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System States, infinite Resources  Relative timing  Parametric 
constraints 

APSI 
 

Finite  
Infinite (by 
means of 
parameters) 

Yes, depletable 
and non-
depletable 
 

Supported 
 

Yes 
 

ASPEN Finite, Infinite Yes, unit, 
depletable, non-
depletable, 
integral 

Yes Yes 

EUROPA Infinite Yes Yes Yes 
flexplan Supported Supported Supported Supported 
Mexar2 finite states reusable 

resources. 
Cumulative 
resource, and 
binary resource 

yes no 

MUSE Yes Yes No No 
Pinta/Plato Yes Yes Yes No 
SKeyP finite states reusable 

resources. 
Cumulative 
resource, and 
binary resource 

yes no 

SPIFE Infinite Yes Yes Yes 
SPIKE No Yes Yes No 
 



System detect 
constraint 
violations in the 
above 
constraint types. 
typically O(n)  

 

APSI X X X X X X 
ASPEN X X X X X X 
EUROPA X X X X X X 
flexplan X X X X X X 
Mexar2 X X X X X X 
MUSE X X X X X X 
Pinta/Plato X X X  X X 
SKeyP X X X X X X 
SPIFE X X X  X X 
SPIKE X X X X X X 
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Payloads 

Spacecraft 

TM (Science + Housekeeping) 

TM 
Router 

Science 
C 

Science 
B 

Science 
A 

Housekeepin
g 

Communication Channel 

Limited 
capacity 

Limited 
bandwidth 

Non visibility 
windows 

Earth 
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EUROPA: NDDL and the  
Plan Database 

• Classes 
• Inheritance 
• Constructors 

• Objects 
• Contain Tokens, Variables, other 

objects 
• Tokens   

• Object-scoped 
• Temporal entities (start, end, duration). 

Typically represent activities or states. 
• Variables and Constraints 

• Object attribute, Token parameter, 
Global variables 

• Constraints on these 
• Mapping NDDL to Reasoning 

• Temporal relations mapped to STN 
• Timelines and Resources mapped to 

special classes 
• Parameter constraints mapped to 

special classes 

•  class LightSwitch extends Timeline{ 
•  predicate turnOn  { duration=1; } 
•  predicate turnOff { duration=1; }} 

•  class LightBulb extends Timeline { 
•     LightSwitch mySwitch_;    
•      LightBulb(LightSwitch b)  
•   { mySwitch_ = b;  } 
•   predicate On  {} predicate Off {}} 

•  LightBulb::On{ 
•      // Bulb must be Off to be turned On 
•      met_by(object.Off);               
•      met_by(object.mySwitch_.turnOn);} 
•   
•  LightBulb::Off{ 
•      // Bulb must be On to be turned Off 
•  met_by(object.On);                 
•      // Must be turned off through the switch 
•  met_by(object.mySwitch_.turnOff);} 

•  goal(LightBulb.Off g1); 
•  eq(g1.start,10); 



EUROPA: Architecture and Interfaces 

PSEngine 



EUROPA - Applications 
• MAPGEN (MER) 

• High degree of 
automated search 

• Goal decomposition 
• Temporal reasoning 
• Reasoning about state 

conditions 
• Phoenix Science 

Interface (PSI) 
• Low degree of 

automated search 
• Temporal reasoning 

• SACE  (ISS Solar Array Planning) 
• High degree of automated search 
• Temporal reasoning 
• Activity decomposition 
• Reasoning about state conditions 
• Optimization 

• T-REX  
• High degree of automated search 
• Goal decomposition 
• Temporal Reasoning 
• Reasoning about state conditions 



Ensemble – Architecture 



Ensemble – Domain Description 
and Reasoning 

• Activity Dictionary 
• Internal representation 

• Eclipse Modeling Framework (EMF) 
• Javascript formulas 

• Description of activity, activity details, and timelines 
• Description of conditions 
• Description of resources 
• Description of relationships 

• Plan Advisor 
• Temporal reasoning built in 
• Visualization of feedback from external reasoners 

• E.g. EUROPA, Power analysis engines 
• External reasoners perform all checks of ‘Timeline’ conflicts 

