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PLATO follow-up (FU): Hierarchical approach

5 000
candidates
step 1: low precision 1 000
spectroscopy (1-2m tel.) False Positives

(20% are binaries)
4 000 2-m class
telescopes
step 2: high resolution 50% have a companion:
imaging (2m tel.) Amag<4mag within PSF) (10+)

no companion step 3: on-off photometry __ 1 000
(1-2m tel.) False Positives
J (50% transits in
compagnion) 4-m class

step 4: high precision 500
spectroscopy (4m tel.) False Positives

2

telescopes
(HARPS, HARPS-N, NIRPS,
CARMENES, SPIRoU, +)

yes step 5: Rossiter-McLaughlin
(25% low activity) n (8m tel.) - 10-m class

) I telescopes
(ESPRESSO, +)

L RV for mass determination J

PLATO Definition Study Report (2017)
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PLATO follow-up (FU): Hierarchical approach

Telescone Class Filtering/Candidate Radial Velocity Total
P Confirmation Measurements Nights
: (Total nights : (Total nights
(nights/year) T (nights/year) T
panN
1-2m low-resolution ~35 ~245 - - ~245
spectroscopy
1-2m high-resolution ~15 ~105 - - ' ~105 ‘
imaging
1-2m on-off photometry ~10 ~70 - - ~70
1-2m high-resolution ~3 ~30 ~30
spectroscopy
4m high-resolution ~20 ~140 ~100 ~900 ~1040
spectroscopy
8m high-resolution ~5 ~35 ~80 ~720 ~755
spectroscopy

PLATO Definition Study Report (2017)
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PLATO follow-up (FU)

® Of order of 20+ facilities with different sky visibilities, weather conditions,

availability patterns, etc.
® 22000 hours of observations with a heterogeneous collection of telescopes and

instruments

® Various potential requirements:

= Redundancy (critical events)

= Consistency of time series (same instrument)

= Cross-checking (overlaps)

L
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Automatic & dynamic planning is essential
Optimization is a big plus
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Scheduling application framework

STARS framework:

Scheduling Technologies for Autonomous Robotic Systems

......

/

STARS
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ATP
Analysis Tool for Planning
Configuration + Visualization
Java Front-end

XML files &
DB-SQL (proposals,
weather data, etc.)

N

Astro-lib
Al Algorithms
Constraint models
C++

Long-term / mid-term schedulers

MISSION I/F

/

(OCs, TCS, ICS
IOSDC-MOC)
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Scheduling application framework

Performance metrics

= Observing time optimization

* The time in the schedule during which the telescope
is observing objects should be maximized

= Optimization of scientific return

* The observation of completed targets should be
maximized in order to increase the scientific
efficiency of the mission

* Observation of the priority targets should be
promoted

* Observation deviation to ensure that all targets with
the same priority will have a proper share of
assigned observing time

* Observing cadence according to the observation
strategy
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Off-line Strategy
(genetic algorithm)

On-line Strategy
(astronomy-based heuristics)

Long-term plan

Mid-term plan
(desired
observations in the
current night)

Short-term plan
(observation to be executed in
the current time)

(desired
observations in the
next days/months)

[new
observation
required]

Short-term
Scheduler

Mid-term
Scheduler

Long-term
Scheduler

A

E[when it is [before

: required] every night] [end of

Y § P the night]
Long-term Short-term On-line

alert reaction alert reaction alert reaction
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STARS, framework for scheduling telescopes and space missions

® Inoperation: CARMENES & TJO
® Under construction (simulation mode): ARIEL-ESA, CTA & CTA-SKA

® Research project (simulation mode):
CTA & GASKAP multi-observatory coordinated scheduling
® Heritage for PLATO: architecture, algorithms, metrics

Real-time service in an operational Multi-observatory coordinated
control architecture Optimization of time-critical events observations
Equatorial Coordinates 2018-01-15 17:34:08.576 Equatorial Coordinates 2021-01-09 19:23:33.576 Equatorial Coordinates 2017-01-02 13:17:45.576

