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- Optimize conflicting goals for multiple constituents
‣ Science return, engineering, calibration, stability of the plan itself … 

‣ Hard to quantify and make explicit goals ― communication problem
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Multi-Objective 
Solution Approaches
• Multi-Objective Scheduling:

- Explicitly maintain and exploit multiple objectives 
during scheduling 

- Use algorithms that build up the (approximate) 
Pareto optimal frontier from a population of 
candidate schedules 
‣ i.e. “non-dominated” solutions, such that no other 

candidate is better, considering all objectives.

‣ Among the best choices are evolutionary algorithms such 
as GDE3 (Generalized Differential Evolution 3) ...











MUSE Architecture Drivers

• Distributed, collaborative 
exploration of the Pareto frontier

- online and offline 

• Don’t reinvent the wheel ― 
integrate with existing tools

• Allow for workflow and notification 
mechanisms







 

Architecture Summary
• Central scheduling engine with distributed participants and 

GUIs

• Applicable to multiple missions in different phases, e.g. 

- James Webb Space Telescope scheduling and long range 
planning

- Cassini science planning

- …

• Integration with existing software tools

- different languages and architectures

• Multi-layered integration options

- integrate with a complete implementation using our tools 
and expected operations concept

- or can integrate at a higher level using your own tools



Cluster II WBD Scheduling
• Four ESA spacecraft in tetrahedral formation, investigating 

interaction of Earth’s magnetic environment with solar wind

• WBD plasma wave experiment (Univ. Iowa) is scheduled as NASA 
Deep Space Network (DSN) tracking passes for a set a science 
opportunities (~24h/week)

• Optimization objectives include:
- Minimize conflicts with higher priority DSN activities
- Minimize deviation from desired distribution of priority and science 

category
- Maximize passes with preferred s/c and multiple simultaneous s/c
- Minimize clumping of selected observations 











Encoding Decision Variables
Usable opportunities: O1, O2, O3, O4
Science team rule: 0 to 2 must be included in schedule

Usable combinations: 
none: {} 
one: {O1}, {O2}, {O3}, {O4}
two: {O1, O2}, {O1, O3}, {O1, O4}, 

{O2, O3}, {O2, O4}, {O3, O4}

Decision variable encoding to interval [0,1]: 

0 1

{} {O1}, {O2}, 
{O3}, {O4}

{O1, O2}, {O1, O3}, {O1, O4},
{O2, O3}, {O2, O4}, {O3, O4}





MUSE Next Steps

• Extend initial multi-participant functionality

- trade-off GUI

- workflow & notification plug-ins

- REST-based multi-participant server

• Higher-dimensional multi-objective visualization and 
manipulation

• Apply to other missions to validate generality of 
approach



Thank you!


