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Telescopes and instruments

 Explore the universe

e Understand how it works,
and the origin of life

* |nstruments are the main

data producers.

e Spectroscopy, imaging, ...

©Gran Telescopio de Canarias




Charge Coupled Devices

 Light sensitive

* “Buckets of light”

* wave or particle?

Spectral Instruments

Full-Frame CCD

Rows
Of Charge Digital
Pixel
0-64K
Are
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Horizontal - ™ then shifted horizontally o the Output Register
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Raw data vs. reduced data

400 nm e 820 nm

Bl

Seppo Mattila

* Raw data

Raw target frame a) §
(narrow slit)

The images show a raw spectra and the
reduced wavelength calibrated

Software pipelines use raw

data with calibration data to to

create reduced data.
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Introducing the FITS format

Flexible Image Transport System
Header and pixel data

Header date units or extensions
> 35 years old

Mandatory fields:

* SIMPLE
* BITPIX

¢ NAXIS

*  NAXIST
* NAXISn
* GROUPS
* PCOUNT
* GCOUNT
* END

PRIMARY SCI SCI SCI

SIMPLE = T / conforms to FITS standard

BITPIX = 8 / array data type

NAXIS = @ / number of array dimensions

EXTEND = T

ORIGIN = 'Instituut voor Sterrenkunde, KU Leuven' / Institution
OBSERVAT= 'LaPalma ' / Observatory name

TELESCOP= 'Mercator' / Telescope name

0BSGED-X= 5327306.5552 / Cartesian X [meters] GRS80
0BSGED-Y= -1718448.6952 / Cartesian Y [meters] GRS80
0BSGED-Z= 3051947.7715 / Cartesian Z [meters] GRS80
OBSERVER= 'Foo Bar ' / Observer

PROG_ID = 3 / Programme ID

INSTRUME= 'MATA ! / Instrument

CREATOR = 'revision_20170521" / Version of data acquisition system
HDRVERS = '20151026' / Version of FITS header

FILENAME= '/disk/50/data/maia/20180531/raw/00880392_0BJ.fits' / Original
filenamUNSEQ = 880392 / Unique sequence number
OBSMODE = 'OBJ ! / Observing mode

IMAGETYP= 'OBJECT ' / Image type

EXPTYPE = 'OBJ ! / Exposure type

COMMENTS= '' / Free comments by the observer

DATE-OBS= '2019-05-31T722:12:41.998509" / Start of observation
DATE-END= '2819-05-31722:13:18.000414" / End of observation
DATE-AVG= '2019-05-31T22:12:59.999461" / Midpoint of observation
DATE = '2019-05-31T22:14:07.645376" / Time of file creation

BJD = 2458270 .4028625 / Barycentric Julian Date of midpoint
BVCOR = 2.53061 / [km/s] Barycentric rv correction at midpoint
EXPTIME = 120 / Exposure time

OBJECT = 'HD 128165' / Object name

OBJ_RA =  218.3704166666667 / [deg] Object RA

OBJ_DEC = 52.90877777777778 / [deg] Object DEC

EQUINOX = 2000.0 / Equinox of coordinates

RADECSYS= 'FK5 ! / Coordinate system



Objectives
What for?

e Design and develop a e Small to medium sized

general purpose telescopes, astronomers and

astronomical data archive amateurs

* Replaces shared folders, FTP,
CSV files, and others

* User can search, inspect,
and download data

e Manage data access  (Can be used for public and

private data




H o w ? ... with software!

...by means of

e Knowing the target audience * Research, talk, @8
and their needs E observe

e Using an agile development * SCRUM l'“

: \ 14

methodology

* Ganttcharts }:-)




Users@want.stories

Import new data
Manage users

Sign up

Search data

Inspect data

Access to the end of night report
Finding charts and catalog information
Raw header access

Analyze the reduced data

Select data to download

Download data as tarball (zipped)
Receive notifications: when new data
is available, when a tarball is ready to
download

User

Define details of my programs
Manage users access to them
Upload proposals to them
Follow the progress of it

Principal
Investigator

(PI)



Architecture

- iiid HTMLS | CSS3 IS Presentation Layer
% . 3 Template
8 Logging o
2 s
s Config ‘é Importer Uploads Notifications .
S = Business Layer
Task Queue Model

— — Filesystem and
n ? ; Database Layer

Task queue

The system is composed of:

* aweb application for the user interaction

* some tools for the astronomical data import
* adatabase

DB  atask queue for asynchronous processes

Importer

Server




Technology

SQLAlchemy (&
jQuervy
PostgreSQL

é NGiNX

redis

Flask Ci © git

@ python’




Ready, set, go...

