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e o Kdo jsem a co délam ARG

OBSERVATORY

e Softwarovy inzenyr (MFF UK) / Soft Computing (Universidad de Granada)

e Diplomova prace na MFF UK: Systém pro fizeni plné roboticky observatofi /
RTS2(.org)

e ZkuSenosti s instalaci a provozem dalekohled(i (Spanélsko, USA, Chile, Cina,
Jihoafricka Republika, Novy Zéland, ...)

e Od malych (30 cm) pIné robotickych dalekohledu k tém nejvétsim (LBTO,
2x8.4m primarni zrcadla, LSST 8.4m primarni a terciarni zrcadlo)

e Primarné architekt, programator, tester, analytik, ...
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L emey Zrcadla pro dalekohledy

OBSERVATORY

AURA Q

e Dalekohled jako light bucket - trychtyr na svétlo
e Sklo - idealni material pro vyrobu zrcadel
o Da se brousit - zaoblit do pozadovaného
tvaru
o Rozumna teplotni roztaznost
o Da se pokovit - nanést tenkou odrazovou
vrstvu materialu
m Na 2.2m zrcadlo dalekohledu na
CAHA 8qg hliniku

“Photon Haliln"
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ey Problém velkych zrcadel ARG

VERA C.RUBIN
OBSERVATORY

e Uchyceni by mélo umoznovat pohyb a rotaci ve vSech osach, aby bylo mozné
doladit opticky systém
e Uchyceni nesmi byt pevné, protoze sklo se nikdy nebude teplotné roztahovat

stejne jako konstrukce dalekohledu
o Koeficient teplotni roztaznosti borosilikatoveho skla 2.77e-6/K
o Pfizméné 20 C(=K) cca 0.4mm pro 8.4m zrcadlo na LSST
e Sklo na zrcadlo nesmi byt ani moc tenké, ani moc tlusté - zlomilo by se vlastni

vahou
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Adaptivni a aktivni optika
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oo Adaptivni a aktivni optika ARANS

OBSERVATORY

e zrcadla se vlivem rozdilného pusobeni
gravitace prohybaji

e ukolem aktivni optiky je tyto deformace vyrovnavat

e jedna se o system s uzavienou smyckou - closed-
loop system

e adaptivni optika pouziva podobné principi jako aktivni
optika - pouze se adaptuje na prostredi, tedy méni
tvar zrcadla dostatecné rychle aby bylo mozné
korigovat jevy vznikajici rozdilnou trajektorii prachodu
svetla atmosférou

Systém aktivni optiky VLT.
Kredit: ESO
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vcnoen Aktivni @ adaptivni optika MLab
e reaguje na pomalé zmény e reaguje na rychlé zmény
e opravy spiSe jednou za nékolik e Vv desitkach Hz az ~tisice Hz
sekund

e je omezena vypocetnim vykonem
- snaha o zrychleni pres
paralizaci / HW (FPGA)

e neni omezena vypocetnim vykonem
e nutna podminka pro adaptivni optiku
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acnen Jak uzavrit smycCku - gravitace “MLab
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OBSERVATORY

Gravitacni sila, ktera “tahne” zrcadlo dolu, se rovna hmotnosti zrcadla v zenitu
(dalekohled se diva nahoru) pro Z osu (sméruje skrz zrcadlo). Pokud se zrcadlo
nakloni, sila se rozklada na Z a Y slozku (Y osa sméfuje u zrcadla na horizontu
nahoru).

