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Abstract

There is increasing interest in application of systems engineering to ‘missions’.

The DoD Defense Acquisition Guidebook defines Mission Engineering as: “the deliberate planning,
analyzing, organizing, and integrating of current and emerging operational and system
capabilities to achieve desired operational mission effects” (DAG Chapter 3). The term was
coined by the US Navy under their Interoperability and Integration (I&I) initiative and has been adopted
by OSD under their new organization as part of a push spurred by legislation to focus on ‘mission
integration management’ to assure effective system support to priority defense missions.

OSD conducted a series of roundtables in FY17 to review current mission engineering practices in the
DoD. Since then the Air Force and Army have undertaken initiatives to focus on cross functional
integration for priority missions. As we look to better manage the systems and portfolios of capabilities
which support effective mission execution, how do we address the technical considerations driving
effective mission outcomes. Expansion of the application of systems engineering beyond individual
systems to systems of systems, enterprises, capabilities and how missions raise the question of the
relationships among these.

How does the application of systems engineering change with the focus or the engineering? This
presentation addresses the definition, overlap, and individual contributions of systems engineering for
systems, systems of systems, enterprises and now missions.

© 2019 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904 MITRE



|31

Purpose and Topics

= Purpose

— There is increasing interest in application of systems engineering to ‘missions’, raising
questions about how ‘mission engineering’ relates to current practices of systems engineer
for systems and system of systems (SoS)

— This presentation addresses the definition, overlap, and individual contributions of systems
engineering for systems, systems of systems, enterprises and now missions.

= Topics
— Background on emerging concept of mission engineering

— Review of definitions and engineering focus of systems engineering applied to systems,
systems of systems and now missions based on emerging perspectives

— Relationship among these applications of systems engineering

This presentation addresses the definition, relationship, and individual contributions of

systems engineering for systems, systems of systems, enterprises and now missions.

© 2019 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904 MITRE
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Background — Mission Engineering

= The DoD Defense Acquisition Guidebook defines Mission Engineering as:

“the deliberate planning, analyzing, organizing, and integrating of current and emerging
operational and system capabilities to achieve desired operational mission effects”
(DAG Chapter 3)

= The term was coined by the US Navy under their Interoperability and Integration (I&I) initiative
and has been adopted by OSD under their new organization as part of a push spurred by
legislation to focus on ‘mission integration management’ to assure effective system support to
priority defense missions.

= OSD conducted a series of roundtables in FY17 to review current mission engineering practices in
the DoD. Since then the Air Force and Army have undertaken initiatives to focus on cross
functional integration for priority missions.

= As we look to better manage the systems and portfolios of capabilities which support effective
mission execution (2017 NDAA), how do we address the technical considerations driving effective
mission outcomes?

= Expansion of the application of systems engineering beyond individual systems to systems of
systems, enterprises, capabilities and now missions raise the question of the relationships among
these.

© 2019 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904 MITRE
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Objective
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Despite the recent emergence

Extending the DoD Digital
Robert Gold Engineering Strategy to Missions, -
o s Doy SA et Systems of Systems and Portfolios f M I t h h b t
c Philomena Zimmerman
i m"‘::'ms 20.2006 Dr. Judith Dahmann O , e re aS e e I I q u I e a
- - Dr. Tracee Gilbert
e c— - e - INTEGRATION & INTEROPERABILITY

Office of the Under Secretary of Defense for
Research and Engineering

NDIA Systems and Mission Engineering Conference
Tamps, FL| October 2019

SION ENGINEERING

Mission Engineering Competency Model

bit of work which provides a

Dr. Gregg Vi ; ipal I or nr UNCLASSIFIED - - -
OTAN
o e e — perspective on the relatonsnip
Stevens institute of Technology
Snon ,Syslvn.xs o}‘ Systems
- i Characterization and Types e We e n E ! n O
Proceedings of the American Sociens for Engineering Management 2017 nterarional Amnal Conference Dr. Judith S. Dahmann foddaty Supportsy Mssicn
E:H.Ng, B. Nepal, and E. Schort eds. ‘The MITRE Corporation naimeerng
7525 Colshire Drive
McLean, VA 22301
MISSION ENGINEERING AND ANALYSIS: INNOVATIONS )
IN THE MILITARY DECISION MAKING PROCESS
Dr. Alejandro S. Hernandez* . X S— Industry Support to Mission Analysis
Tahmins Karimevy of ing T¢ and Mission Engineering
U.S. Naval Postgraduate School Approaches as Applied to Mission . . .
Encineer Prolminary Sty Repert - May 2016
Dr. Douglas H. Nelson nginecening e
U.S. Army Space & Missile Defense/ Army Forces Strategic Command S——
Or. Aleksandrs Markina-Khavid
*ahernand@nps.edu T
Laura Antul
Ryan Jncobs

