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Previous Work

A Scenario-Based Approach to Assess Continuity Gaps in

» A scenario-based approach was
developed by M. Ivanco et al.l! to:

1) Estimate the probability of potential
continuity gaps in a multi-mission
architecture

2) Assess the probability in the context of
multiple possible future states of the
architecture

[1] M. lvanco et al., “A Scenario-Based Approach to Assess Continuity Gaps in Earth Observations,” IEEE Aerospace Conference, Mar. 2024.



Previous Work

1. Identification of
adverse events

» Traditional NASA systems engineering decision 2. Modeling of
- - L] - 'bl
analysis processes show limitations when possible causes

decisions pertain to systems of systems (SoS)

3. Quantification of the
likelihood of adverse

» |ldeas from the Military Decision-Making Process events to occur
(MDMP) are incorporated

4. Stochastic analysis

» A7-step process defines the Scenario-Based
Approach

5. Definition of scenarios

6. Analysis of impact
of decisions on SoS
for a given scenario

7. Comparative analysis
of scenarios
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Today’s discussion focuses here, on the
stochastic portion of the method
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that would impact the likelihood of a continuity gap
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Intent of Validation

» The stochastic method was applied retroactively to an existing multi-mission architecture,
and the results were compared with actual outcomes of the missions

» Intent:

« Initial effort investigating the validity and adequacy of the method

* Provide insight into the effectiveness of the distributions and models used to assess the
probability of gaps

 |dentify model improvements

» Not Intended:

 An exhaustive validation of all use cases of the method



Validation Approach

» Mission formulation documents, used to inform model distributions, were gathered from
the development phase of a mission that is in operation today

» Analysis was conducted using information that was available 5 years prior to the start
of Mission 2

Reference Year Today /

Year 1 2 3 4 S 6 7 8 9 10

Mission |1 5 m

(operation) ]

Mission 2
(formulation)
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Comparison of Model Results to True Dates

The simulation predicts the likelihood of a continuity gap by probabilistically
estimating Mission 1 end of life (EOL) and Mission 2 launch dates

_ _ o Mission 1 EOL
» Mean EOL estimate is within 2

days of the true EOL date |

» Mean launch estimate predicts a
177-day launch delay

« Actual launch delay = 294 days

Mission 2 Launch

===+ True Mission 1 EOL |
....... True Mission 2 Launch
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Comparison of Model Results to True Dates

» Simulation tended to overestimate Mission 1 EOL

and underestimate Mission 2 delay
* 67% of points fall into bottom-right

guadrant
» Mission 1 EOL estimates span 5
Years 1-7, while Mission 2 Launch 2
estimates appear after Year 6 E
.§
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Comparison of Mission Counts

» Gaps between missions are identified by estimating the count of operational missions
« Mission Count of 0 = Gap

» Simulated mission count represents the mean number of operational missions across all
simulation runs for each time step

Simulated Mission Counts
— == Planned Mission Counts

The stochastic model more closely — Actual Mission Counts
predicts the true outcomes of the
missions than what was planned during
mission formulation
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Sensitivity Analysis

How do adjustments to subjective input parameters affect model results?

L1}

» Should schedule risk be characterized as “Low,” “Low+,” or “Medium”?

1.6

Base Case
1.4 7 |- = - - Reduced Risk
———————— Increased Risk
1224 I
N 1
- A
5 ]
g
‘® 0.8
L
=
0.6 1
0.4 -
]
0.2

Year

Underestimating risk could have a larger impact on the model
results than adding additional risk margin to the inputs
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Model Improvements

» Planned model improvements:

1) Modeling extended mission lifetimes
» Addresses truncation of right side of probability density plot for Mission 1

2) Assess the relative ability of a mission to address a given science parameter, rather
than using a binary mission count

Mission 1 EOL I
» Proposed model improvements: | |

3) Include the capability to simulate the effects
of redundant systems or other non-mission Mission 2 Launch
ending failures |

===+ True Mission 1 EOL |
------- True Mission 2 Launch

|
Year1 Year2 Year3 Year4 Year5 Year6 Year7 Year$
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Concluding Remarks

Simulation estimates are adequate in predicting mission timelines
and likelihood of gaps for the selected mission architecture

» The model more closely predicted the true outcomes of the missions than what
was planned during formulation

« Mean EOL estimate for Mission 1 was within 2 days of the true EOL date
« 177-day predicted delay of Mission 2 launch is indicative of the 294-day true delay

» The sensitivity analysis suggests that underestimating the risk of a system
could have a larger impact on the model results than adding additional risk
margin to the inputs
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