Program File HDU
+title 1 belongs to |+name 1 +name
+abstract x |+filename has 1.x |t+position
+pi +file_size +content
+cois +imported_at
] S mm— . .
+ | +t
+aeseription * File class is the parent class of
+heatmap()

RawFile and ReducedFile, they
represent raw and reduced

: RawfFile
e
+ra_rad
s
Toete one ° Program class represents an
+date_obs_jd

:i’éggfy:—time Coordinates are saved in ﬁ 0 bse rVi n g p ro g ra m

1 rom o _[ReducedFie data respectively

+observing_mode | ___________| several formats to avoid on

+image_type demand calculations.
+date_end

+date_avg
+exposure_type

omingx * HDU class, an acronym that
+binning_y
+windowed .
s stands for Header Data Units,
+header_version

el models the FITS file headers

+snr_50
+snr_65
+snr_81




Head(er)ache...

ELEVATIO=
MUTH

182 635454000001 f
S0 495?289999991 /

"Gemini-North'

105.915125 /
10.77230556 /
13

R.A. of the ab]ect (degrees)
Dec]lnatmn of the GbJE!'Ct (degrees)

RA of Target
Dec]matmn OF Target

"s target name
e. 182535?54155?E+93 ght ascension of the target (deg) (J2e0@)
©.3940567500000E+02 / declination of the target (deg) (J208@)

E+

= / EQ A
182.0@44 / 1958 I.P.5. R.A., DEGREES
39.6839 / 195@ I.P.5. DEC., DEGREES

FEIFTIHE—
DATE-C



Data import ..

® )

open_astro_archive::importer

utils core::AbstractFilelmporter
— — — —[[]] =, —~ +register(telescope, importer_type) -fclass
files iterative +telescopes() +config(filename)
+|mporters(telescope) +run(filename) - - - <<use>>| - > open_astro_archive::models
+getcls(telescope, importer_type) +process(filename)

+set_file_config_attrs(obj, hdulist, config)
+set _file_additional_attrs(obj, hdulist, conf...

+config(filename)

[ |
| |
| |
| NO | +set_file_hdu_objs(obj, hdulist, config)

| +after_process(obj)
| +store(obj)
| Raw? | filters
| |
| |
| Process Raw Process Reduced |
| | core::RawFilelmporter core::ReducedFilelmporter
| | -fclass = RawFile -fclass = ReducedFile

+set_file_hdu_objs() +set_file_hdu_objs()

I

[
NO N
| |
| |
| Raw? |
| | mercator::MercatorRawFileiImporter mercator::MercatorReducedFileimporter
-attr_config -attr_config
| l -config -config
| Assign Raw's attrs | +store(obj) +after_process(obj)
| | +store(obj)
| I
| |
mercator::ConfigMixin

| | mercator::ConfigMixin |
| |
| |
| |
| |
| |
| |

Strategy + Template + Decorator = Framework -




Users, roles, and permissions

e ' e * Auser may have many roles,
+description 0.1 |4+password ¢ . 5. .
+active although only “‘admin’ is defined
+confirmed_at
last logi t . .
e o at the time being.

+last_login_ip
+current_login_ip
+login_count

<<hybrid_property>> +usemame * A user may have access to a program, either as
+allowed_programs_id()
0.1 a program-user, meaning he can access a given
Program program, or as a program-admin.
+title .
IZFStraCt 0.1 UserProgramPermission
+cois - +permission
+proposal *
+description
+heatmap()

Party - Role




Data search

£ Open Astro Archive

Search

Name

Queries SIMBAD for object name

. RA DEC Radius
[ ]
14 33 28.8680 +52 54 31.646 20
In degrees
(] From Date Thru Date
. Date I nte rva I 2019-01-01 12:00:00 2019-08-05 12:00:00
Instrument Program
* |Intrument
o Prog ram
Object RA DEC Instrument Program Date Obs JD Name Time (s) SNR 50 SNR 65 SNR 81

Q  HD 128165 14:33:28.9 +52:54:31.6 HERMES 1 2019-05-31 22:12:41 2458635.43 00923104_HRF_OB.J 36 50.79 41.09 17.63
Q HD 128165 14:33:28.9 +52:54:31.6 MAIA 3 2019-05-31 22:12:41 245863543 00880392_0OBJ 120

. 0 b o e ct I 0 0 |<u Q HD 128165 14:33:28.9 +52:54:31.6 MAIA 3 2018-05-30 21:15:26 2458634.39 00876924 _0OBJ 120