[P oue: 1eMay

Aide

presentation Is to: synthesize
these materials to develop an

The Naval Postgraduate School’s Department of
Systems Engineering Approach to Mission
Engineering Education through Capstone Projects

23 Annual National Defense Industrial Association Systems
3 Missicn  ngenerng Corfererce.

Mission Based Analysis

Douglas L Van Bossayt 2, Pacl Beury Brysn M. O'Hllorsn, Alejandeo Hernander

e
=

Mission Engineering and Eugene Faulo in the Systems Engineering Process
ISSI >
Evolving Acquisition to Support = William Scott . . . .

the Warfighter et s e nsens | \fission Threads: Bridging O of e Dopilty Aasisiant Smcreteyof efenes)

emerging picture or mission

James Thompson . R Springfield, VA | October 27, 2015
Offie o the Under SecretayofDeensefor Engineering e ———
S Mission Engineering:
October 24, 2018

engineering in the context of
Engineering in Context sitta
SO et mm
SE of systems and systems of
Developing Standards fgr Sy§tems of Systems "
e - systems

ure 20, 2017
QIEEE
Dahmann
vorn

Int. J. System of Systems Engineering, Vol 6, Na. 3, 2015

Mission Engineering

Andres Sousa-Poza

Department of Eng
College of Engi
Ol Dominion Un
Systems Research and Academic Building,
Suite 2101, Norfolk VA 73529, USA
Email: asonsapoif odu.edn

Garty Roedler
Lockhoed Martin
Ty roedie

NDIN

© 2019 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904 MITRE




|6

Approach

= A working Definition of Mission Engineering

= Connecting to Systems to Missions

= Bringing it Together — Synthesizing an Emerging Picture of
Mission Engineering in the Context of SE of Systems and
Systems of Systems

=  What Makes this Hard... = Complexity of Perspectives

ITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904 MITRE
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Mission Engineering

SystetivAoquislion ___Openations _ = Mission engineering treats the end-to-end mission as the
T o “SyStem”

= |Individual systems are components of the larger mission
‘'system’

= Systems engineering is applied to the systems-of-systems
supporting operational mission outcomes
!

 MissionSoS = Mission engineering goes beyond data exchange among
Architecture/Engineering systems to address cross cutting functions, end to end
control and trades across systems

= Technical trades exist at multiple levels; not just within
iIndividual systems or components

current and emerging operational = Well-engineered composable mission
and system capabilities to achieve architectures foster resilience, adaptability
desired warfighting mission effects and rapid insertion of new technologies

Mission Engineering is the
deliberate planning, analyzing,
organizing, and integrating of

Mission Engineering

Robert Gold
uty Assistant Secr

“The mission is the system” ™ N i
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Top level view of the relationships

e=0n Sngineerng = In this view, systems engineering applies at

Operational multiple levels

Mission i i AN Y — Systems and components
Outcomes = x

— Systems of systems

Soon — Operational missions

Threads = Mission engineering is considered ‘above the
system level’, addressing systems of systems in

a mission context

Syst issi ide li
Ll " ‘Mission Threads’ provide linkage between SoS/

systems and operational mission

Systems

Extonding the DoD Digtal = Mission Engineering:

g Strategy to Missi -
Systems of Systems and Portfolios .o S SySte ms of Syste ms

Philo Engineering in Context

mp: 019
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System Requirements 2 Component
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Translates

Component Functions a End Items
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= Navy perspective is very similar

= For mission engineering
— Operational concepts drive mission
capabilities

— Mission capabilities in turn drive
systems requirements in a systems of
systems

— These translate to system requirements
and component functions and end items
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Mission analysis and engineering as context for systems

N

Practice Systems Engineering Excellence

Mission Analysis &
~ Mission Integration Managers -

Requirement; Portfolio of Platforms SESAY -
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Systems doagon,
| e
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Components

Evolution

Extend engineering rigor & analysis to impacts across mission threads

= Emphasis on mission analysis and
engineering as a cross-cutting
engineering activity that provides
the basis for
— Defining systems
— System evolution
— System integration and test
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An industry perspective

