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Goals/Objectives s

 Expand on a method proposed in a JPL paper: “Space Mission Concept
Development Using Concept Maturity Levels (CMLs)” (Wessen, R. R. et al
2013)

* Introduce the benefits and need for organizations to include the concept of
CMLs in their systems engineering processes

« Define and explain the activities and outcomes for each CML

« Map CMLs to the SE development lifecycles as well as to the concept of
Technology Readiness Levels (TRLSs)

* Introduce tools to help implement, manage, and mature the project through the
various CMLs

« Discuss the need to establish collaborative teams for early concept maturation



SE Lifecycle (ncosk sk HB 2015 vae)

TABLE 3.1 Generi

e Life o3¢l stages, their purposes, and decision gate options

Life cycle stages

Purpose

Decision gates

Concept

Development

Production

Utilization
Support
Retirement

Define problem space

1. Exploratory research

2. Concept selection
Characterize solution space
Identify stakeholders’ needs
Explore ideas and technologies
Refine stakeholders’ needs
Explore feasible concepts
Propose viable solutions
Delne/reiine system requirements
Create solution description—architecture and design
Implement initial system
Integrate, verify, and validate system
Produce systems
Inspect and verify
Operate system to satisfy users’ needs
Provide sustained system capability
Store, archive, or dispose of the system

Decision options

* Proceed with next stage

* Proceed and respond to action items
* Continue this stage

» Return to preceding stage

 Put a hold on project activity

* Terminate project

This table is excerpted from ISO/IEC TR 24748-1 (2010), Table 1 on page 14, with permission from the ANSI on behalf of the ISO. © ISO 2010.

All rights reserved.

www.incose.org/symp2018



Purpose/Problem o
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e Adilemma faced by many organizations when deciding whether a project is mature eno'ugh"'
to fund or proceed to the next life cycle is how to:

O

evaluate the feasibility (cost, schedule, technology) of a concept (project, product,
system, mission) and its fulfillment of the project’s Need, Goals, and Objectives (NGOs)
and stakeholder expectations within the defined drivers and constraints

assess whether or not the project in on track to deliver an acceptable ROl with
acceptable risk

determine if the maturity of the system concept, critical technologies, available
resources, and associated planning are sufficient to:

o approve additional funding, or

o conduct the gate review, baseline the deliverables associated with the review (scope,
requirements, design, project and technical plans), and proceed with the next
lifecycle phase of product development



There is a lot of work to be done
before writing requirements!

Scope Definition

Problem/
Opportunity

Mature the
Concept

Goals,
Objectives

transformed Requirement
Statements

Regulations
& Standards ) P ; Technology

Existing Schedule

Systems
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CMLs Defined

-
%

- Critical Design Review (CDR), TRL 7, “build-to” requirements W LY,
and drawings are 80%-90% complete. ICDs are complete

- Preliminary Design review (PDR), TRL 6, “build-to”
requirements and drawings are 10%-20% complete, interfaces
defined, final integrated cost-schedule-design is baselined

- System Design Review (SDR), TRL 5: trades completed, feasible
design identified

- System Requirements Review (SRR), TRL 4: stakeholder needs
transformed into technical requirements.

- Scope/Concept Review Baseline, TRL 3: system concept
baselined, stakeholder needs baselined

- Point Design: Candidate system physical architectures are
identified TRLs defined, prototyping

- Trade Space: Functional architecture defined, candidate
physical architectures evaluated for feasibility, TRA

- Initial Feasibility: initial concepts, risks, external interfaces,
key measures, stakeholders engaged

- “Cocktail Napkin”: Overview and Advocacy; problem; Need,
goals, objectives; drivers & constraints defined 6



Advantages of using CMLs s

+  The feedback loop is a key advantage of using the CML approach to maturea =~
project’s system concepts.
— Allows study/design teams to return to an earlier stage of concept development if system
iImplementation issues are encountered.

« Trade space exploration is a key part of concept maturation and is needed to
provide an increased likelihood that a global optimum is identified in selection
of a viable system concept architecture.