Y

 m—
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e Gravitaéni sila Qb

OBSERVATORY

e Rozlozeni “tihy” pres sin/cos
e Doladeéni pres senzory
o Hardpointy - jediné “pevné” spojeni zrcadla se zrcadlovou kleci
o Load cell - tenzometrické snimace - umoznuji zméfit silu
o Hardpointy tvori hexapod, vektor 6ti namérenych sil Ize pfes matici 6x6
transformovat na vektor 6ti sil translacnich a rotacnich
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e Single a Dualni aktuatory “QLab

Axial axis

Axial and Lateral axes
are identical

DAA for Triple, Quad
Puck Load Spreader

SAA for Triple SAA for Dual SAA for Single
Puck Load Spreader Puck Load Spreader ~ Puck Load Spreader
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OBSERVATORY

“@NOIR
: .. Lab

e 2x8.4m primarni zrcadlo

e primy derivat MMT (1x6m primarni
zrcadlo)

e skuteéné sin/cos, rozdéleni na 112
aktuatoru pres distribuéni matici

e VxWorks real-time OS

8.4m primarni a terciarni zrcadlo
derivat LBTO, ale dost nepfimy
156 aktuatoru

distribuce pres petiClenny
polynom - matice 156*5, vstupni
vektor jsou mocniny
NI/Emerson cRIO
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e Optimalizace gravitadéni sily dle LSST  ArAe

OBSERVATORY

Na LBTO se o optimalizaci stara force yForce94
balancing - vezmou se sily z
hardpointl, rozdistribuji se na
aktuatory a pridaji se k sile.

—10 - err=[73.1602]

LSST, diky polynomu pro kazdy
aktuator, zvladne re-fit distribuéni
matice..

Balance Force in Y (N)

Elevation (deg)
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L ey Jak uzaviit smyéku - vinoplochy 4

OBSERVATORY

Deformaci vinoplochy popisuji Zernikovi
polynomi. StacCi tedy néjak zméfit deformace, a C) O

jejich opak replikovat na ploSe zrcadla.

-y

Prvnich 21 Zernikovich Polynomd.

Wikipedie
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Vinoplocha

Perfektni vinoplocha..
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Degradovana vinoplocha. Sklony
ovlivnuji kvalitu vysledneho

obrazku.
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- Jak zmerit vinoplochu ‘Miab

VERA C.RUBIN
OBSERVATORY

Pary “wavefront
sensors”, umisténé Mimo zaostfeni se obraz hvézdy (=bod)

v rozich kamery. zmeni na donut - koblihu.

Senzory s ruznou
vySkou meéri off- +z
focus obrazky

hvézd.
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o Jak vypada vinoplocha “Qlab

OBSERVATORY

- Coma - Spherical - Defocus

_ Astigrr@
Stred donotu
neni
zcentrovan

Jeden donut je vétsi nez Execntricita donotu se méni

TlustSi a tenCi ! . = . . L

donut, podle toho druhy. Velikost zalezi na -Je zvplvosten. Paryjsou

jakym smérem sméru defocusu. zplostény v kolmych
smérech.
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OBSERVATORY

Primarni a tercialni zrcadlo - M1M3
Sekundarni zrcadlo - M2
Kamera na hexapodu (a de-rotatoru)

M2 je mensi, lépe se s nim hybe -
pozicovani, ...

Zmeéna tvaru M1M3 a M2.

e

M18.4m f/1.18
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e M1M3 Bending Modes

OBSERVATORY

Displacement (zum)

They look similar to R T
Zernikes, don't = | ’ .
they?
y -4.18 -.‘ .'- b .. L b
. . B - B -
B1, B2: Astigmatic modes 18F L - = :
B3: Focus mode " A
B4, B5: Trefoil mo((jjes o " D | 4
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veacren M2 Bending Modes ‘WLab
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B18: Spherical mode
B19, B20: Secondary coma modes
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vencnuen  Zrcadlo pri pohybu

OBSERVATORY

Na zrcadlo “zavesené” na aktuatorech
pfi zrychleni pusobi inercialni/setrvacné
a odstredive sily. Ty se pfenasi na
hardpointy, takze je tfeba se jich zbavit
(aby nam sklo neprasklo).
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VERA C.RUBIN
OBSERVATORY

Jak to celé navrhnout?
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o~ Rijdici software dalekohled( AR

VERA C.RUBIN
OBSERVATORY

e Dalekohled je dvouosy robot, ve
svém zjednodusSeni.