= |[ndustry perspective on mission

-
NPIA nicos: | ME and System HQR: !EEE analysis and mission engineering

Acquisition | %] @an

Mission Analysis SoS Enginee(ing — .
P " Mission
K ¢ : | B3 Architecture
) - 2% 7 =4 “The jobis} to be
done”

= Views mission engineering as
encompassing

— Mission analysis and

MlSSlon Engineering
Decision Support

— S0S engineering

= Provides decision support for
system acquisition and engineering

Mission Engineering provides an integrated view of

missions and supporting capabilities -
isiti ISi 1SS NBIA  iNcos: o p:nms': I'I@Fl s
* To anchor system acquisition decisions to mission NBIN  neos aiysisandiision |
operational context LR T
* Tosynchronize systems’ developments to support =TT
teci il —— T t
muss:on‘capabl.llty 2 X Industry Support to Mission Analysis
« To provide an integrated mission capability to warfighters and Mission Engineering
Provides engineering focus needed to ensure the solution investments Fremnay Sty Reper ey 2016
. - PR, . . NOTE: Not an official position from these organizations, but the study was coordinated through them.
provide highest value and probability of mission success 20
Date: 18 May 2016 Unclassified | 1
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From a system perspective,
SE standards support for mission & SoS context for systems

Mission Engineering

= Mission Analysis is a core process in ISO/IEC/IEEE 15288

— “The purpose of the Business or Mission Analysis process is to define
the business and mission problem or opportunity, characterize the .
solution space, and determine potential solution class(es) that could
address a problem or take advantage of an opportunity.” (Section 6.4.1.1)

— Recognizes the importance of understanding mission context in developing o
systems

= |SO/IEC/IEEE 21839 — SoS considerations throughout the system

lifecycle
aps . - - aps Developing Standards for S f S
— “Capability Considerations: In this document, capability refers to the R .

ability to achieve overall user objectives in a mission or business R 1 S g
rough the Lifecycle of a System

context.... right from the earliest point in a system life cycle, an D it Dahmann
understanding of the role of a new system in supporting the needed Gary Rl
user capability is a key concern, particularly understanding how the
system is envisioned to function in the operational or business ...”

(Section 4.3)

— Further recognizes the importance of understanding the system of system
context to ensure a system will effectively work with other systems when
deployed

om

Increasing recognition of the criticality of context in designing and engineering of systems

© 2019 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904
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Emphasis on importance of mission to drive systems

Engineering
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Systems of systems for missions?

|14 ]

Tactical Vehicle

BATTLYE

Platforms

A military platform (e.g.
ship, aircraft, satellite,

Military Satellite Communications

Wideban

|space Segment |

Narowband [ | s |
D R < M
\ A~ /

Ee ==
CA ol )

LY

~ Terminals || A"

Missions
Sets of systems working together
to provide a broader capability or
mission

Information
Technology

Networked information

ground vehicle) equipped
with independent systems
(e.g. sensor, weapons,

communications) needed

to meet platform objectives | Platform

SoS '

IT-Based
SoS

systems to support
operations within or
across platforms or
systems to meet mission
or capability objectives

© 2019 The MITRE Corporation. All rights reserved.

UNCLASSIFIED

LS)'slems of Systems
Characterization and Types

Dr. Judith S. Dahmann
The MITRE Corporation
7525 Colshire Drive

" S0S in DoD have been described as
covering 3 domains

— Platforms — integration of multiple
systems on a platform to provide
‘platform’ warfighting capability

— IT — Networked information systems to
support warfighting capabilities

— Missions — Sets of systems working
together to provide a broader
capability or mission

= Engineering “Mission-Based So0S”
aligns with “Mission Engineering”
from a material or systems
perspective

MITRE
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Relationship between SoSE and ME?

= Mission threads or Kkill

Mission Engineering- System of Systems (SoS) Focus chains have been presented

as a mechanism to link

together to accomplish the mission?
What are the mission level constraints?

What are the implications for the SOI?
What must the SOl contribute? How?

How do all the parts of the “kill chain”— the SoS- work SoS to operational

mission

— From one perspective they

What are the miss|on environ. factors and effect? drive the SoS engineering

— From another perspective they
assess impact on operational

Systems Engineering -Mission Context Focus

misssion

© 2019 The MITRE Corporation. All rights reserved.