« Without first having done sufficient trade space exploration often results in
system concepts that
— do not have a maximum RO,
— has inefficient system and support system designs, and

— has a less efficient overall system concept because trades between NGOs,
[organizational ROI] expectations, the system, risks, and support system design for a
particular cost point never occurred.
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Doctrine of Successive Refinement

Recognize |dentify & Quantify
Need/ Need, Goals,
Opportunity % Objectives, Drivers,

Increase and Constraints

Resoluti

Finalize Define
Requirements “Zero In” Alternative
& Begin eroin on Concepts
Desi a Feasible
esign
Concept Perform Feasibility
Assessments & Trade
NASA Systems Engineering Handbook (NASA 1995) StUdieS
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Spiral Development

4
Cumulative

1. Determine objectives, Cost 2. Evaluate alternatives;

alternatives, constraints /-l?r&gress identify, resolve risk
proveh - LCO LCA

Final
Rgmts
. Commitment
Review .. :
partition Requirement plan,
Concept of —
. nitia
Operation product Detailed
: design
Requirement
validation Unit Code
test
test plan verification Integration
and test
Acceptance '
Implement- test ’
o 3. Develop, verify
4. Plan next phases I0C next-level product
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CMLs e

 The CML structure corresponds to an increasing level of maturity as the
system concept, planning (project and technical), design, architecture,
and risks are analyzed and evolve

« The CMLs apply to the left side of the SE “Vee” Model

« Using CMLs go a long way in minimizing problems and cost over runs
that often occur on the right side of the SE Vee Model during system
integration, verification, and validation

« CML(s) provide the ability to measure a system concept’'s maturity
guided by an incremental set of maturity criteria

« This defined maturity criteria can be tailored to correspond to the
processes specific to a particular organization, domain, and project
within that domain
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CML Matrix =

« The intent of the CML matrix is to serve as a high-level guide for
study/design and proposal teams through the stages of system concept
maturation and architecture selection.

« The matrix can be used by management and the study/design team in
several ways to:

1. Determine the maturity of a system concept at the time of a particular gate
review.

« As an example, by looking at the contents of the cells in the CML 5 column, a
system architect can quickly see the material that is needed for a study/design
team to pass their Mission Concept or Scope Review.

2. Understand the deliverables and their maturity required as a function of time.
3. Use the contents of each column to generate a CML checklist.
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Figure 3. Example CML Matrix described in the JPL reference paper.

Life Cycle Phase
CML

Name

Advanced Studies

Science objectives |Objectives described |Objectives linked to [Produce draft Science Traceability [Proposed Level 1 [Update PLRA if
described none  |tolevels that allow  |investigations and  |Science Traceability |Matrix (or requirements necessary
sentence comparison with measurements Matrix equivalent) documented Level 2
previous produced & 3 driving Preliminary Level 2
linvestigations and  |Science returnas a |Initial Level 1 requirements listed |& 3 requirements
NASA science function of cost, risk |reguirements Preliminary PLRA listed
{community and programmatics |considerad produced (assigned |Full and minimum
Science Objectives & documents quantified ” projects) m& criteria
Spe-erfy ng one
System Requirements Baamis iy o
Threshold Science Baseline PLRA
investigation submitted @ SRR
(assigned projects)
Key Performance
Parameters listed
— Identify science data |Science data rates | Science data system |Science data Science data Same as
|drivers and velume included | sizing processing management for CML 6
Science Data System in trade space architecture, release |approach (includes
analysis and archive Level0, 1, 2 data
approach defined | products) defined




CML Checklists sy

The CML Checklists:

— Allow management and the study/design team to quickly measure the
system concept’s maturity,

— Are reusable, i.e., the checklists can be applied to any project that is
maturing their concepts, providing the same level of maturity score for
concepts with the same level of maturity and,

— ldentify deficiencies and provide clear information as to what areas of
the concept need additional work to get to the overall mission concept
to the desired level of maturity.

www.incose.org/symp2018 ( K]



CML 4 Checklist Sheet

2013 April 11

Functional Area  |Criteria
SCIENCE
Science Objectives & o [Drafl Science Traceabilily Matrix produced
|Driving Requirements o Inilial Level 1 requirements considered
o One Baseline and one Threshold Science invesligation specified
o Key Performance Paramalers listed
Science Data System o Science data system sized

