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• Background – The Perfect Storm
• Why is NASA here?
• NASA’s Digital Transformation Program
• NASA’s emerging Interoperable Environment
• Conditions “ripe” for Transformation Changes

• OSMA’s adoption of a Transformative Vision build upon Data 
and Model-Centric principles and technologies
• Eliminate the N-1 Problem 
• OSMA’s SMA Digital Transformation Roadmap
• Building a Digital Framework

• Transformational Activities and Emerging Benefits underway



Background

3

National Aeronautics and Space 

Administration

www.nasa.gov

Mission Assurance Standards and Capabilities Division
OSMA HQ-GD000



4



Digital 

Transformation (DT) 
[dij-i-tl trans-fer-mey-shuhn] noun:

Employing digital technologies to change a process, 
product, or capability so dramatically that it’s 
unrecognizable compared to its traditional form.

DIGITIZED

TRANSFORMED

TRADITIONAL

From Maps to Apps…
Digital Transformation 

has already changed our world

NASA DT
6 Foundational Elements
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Authoritative Source 
of Truth

Interoperability
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Conditions “ripe” for transformational change



OSMA’s adoption of a 

Transformative Vision 

built upon 

Data and Model-Centric principles 

and technologies
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Knowledge vs Influence Curve
SMA Impact on “Critical Decision Making”
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Evolving SMA Digital Transformation Roadmap

Focus Area 3: 
Policy 

Evolution

Focus Area 1: 
Product 

Evolution

Focus Area 4: 
Outreach and 

Training

Focus Area 2: 
Domain 

Representation, 
Digital Twin/Thread

1. Increased Decision Velocity, 
2. Risk Integration and Robust 

Contextualization 
3. Maximize Efficiency

LEGEND
Completed

SMA-2022/23 InProgress

DT-In Progress

Research Needed

SMA- 2023 Start

Data and 
Tools

Goals and 
Processes

Culture

Agency Data/
Process Model

Insight Mgmt

SMA GSN/AC Integration

APPG – AC

APPEL Updates

DT Training

ASOT/Data
Actionable Policy 
Templates

SMA Data/Process Model

APPG-
AIM/SMAP

OMG/RAAML
AC Pilots

8705.2/.4

MBMA+ Advisory Board

SATERN/APPEL
Publications

NASA C&C8705.X

Integrated 
SMS Framework

Assisted AIM/
SMAP

SMA Champion

SMA Data Steward

APPG-HQA/R&M

8729.1A (GSN)

8705.4A (AIM)

SMA/DT Virtual
Collaboration Team

Logic
Fragments

SMA Tool Survey

APPEL Training

SPARTA
EDP

8705 Acronyms

MASTER 4.15.22

• AC = Assurance/Safety Case

• AIM = Assurance Implementation matrix

• ANASWA=R&M Logic Fragment Engine

• APPG = Automated Program Plan Generator

• C&C = NSC Content and Collaboration Project

• CRM = Continuous Risk Management

• DT = Digital Transformation

• EDP – Enterprise Data Platform

• FAIR = Findable, Assessable, Interoperable and Reusable

• FMEA=Failure Modes Effects Analysis

• FTA=Fault Tree Analysis

• GSN = Goal Structuring Notation

• HQA = Hardware Quality Assurance

• MB = Model-Based

• MBMA+ = Model-Based Safety and Mission Assurance

• RAAML = Risk Assessment and Modeling Language

• RIDM = Risk Informed Decision Making

• SMA = Safety and Mission Assurance

• SMAP = SMA Plan

• SPARTA=Smart Project and Reviews with Transformative 

Analytics (SPARTA)

Support Critical 
Decision 
Making



Policy Enabled Objectives Hierarchy
On-Ramp for SMA Interoperability

SMA STANDARDS

SMA’s Policies and STDs SMA’s Objectives Hierarchy

8700

8705.4 8705.2

Supporting STDs and NPRs

Activities and Supporting Evidence

Obj 1 Obj 2 Obj 3

Obj 1  ……………………….  Obj N

STD 1  ………………  STD 2 ………………………  STD 3  …………………STD N

Obj 1  ……………………….  Obj N

Correlating to the related SMA Discipline Areas 
(e.g., 8705.4A Appendix D , NPR 8705.2, HEOMD-003, others)

Obj 1  …  Obj N Obj 1  …  Obj N Obj 1  …  Obj N Obj 1  …  Obj N

Activity 1  …………………………………………………………………………………………………Activity  N



SMA Transformational Activities and
Emerging Benefits
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Objectives-Driven 
Hierarchy
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An Assurance Case is an organized argument that a system is acceptable 
for its intended use with respect to specified concerns

They contrast with “prescriptive” 
requirements (must do X, Y, Z)

Assurance Cases, starting from Objective Hierarchies, enable our “transformed” SMA Framework 

Activities

Evidence

Objectives

A
rg

u
m

en
t

“The Nimrod Safety Case represented the best 
opportunity to capture the serious design flaws 
…which had lain dormant for years. If the Nimrod 
Safety Case had been drawn up with proper skill, 
care, and attention, the catastrophic fire risks …, 

would have been identified and dealt with, and the loss of XV230 in September 
2006 would have been avoided”2



Definitions and Shaping Concepts
Safety Case (reference Wikipedia) – A structured argument, supported by evidence,  intended to justify that a system is 
acceptable safe for a specific application in a specific operating environment.  

