
E U R O p A
C L I p p E R

E U R O p A
C L I p p E R

Improving Spacecraft Design and Operability for Europa Clipper 
through High-Fidelity, Mission-Level Modeling and Simulation
Eric Ferguson (presenter), Steve Wissler, Ben Bradley, Pierre Maldague, Jan Ludwinski, Chris Lawler

May 29th 2018



E U R O p A
C L I p p E R

© 2018 California Institute of Technology. Government sponsorship acknowledged.

I. Introduction
Power of High-Fidelity Mission Simulations 
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SimulationDesign Analysis

Environment
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II. Europa Clipper Overview
Mission and Flight System Design
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Chemistry: Do red surface deposits contain 
organics from below?

Chemistry Energy

Water

Habitability

Water: Are a global ocean and lakes hidden by 
Europa’s shell of ice?

Ingredients for Life

Energy: Are there hydrothermal vents and 
volcanoes within a global ocean?
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Jupiter Tour
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Jupiter Tour
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III. Simulation Framework and 
Heritage
Activity Plan Generator (APGen) 
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What is APGen (Activity Plan Generator)?
• Multi-Mission Modeling and Simulation Framework (“Core”)

• Developed by NASA's Advanced Multi-Mission Operating System (AMMOS) organization
• Originally developed to help mission planners create activity plans that did not oversubscribe critical 

resources
• Key constructs are activities and resources
• Discrete event simulator
• Includes a scheduling engine

• Mission Heritage
• Deep Impact / EPOXI, MSL Cruise, MRO, InSight
• However, using APGen in early project lifecycles is new with Clipper

• Project Customization (“Adaptation”)
• “Core” is programmed through non-standard, but highly effective domain-specific language (DSL)

• Build models of spacecraft and ground activities, subsystems, states, etc.
• Schedule activities into a plan based on guidelines, constraints, and mission objectives
• Simulate interaction between activities in a plan and their effect on spacecraft and ground resources

• “User-Defined Library” provides interface to external libraries and services (SPICE, MMPAT, etc.) 
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IV. Clipper Mission Simulations
APGen Adaptation of Clipper
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SimulationDesign Analysis

Environment
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Simulation

Mission Design

Coverage 
Analysis

Mission 
Planning

Flight System
Engineering

Science 
Planning

Environment 
Modeling

Trajectory, Maneuvers, 
OD, etc.

Mission Plan, 
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DL Strategy, etc..

Subsystem 
Models, PEL, etc.

Science 
Measurement 
Requirements

Measurement 
Requirements, 
Instrument 
Conops

Flight System 
Activities and 
Behaviors

Radiation, Fault 
Behavior/Reponse

Requirement
Verification

Resource 
Analysis

Instrument 
Observation Times, 
Spacecraft Attitude
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Board Storage, etc.

Instrument Observation 
Schedule, Spacecraft 
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Clipper Adaptation Models
Models Activity Schedulers

Geometry (altitude, lighting angles, velocity, etc.) Deep Impact (DI)

Ground Station (DSN, ESTRACK, NEN, etc.)
Mars Polar Lander, DI, Mars Odyssey, Mars Reconnaissance Orbiter, Mars 
Exploration Rovers (MER), Mars Science Laboratory (MSL), and InSight

Telecommunications (downlink rates, antenna patterns) New to Europa Clipper

Data (data accumulation, deletion, and flow to ground) Mars Polar Lander, DI, and Phoenix

Power (system-level model or interface to JPL’s MMPAT)
System-Level Model: New to Europa Clipper
MMPAT: MER, DI, MSL, Phoenix, InSight, and JUNO

Guidance Navigation and Control (commander, rates, slew profiles, star tracker) Deep Impact (DI)

Solar Arrays (hard stop, flops) New to Europa Clipper

Radiation (solar array degradation, based on GIRE) Galileo

Propulsion (engine cycling, fuel burned) New to Europa Clipper

Payload (operating modes, power states and data production) New to Europa Clipper

Mission Operations (uplink, ground processes, shift schedules) Deep Impact (DI)

Heritage
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Encounter Overview

Activity Scheduling
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Orbit of Europa 
Flight System

+3d

+2d

+1d

-4d-3d

-2d

-1d +4d
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(layered as a function of priority / dependency)
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Final Simulation Run

26

• Once all activities have been “built up”, a final simulation run is performed 
• Activities trigger models that change the value of resources
• Every change is recorded, stored, and ultimately provided as an output 

once the simulation run completes.

