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Introduction

* As we conceive, acquire, develop, deploy, and
operate space systems in a digitally integrated
manner, our approach to milestone reviews will be
different than in times past

* This Model-Based Reviews tutorial is broken into
three parts

— Reviews in a Lifecycle-Managed Digital Engineering
Environment (Fredda Lerner)

— Model-Based Review Planning (Greg Mowles)
— Model-Based Review Execution (Kevin Sanchez)
* Unless otherwise noted, we will be discussing

reviews at the system level vs. mission level, but
there are many parallels

Concept Design Center, El Segundo, CA
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Purpose and Goals of this Training

* The purpose of this training segment is to provide an overview of system lifecycle (read: Acquisition lifecycle)
review execution when they are supported, to the greatest extent practicable, by models, and, to the least extent
practicable, by documents

* The key goals of this training is to ensure that Acquisition lifecycle event participants, regardless of role, team,
or level of authority in the lifecycle, understand

— The Acquisition lifecycle as defined in the references

— The Acquisition lifecycle systems engineering (SE) to include descriptive data models in persistent technical reviews (TRS)
that define progressive system maturity levels

References:
 ISO IEC IEEE 15288:201x(E) [August 2014], Systems and Software Engineering — System Life Cycle Processes

 ISO IEC IEEE 21839 [July 2019], Systems and software engineering — System of systems (SoS) considerations in life cycle
stages of a system

 ISO IEC IEEE 21840 [December 2019], Systems and software engineering — Guidelines for the utilization of ISO/IEC/IEEE 15288
in the context of system of systems (SoS)

 ISO IEC IEEE 2184 [July 2019], Systems and software engineering — Taxonomy of systems of systems
 DoD Systems Engineering Guidebook, February 2022
« DoDI 5000.88, Engineering Defense Systems, November 2020
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Background: The Acquisition Life Cycle

* A system is a continuous dynamic entity that
progresses through stages of maturity in time

* Architecture Adaptive Framework (AAF) defines Mo coo D?'}F":; " e e ‘% Hiesions Decsion
the relative lifecycle timeline and its persistent °<> A A %l l
events s 52 |Materiel | Technology Engineering & i Production & Operations & Support
_ _ s | B, BE[Shen | Monwenork  Menuacturing Domtayment
— A system life cycle framework is an abstract ® gsg Anclysis JESSSEERAN | Dovelopment
representation of system of interest (SOI) or g 5 T N B
program maturity stages AVAVAYA @ ©
— Technical reviews (TRs), as shown below by
define maturity at specific points in a program()nd SR Alarmaive Sstans Revw POA - Physica Coraion At SO p—
SO lifecycle e
* The timeline is not to scale: although the ST Gperaona Tosk Foaineas Fevew TR Toot odiecs Fvin D estrovins s TaE Guctarc)

sequence of TRs and events are persistent, their
actual occurrence varies because the size and
scope of each SOI or program expands and
contracts the AAF timeline

The AAF governs the document-based process and the model-based and authoritative sources of truth (ASOT)

data artifact-based process
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About the (Repetitive) Technical Reviews
...In document-based and model-based technical reviews

* There are 3 overarching participant roles
— The government program management office (PMO)
* Defines acceptance criteria for each maturity stage TR, e.g., contract data requirements list (CDRL) items, documents,
data, etc.
— Foreach TR, the program manager determines acceptance criteria
— Acceptance criteria are specified in contract language
* Ensures that previous maturity stage TR acceptance criteria are successfully met and its artifacts are available
* Oversees risk management
* Selects independent review team (IRT) members who are subject matter experts (SMEs) in program-relevant content
* Reviews contractor-adjudicated artifacts and decides to approve, approve with liens, or disapprove
— Each IRT member
* Reviews contractor artifacts that respond to acceptance criteria
* Inputs his/her/their comments in a comment resolution matrix (CRM) for contractor adjudication

— The contractor(s)
* Develops artifacts in response to the government PMQO’s acceptance criteria
Tracks and buys down risks
Submits artifacts to IRT members for review
Adjudicates IRT members’ comments — may or may not incorporate them (requires explanation) — and submits to PMO for decision
Develops a mitigation plan for each “Approve with Lien” PMO decision and must work off in tandem with next maturity phase
Hosts TR and presents adjudicated artifacts at maturity stage review for government decision