NASA System Safety Handbook- Vol 1 (2011), (H. Dezfuli et al) – “The safety case concept has also been extended to apply to 
additional system attributes beyond just safety, resulting in “Assurance Cases” and “Dependability Cases”

Assurance Case (reference “A Short Introduction to Assurance Cases, University of York, 2013) – A reasoned and compelling 
argument, supported by a body of evidence, that a System, Service, or organization will operate as intended for a defined 
application in a defined environment.

New Tool for Developing Safety Assurance Case Arguments (OSMA Article, 2020), (Ewen Denny and Ganesh Pai/ARC’s KBR 
Wyle Services) –
“Traditionally, a safety case is a static thing,” said Denney. “But really, what it should be is an active document you use to 
govern your activities, so you update it when you learn more about your hazards and the effectiveness of your mitigations 
and so on”

“The structured arguments are given in a graphical notation called Goal Structuring Notation (GSN), which has elements 
for capturing claims, reasoning strategies, evidence and contextual information. GSN-based arguments have close 
connections to the objective hierarchy's approach promulgated by NASA’s Office of Safety and Mission Assurance.”

“AdvoCATE [an ARC developed Tool] connects all the pieces. It provides hazard analysis and risk assessment, safety and 
assurance requirements, structured argument development, safety architecture and development, traceability and 
consistency, and evidence management and analytics through dashboards.”



Authoritative Source 
traceable to OSMA 
Policy

Repeatable, SME-curated, 
OSMA-endorsed 
recommendations on demand

Project personnel only 
spend time tailoring, not 
building content from 
the ground up.

Content held as a data set.  
Can be related to other 
data sets and support 
analytics.

Back-end analysis of data 
sets for improvements, 
trends, risk awareness

OJT: Learn as tool is used

Project experts have 
direct access to editing 
(tailoring) capability.

Data architecture can be 
expanded over time: 
attach templates, related 
policy statement*, etc.

Automated Project Plan Generator (APPG) Engine



Definitions and Shaping Concepts

Design Assurance Case I&T Assurance Case Implementation Assurance Case

APPG SMA Plan 
Generation

(part of Project Plan)
INITIAL Assurance Case 

Argument

OPERATIONAL 
Assurance 

Case

Assurance Case Evolution 

Objectives 
Hierarchy
Objective 

Driven Reqts
&

Accepted 
STDs

SMA Digital Future – Objectives Hierarchy/Assurance Case Framework



Data Locations Robust Information for 
Decision Making

Data Types

• FMECA/FMEA
• FTA
• On-Orbit
• GRound.Testing
• Supplier
• Other

Communicate Risks 

of Failure

?

In the 2020 

R&M Data 

Survey in which 

it was 

discovered there 

are many 

failure mode 

and other  data 

sources for 

analysts to 

leverage. W
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Traditional 

Analyses still 

depend greatly on 

robustness and 

depth of 

information 

available

• NAS
• Industry
• Other Govt Agencies
• Data Service Companies

Data Survey/ Data Interconnectivity

Mission Assurance Standards and Capabilities Division
OSMA HQ-GD000

National Aeronautics and Space 

Administration

www.nasa.gov

Identify/
Connect/
Integrate



Mission Risk Mgt

Perform Model-Based 

Failure Analyses

Optimized Design/Ops 
for the Mission 

RMA Factors

• FMECA/FMEA
• FTA
• Etc.

Communicate Risks 

of Failure

Digital 

Dictionaries 

can be used to 

create Model-

Based Libraries 

of NASA 

components.
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Model-Based RMA 

Analyses can leverage 

NASA-wide Knowledge 

for  potential failure 

postulation. Analyses 

are timelier, sync’d 

with SEs/Engineering 

more, and have greater 

influence on missions.

• Manage
• Mitigate
• Track 
• Etc.

MB Integration/Risk Informed Decision Making 
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Design 
Refinement
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Integrated 
Body of 

Knowledge

Adhoc

Application 
Framework(s)

Full Digital 
Utilization

Data Access

Computing Power 
(HEC)

AI/ML Infusion
Advanced Multi-Physics
QMU

Digital Enabled Analysis/Performance  
Interoperable Environments/Models

Mission Assurance Standards and Capabilities Division
OSMA HQ-GD000

R&M Analyses 
(FTA, FMECA, 
PRA & CILs)

Hazard 
Analyses

QA Inspection 
Criteria

Digital 
Handbooks/
Guidance

SMA 
Requirements 
and Plans

Past

Today

Future