TECHMICAL

Mission Development

Driving requirements decumented

Imittal high-level scanarios, melines and operational modes documented

Propellant load and defta-V reguiremants determined

Power generation and distribution approach defined

Telacommunication approach defined

a

Descope and backup options identified as needed

a

Launch paried s 20 days long

Spacecraft or Instrument
System Design

Q

only) described by mechanical configuration drawings

Systerm archdecture & instrument designs (Earth Science & Astrophysics missions

a

Syslem archilecture & instrument designs (Earth Science & Astrophysics missions

only) described by block dagrams

o Descope oplions compiled
o Inslrument performance requirements traced 1o level 1 reguirements ¥
Ground System & Mission |o MOS/GDS architecture based on ops scenarios described
Operations System Design
Technical Risk o Risk drivers listed
Assessment & o Top risks documented in § x 5 matrix (includes selected mitigation opbors) |
Management
Techmlugyr o Technology options characterized and baseline options seleciions and justified
0 TRL for new lechnologies explained
o Fallback optons for all new lechnologies identified
Inheritance o Major inherited assembly items tentatively selected

Master Equipment Lists

Assembly level (e.g., antenna, prepellant lank, siar racker, etc ) MEL documenied

Figure 4. Example CML
checklist described in the JPL
reference paper.
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Establishing a collaborative work environment .55

To support “rapid development and acquisition” philosophies, organization’s
need to provide a collaborative work environment conducive to the activities
that take place during CML 1 - 4.

Team members are often collocated and are provided the tools, data, and
supporting information technology infrastructure in an integrated support
environment that can be immediately used by the team.

Organizations that are pursing this approach may call the team and
associated work environments various names: Team X, A Team, Rapid
Mission Architecture, Integrated Design Center, Advance Concepts Office,
Concept Design Center, Concurrent Design Facility, Skunk Works, etc.
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Establishing a collaborative work environment TS

Examples include:

 NASA's Glenn Research Center's COMPASS (Collaborative Modeling for
Parametric Assessment of Space Systems)

— established to meet the need for rapid mission analysis and multi-disciplinary
systems design for in-space and human missions.

— is a multidisciplinary, concurrent engineering group whose primary purpose is to
perform integrated systems analysis, but it is also capable of designing any system
that involves one or more of the disciplines present in the team.

« US Special Operations Command (SOCOM) — SOFWERX
— creates a network of collaborators enabling a very agile and rapid acquisition process

— goal is to create processes and venues to make it easier for individuals with
innovative ideas and technologies to collaborate to solve a problem and rapidly
identify, procure, and release the solution into the field
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Parting Thoughts In.rs

CMLs provide a standardized method to allow management to:

Determine how much effort (resources and funding) has been placed into the
definition and maturation of a system concept;

Compare competing project system concepts in terms of relevance to meeting the
organization’s strategic goals, objectives, and ROI with acceptable risk;

Determine which system concepts have had the same level of effort and can be
compared on the same terms;

Understand the maturity of critical technologies needed to meet the project’s goals
and objectives,

Understand how much future effort will be required to mature the system concept;

Have the information needed to determine when a proposed project’s system
concept is mature enough to proceed to the next system development lifecycle
stage.
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Lou Wheatcraft

Senior Product Manager for Seilevel/Requirements Experts (RE)

Has taught over 190 requirement seminars over the last 18 years.

22 years in the US Air Force

Heavy involvement in space systems (DoD launch vehicles and spacecraft,
NASA Space Shuttle, International Space Station)

Worked in the Astronaut Office at Johnson Space Center for 6 years.
Works with both government and industry clients.

Chair of the INCOSE Requirements Working Group

Member of PMI, the Software Engineering Institute (SEI), the World Futures Society, International
Institute of Business Analysis (lIBA), and the National Honor Society of Pi Alpha Alpha.

Has a BS degree in Electrical Engineering, MA degree in Computer Information Systems, MS
degree in Environmental Management, and has completed the course work for an MS degree in
Studies of the Future

Author of numerous papers and presentations concerning requirement development and
management

Is the primary contributor to RE’s blog on requirements best practices.