Number of Scheduled Activities: 165,000+
Run Time: (~8000x real-time)

• Activity Scheduling: 24 hours 
• Final Simulation Run: 6-8 hours

Max RAM usage: ~40 GB

End-To-End Clipper Simulation Metrics (covering 6 years)
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Simulation Output and Visualization

28

- Power (e.g. SOC)
- Imaging Times/Durations
- Data Balance
- Slew Times/ Durations

RAVEN Cosmographia Tableau WorkbooksPDF Simulation Reports

APGen Simulation

Time Ordered List (TOL) Report FilesSPICE Attitude Kernels

• Interactive, web-based activity and 
resource timeline visualizer 

• Customize layouts, zoom in/out, 
share views via URL 

• Detailed metrics on critical system 
resources (e.g. power, data, DSN)

• Plots showing spacecraft activities 
per encounter

• Interactive 3D visualizer of planetary 
bodies, spacecraft trajectories, 
orientations, and observations 

• Scriptable, build videos, SPICE-based

• Interactive data visualizations great 
for cross-comparing sims

• Filter data, perform statistics, build 
beautiful charts in seconds
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V. Applications of Mission 
Simulations During Project 
Formulation
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Extensive Scope of APGen Simulations on Clipper
• Mission Planning
• Project Trade Studies
• Energy / Data Allocations

• Oaida, B., et al., “A Statistical Approach to Payload Energy Management for NASA’s Europa Clipper Mission,” IEEE Aerospace 
Conference, Big Sky, MT, 3-10 Mar. 2018.

• Hardware Design 
• Hardware Test Plan Development
• Operability Analysis

• Signorelli, J., Bindschadler, D. L., Schimmels, K. A., and Huh S. M., "Operability Engineering for the Europa Clipper Mission: Formulation 
Phase Results and Lessons," AIAA 15th International Conference on Space Operations (SpaceOps), Marseille, France, 2018.

• Requirement Verification
• Buffington, B., et al., “Evolution of Trajectory Design Requirements on NASA’s Planned Europa Clipper Mission,” 68th International 

Astronautical Congress (IAC), IAC-17-C1.7.8, Adelaide, Australia, 25-29 Sep. 2017.
• Fault Sensitivity Analysis

• McCoy, K., et al., “Assessing the Science Robustness of the Europa Clipper Mission: Science Sensitivity Model,” IEEE Aerospace 
Conference, Big Sky, MT, 3-10 Mar. 2018.

• Europa Lander Concept
• Lawler, C. R., Wissler, S. S., Kulkarni, T., Ferguson E. W., and Maldague P. F., "Europa Lander Concept: High fidelity system modeling 

informing flight system and concept of operations years before launch," AIAA 15th International Conference on Space Operations 
(SpaceOps), Marseille, France, 2018 (to be published).
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Mission Planning 6 hrApproach: C/A – 2 days to C/A + 5 hr

Ephem Prime U/L Ephem Backup U/L

Ephemeris Gen and Validation

NAC_Plume_Limb NAC_Limb_Profile NAC_Limb_Profile NAC_Limb_Profile NAC_Framing NAC_

WAC_Framing

32



E U R O p A
C L I p p E R

© 2018 California Institute of Technology. Government sponsorship acknowledged.

Trade Studies
+/-76°

2C

+/-180°

2D
Solar Array Range of Motion 

vs
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Hardware Design

0°
+ Angles

Exclusion Zone
165°-175°

Very little time spent near 180°

Solar Cell 
Direction
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Requirement Verification

VERITaS (Verification of Europa Requirements Integrating Tour and Science)
35
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VERITaS
(Verification of Europa Requirements Integrating Tour and Science) 
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VI. Improving Future Mission 
Simulations
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Simulation Performance
Core
• Identify as much information as possible at “compile 

time”
• Efficiently parse the adaptation and thoroughly analyze 

its content before execution.

Adaptation 
• Only compute resource calculations when necessary
• Resource profile can be saved off and read back into 

APGen during subsequent activity scheduling or 
simulation runs
• Switches are available within adaptation to turn 

subsystem models on/off contingent on whether 
resources within those models need to be calculated

38

3.4x run-time performance 
improvement based on 

initial tests

2x reduction in total 
run-time thus far
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Parameterization and Automation

41

Simulation Analysis
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VII. Simulations in Operations
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EVOLUTION of Europa Simulation to Operations? 
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Backup
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Setup/Run Process
As a user, running a simulation is a two step process:

Setup Run

Sets up simulation environment 
based on user configuration and 
builds scheduling/simulation scripts. 
Configuration parameters include:

• Time Range
• Trajectory
• Global Overrides
• Pointer to User Defined Library
• Pointer to Adaptation Code
• Simulation Name 

A few different run options are 
available:

1. Run single/multiple schedulers
2. Run the simulation script – loads 

in all saved off activities built by 
previous scheduling runs and 
models them. Produces a TOL 
file at completion

3. Run All – this runs all schedulers 
in order and then runs the 
simulation script.

1. gen_europasim_cfg -n 
plan-name -begin btime -end 
etime
2. europasim plan-name.cfg
3. concurrent_executor
executors/plan-
name_apf_build_executor
4. concurrent_executor
executors/plan-
name_simulation_executor

Setup/Run Commands
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