Mission Threads: Bridging
Mission and Systems
Engineering
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Drawing on practitioner views

Mission Engineering Context

LLLLLLLLLLLLL

= Mission engineering differs from mission analysis in that the latter only addresses

* Mission engineering differs from mission analysis in that the latter only addresses /

current operational and system capabilities and not the engineering to assure the
mission.

* Mission engineering within the Department of Defense (DoD) applies an operational
mission context to the c of sy (Sos).

* The SoS approach has arisen in response to the DoD’s needs for capabilities requiring
multiple linked systems that are greater than the sum of the capabilities of the
constituent parts.

* Mission engineering differs from traditional systems engineering because from the
mission engineering perspective, the individual systems that comprise the military
capability are inherently flexible, functionally overlapping, multi-mission platforms
supported by a complex backbone of information communication networks.

« Several other allied nations use the term “capabilities engineering” rather than mission
engineering.

T

g

current operational and system capabilities and not the engineering to assure the
mission.

* Mission engineering within the Department of Defense (DoD) applies an operational
mission context to the complex systems of systems (SoS).

— >« Mission engineering differs from traditional systems engineering because from the

mission engineering perspective, the individual systems that comprise the military

capability are inherently flexible, functionally overlapping, multi-mission platforms

SYSTEMS ENGINEEHING Summary
Racaatan Bantar

supported by a complex backbone of information communication networks.

* Based on the research findings, the team recommends a broader view:

Mission engineering combines the structure of systems
engineering and the tactical insights of operational planning to a
system of systems to deliver a specific capability.

* Research tasking and objectives identify the critical skills required to successfully
accomplish and shepherd mission engineering.

* Competency model builds on grounded theory leveraging the Helix methodology on
developing effective system engineers, using a combination of mission engineer
interviews as informed by searching the open source literature.

* Interviews and open source literature covers 1) mission engineering definition and
organizational support, 2) identification of competencies and gaps, and 3) future vision.

* Mission engineering overlaps systems engineering competencies with important
differentiation in 1) governance, 2) foundational math/science/general engineering
skills, 3) operational concepts, 4) interpersonal skills, 5) and leadership skills.

—_—

— Mission engineering combines the structure of systems
engineering and the tactical insights of operational planning to a

system of systems to deliver a specific capability.

systems capabilities to

Py
. . Micsi i ing Definiti
Mission engineering is the
deliberate planning,
T 2 P analyzing, organizing, and
Mission Engineering Competency Model integrating of current and
emerging operational and

© 2019 The MITRE Corporation. All rights reserved.

Dr. Gregg er, lfrlngipa.l achieve desired warfighting

mission effects — Gold 2016
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Stevens Institute of Technology Or, more Slmply put "
e The mission is the system
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Bringing it together - Logical View

Mission Engineering- System of Systems (SoS) Focus

| |How do all the parts of the “kill chain”— the SoS- work
together to accomplish the mission?

oot sys(ﬁffffgﬂfg T cam What are the mission level constraints?
Platforms “O“MW‘k mforwoa[::)ig What are the mission environ. factors and effect?

A miita y,pu torm (e.g
hip, air

Networked Miggggation What are the implications for the SOI?
systems {0 supSBH N

operations wwmmh What must the SO| contribute? How?
across platforms or ’

Systems to mest mission

or capability objectives

Systems Engineering -Mission Context Focus

M I Developing Standards for Systems of Systems

(SoS) Engineering

':' ‘ j* = ISO/IEC/IEEE 21839: S0S Considerations
ot 51 &(_ . - through the Lifecycle of a System
o S Mission S O :3 E —— Oyt oshmarn
“é";!:;"n;;l};?'
Based SoS Platform/IT

Based SoS S ~~t’a.

i

Missions
Sets of systems working together

I to provide a broader capability or| i
Platforms phtind Information

Technology

Nffworked information

systems to support

offffrations within or
ss platforms or

\ \ A military platform (e.g]
ship, aircraft, satellite,
\ \ ground vehicle) equippy
with independent systcllhs

(e.g. sensor, weapons,

\ communications) need|
Individual ™S So BEEEy
N N
systems o

DIm,wl ' sygfems to meet mission
i mBesed | orffapability objectives

om
QIEEE

Mission Engineering
Docision Support

©

Systems ang sofware engmeering — System ife cycle
processes

ot S >
(=) | ooy | iwpiteiy | ". e ———
Mission Engineering provides an integrated view of =[= Mission Engineering Competency Model
missions and supporting capabilities ‘
+ Toanchor system acquisition decisions to mission = i =