Artifacts are the Difference Between Document-Based and Model-Based ReVieN

* Document based reviews’ artifacts are * Requires more “up front” work for data connectivity \
developed as static and disconnected * Builds models that are extensible, curated, and open
documents * Presents model views that are intuitively obvious

* All artifacts can be independently developed Is governed by an overarching model that defines

. Relationshipg betyveen artifa.cjcs and artifact traceability and “interconnect-ability”

Frgg;[:: r;’f[?oerl]re implied and verified through * Uses models to define digital twins that interconnect

descriptive data elements in Authoritative Sources of
Truth (ASOT) curated containers

* Uses data that evolve and change over the time of
the Acquisition lifecycle




Document-Based Acquisition Lifecycle Review

* Engineering execution and artifact preparation
— Government PMQO ensures all entrance criteria artifacts are available to start TR execution

— Government PMO specifies exit criteria document artifacts, e.q., contract data requirements list (CDRL) items that
are prescriptive and stand-alone

— In a waterfall process, contractor(s) develops document artifacts

* Execution with discrete review period prior to TR
— Review cannot start until documents are complete — often 30-60 days prior to TR (depending on SOl/program size)

— IRT members comment on document-based artifacts and not on how well they address maturity with respect to
(WRT) acceptance criteria

— Contractor reviews IRT comments and adjudicates, as applicable

* Artifact approval at TR
— Contractor(s) develop (often voluminous) chart deck
— Contractor(s) host/lead TR which can span many days
— Government PMO “grade” document artifacts
* Document artifacts are approved
* Requirements approved as baseline and under configuration management control

Does document artifacts approval = acceptance criteria maturity?
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Digital Engineering-Based Model-Enabled Acquisition Lifecycle Review

* Engineering execution and artifact preparation

— Government ensures previous maturity phase acceptance criteria data and model artifacts are available at start of
execution of current maturity stage

— Government ensures maturity level acceptance criteria are unambiguous and fully defined in contract language;
documents, if needed, are specified in CDRL items

— In a hybrid/agile process punctuated with incremental reviews, contractor(s) develop
* Models, data, authoritative sources of truth (ASOT) sources to address acceptance criteria — without work stoppage
* Document templates to be populated by models and data IAW CDRL items

* Execution interspersed with periodic/incremental mid-phase sub-reviews culminating with TR

— Periodic reviews are conducted within each maturity phase to incrementally review contractors’ models and data
responses to acceptance criteria artifacts as they evolve/mature

— IRT members participate in periodic reviews and comment on evolving/maturing data and model responses
* CRM is on on-line database which provides real time comment adjudication and transparency
* Significantly fewer issues require adjudication at TR because they are adjudicated throughout the process
* Artifact approval at TR
— Government reviews responses to each acceptance criteria
— Shorter TR with fewer charts
— Models and requirements approved as baseline and under CM control



Is an Organization Ready to Execute a Successful DE-Based Review?

* DE- and model-based reviews are high risk because they require significant change to be successful.

* Although the roles are not different, some key responsibilities are different.
* Although the Acquisition lifecycle is not new, how it is executed is different.
* Although an IRT is not new, how it executes is different

* Before an organization determines that it wants to start DE-based reviews, the organization needs to
assess itself to determine where it is on the DE-readiness/model review spectrum

* Success requires that an organization must be evolved enough to ensure DE success

* If the organization is not evolved enough, it can use its assessment to develop a road map to success.

Use the DE Maturity Readiness Assessment
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Digital Engineering Maturity Assessment Tools Overview

* Available Tool Options For Digital Engineering
Assessment and Planning of Model Based Reviews
— DE/MBSE Maturity Self-Assessments
* INCOSE Model Based Capabilities Assessment

* DAF Digital Transformation Digital Engineering Maturity
Metrics

— Aerospace DE Maturity Self-Assessment
Facilitated Workshop

— System Engineering Milestone Review Evolution

Previous DE
Assessments /
Studies /
Surveys

Enterprise Maturity Metrics: Baseline & Target Values

Program
Report
D:f: Participants

Self-Assessment
Inputs

DE Maturity
Workshop

Report
Data

Program
Planning

Weight (1-10, 10 =

R Oa dm ap Ceteuely LI Compenent ‘Basreline ¢ Tarrget mostfi:r;;:)ant, 0 Effv:zigll':::ed
. Modelin, Access and Governance 2 3 1 2%
* Assessment Tools Provide: cpusbity g ; :
. . . Collaboration a::urli ity 2
— Identification of current DE maturity level, desired maturity = Attt Sures o Tt 3507 : . : 2
l evel y an d gap tO br i dge Analysis sty Model-Based Verific“a/'t?::casndValidation (V&V) g : i 6%
Digital 1t Strategy 1 3 1 4%
— Metrics for tracking status of DE maturity evolution ool Mode)based syt Engneering 0 1 lo 1%
— Justification to inform organization’s decision-making on [T e T o redmiairaesss o : , 2
. . . - Technical M 1t Pr 1 4 1 6%
DE planning (products, priorities, resources, eftc) e 1 2 : 2%