J p Q  HD128165 14:33:28.9 +52:54:31.6 HERMES 1 2019-05-30 21:15:26 2458634.39 00922920_HRF_OB.J 36 43.22 36.49 14.47

Q HD 128165 14:33:28.9 +52:54:31.6 MAIA 3 2019-05-29 21:12:59 2458633.38 00880544_0OBJ 90
Q HD 128165 14:33:28.9 +52:54:31.6 HERMES 1 2018-05-29 21:12:59 2458633.38 00922810_HRF_OBJ 36 47.09 38.72 15.94
Q  HD 128165 14:33:28.9 +52:54:31.6 HERMES 1 2019-05-28 21:23:01 2458632.39 00922708 _HRF_OBJ 36 50.64 42.60 19.30

o c O n e S e a rc h Q  HD128165 14:33:28.9 +52:54:31.6 HERMES 1 2019-05-21 20:54:34 2458625.37 00921988 _HRF_OBJ 36
Q HD 128165 14:33:28.9 +52:54:31.6 MAIA 3 2018-05-19 20:44:47 2458623.36 00880413_OBJ 120
Q HD 128165 14:33:28.9 +52:54:31.6 HERMES 1 2019-05-19 20:44:47 2458623.36 00921782_HRF_OBJ 36 43.89 39.25 16.46

Showing 1 to 10 of 41 entries

Prevmus.Z 3 4 5 Next

Show 10 ¢ enfries




Inspect data

» See the extracted
metadata of a raw file.

* See the finding chart with
a link to Simbad.

 Access to the observing
program.

* Inspect the reduced
spectrum.

* See the raw FITS header.

» See the list of reduced
files.

* Access the end of night
report.

£ Open Astro Archive

File: 00923104_HRF_OBJ

General Info
Object Name HD 128165
RA 14:33:28.9 DEC +52:54:31.6
Date Obs 2018-05-31 22:12:41 Julian Date 2458635.43
Exposure Time 36.0s Observing Mode HRF_OBJ
Image Type OBJECT Exposure Type OBJ
Date End 2019-05-31 22:13:18 Date Avg 2019-05-31 22:13:18
Binnin: g XY 1x1
Observer Foo Bar
Link to Simbad
Program Radial Velocity Standards
Commen t: 11.392
SNR (0 Ler ] o]
Plot v
Cosmics removed wavelength merged
— Flux
o, ey AP A o
1000 | | ‘ ‘ | | if | “ !‘ WMM‘ % MN “N 1‘
| Il 1 ﬂ |
| I [ |
800 0 I Il 1 1
x | \
2 ‘ ‘ ‘
600
400 ’
200
6340 6360 6380 6400 6420 6440 6460
Wavelength A (&)
lick and drag to zoom. Double-clicking will zoom you back out. Shift-drag will pan
Header Info v



Pl for a program can:

£ Open Astro Archive

Title Attachments:

File

° Abstract Browse.
e a n g e t e eta I S 0 t e "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut Upload

labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco

laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderitin

voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat File
non proident, sunt in culpa qui officia deserunt mollit anim id est laborum.”

program o

Pl

Radial Velocity Standards

No file selected.

Action

Col(s)

Description

* Manage its attachments o oo 5 s o o

"Sed ut perspiciatis unde omnis iste natus error sit voluptatem accusantium doloremque
laudantium, totam rem aperiam, eaque ipsa quae ab illo inventore veritatis et quasi architecto
beatae vitae dicta sunt explicabo. Nemo enim ipsam voluptatem quia voluptas sit aspematur
aut odit aut fugit, sed quia consequuntur magni dolores eos qui ratione voluptatem sequi
nesciunt. Neque p quisq est, qui dolorem ip: quia dolor sit amet,

adipisci velit, sed quia non numquam eius modi tempora incidunt ut labore et dolore magnam
aliguam quaerat voluptatem. Ut enim ad minima veniam, quis nostrum exercitationem ullam
corporis suscipit laboriosam, nisi ut aliquid ex ea commodi consequatur? Quis autem vel eum
iure reprehenderit qui in ea voluptate velit esse quam nihil molestiae consequatur, vel illum qui
dolorem eum fugiat quo voluptas nulla pariatur?”

e Set the program
-
permissions.

Permissions:

User

Permission

User of this program -

Add

Username Permission Action

‘omartig User of this program

en Astro Archive




Download data.......