Opsrational Conted - s Or. Greg Vesonder, Principal Investigator
+ To synchronize systems’ developments to support iy
mission capability E i r. Nicole AC. Hutchison
* Toprovide an ntegrated mission capablllly o warfighters
Provides ure olution i Stevens institute of Technology

provide highest value anrl pmbalnhty of mission success 2 s 5=
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Logical View

Systems Engineering
applies across
iIndividual systems,

SoS and missions ME SO S -

Mission Platform &

A top-level logical

view of the
Based SoS IT Based SoS

relationship
between SE,
SoSE and ME

Systems of systems
engineering applies to
platform, IT-based and
mission based SoS

o _ _ Individual
Missions engineering SE systems
applies to mission-based
So0S

© 2019 The MITRE Corporation. All rights reserved. MITRE
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Bringing it together — from a logical view to implementation

Applying systems
engineering to

« From a mission
Missi perspective - drivers
1SSION for SoS and systems

-
-
4\

« From a systems of
systems view —
drivers for systems

\; « Engineering a system
InlelduaI addresses the ‘fit’ to
Systems the SoS to support the

MmISSIOoNn

ME SoSE

Mission Platform &

Based SoS IT Based SoS S0S

=
-
-

S Individual
systems

MITRE
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What makes this hard?

__---"Complex dynamic mission environment

Mission " — Mission context - variable physical environments,
threats and non-material elements - critical in driving
~ SoS for missions

---=--—=8 Sjtuation driven composition

— Execution of missions is based on the employment
of the set of systems available and appropriate for
the mission environment

Indi d | — Performance needs of a system in the Mission So0S
2, g\?emug - may vary depending on the performance of other
4 TSsao systems in the SoS (‘AKA ‘Float and Flow’)
"= Mission ‘webs’ versus ‘threads’

— While there may be a logical sequence of actions for
a mission, in practice there are sets of systems
which support missions under different situations

SoS

>
4\
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Complexity of perspectives

PURPOSE Mission

— = An added source of complexity in systems engineering

MTEGRTY Sy kom Sxness across mission, SoS and systems is the diversity of
o perspectives across the participants

ACTIONS Engineering 1 Engineering 2 Operations 3

— - s = This goes beyond the traditional SoS since a mission
perspective must incorporate a wider rand of

Q **\‘4’ ] ) : )
i% g Q operational and other non-material considerations

PURPOSE INTEGIRTY ACTIONS
Mission Mission Engineering Action 1
Action 2
Action 3
Monotonic Edges &
Int. J. System of Svstems Engineering, Vol. 6, No. 3, 2015
VARIABLE
COMPLEXITY) - - - -
5 PLANE Mission Engineering
e
[N
k-
% Andres Sousa-Poza
Non
g m‘ Department of Engineering Management and Systems Engineering,
& o - s
s > College of Engineering and Technology.,
= Cd Old Dominion University,
‘ ‘-"‘\ﬁ \ E § o’d&f ”ﬁ Systems Research and Academic Building,
o s d\,&" Suite 2101, Norfolk VA 23529, USA
E ;d ‘ PLANE ?@“ Email: asousapo@odu.edu
gt

o
1 n I
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Complexity of the mission ‘web’

Mission Engineering - .
Mission Web

Operational = Temporal ]
Mission Interdependencies
Outcomes — Actions can have delayed
conseguences
— Actions can have repeated
Mission conseguences
Threads = Feedback loops
— Feedbacks on the different levels

— Feedbacks between the different
layers

= From upper layers to lower layers
= From lower layers to upper layers

= Feedback is not limited to neighbored
layers

= Nonlinear relations
= Dynamic re-composition

System of
Systems

© 2019 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-01904 MITRE
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Summary

© 2019 The MITRE Corporation. All rights reserved.

= Systems architecture focus on the development of systems that provide
functionality need to contribute to tasks

= System of systems architectures focus on the composition of
functionality of systems in orchestration to allow to conduct tasks
beyond the systems perspective
— Ensembles are purposely designed

— Collectives emerge within a situation and may be exploited
= Mission engineering provides a non-system centric view on the

challenges to successfully conduct military operations in complex
environments

= All three methods provide unique features to achieve desired
operational mission effects, using ensembles and collectives composed
of available systems
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Discussion
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