.00 GB
1000 - 688.44 GB
Ready-to-Analyze:
0 128.33 GB — I
Spectroscopy Photometry

Figure 5 — Distribution of FAI observational data volumes by type (Spectroscopy vs. Photometry) and
processing stage (raw, preprocessed, and ready-to-analyze).
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The obtained statistical data indicate a
substantial volume of accumulated observational
material. The primary structuring of these datasets
lays a solid foundation for scaling the developed
pipeline across other observational instruments
within the institute.

The KazVO infrastructure is positioned as a
regional data center focused on the integration, long-
term storage, and publication of heterogeneous
datasets, encompassing both FAI scientific research
results and data from external observatories, in full

Discussion

The deployment experience and pilot testing
results have revealed several infrastructural factors
that determine the vector for further optimization of
the system:

* Communication Channels and Network
Security: Remote FAI observatories are connected to
the internet via satellite communication (specifically,
Starlink), which provides sufficient bandwidth.
However, to minimize the risks of network latency
and prevent collisions during interactive telescope
control, the inter-server data exchange is intentionally
organized in a buffered batch mode according to a
fixed schedule (during daytime or technical hours).
Configuring and fine-tuning these regular replication
cycles without affecting the instrument control loops
remains a priority task.

* Architecture of Publication Services: The
current configuration of the DaCHS publishing layer
is being expanded toward creating globally separated
services grouped by observation modes (photometry,
spectroscopy, and, in the longer term, polarimetry) as

unified end-to-end resources for the entire
Conclusion
This  paper  presents the  scientific,

methodological, and software-hardware architecture
of the Kazakhstan National Virtual Observatory
(KazVO) data repository, deployed on the server
infrastructure of the Fesenkov Astrophysical Institute
(FAI). Based on the system design and pilot testing,
the following key results have been achieved:

= Architectural: A physical Data Lake topology
with deep partitioning was implemented, ensuring
secure isolation and predictable addressing of
heterogeneous datasets (photometry and
spectroscopy). This approach minimizes filesystem
overhead and simplifies the integration of new
observational instruments.

=  Technological: An  end-to-end data
processing and automated access control pipeline was

compliance with international IVOA standards.
Within this framework, the integration and
publication of archival spectroscopic materials
obtained with the 0.81-meter telescope at the Three
College Observatory (TCO, North Carolina, USA)
were successfully carried out. The echelle
spectroscopy data of hot supergiants were manually
systematized, standardized, and fully published in
open access via the Kazakhstan National Virtual
Observatory platform [27].

institutional fund, regardless of the specific
instrument or CCD matrix used. This approach
aggregates data into unified conceptual pools,
simplifying cross-identification for end users and
facilitating ADQL queries via TAP servers to file
headers (including those under active embargo). The
publication of highly specialized or unique datasets
will be handled through isolated thematic services.

= Deployment of the FFDB Scanner: The full-
scale launch of the background indexing daemon has
been postponed until the complete reorganization and
cleanup of the central institute server's disk arrays are
finalized. This preventive measure is necessary to
eliminate parser false positives triggered by
improperly structured temporary files and duplicates
accumulated during previous periods of unmanaged
storage.

The step-by-step removal of these technological
barriers will allow the developed system to transition
from the pilot testing phase to a fully automated
operations mode for the entire KazVO archival fund.

developed based on the "Scientific Showcase"
concept. The DaCHS software suite successfully
serves as an end-to-end metadata publishing gateway,
ensuring data discoverability within IVOA protocols
without premature exposure of proprietary binary
content.

»  Administrative: A strict classification of
observational programs (Classes A, B, B+, and C)
was developed and legally implemented (effective
from the third quarter of 2026) via a public license
agreement on the KazVO web portal, legitimizing the
balance between the interests of Principal
Investigators (PIs) and open science principles.

Pilot testing of the pipeline on the photometric
archive of the 1-meter Zeiss-1000 telescope (TShAO)
confirmed the validity of the selected technological
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solutions. Future development of the project will
focus on optimizing inter-server communication
channels for real-time data replication, transitioning
the FFDB indexing daemon into full commercial
operation, and deploying specialized modules for

automated spectroscopic data extraction and
reduction.
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