Digital User Skills

i R s —r—
. e T W : : Sif

Assessment Tools Can Benefit Traditional Government Acquisition Programs At Any Stage of Digital Maturity
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Model-Based Review Digital Engineering Maturity Assessment

* How to apply DE maturity assessment
to Model Based Review planning:

— Assess current baseline maturity and
identify desired target maturity of
“Milestone, Program, and Technical
Reviews; Audits” component

— In addition, assess the same for other DE
maturity components that are
applicable to the Model Based Review
planning. Examples:

* Tool Access and Governance — Review
tool interface and access

* Collaboration Capability — Reviewer
comment submission and tracking
capabilities

* Digital User Skills — Participant training

* Digital Artifact Use — Format of review
deliverables

Maturity Level Description

Component
Level 0

Milestone, Program,
and Technical Revie
Audits

Reviews are not

ws; model based. )
Reviews and audits
are set by calendar
date against a
contract event such
as contract award.
Digital artifacts are
not planned for use
to satisfy entry/exit
criteria.

Level 1

Enterprise organizations
do not coordinate on
common review criteria
application and tailoring,
and the use of digital
artifacts as deliverables
(via contract language).
Occasionally models
record the acceptance of
items through reviews of
model content/data in a
modeling environment to
allow stakeholders to
ensure that the review is
complete based on exit
criteria.

Level 2

Enterprise organizations
infrequently coordinate
on common review
criteria application and
tailoring, and the use of
digital artifacts as
deliverables (via contract
language) but they are
aware of the
requirements of others.
Frequently models record
the acceptance of items
through reviews of model
content/datain a
modeling environment to
allow stakeholders to
ensure that the review is
complete based on exit
criteria.

Level 3

Enterprise organizations
frequently coordinate on
common review criteria
applicationand tailoring,
and the use of digital
artifacts as deliverables
(via contract language).
Models record the
acceptance of items
through reviews of model
content/datain an
integrated digital
environment to allow
stakeholders to ensure
that the review is
complete based on exit
criteria.

Category

Metric

Component

Model Environment

Tool Access and Governance

Interoperability

Infrastructure

Collaboration

Capability

Security

Modeling /
Analysis

Quality

Authoritative Sources of Truth (ASOT)

Metrics

Model-Based Verification and Validation (V&V)

Process /

Model Management

Digital Management Strategy

Model-Based Systems Engineering

Configuration Management

Process Verification and Validation (V&V)

Policy

Data Management

Innovative Technical Processes

Technical Management Processes

Analysis, User Interface (Ul) and Visualization

Workforce

Digital User Skills

Common Digital Understanding

Workforce /
Culture

Adoption

Digital Artifact Use

Reference Architecture Implementation

Milestone, Program, and Technical Reviews; Audits

DE Maturity Assessment Tools Can Be Tailored to Focus on Model Based Reviews
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Level 4

Enterprise organizations
coordinate on common
review criteria application
and tailoring, and the use
of digital artifacts as
deliverables (via contract
language). Models
automatically record
acceptance through
frequent reviews of
model content/data in an
integrated digital
environment to allow
stakeholders to ensure
that the review is
complete based on
criteria.