£ Open Astro Archive

elect;

LAdd~  Print  CSV

Add Raw In¢
Add Reduced

Object

HD 1281 pgqRawandReduced 16 HE
Remove
Bl Tarball File Mode: csv  POF HD 1281 16 HE
® o Raweny
Contents:
O F R Reduced fies only 9  +5254316 HERI
Selectall = Deselectall Remove
O R FR Rawandredicedfies 9 45254316  HER!
Selectall | Deselectall | & Add
O F#R @ HD128165 14:33289 +5254316 HER! " Object RA
Object Instrument . Program | Date Obs
O F4 .
HD128165 1433289 +5254:316  HERMES 1 2019-05-31 22: R DTN R
HD128165 1433289 +5254:316 HERMES 1 2019-05-30 21: 0 R Q  HD128165 14:33:28.9
HD128165 1433289 +5254:316 HERMES 1 2019-05-29 21:
0 F Q  HD128165 14:33:2
HD128165 1433289 +5254:316 HERMES 1 2019-05-28 21:

Showing 1 to 3 of 3 entries

Show 25 3 entries

Previous Tarballs:

Status Name

* User puts data-sets in the

o c=m

cart

e Checkout, or tarball
generation

* And download

cdef3066/e0043e2a95240di21caaf89

Tarball: c7f3a9f4d9fb49c18ae8ec49ac30fe38

open]
Csv  PDF
DEC Instrument Program
+52:54:316 HERMES 1
+52:54:316 HERMES 1
+52:54:316 HERMES 1
Date

2019-06-04 22:18:12

reate

Date Obs
2019-05-29 21:12:59
2019-05-30 21:15:26

2019-05-3122:12:41

JD

2458633.38

2458634.39

2458635.43

6.3 MB

Name

00922810_HRF_OBJ

00922920_HRF_OBJ

00923104_HRF_OBJ

Time (s)

36

36

36

SNR 50

47.09

4322

50.79

SNR 65 SNR 81
38.72 15.94
36.49 1447
41.09 1763




..under the hood

One active tarball at a time
Sets of file added
Tarball has state and history

User got tarballs!

Order - OrderLine — OrderStatus Q

User Tarball TarballStatus
+email +task_id 1 status +status
+password 1 tarball +name 1 |+datetime
+active 1 |+add(files, mode) T |
+confirmed_at +remove(files) X
+last_login_at +totals() |
+current_login_at +contents() 1 status_history !
+last_login_ip 1 tarball_history +create() X
+current_login_ip 1.*% |4new(user) I
+login_count V
<<hybrid_property>> +username 1 SIS

m 3 ” TB_STATUS
+allowed_programs_id() OPEN
PROCESSING
CLOSED
*

File TarballFile <<enumeration>>
rym— 1 +mode  [-------- >|  TB_DOWNLOAD
+filename * RAW
+file_size RED
+imported_at RAW_AND_RED
+type NONE

belongs to

*
1
Program
Ttitle 1 Attachment
+abstract o 2GS
+pi +filename
+cois
+proposal
+description
+heatmap()




Notifications

£ Open Astro Archive o

Notifications

* User can subscribe to

Selectall | Deselectall MarkRead Mark Unread

eve n tS = Date Type Description

0 = Tue, 04 Jun 2019 22:35:20 GMT Program Data New data for program 2
0 = Tue, 04 Jun 2019 22:35:20 GMT Program Data New data for program 1
° 0O &  Tue, 04 Jun 2019 22:34:04 GMT Program Permission Permission change for program 1
F h t
0 r e a c eve n a u S e r ca n O ©&  Tue, 04 Jun 2019 22:45:19 GMT Program Permission Permission change for program 1
c h 0 0 S e b Ot h . 0 = Wed, 05 Jun 2019 10:17:36 GMT Tarball Created Tarball c7f3a9f4d9fb49c18aeBec49ac30fe38 created
) O ®&  Wed,05Jun 2019 14:46:32 GMT Tarball Created Tarball fc1ac6be085f470b87e503e15816ad45 created

Showing 1 1o 6 of 6 entries

* Internal notification provus. [ v

Show 25 ¢ entries

* E-mail notification

pen Astro Archive




...running out of time!

* Only one notification per event

<<enumeration>>
NotificationType
PROGRAM_DATA

 UserNotificationisan SIPROGRAM PERMISSION (<~ =~ -
association class

- User can subscribe to different e A e
+proposal
1 +description
* Program data and program +heatmap()
permission subscription are . .
Only available based on the f:a:r;‘N:::iﬁcation ) — User %r:rr:clz::gl(;:iﬁcationConﬁg_
user permissions for the - T e - -
program ey
+last_login_ip
 ProgramDataNotificationConfig e
is to keep track when was the e T

last time they were processed
oS

Singleton - Service - Subscription




Time is up:

Thank you!

For further questions, check out my thesis or drop me a mail: fmerges@uoc.edu

... part Il after Summer

http://www.open-astro-archive.org

©Florian Merges

[0kl



mailto:fmerges@uoc.edu
http://www.open-astro-archive.org/
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