The blog can be assessed at: http://www.regexperts.com/blog .
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Layne Lewis

Layne Lewis runs Willowview Consulting, LLC where she works as a Systems Engineer
consulting for commercial companies, the Department of Defense, and other Federal agencies.
Layne also works with small companies to help them enter the world of government
contracting. Previously, she founded Motionetics, Inc., a company developing innovative
energy harvesting and sensor technology products for military and commercial applications.
Layne started her entrepreneurial journey as the co-founder and chief operations officer of TenXsys, Inc.,
which developed small devices for monitoring human health and tracking animal movements. Prior to that, she
was a program and project manager and software development engineer for Hewlett Packard, where she
developed firmware for HP's LaserJet printers.

Layne worked as a senior systems engineer for Booz Allen & Hamilton Inc., where she worked on various
NASA projects, including the Space Station communications systems monitor and control subsystem for the
NASA enhanced mission communications system, and the interface for the Space Shuttle aft flight deck to the
Space Station docking module.

Layne holds a BS in aerospace engineering from the University of Arizona and an MBA from the University
of Washington.

www.incose.org/symp2018 20



References !

Army, 2015, Association of the United States Army, Rapid Equipping and the U.S. Army’s Quick-Reaction Capability, ‘o w8,/
https://www.ausa.org/file/518/download?token=cpmV_uNh '

Boehm, B., Spiral Development: Experience, Principles, and Refinements, CMU/SEI-00-SR-008, Pittsburgh, PA: Software Engineering Institute,
Carnegie Mellon University, 2000.

Boehm, B. and Hansen, W., The Spiral Model as a Tool for Evolutionary Acquisition, CrossTalk - The Journal of Defense Software Engineering,
May 2001: 4-11

GAO, 2016, Government Accountability Office, Technology Readiness Assessment Guide, draft http://www.gao.gov/assets/680/679006.pdf

Judson, J., 2016, Special Operations Command Breaks Down Buying Barriers, Defense News, May
2016, http://www.defensenews.com/story/defense/policy-budget/budget/2016/05/10/special-operations-command-socom-sofwerx/84193372/

NASA, 1995, NASA System Engineering Handbook, SP6105, June 1995.
NASA, 2016, NASA Expanded Guidance for NASA Systems Engineering, Vol 1 & 2, March 2016
NASA, 2017, NASA, Glenn Research Center, COMPASS, https://re.grc.nasa.gov/compass/

NASA, 2013, NASA, Systems Engineering Processes and Requirements, NPR7123.1B, April 2013, NASA Online Directives Information System
(ODIS) Library: http://nodis3.gsfc.nasa.gov

Stecklein, J. Dabney, J., Dick, B., Haskins, B., Lovell, R., Moroney, G., Error Cost Escalation Through the Project Life Cycle, 14th Annual
International Symposium; 19-24 Jun. 2004; Toulouse; France

Romero, P., 2012, Quick wins show the benefits of DoD’s Rapid Acquisition Program, Federal News Radio, June 2012,
http://federalnewsradio.com/defense/2012/06/quick-wins-show-the-benefits-of-dods-rapid-acquisition-program/

Wessen, R., Borden, C., Ziemer, J., Kwok, J., 2013, Space mission concept development using concept maturity levels, NASA JPL, AIAA SPACE
2013 Conference & Exposition, San Diego, California, September 10-12, 2013 http://hdl.handle.net/2014/44299

Wheatcraft, Louis S., 2005, Developing Requirements for Technology-Driven Products, paper presented at the INCOSE 15th International
Symposium 2005, Rochester, NY.

Wheatcraft, Louis S., Using Technology Readiness Levels to Manage Risk, blog, October 2015, http://reqexperts.com/blog/2015/10/using-
technology-readiness-levels-to-manage-risk/

Wikipedia, 2017, Rapid application development, https://en.wikipedia.org/wiki/Rapid_application_development 21



https://re.grc.nasa.gov/compass/
http://nodis3.gsfc.nasa.gov/

N 28th Annual INCOSE
international symposium
!'&. Wtg,>  Washington, DC, USA
July 7-12, 2018
\ .W/

www.incose.org/symp2013