System Engineering Milestone Review Evolution

Characteristics & Roadmap

* Key characteristics of System
Engineering Milestone
Reviews can be selected and
prioritized to define a roadmap
to achieve desired level of
maturity

* Roadmap supports
assessment of current state
and future state planning for
Model Based Reviews

. Review .
. General Review . . . Evidence Assessment
Categories Review Requirements Comprehensiveness .
Parameters " by Reviewers
5 _________________________4a 4 L —

Assessment Frequency Review R(fgr:.lr:ﬂrlzmzr;tsé‘.pemﬂcny Depth of Review SE ArtlfactAFccz;rr;:t/ Ease of
Success Criteria Clarity Review Requirement Clarity Reviewer Activity Intersection Design Amfe:\:é:ssrgﬂat/ Ease of
Review System Requirement Review Review Requirementto Artifact

T - Review Artifact Format / Fluidity

Review Evidence Inter-
Consistency

Event Centricity

Review Requirement Format

Review Requirement
Organization

Review Requirement Vertical
Connectivity

Status

Milestone Requirement Review
Status

Review Comment
Reconciliation

Mapping Specificity

Design and Reviewer Artifact
Integration

Design Artifact Review
Automation

Traditional Review State

Assessment Frequency - Discrete events
separated by many months, resulting in
substantial risk of delay in discovering
defects and providing feedback

Success Criteria Clarity - Success criteria
are coarse, resulting in frequent disconnects
between contractor, government, and
individual reviewers

Review Artifact Format/Fluidity - Program
needs to freeze development work to have
the time to create unique review artifacts

Near-Future State

Frequent assessment of readiness driven by
semi-automated identification of general areas
requiring re-review, reducing delays in
discovering defects and providing feedback,
supporting iterative development

Success criteria defined with sufficient
granularity and clarity to minimize disconnects
between contractor, govt, and reviewers

Review artifacts are largely the same artifacts
being used to inform and document the
development effort

Milestone Review Transformation Roadmap Can Be Used to Track Evolution Maturity
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Far-Future State

Continuous, proactive assessment driven by
automated identification of specific areas
requiring re-review, minimizing delays in
discovering defects and providing feedback,
fully supporting Agile/DevOps programs

Model-based success criteria facilitate
automated traceability and dashboards to
continually assess review maturity

Review artifacts are the actual models and
data being used in the development effort, so
the contractor can continue to work unabated



Models and Data in a Successful Review
Successful TR execution requires underpinned models with purpose

* To execute a successful model-based TR in the Acquisition lifecycle context, the models and data must be
purposely traceable and “connect-able”

* Because a key outcome of every TR are traceable requirements, the overarching program model must
define traceability in 3 dimensions

— Vertically traceable to ensure integration up, down, and through a program

— Horizontally traceable to ensure addressing impacts as well as integration across related systems in a SOl or portfolio

— Temporal traceability to ensure version and CM baseline control over time — at the very least, each TR will generate a
new baseline

* Connect-ability means that models must be built so that they can be understood and reconstructed anyone
anywhere

— Using neutral standards, SysML, UAF, efc.
— Use design templates applicable parts of models and data can connect with the least difficulty

14



SE Process Hybrid/Agile Execution — Milestones A - C

Increments 1-6 correspond to 6 program reviews

Acquisition milestones Acquisition Program Technical Reviews

Start CDR SVR PRR

Incr 3 Incr 4 Incr 5
1 year nths 6 months

Incr 1
1 year

A/ MgP

]1 4 years >

* This pathfinder is assumed to be a generic medium/large major capability acquisition
where Increments 1, 2, 3 are 1 year each and Increments 4 and 5 are 6 months each

* Increment 1 closes with a SRR PTR * Increment 4 closes with a SVR PTR
* Increment 2 closes with a PDR PTR * Increment 5 closes with a PRR PTR
* Increment 3 closes with a CDR PTR

15



Acquisition Milestone Event Execution with Models and Data
Exemplar: PDR Execution
Increment Milestones Phase Inchstones Acquisition PTRs

/  ><

PDR v2.0

SRR v1.0 delivery/demo

delivery /demo

Midpoint/MVI? (vt
delivery/cemo

v0.6 v1.1 v1.2 vl.4 V2.6 v2.1
Closure Phase 1 Phase 2 Phase 3 Phase 4 Phase & Closure
—P| 2 weeks 10 weeks ——pg— 2 weeks —P €=~ 8 weecks —P— 8 weeks — 8 weeks 2 weeks j&—

S 5368800080005 000000000000 R
—> «— Sprint 1.1.5
—> <«— Sprint1.1.4
—> <«— Sprint 1.1.3
—> <«— Sprint 1.1.2
—> <+<— Sprint 1.1.1
< 1 year >

* Each phase

— Concludes with an “Inchstone” event and is identified as vX.Y where X is the previous PTR version # (for Inchstone
events leading to SRR, X = 0) and Y is the current phase #