e Optickeé systemy pridavaji dalSi
stupné volnosti - bézne velké
dalekohledy maiji desitky az
stovky stupnit volnosti.

e Systém je vétSinou psany na
jeden konkrétni pfistroj.
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Lo S Primitiva

OBSERVATORY

Ukazuje se, ze vSe co se ovladani tyCe se da
zjednodusit na:

1. prikazy - néco co se pokouSi zmeénit stav
systemu (posunout dalekohledem)

2. telemetrie - chodi v pravidelnych intervalech
(aktualni poloha os dalekohledu)

3. udalosti - néco se stane (zaCne se otevirat

stfecha)
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ey K8s ARANY

OBSERVATORY

Systém fizeni LSST nasazujeme jako mikrosluzby na cluster (on summit,
samosebou). Vétsina CSC - Commandable SAL Component - bézi v kontejnerech.

M1M3 a nékolik dalSich bézi na NI cRIO.

Kubernetes Cluster

Control Plane (Master Node) (e Data Plane (Worker Nodes)
ETCD “:;::;:: £ (%}uld Worker Node 1
Service APL Q @ @
'_, hubelet Container Runtime
=i, :

00099 Q.

kube-proxy .,

&= » O . I
Dm?w i API @ Server — @@@
kubetet Container Runtime .___.-"‘""-
® @ e0008e
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ey SAL - Service Access Layer AURANS

OBSERVATORY

VSe na GitHabu: https://github.com/Isst-ts:
e (s xml - obsahuje definice primitiv pro jednotlivé CSC, v XML
e s sal - poskytuje C++ a Java binding pro SAL
e ts salobj - Python binding pro SAL
e https://ts-sal.lsst.io/sal _user quide.html

XML schema for Vera Rubin Observatory Telescope Software Comﬁo“n'e‘n‘ts'
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e Astronomie a ej-3; ARRY

OBSERVATORY

Astronomie je véda zabyvajici se vécmi na
které neni mozné si vétSinou Sahnout, umistit
v laboratofi. Jiz od pocCatku hraje velkou roli
pozorovani a statistika odvozena z
pozorovani.

Al se da rozumné nasadit pokud mate
napriklad klasifikovat velké mnozstvi dat.
Nebo rychle fidit slozité procesy vyzadujici
zpracovani obrazovych dat - viz aktivni
optika.
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o~ Klasifikace supernov

Supernovy (explozivni hvézdy, od novy - nova).
Véci co se objevi na obloze a pak zase zmizi.

Core-Collapse SN Classification

L Hy Hj
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Figure 2. Typical spectra of core-collapse SNe, where defining lines are highlighted.
Type IIb spectrum show hydrogen lines in carly phase and prominent helium lines

afterwards. [13]

SN
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Type I ypel
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\ l il
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\\
Ib Ic
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Figure 1. Classification of SNe based on which spectral lines arc present in the
spectrum. This thesis will focus on SN 2017gkk and SN 2019gaf which both arc
type IIb SNe.

Observational study of the type IIb supernovae
2017gkk and 2019gaf

Master's thesis

University of Turku

Astronomy

December 2022

B.Sc. Niilo Koivisto
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w = Fotometricka klasifikace
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Redshift

Figure 1. Peak ipy-band absolute magnitude vs. redshift for the sample of PS1-
MDS spectroscopically classified SMe used in this study. We apply a
cosmological k-comection to the peak magnitudes, but do not comect for the
intrinsic spectral energy distribution of the various SNe. The sample includes
five SN classes: [a (green circle), Ibe (red downward tmangle), 1T (blue square),
IIn (purple upward triangle), and SLSNe (yellow star).

Villar et al.

