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About the Advanced Concepts Office

¢ ACO informs decision makers by providing rapid, Pre-Phase
A concept designs and studies for space systems
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COXERER The Value of Pre-Phase A Design and Analysis
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Our expertise includes designing and integrating system-of-systems,

systems, and sub systems in Pre-Phase A
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%8%%’%8%8 Scope of Analysis Capabilities

Disciplines:
Structures
Thermal
Avionics

Power
Propulsion
Mission Analysis
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System Architecture
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{F@Bﬁ%’é%@ Robust Mars Intro & Objectives

oal: to develop and exercise a digitally-integrated architecture analysis capability
enabling a robust deliberation over the human Mars trade space

. ® “Robust deliberation” is understood to require
# Capability, not a study

, , , _ ¢ Quantification of programmatic metrics for all scenarios and
® To be exercisedin a collaborative fashion

alternatives considered

O I® 5@ WsEelen enali e i eormmuni; ¢ Rigorous evaluationof multiple alternatives

& Tobeinfusedintothe MAT asth bilit t
© PE INTUSEAINTOTNE =D NS Sl Sl ElEliss ¢ Abilitytoanswer “what if” questions by assemblingand

characterizing new alternatives

> Automationaids integration of complexinterfaces

¢ Why “digitally-integrated?” - With Digital Integration

Without Digital Integration
> Standard systems engineeringapproach:
decompositionand compartmentalizationto
manage complexity

> Provides rigorous configuration managementon the
architecture

> Reduces architecture synthesis cycle times

> Enables rapid “whatif” analysesto be performed,
with impacts propagated throughthe entire
architecture

> Synthesis requires significant effort for large
complex scopes = longcycle times to propagate
and reconcile changes
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i
¢ Formal Requirements Modeling s .
¢ Requirements capturedin Formal Modeling Language :>)~ LLLLL AL
rather than natural (human)language & fé'?lﬂf
# Logic encoded to enable automated Verification = @MI | |
w a 3 b 3
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® Logical Decomposition Modeling )

¢ Requirements flowing System-of-
Systems—> Systems—> Subsystems—> Components

¢ “Correct-by-Construction” architecting paradigm enabled
by ontological design axioms

System f

Subsystem
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Component

& Component-based Design & Systems Analysis

# Physics and behaviors of components modeled with
standardizedinterfaces for plug-and-play functionality

# Functional and Physical characteristics encoded

® Integrated Architecture Synthesis

¢ Integration at thedigital (model-based)level enables
automationand rapid multi-level trades

National Aeronautics and Space Administration

Avionics System Design
Power System Design
Thermal System Design
Structural System Design
Propulsion System Design
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EMAIL
ERIC.C.SHOLES@NASA.GOV
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Contact

WEBSITE
HTTPS://WWW.NASA.GOV/CENTERS

/MARSHALL/ADVANCEDCONCEPTS.
HTML

PHONE
(256) 200-5056
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JbA‘DVANCED 1 1lid:
et Evolving Pre-Phase A Capabilities at NASA
Without Digital Integration With Digital Integration

¢ Transformation objectivesremain | ¢ standard systems engineering approach & Enables concurrent processes

¢ Reduced analysis cycle times employs decompositionand & Aids integration of complex SoS and

compartmentalization to manage interfaces
¢ More AoAthroughput '
enp comple>.(|ty _ o ¢ Providesrigorous configuration
& Facilitatingcomplex decisions w ¢ Synthesis requires significant effort for management on the architecture
large, multi-faceted datasets large, complex scopes

¢ Reduces architecture synthesis cycle
: . ¢ Extended analysis cycle time to propagate times
& Propagateimpact of decisionsfrom and reconcile changes

the component to SoS level ¢ Enablesrapid “what if” analyses to be
P ¢ Configuration management becomes performed, including impacts

increasingly difficult with large multi- propagated through the entire
element architectures architecture

¢ Limited AoAtrades & Provides a basis to evolve the SoS, e.g.
open architectures

Our on-going investments to realizing DI
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Authoritative Source of Truth

Pre-Phase A paradigm provides a
compelling value proposition
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Large-scale MDAO

Model-based engineering
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