. Delivers a minimum viable product (MVP) at the midpoint of its execution



Example: Continuous Review

SRR Example with 8-month development

Model and Model and Model and Model and
Requirements Requirements Requirements Requirements
Draft Baseline v0.1 Draft Baseline v0.2 Craft Baseline v0.3 Craft Baseline v0.4
ICD Mndl! and
and Requirements
cpp  Review for correctness, ——€——> Review for correctness, =t~ Review for coreciness, ———€——» Review for correctness, —— €| Baseline v1.0
fom  Completeness, usability completeness, usability completeness, usability completeness, usability
JROC Plen and
Incorporate changes, continue Incorporate changes, continue Incorporate changes, continue
le— Architecture and model —>! <€— architecture and model —> €— architecture and model —>» «€— architecture and model —>» ~ —> méﬂé <«

development, requirements
analysis and decomp

Sprint 4

Sprint 3

Spnnt 2

Incr 1 Review/Dema
Plan Incr 2
Start Sprint 1

17

development, requirements
analysis and decomp

development, requirements
analysis and decomp

development, requirements
analysis and decomp

event

Sprint2  Sprint3  Sprint 4 Sprint2  Sprint3  Sprint4 Spint2  Sprint3  Sprint 4
Day of SRR
Incr 2 Review/Demo Incr 3 Review/Demo Incr 4 Review/Demo
Plan Incr 3 Plan Incr 4 Plan Day of SRR
Start Sprint 1 Start Sprint 1



Example of Extensible Traceability Concept Model

* ESDM is the overarching
reference model whose
purpose is to ensure end-to-end
traceability

* Assumptions:

— Each ASOT is “locally”
curated, that is, managed
by those who are the data
originators

— All applicable data are
accessible thru ASOTs

— Interconnection between
data elements in disparate
ASOTs are possible
through use of open
standard interfaces

— Applicable data elements in
disparate ASOTs can be
passively inter-connected
per the Enterprise
Interconnection Model
(EIM)
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MBSE — Temporal Gap Analysis Equatorial lonospheric Scintillation
Requirements Verifications through MBSE in a TR

FY19
FY20
FY21
FY22
FY23
FY24
FY25
FY26

[’ 01-JROCM 091 12 7-1 & @ TGRS B Qcosmic-2 B

* TGRS measures ion density and scintillation but while it is sort of remotely sensed, it is doing it in the
same fashion as a SATCOM signal, for example, would travel.

* |t could also be only ‘partial’ because there is no long term plan to replace COSMIC-2.

Legend

Allocated From

High Satisfied By
Low Satisfied By
Medium Satisfied By
s Part Of

e Multiple (two-aY)
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MBSE — Gap Analysis Auroral Characterization

* Low - CCOR, SUVI, FC
* Med - EXIS, SEISS
* Hi - MAG

[& 01-JROCM_091 12 10-1 B
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Legend

Allocated From
High Satisfied By
— LOw Satisfied By
Medium Satisfied By
Part Of

e Multiple (two-waY)




MBSE — Gap Analysis Auroral Characterization (Detail View)

High

Medium

(& 01-JROCM_091_12_10-1 B

T naGE

O SEMMAGE

(& 01-JROCM_091_12_10-1 2

(EFvis
=1a%k
=L3eT:
Iy Ervis
/=

[®l 01-JROCM_091_12_10-1 B

QY ccora

Urce

Tsuwvia

AN
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Legend

Allocated From
- High Satisfied By
Low Satisfied By
Medium Satisfied By
e Part Of
— Multiple (two-way)




e
MBSE- Gap Analysis Energetic Charged Particle Characterization

Elrvis

s =F17
'.'l

i ==1ogF:
EFvig

* Low - SUVI
* Med - FC, MAG PR
* Hi — MAG, EXIS, SEISS

[&01-JROCM_091_12_11-1 B~

|'III:I|

ODsCOvR B Legend
Allocated From
s High Satisfied By
Low Satisfied By
Medium Satisfied By
Part Of
— Multiple (two-way,)
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Final Thoughts...