75°

30°

15°

15° \@

-30°

CTAN & CTAS
CARMENES — visibility S_ pending N_ ® observed N_ — visibility SKA pending CTA South ® observed CTA South
— visibility 0 @ observed 0 ® in process -_— ViSibi_“tY N_ @ observedS_ ® inprocess — visibility CTA South @ observed SKA ® inprocess
pending 0 pending S_ pending SKA
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“ PDPCs

Lo L1, L2, L2 L3 data
Lg data

b a>

PDC DB PFUS DB

PLATO FU

|IEEC team working

on a preliminary definition
of the PLATO follow-up: 0, L1 datd
 Overall architecture MOC 7 Scheduler data

and archive .~

FUScheduler

* Interfaces and ¥ .
: Targets (with
Ii?tg?r:s {g:at he) f;‘f?r?“z :tlé’gel Short-term
protocols SoC i Scheduler

. {Online/local)
* Requirements ) Heuristic

S . Validated L2, L3 dat
* Optimization metrics e ? Obs. Access Layer Observatory Access Layer
. . VO, ADQL, ... VO, ADQL, ...
« Simulations A o sohedure
L
(Proof-of-Concept) farget it | P
Result fm Short-term Scheduler
observations Scheduler {Onlineflocal)
Schedule, {Online/local) Heuristic
weather info, Heuristic
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PLATO FU

Interfaces:

 From Telescopes:
visibility, availability,

“ PDPCs

observing constraints

MOC

* Task submission
to Telescopes:

!

short/dynamic or

SOC

PDC

L0, L1 data
—

mid-term (night) plan

 Task status from Validated L2, L3 dat

Telescopes to scheduler
archive

* Reactive or pro-active
communication

* Protocols:
VO visibility & observing
constraints, VOEvents,
heterogeneous protocols
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Lo, L1, L2 L2, L3 data
Lg data

a

N 4

PLATO FU
Scheduler Center?

R i FUScheduler
" Scheduler data ’
“ and archive

Targets (with
filtering stage)

—

-

l : =
Targets (with ‘
filtering stage)

—

Short-term

Scheduler
{Onlineflocal)
Heuristic

Obs. Access Layer

Observatory Access Layer

VO, ADQL, ... VO, ADQL, ...

A Mid-term schedule,

target list
: Short-term
Result from Short-term Scheduler
observations Scheduler (Onlineflocal)

Schedule, fon?if?eﬂDCOI‘J Heuristic
weather info, Heuristic
status, efc.




PLATO FU

Interfaces:

From Telescopes:
visibility, availability,
observing constraints
Task submission

to Telescopes:

short/dynamic or
mid-term (night) plan

Task status from

“ PDPCs

Lo, L1, L2 L2 L3 data
Lg data

o ——
P

N

PDC /,,/
L0, L1 data
MOC
fi
SOC

t

Validated L2, L3 dat

Telescopes to scheduler

archive

Reactive or pro-active
communication

Protocols:

VO visibility & observing
constraints, VOEvents,

heterogeneous protocols
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—
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PLATO FU
Scheduler Center?
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PFUS DB
. || FUScheduler
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! and archive .-
[ : 3
Targets (with J ‘[
filtering stage) Short-term
sl Scheduler
{Onlinedlocal)
Heuristic
)

Mid-term schedule,

Schedule,
weather info,
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PLATO FU

Scheduler: T Long-term Mid-term

. e e . .. v Scheduler Scheduler
Optimization objectives e

. e PDC DB (Offline, once each (Offline, once each
* Time optimization " Schedulerdata  .° 3 months) 24 hours)
 Scientific return

and archive - Genetic / Evolutionary Genetic / Evolutionary
(completed targets)
filtering stage) Short-term

Algorithms Algorithms
* Priority targets Fhortte
. . . Cl uler
* Consistency of time series (Ontine)

Lispatcne

|
I

Targets (with
filtering stage)