• E.g. two activities that can’t overlap, condition checks 



Ensemble - Applications 

• Phoenix Science Interface (PSI) 
• Low degree of automated search 
• Temporal reasoning 
• Reasoning about state conditions 

• MSLICE 
• Moderate degree of automated search 
• Temporal reasoning 
• Reasoning about state conditions 





Mission configured by defining 4 key elements: 

Rules: Logic Based rules that combine Resources 
and Events to generate Tasks or detect Mission 
Constraints/Conflicts (Temporal, Resource and 
Limit Violation Constraints) 

Two modes of schedule timeline generation: 

 



Timeline Visual Cues Available: Zoom, Slide, Time Toggle (UTC, Spacecraft Time), Double-click 
to access Task Details 
Timeline Filtering by: ask hierarchical level 



Mission Customer Start 
Date Automation 





MUSE – timelines 
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MUSE – Cluster  II WBD GUI 

)





www.DLR.de  •  Chart 31 > Timeline harmonization > 
lenzen  •  08/May/2012 

Planning Modeling Language at DLR/GSOC (1) 

Resource: 
Resource profile (maps time to value) 
Optional: Resource limits (resource profile is cut off at the limit) 

upper limit 

time 

Profile without limit 

Profile with limit 

Hierarchical structure: 
Tasks may be given timeline entries 
Groups contain Tasks and other Groups 

Group A 

Group B 

• Constraints (1): 
– Task: min/max duration 
– Group: min/max number of elements to schedule 
– Time Dependency: min(/max) separation in between tasks‘ start/end times 

min-sep start before start 

Task 1 Task 2 

min-sep end before start 

Task 1 Task 2 



www.DLR.de  •  Chart 32 > Timeline harmonization > 
lenzen  •  08/May/2012 

Planning Modeling Language at DLR/GSOC (2) 

Suitability: prefer timeline entries where a certain resource is maximal 

Resource Comparison: 

offset 
timeline entry of task 

offset 

Resource Profile 
lower bound 

Resource Modification: 
extended validity modification profile 
res. profile after  addition 

resource profile before addition 

timeline entry of task 

Interfaces of Pinta/Plato 
API of Plato‘s class library (currently .NET) supports heuristic algorithms 

(calculate possible scheduling times, conflict traces, etc.) 
Generic algorithm of Plato supports heuristic search 
Plugin architecture of Pinta for import and export 

• Constraints (2): 



www.DLR.de  •  Chart 33 > Timeline harmonization > 
lenzen  •  08/May/2012 

Missions at GSOC/DLR using Pinta & Plato 
• TerraSAR-X/TanDEM-X (since 2007/2010) 

– Fully automated system, generating 2 timelines per day 
– Custom algorithm implemented on top of Plato 
– Schedules payload commands and routine bus commands, excl. maneuvers 
– All scheduling relevant constraints covered by the planning model, including power, thermal 

windows, inter-satellite constraints 
– Pinta used for manually checking the timeline (during commissioning, anomalies) 

• TET (2012) 
– Generic repair algorithm manually applied via Pinta on given payload timeline 
– generic algorithm schedules bus commands 

• OnCall shift scheduling  
– Schedules the multi-mission staff for 24/7 on-call support 
– Generic algorithm for plan generation and major modifications 
– Manual interaction using Pinta for minor modifications 

• Upcoming: 
– BiROS: payload and bus commands, support of on-board automation 
– EuCROPIS: bus commands 
– TerraSAR-2: payload and bus commands 
– EnMAP: payload and bus commands 





Utilities 
Astronomical Utilities 
Time interval Utilities 

Temporal Constraint Propagator 

  

Domain 
Activity Model 

Properties/Hierarchy 
Activity Constraints 

 

omai

tilitie

Planner/Scheduler 
Resources 

Heuristics and Preferences 
Planning/scheduling engines 

HST Mission Planning 
Specializations 

HST Mission Domain 
Specializations 

 

issio

JWST Mission Planning 
Specializations 

JWST Mission Domain 
Specializations 

 

ssion
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