There are technical and socio-technical components — and all must be addressed for success

* Executing Acquisition lifecycle technical reviews in the digital engineering context requires

e,

e

Descriptive data to build models

Comprehensively executing systems engineering and architecture — there are no short cuts or workarounds
Building overarching models whose purpose is traceability and connect-ability

Building in top-down/bottom-up vertical traceability, horizontal traceability, and temporal traceability

Temporal traceability, that is, managing and executing change control and CM of data, models, and ASOTs is much more complex than
CM of requirements only in a document-based Acquisition lifecycle

Building models that are digital twins to programs or parts of programs and interconnect data IAW use cases that define the programs

* Participating in Acquisition lifecycle technical reviews in the digital engineering context requires

23

Understanding hybrid/agile process execution that enables incremental and additive sub-reviews rendering actual TR execution as a
much faster and focused event

Understanding data and models are in a time continuum that change and evolve as time progresses
Understanding how and why the process has changed

Understanding that models and data in the time continuum delivers real time enterprise situational awareness — which is not possible
in a document-based Acquisition lifecycle

Understanding that IRT members’ roles change the most so model views be as intuitively obvious as possible to ensure IRT members’
engagement

Understanding that up-front/non-recurring work, that is, transitioning from a document-based to a model- and data-based process
* Delivers down-stream benefits
* Must be executed so that the process can move forward as an Acquisition lifecycle process in a DE context

Understanding that authority to proceed (ATP) model-based Acquisition lifecycle management will require not only technical approval
but also approval through non-technical organizations to include policy, contracts, finance, efc.



Lessons Learned

* This process is very different than document-based

— IRT members can focus on reviewing artifacts and models — they no longer need to spend days/weeks of review time
figuring out how the artifact documents are related because they are related through models “behind the curtain”

— Training is important so participants know what to do and when to do it

* Model views to IRT members must be intuitive: IRT members/SMEs do not want or need to be taught how
to develop or understand models or modeling languages

* Entering data into a comment resolution matrix (CRM) must be intuitive; adjudication progress of comments
must available real time

* Reviewing can occur incrementally because the data and models evolve over time
* Review event day can be a non-event
* Anticipate pushback

The hardest part of incorporating model-based reviews is helping the IRT members overcome their resistance to change

24
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Objectives

* |dentify SysML model artifacts that help satisfy review criteria
* Create views that support milestone reviews

* Understand the role of CDRLs as it relates to incorporating artifacts vice documents
* Discuss planning for milestone reviews




Impact of Model-Based Reviews
Advantages

* MBSE supports overall Digital Engineering strategy
— Integrate models
— Provide ASOTs (Authoritative Sources of Truth)

* Potential to save time and effort (less time spent as PowerPoint rangers)
* Living model. Artifacts are fresh, not static “snapshots”
* Artifact data from “authoritative source of truth”

* Better communication. Common picture of the system. Less ambiguity and
more consistency.

* |dentifies risks early before they become issues

* Digital thread provides data interconnectivity across disciplines and
throughout lifecycle

Digital Engineering
approach using an integrated digi
. gital framework
cting models and datg across disciplines

Engineering

conne

29

DIGITAL
ENGINEERING
STRATEGY

Ref: Digital Engineering Transformation Across
the Department of Defense



Digital Thread

* What is a digital thread, and how does it help with model-based reviews?

* A Digital Thread is a set of digital artifacts whose consistency is actively managed over the product life cycle
— Ref: AIAA, Digital Thread: Definition, Value, and Reference Model

—_— /\

Concept Preliminary Detailed Integration \ Operations
Development Design Design and Test and Support

Requirements

Specifications System

\/ [ Functions

30



Model-Based Review Process

I Model or
Model Artifacts

ﬁputs

\_

Review sources (e.g., IEEE 15288.2)
Traditionally, document-based
artifacts address review criteria

In model-based approach, the
artifacts are models, or derivatives of
models vs. static documents
Models may or may not conform to
established standard or mandated
form

These may be provided by
Contractor or Government

31

Review
Execution

Review
Planning

Review Process

/

U

Review Planning and Execution
SMEs review models and model
artifacts provided

Check that contractor-provided
artifacts meet entrance and exit
criteria set forth by government
Refs: IEEE 15288.2, SMC-S-
021, Defense Acquisition
Guidebook

/

\ mtputs

K quickly

Reviewer

Recos & Als

Reviewers provide \
comments,

recommendations and action
items (Als)

Decision Authorities make
decisions based on these

If approach is continuous
review process, then recos

can be incorporated more




Review Approaches

* Discrete event-based reviews
— Planners assemble documents to present to reviewers

* Continuous process approach
— Takes advantage of “living” models that can be constantly reviewed and updated