Targets (with

* FU Strategles Observatory Access Layer
* Redundancies (# at each stage?) VO, ADQL, ..
. . . . Mid-term schedule,
* Optimization hierarchy target list
* Dispatcher mode: dynamic/real-time Sh%rge'rm 5;’;‘;1':;3{;’ ﬁisgthfedulet,( e
e ey . Sci . rst target (and lis
response — prioritized list (too strong onine) nine) e Weather info, status
operational dependencies?) T
. . . Schedule,
* Distributed mode: mid-term schedule weather info,
status, efc.

with priorities (A: must be done?, B:
fillers?), local short-term optimization
& stand-alone operation
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PLATO FU

Scheduler archive (PFUS): T Long-term R
e Ta rget list: v I — Scheduler Scheduler

(Offline, once each (Offline, once each
- . PDC DB
observability constraints, &

" Scheduler data  _* 3 months) 24 hours)
] and archive - Genetic / Evolutionary Genetic / Evolutionary
status & history data
(validation stages 1-5)

Algorithms Algorithms
* Scheduler plans

|
I

Targets (with
filtering stage)

Targets (with
filtering stage)

(long-, mid-, short-term) Observatory Access Layer
. . VO, ADQL, ...
» Telescope availability Mid-term schedule, =
. . target list
pattern (dedicated, shared time) P
Short-te - Sschedule,
& status Scheduler Scheduler First target (and list)
(Online) (Online) Weather info, status
Dedicated Shared time )
Schedule, !
weather info,
status, elc.

IE E C 9 www.ieec.cat

Institut d’Estudis
Espacials de Catalunya



PLATO FU scheduling

Simulations using 100 Gaia DR2 sources randomly picked up from PLATO N+S fields

Scheduler executed using
CARMENES configuration,
simulating:
* March+April 2024
* Bad weather
* Only targets with h 2400
* Exposure time fixed
to 15 min
e Telluric standards used
in CARMENES

IEEC”
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1EE C I Scheduling Analysis Tool YeY)
" PE 30O A
output_CARMENES-North_MarchApril2024 xmi
Scheduler Configuration | Target Set | Scheduling by Resource | Scheduling by Target | Altitude Chart | Statistics
Filter by Date O | Target information 00
= o = 1411534031098660864 1411880652140790784 1420278206556447488 1430559499270375296 1432617510160019200
Start Date | [ [15-Mar-2024 [12:00:003] End Date | @ [15-Apr-2024 [12:00:002] (Accept | Reset A —— 4 —
2041510110278230784 2048603643912493184 2071996269201444096 2073184119702799744 2077468126229357440
2078978236740105856 2093938535540773248 2100019350237013760 2121369151626052224 2122656164345896832
2124579858720784896 2128546488658586752 2136965174314226432 2153531309847822080 2154836460213807104
|| 2155004265626856448 2251991957639211904 2889961997443558144 2890368717964144256 2899776723568777472
- 1| 290480231 2906 2910605813589315328 2911477073475504000 2911599836522611584
Overview 00 || 2914647034215173248 2920 292108 2036737764711496192 2938226748273783296
Show by [Targets - Ye-axis | v +| Xeaxis 2941041326239816192 2964203466393004928 4499872493409677696 4518863842379208832 4519203041713411328
4523264328415222784 4523310748423733120 45235 52 4531817429372276864 4538295511362671488
455000 6 455 2640 4551735666618784384 4552270647744861184 4573995382600437760
4580309156328294016 4590123500, 4 46879986816 4608526198105406552
4655349652394811136 4659952040601369984 4783415239172867328 4794011748125962624 4811054728112551424
4817723021321230208 4876962856696102528 4886657319437052160 5267405208155396736 5286070277030441728 g
5289620668798447616 5294178385012228096 5294949619403458560 5319438049756164864 5320436505093064960 3
Sort by [Name |~
Search by name
2
4523578062888954752 YY)
Aladin Lite view
—_
M
[
[
I
[=2]
[
o
=
c 0"
o
=}
©
c
]
[
a
General Target Information
= Magnitude
® Star type
® Priority
% Minimum altitude
® Maximum altitude
% vsini_kms_1
# Obligatory
% User Priority
G-Cadence days
&-Observations per night
# Observation distance
® Mass MSun
@ Visibility periods

