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ÅSTARS framework
ÁFeatures

ÁPerfomancemetrics

ÁOptimization strategies & algorithms

ÁATP GUI

ÅScheduling Applications
ÁSingle telescope: ARIEL-ESA, CARMENES, TJO@OAdM

ÁObservatory with multiple sites and sub-arrays: CTA

ÁMulti-observatory

o Coordinated planning (MM view): CTA&SKA, CTAN&S+GW

o Follow-up infrastructure for ESA-PLATO

Outline
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Huge amount of possible combinations !

Searching all the options for the best plan would be infeasible

Why an automatic scheduling tool?

ÅWhyan automatic schedulingtool?
ÁComplexity of the problem
ÁEasy simulation for different scenarios before the 

mission

ÁFast adaptability to changes during the mission

ÅESA-ARIEL survey in numbers
ÁSurvey ~1000 exoplanets (from ~2000 available)

Á4 years mission lifetime (3.5 years survey)
Á1~20 events per target

Á~200 observable events for each target

Á~ 120 events at the same time
Á~13.5k total requested observations  (for ~2000 

targets)

Á2.5k~3.5k observations in the final plan

ÁAbout e^4800 possible combinations
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STARSframework:

Scheduling Technologies for Autonomous Robotic Systems

ÅGoals
ÁTool to automatically plan observations and operations

ÁOptimize the plan to fulfill science goals

ÁAnalyze mission scenarios:

o Number of targets observed

o Challenging targets and observation strategies

o Impact of different operational constraints

o ӈ

ÁRe-usable software for diferent projectsand missions

Scheduling application framework
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Features

ÅLibraries
ÁDefinition of the survey: objects to be 

observed, features of the objects

ÁDefinition of the observatory: location, 
number of telescopes, type of telescopes

ÁAstronomical calculations: object 
coordinates, object elevation, Sun and Moon 
position, Moon phase

ÁLong- and mid-term schedulers based on 
Evolutionary Algorithms, and for a short-term 
scheduler a dispatcher using astronomy-
based heuristics

ÅI/O basedon XML files (similar to RTML 
format)

STARS Framework

Long-term / mid-term
schedulers

Short-term
schedulers

Genetic
Algorithm

Multi-Objective
Evolutionary
Algorithm

Dispatcher

Hard& SoftConstraintModels

Survey
definition

Observatory
definition

Astro-lib
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ÅObserving time optimization
ÁThe time in the schedule during which the 

telescope is observing objects should be 
maximized

ÅOptimization of scientific return
ÁThe observation of completed targets 

should be maximized in order to increase the 
scientific efficiency of the mission

ÁObservation of the priority targets should 
be promoted

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

ÁObserving cadenceaccording to the 
observation strategy

Performance metrics
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Optimization strategies

ÅOff-line Č Long-term and Mid-term schedulers
ÁTime interval accordingto hard constraintsthat can be predicted

ÅOn-line Č Short-term scheduler
ÁIt considersall constraintsand adaptsthe mid-term plan to react to immediate

circumstances

Constraint

Hard Constraints

Č Priorities

Č Night & Elevation

Č Moon influence

Č Visibility duration

Č Pointing

Č Overlapping

Č Overhead time

Č Environmental 
conditions

Soft Constraints

Č Observing time

Č Observation deviation

Č Observing cadence


