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What is MRAP? Mission Risk Assessment

Europa’s MBSE infrastructure + IMCE’s PRA script development = 
unique opportunity to pursue a novel approach to performing PRAs

System Model IMCE PRA scripts

Probabilistic Risk Assessment

Consequence
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MBSE PRA Process

Design Capture Model: causal 
dependencies, state machine

Time Management System: operational 
scenarios
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PRA Script

Mathematica

<math xmlns='http://www.w3.org/1998/Math/MathML'>
 <apply>
  <power />
  <exponentiale />
  <apply>
   <times />
   <ci>&#955;</ci>
   <apply>
    <ci>Quantity</ci>
    <cn type='real'>-50.</cn>
    <apply>
     <times />
     <cn type='integer'>1</cn>
     <apply>
      <power />
      <ms>Seconds</ms>
      <cn type='integer'>-1</cn>
     </apply>
    </apply>
   </apply>
  </apply>
 </apply>
</math>
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PRA Script

Mathematica

<math xmlns='http://www.w3.org/1998/Math/MathML'>
 <apply>
  <power />
  <exponentiale />
  <apply>
   <times />
   <ci>&#955;</ci>
   <apply>
    <ci>Quantity</ci>
    <cn type='real'>-50.</cn>
    <apply>
     <times />
     <cn type='integer'>1</cn>
     <apply>
      <power />
      <ms>Seconds</ms>
      <cn type='integer'>-1</cn>
     </apply>
    </apply>
   </apply>
  </apply>
 </apply>
</math>

Reliability SME

!"#$% 	
	

!	
	

= 1
100	

	

0.6065
Passes equation(s)

Provides reliability
parameters

Computes
results

Science

PP

JOI

The use of a single source of truth ensures a consistent foundation across all PRAs.

Develop foundational capability to perform Probabilistic Risk 
Assessments (PRAs) from a System Model

System Model PRA 
script

Risk Scenario 
Generation

Quantitative 
Engine PRA 

Box-level modeling now in place Equation 
Library
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MRAP Documentation

Documentation was 
developed to help 
other missions 
implement a similar 
process

Additional Public references:
1. Schreiner, S., et al. “Towards a methodology and tooling for Model-Based Probabilistic Risk Assessment 
(PRA).” AIAA Space 2016.
2. Castet, J. F., et al., “Fault Management Ontology and Modeling Patterns.” AIAA Space 2016. Long Beach, 
CA, 2016.
3.  Castet, J. F., et al. “Ontology and Modeling Patterns for State-Based Behavior Representation,” Infotech @ 
Aerospace, AIAA SciTech, Kissimmee, Florida, 2015.



Traditional vs MRAP Approach 

5

System familiarization 
and modeling (NASA'S 

original PRA Procedures 
Guide, 2002)

System modeling:
• understanding the 

system elements to 
be modeled;

• modeling how 
failures in these 
elements (leaf-level 
events) cause 
functional failure;

• identifying risk 
scenarios and 
modeling their 
occurrence 
probability;

• acquiring reliability 
data.

PRA script 
and Equation 
Library

Should already 
be in the system 
model.

Added to system 
model through 
cause & violation 
explanations 

Agnostic to 
approach 

Using the MRAP approach, there were roughly 3 PRAs developed (for the 
Europa Clipper mission) for the cost of 1 PRA, using traditional methods



Example Application: Europa Clipper PRAs
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MRAP

Europa System Model/TMS
Hardware

Requirements
State transition timelines

Cause Explanations

Planetary Protection Science Sensitivity JOI Achievement

Study Outcome: 
Probability of 

Contamination

Study Outcome: 
Probability of Meeting L1 

Science Objectives

Study Outcome: 
Probability of Successful 

JOI
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Europa Clipper PRAs of interest
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Performing greater 
microbial reduction will not 

improve probability of 
contamination (increased 

bioburden reduction 
decreases reliability)

A non-driving flyby 
recovery capability (hours, 

not min) is needed to 
preserve science in the 
presence of expected 

outages

A requirement on the time 
duration of JOI was 

unnecessarily confining 
fault protection recovery 

strategies during the burn



Event Tree Example for JOI

Initial condition:  
Clipper is 
operating 

nominally, and 
has experienced 

no prior 
degradation 
(e.g., loss of 
redundancy).

Planned start 
obtained from 

TMS; no 
anomaly delays 
the burn start

Complete 
900m/s burn 

within 6.5- 7.5 
hours

900 m/s DV is achieved 
within TBD[13.4] hours 
after the planned start 

of the burn

JOI is achieved 
using 50 m/s 
MD margin

Clipper was unable 
to achieve JOI with 

current margins, 
but the spacecraft 

has not failed. 

Q1a: Clipper 
completed JOI, 

meeting all 
requirements

Q1: Probability of 
JOI success= 

Scenario 
1+2+3+6+7

Probability Mission 
failure= 

1-(Q1+Q2)

Q2: Probability of 
tour replan= 
Scenario 4+8



1a. What is the JOI success probability, adhering to all Project RQs 
(nominal JOI execution)?

Question #1a Analysis and Results

0.97881



1. What is the JOI success probability?

Question #1 Analysis and Results

0.97881

Note: scenarios 
2,3,6,7 have ~0 

probability of 
occurring



2. What is the probability a tour redesign is required (i.e. trajectory 
margin of 50m/s delta-V is exceeded in JOI)?

Question #2 Analysis and Results

8.27×10-5
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Result Analysis: Assessing Drivers of Unreliability

Probability fail to 
meet requirement 

due to GNC 
subsystem

Bar chart selected, but alternate views are available

Can plot in failure or 
success space, log 
scale or linear scale
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Failure rates can be 
toggled for each input 

and the resulting 
impact can be viewed

Leading risk driver at 
expected fault rate



Visualization and Validation
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Example:  Fault Tree 
for ICEMAG Data, 
auto-generated from 
PRA fault model

Evaluation:  
Comparison against 
traditional ICEMAG 
fault tree

Graphical visualization tools are used to validate results

Auto-generated vs. Manually Generated fault tree of PRA model



• Every detail of system cannot be modeled
• Model things conservatively first; if result favorable, stop!
• Else, target high-risk areas for detailed exploration

• Stop at box level unless specific Project question arises driving 
lower-level modeling

• Reliability information often not available at lower levels
• Use visualization to help validate that the system model is correct
• Always iterate modeling, findings, and results with subject matter 

experts prior to delivery
• Always verify MRAP scripts and architecture after each revision.
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Summary, Observations, and Lessons Learned
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Back-up material
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Result Analysis: Assessing Drivers of Unreliability

Probability fail to 
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due to GNC 
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Result Analysis: Assessing Drivers of Unreliability
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