Show all the sky

Right Ascension [degrees]

® Completed

Uncompleted ® Unplanned [J Not visil)lel

Grid lines

Hammer-Aitoff projection

Observed: 6 times
Observation duration: 5400.0 seconds
Periodogram completenes: 98.61%
= Observed periods
2024-03-19 03:46:01 UTC to 2024-03-19 04:01:01 UTC (resource 0)
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PLATO FU scheduling

Simulations using 100 Gaia DR2 sources randomly picked up from PLATO N+S fields

IEEC" Scheduling Analysis Tool

“PE 304

output_CARMENES-North_lmonthxml %

Statistics

Scheduler executed using e

CARMENES configuration,

Gantt Diagram

gnuﬂaﬂng: TEERE R

* January 2024

* Bad weather

* Only targets with h 2400
* Exposure time fixed

Resource

to 15 min
e Telluric standards used
in CARMENES

PP CEOEEE000 90

eoe
Target Information 00
15222169 43£5510798923135140 435161742951 22/0608 93562955
976 455 2640 4551735666618784384 4552270647744861184 4573995382600437760
4580309156328294016 4590123500195508352 4593768346879986816 46085261981054(
4655349652394811136 4659952040601369984 4783415239172867328 4794011748125962624 4811054728112551424
4817723021321230208 4876962856696102528 4886657319437052160 5267405208155396736 5286070277030441728
5289620668798447616 5294178385012228096 5294949619403458560 5319438049756164864 5320436505093064960
5322184835962213632 5479322674111361536 5485842086571808640 5492130507107191168 5492916275665440896
5514258006822396160 5519621836863200768 5519968389186560768 5520014942322863744 5535528059261864960
3507399936 4537211648 119438976 08192 5569323919957492352
5571556306518481280 6283450368 4 472 5594921684523207680
HIP 10670 HIP 109427 HIP 116631 HIP 16281 HIP 18724
HIP 18907 HIP 22509 HIP 23767 HIP 31216 HIP 47006 -
HIP 49583 HIP 53910 HIP 54879 HIP 66249 HIP 67301 F
Sort by [Name |+
Search by name
|
4593768346879986816 006

Aladin Lite view

General Target Information

2-Jan 4-Jan 6-Jan

1368435236875696384 m 1383117908993940608 M 1411534031098660864
2121369151626052224
4573995382600437760

W 1347886940803853184 m 1348470991933382400 m 1353076021508220416
W 1411880652140790784 m 1420278206556447488
W 2122656164345896832 W 2124579858720784896 M 2154836460213807104 M 4550003386048062976 M 4552270647744861184

1430559499270375296 W 1432617510160019200 1595544620632182656

Identifier: 20248
Name: 4593768346879986816
= Description

% Coordinates

= Required observation time

900 seconds

= Magnitude

825
Star type
Priority
Minimum altitude
Maximum altitude
vsini_kms_1
obligatory
User Priority
Cadence days
Observations per night
Observation distance
Mass MSun

Visible: 12 times
isibility periods
2024-01-20 06:01:41 UTC to 2024-01-20 06:19:43 UTC (1082.0 seconds)
2024-01-21 05:57:45 UTC to 2024-01-21 06:19:21 UTC (1296.0 seconds)

2024-01-22 05:53:49 UTC to 2024-01-22 06:18:58 UTC (1509.0 seconds) -
( )

2024-01-23 05:49:53 UTC to 2024-01-23 06:18:33 UTC (1720.0 seconds]
2

W 4593768346879986816 M 4596904699500648448 M 4608526198105406592 ' Observable period i Unfavourable weather

Show all the scheduled dates
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PLATO FU: Next steps

® Identification of PLATO FU requirements
* OQverall architecture

* Protocols and standards to be used

® Identify existing tools, approaches or best practices that may be reused

* E.g.: Las Cumbres Observatory (TOM), ESAVO protocols (ObjVisSAP, ObjLocTAP), TFOP, Gaia
Alerts, LIGO/Virgo EM follow-up...

® Update STARS (and ATP visualization tool) as a PLATO Proof-of-Concept
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