Triss

Model Flux

Mode| Phase

Figure 2. Example model light curves (LCs) based onm Equation (1)
highlighting how each of the free parameters affects them. The parameters

are individually varied from low (blue) to high (red) values.
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THE ASTROPHYSICAL JOURNAL, 884:83 (15pp), 2019 October 10 Villar et al.
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Figure 12. Light curves of three SNe classified incorrectly, but with high confidence (p > 0.9). We note the spectroscopic and photometric classification of each event.
Given the high data quality, these misclassifications are due to inherent overlap between SNe in feature space.
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e Teplota skla AN

OBSERVATORY

https://rubin-weather-forecast.jesteves.workers.dev/

Rubin Summit Temperature Forecast

Forecast of the Day

Last update: 13 min ago

Forecast at Twilight 18

5.5 -

+1.3°C 14
- °C (Weather Tower)

FEHIGT
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J85UNS
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TasUTs
)BSLIHHI

Current Time
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1
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1
1
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X W
1
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20:45 CLT 1 1 1 1 i 1
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2 T a a . . a 1
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(max-min) -+ Weather Tower 68% cfi -« Prophet Forecast — Trend + Weekly

Note: the forecast model is continuously updated throughout the day
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https://rubin-weather-forecast.jesteves.workers.dev/

Validation for an entire year

e Results are robust across an entire year of
data.

e Predictions made within 5 hours before
twilight achieve precision better than 1.20 °C
in most cases and 2.5°C for 90% of cases.

e Adjusting the AC setpoint in the last 2 hours
can improves precision to below 0.95 °C in
most cases and 2°C for 90% of cases.

Count

Prophet Forecast RMSE Distribution
2 Hours (Blue) and 5 Hours (Red) Before Twilight
Jul 2024 to Aug 2025

40+

20+

Prophet RMSE [deg]

3th :0.40
16th : 0.64
median: 1.18
84th :2.33
97th :3.97

3th :0.31
16th : 0.49

median: 0.92
84th :1.82
97th :2.92

100

20

Percentile rank
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VE;A C.RUBIN PrOé? AURA Q

OBSERVATORY

e 1 PB dat béhem par tydnu..
e 1000’s novych asteroidu

o ATLAS 3l pfredobjevoveé snimky
e Astronomie na par Kliku..

LSSTCam/runs/DRP/20250420_20250521/w_2025_21/DM-51076

LSSTCam/runs/DRP/20250420_20250521/w_2025_21/DM-51076 LSSTCam/runs/DRP/20250420_20250521/w_2025_21/DM-51076
S/N (cModel): (g > 5.0) !extended 1334588 objects cModel g < 23.0 lextended 112007 o‘b;ects S/N (psf): (u > 50.0) 'extended 58680 objects
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e Prvni snimek s celym systémem
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16. dubna 2025

Vera C. Rubin Observatory | Rubin Commissioning.. | Astrorob 2025 Acronyms & Glossary



https://www.lsst.org/scientists/glossary-acronyms

S _
e N On the summit ... AR

OBSERVATORY
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Rubin Auxiliary Telescope

Vertical Platform Lift
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Light Baffle / Cooling M1 Surface |
Air Plenum
M1M3 Mirror Cell Personnel
and Support System Access Door -
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Deck Plate with
stiffeners and

Support Girders

Telescope Pylon

Interface Mounting Pads

Outer Shell
Structure

M1M3 Mirror within
Light Baffle/Cooling
Plenum Ring

Vacuum Cylinder
Pressure Boundary

Vacuum Support Trusswork

Cell Floor Stiffened against
Vacuum Load. Personnel
access floor above

Mirror Thermal
Control - Coolant
Recirculation
Piping

Hardpoint Actuator

Deck Plate
Support Girders

Cell Deck Plate with
Pneumatic Support
Actuators

Mirror Locating
Hardpoint Structure



https://www.lsst.org/scientists/glossary-acronyms

—

LN
+°5 . = w
VERA C. RU\BE AURA

OBSERVATORY

Vera Rubin Observatory Brlng
@ The New York Times

Petr Kubanek, right, and Robinson Godoy Torres checking on actuators and valves inside the M1IM3 mirror cells of the Simonyi Survey
Telescope, Vera Rubin Observatory, Chile. May 30, 2025,
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http://www.youtube.com/watch?v=MF36BYv1jSU