* Hybrid approach ... a little bit of both

Concept Preliminary Detailed Integration \

Development Design Design and Test

Operations
and Support

32




Model-Based Review Planning Process

33

U Obtain entry and exit criteria
from source docs

Q /dentify/create views in model
that support criteria evaluation

U Map review criteria to
supporting model views

U Create or import missing
elements

L Relate new elements with rest
of the model

U Generate review “dashboard”
Q Publish model views

Obtain criteria Create model views

) — ) [ O //
Ao En
) — ° o U \\

Map criteria to model  Fill missing elements

o

Relate new elements

Generate dashboard

Wx&
[ 2
ah

Publish model views




Obtain Entry and Exit Criteria
from Source Documents

34

Obtain entry/exit criteria
Qldentify/create views
UMap review criteria

QAFill missing elements
LRelate new elements

L Generate “dashboard”
UPublish model views

S




Obtain Entry and Exit Criteria from Source Documents

* |dentify entry and exit criteria checklist items from relevant sources (e.g. ISO 15288.2)
* Criteria may be tailored to fit program
* Example:

Req’s are consistent, feasible,
v | traceable, and verifiable

IEEE Standard for Technical Reviews and
Audits on Defense Programs

= Technical req’s are allocated
to specifications

Req’s are established within
= the framework of a system
logical and functional
architecture

IEEE/15288.2 Tailored exit criteria for SRR
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Identify or Create Views in
Model that Support Criteria
Evaluation
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Uldentify/create views
OMap review criteria
QFill missing elements
URelate new elements
U Generate “dashboard”
QPublish model views



\ b
Identify or Create Views in Model that Support Criteria Evaluation

D
S

All Review Criteria

* Requires understanding of model structure,
including elements and relationships (metamodel)

— System Models are often provided by others to the
review team

* May not have been specified in CDRLs

* If the System Model does not address review
criteria, then reviewers will need to pair with
modelers to develop a Review Model.

* Determine which criteria should be addressed by
model artifacts

— Not all review criteria addressed by the SysML model Model Elements
— Include links to artifacts that are not captured in model
— Option: Create criteria elements in model
* Digital Thread — Import relevant data from data \ /\ ﬂ
ASOTs into model. Example: A
N

— Key performance parameter data generated from Prelim N | ' Ops & N
analysis tools that verify requirements Ll Design & Test Sumoort
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Identify or Create Views in Model that Support Criteria Evaluation

Model Structure - Metamodel

* Metamodel
— Shows model elements and relationships between
them ... a relationship map
* \What about when the Model Provider does not
have a metamodel and does not connect
elements?
* Reviewers work with modelers to create a
reviewer metamodel that captures the ontology
* The act of rigorously modeling itself helps
identify gaps and risks

— Developing the model is part of the review
process!

— Reviewers and modelers should work together on
this
@

ag
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Identify or Create Views in Model that Support Criteria Evaluation

Model Structure — Package Structure

* Containment Tree
— Organized “folders” (packages)
* Helps you navigate the model
* Main difference with File Explorer folders is that
packages are actual model elements

— These contain elements that can be dragged into
diagrams directly and linkages are automatically
made

— Changes made to elements in these packages
propagate throughout model and all the diagrams

* ... and vice versa
* It may be useful to create a “Reviews” package

that contains custom views addressing entry
and exit criteria
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= ['5] Model

-] 0 Directory
-] 1Requirements
. ji‘] 2 Spacecraft

T

---jt] 1 Structure
B[ 2 Behavior

-[7] 3 Ground Segment
] 4 Analysis

[ 5Risks & Mitigation

[] 6 Launch Segment
[ ] 7Reviews

[] 8 Use Cases

-] 9 Glossary

-[7] 10 Metamodel



Map Review Criteria to Supporting
Model Views

40

UMap review criteria
QFill missing elements
Relate new elements
L Generate “dashboard”
Publish model views
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Map Review Criteria to Supporting Model Views

41

IEEE STANDARDS ASSOCIATION <IEEE

IEEE Standard for Technical Reviews and
Audits on Defense Programs

IEEE Computer Society

Sponsored by the
Software & Systems Engineering Standards Committee:

Requirements are consistent,
feasible, traceable, and
verifiable

Technical requirements are
allocated to specifications

Source document

Requirements are established
within the framework of a
system logical and functional
architecture

