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Motivation for Mission Assurance Considerations
in Model-Based Engineering for Space Systems

Motivation Product
« Persistent trend in industry: » Detailed treatment of six
— Doc-based work 2 Model- mission assurance process
based work areas:

« How can we retain all the — Transition expected
MISSIoN assurance — Recommendations
“goodness” during this — Lessons learned
transition? « Summary recommendations for

« \What opportunities exist to mission assurance leaders
enhance mission assurance — Focus on PM, SE, MA lead
here? perspective

PM = project management; SE = systems engineering; MA = mission assurance

Product motivated by industry trends toward model-based work
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Mission Assurance Program Framework

No. | Recommended Mission Assurance Process Process Group

1 Requirements Analysis and Validation
2 | Design Assurance
3 | Parts, Matenals and Processes

4 | Environmental Compatibility

o | Reliability Engineering

System Safety
Configuration/Change Management

1. Program Execution

11l

~
E
Proposed follow-on | & Integration, Test and Evaluation
9 | Risk Assessment and Management
Independent Reviews
11 | Hardware Quality Assurance 2. Risk, Oversight, and Assurance
12 | Software Assurance
13 | Supplier Quality Assurance

@ |

14 | Failure Review Board
15 | Corrective/Preventative Action Board
16 | Alerts, Information Bulletins

3. Trniage, Information and
Lessons Learned

Source: Bjorndahl, W. D., Mission Assurance Program Framework, Aerospace Report No. TOR-2010(8591)-18,
The Aerospace Corporation, El Segundo, CA, 2010.
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Product Development Approach

/.’)’7755 “LOCKH.E.ED MHRT#

Jet Propulsion Laboratory
Y California Institute of Technology

. Work divided by MA area | Requirements Rayltheon @ AEROSPACE
« One section lead per Al EUEE h&[{gg%ﬁj;ﬁﬁﬁiﬁﬁﬂ '
area Design
« Common outline per Assurance
section: Reliability k Common
— As-is/to-be Recommendations
»y . System
trar_:s:t/on graphic Safety
— Guidance, _ —
background Configuration | . Role impacts
— Benefits, Management  MA recommendations
opportunities Independent « Guidance
— Recommendations Reviews « General
recommendations
 Lessons learned
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Section Example: Independent Reviews
Current State

Back to
Prep activity driven work
by project

interpretation of

entrance criteria

HOLD Als DESIGNERS PREPARE CHARTS

REVIEW 8% PY
20/0
33%

P
MECHANICAL P
® H il
ELECTRICAL S
DEVELOP L
. kR
m@m‘@m RELIABILITY D ) .
35months © 2months’” W 2weeks 2 E Assessment of design
y . . .
mﬁ_ S maturity requires designer
e openness & expert review
PREP = preparation; PPT = PowerPoint™; Al = action item
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Section Example: Independent Reviews Future State

STAKEHOLDERS SELF SERVICE DESIGNERS AT WORK
| Revie
% !] Model

S [

uﬂ
PREP
6% 3
i Commants
| ] Feedbacy
¥ Input
Py !} Revie
DEVELOP _.]ll = Model

81%

Comments
Feedback
Input

MODEL DATA _ Review ﬂ$

Test SME Design activity driven by
EVEGE o automated metrics that
3.5months 2 weeks 2 weeks ' T monitor coverage of

3 days g ] .
explicit entrance criteria

Reliability SME
i Review|

A _!]' Model

Pl F [ 1

Fredback.
ingut

Hold review! DESIGN TEAM PRESENTS

Mission Assurance SME
Gaps in designs can be flagged early before review, through automated checks
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Example Development of One Section

by project
interpretation of
entrance criteria

DESIGNERS PREPARE CHARTS

OmMO—-—r»w —H7TVT

Prep activity driven

Back to
work

DESIGN TEAM PRESENTS

Themes for
front matter

Assessment of design
maturity requires designer
openness & expert review

TAKEHOLDERS SELF SERVICE
Pmﬂ

{Mode! "

Test SME
automated

Review
‘M':nal'

L- =N

Reliability SME

JR viow)
l  Model

e

3.5 months 2 weeks 2 weeks

3 days

Mission Assurance SME

L Update i
Model
J
Manufacturing SME \
~— Comments
N oo {m '
DEVELOP \; &
.. N | MODEL DATA

Design activity driven by

monitor coverage of
explicit entrance criteria

[50%met | | 3
L ]
(98% met |

Hold review!

Gaps in designs can be flagged early before review, through automated checks

DESIGNERS AT WORK

oz @y

“

metrics that

details

DESIGN TEAM PRESENTS
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Implementation

—

—

Sample recommendations

Review completeness and
maturity of model

Ensure model checkers are
validated

Review configuration control
approach of model
Consider volatility of model
in addition to technical data

Recommend model-based
deliverables over documents
Common reference IT
infrastructure can help
reduce risks

Automated work sequence
records can help flag
behavior/culture problems
Consider slow approach to
adoption to reduce rejection
risk
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Example Implementation-Agnostic
Recommendations for Reviews

Programs implementing model-based reviews should:

* extend these reviews beyond the review of technical
content to the completeness and validity of the model
itself, versus what is expected for the current
milestone.

* verify that model checkers have been validated and
are as effective as claimed, especially if manual review
Is reduced according to model checker maturity.

* review model volatility as a risk indicator as well as the
volatility of changes to model checkers. If models and
checkers are continually changing, version
misalignment and errors are likely to occur and thus
undermine the value of model checking.
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Example General Recommendations

1. Ensure program decision making is based on authoritative model data.

2. Reduce mission assurance risks through engaging reliability, safety, design
assurance analysis early and often as the model evolves.

3. Reviews should cover both the technical content and the validity of the model
itself.

4. Capture rationale behind changes to the technical baseline within the model
and ensure decision making accountability and understanding through the
lifecycle.

5. Need a clear configuration management strategy for maintaining an
authoritative model that accounts for distributed tools and databases.

6. Monitor process rigor and compliance through model-use profiling and
constraints.

/. Feedback operational experience (failures, behaviors) into design models to
inform next-generation use cases.
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