Review criteria

e e e e &8 & Bsg8 B &
g 7 f e g g

Model Views

Requirements
Dependency Matrices

» Verification Matrix

Requirements Tables
with Allocation Elements

Satisfaction matrix
System architecture
diagram
Requirements
package




Map Review Criteria to Supporting Model Views

Example: Requirements Traceability

* One exit criterion for a System Requirements
Review states that

Requirements are consistent, feasible,
traceable)and verifiable

* To address “traceability”, our review model
contains requirements traceability matrices that
capture this (L1-L2 requirements matrix shown)

* Other diagrams and artifacts would address
requirements verification, consistency, and
feasibility
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Create or Import Missing Elements
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AFill missing elements
Relate new elements

U Generate “dashboard”
dPublish model views
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Create or Import Missing Elements
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|dentify new elements that you want to include

Example: Suppose the review you are conducting
contains criteria that address risk, but there are no
elements or views that address this directly

— Create new element type (Risk) and place it in a package
where you organize all the review model elements

— Reviewers and modelers create or import risks using this
stereotype

— Give afttributes to Risk, like “Likelihood” and “Consequence”

-~14] Mogel
-] 0 Directory

-3 1Requirements
B[] 2 Spacecraft
&7 1 Structure
&[] 2Behavior
B[ 3 Ground Segment
-] 4 Analysis

-] 5Risks & Mitigation
- [] 6 Launch Segment
-[] 7Reviews

- [] 8 Use Cases
B[ 9 Glossary
#1110 Metamodel

arequirements

Higher Level
Requirement

A -

—

Reqt Rationale

erationales

—
| -
—
-
-

r

I «deriveRegts

erequirements

Logical Element

atestCases verify» grefines aconstraints
Verification |- = = Requirement — T 7 7] 7|Reqt Constraint
Activity
A
7, | A
| «allocates | asatisfy» | callocaten
. 1
Mission Physical Element «aclivilys
Function

Assurance Activity

Risk




Relate New Elements With Rest of the Model
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(JRelate new elements
JGenerate “dashboard”
JPublish model views
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Relate New Elements With Rest of the Model

46

New elements added to the model need to be
connected to the rest of the model elements

Example: We added a new element “Risk”, and now
we need to relate it to the rest of the model elements
with an appropriate relationship (like “allocate”)

Create views that help reviewers assess risk-related
criteria

Alocate

E cabH Subsyste-Fl
E camera SubsyshE-
E comm Subsyste-F-
E Electrical Power-E-
E Mavigation Subs-E-
E Propulsion Subs-E-
E structural and ME-
= |E Thermal Subsyster
E Camera3nl - A-F
E charge Particle Tel
E Laser Receiver -F-
B Microdosimete -
E optical Beacon -E
E Probe DispenserE
E solar IV Assemb-E-
1 SWFFD Sokewet. 7.

B0 Risks

..[=1 01 Unclear ACS power loads

..[=1 02 Blocked earth horizon sensor

..[=1 03 Separation speed

..[=1 04 Modified wing latch design

..[=1 05 Uncertain thermal loading from new
..[=1 06 New non-space rated IMUs

.= 07 Low RW momentum capacity

.= 08 Different drag properties of 2 vehide
..[=1 09 Constraints on camera that images th

-

.= 10 RF comm antenna may not dose orog
.= 11 New requirement for comm between

= I ~ S =y =
=

..[=1 12 Cannot get new encryption certified

Risk Traceability Matrix

etestCases
Verification = = =

A
| «allocate»

averify 1}){
Activity

erequirements

Higher Level
Requirement

A

—_—
——

r

I «deriveReqt»

ereguirements

Requirement

;

A

|
I asatisfy»

Mission
Assurance Activity

Physical Element

A
I

arationales =_R
Reqgt Rationale

#refines

Logical Element

econstraints

Reqt Constraint

A

| callocate»
1

activitys
Function

Risk




Generate Review “Dashboard”
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U Generate “dashboard”
QPublish model views
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Generate Review “Dashboard”

* Make life easy for others who may not be familiar
with the model

* If you do reviews directly from the model vs.
PowerPoint presentations, then organize a
“dashboard” that flows through review events in
order with hyperlinks for easy access

* Include a package in the Containment Tree
organizing all review material

2 . =

1 ACK FlatSat - : P
s 3D A guire s w sl 4 Flih Badasame

= ) -y

L2 RECHIREAMENTE!

= B Sa2-85-%at Pointing Preparstion = Saf-8o-Sak Poinbing and llluminstion Opa | w10 Aftrm Prabe Daploym ast
i o =

Example Review Dashboard
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ts Paylosd L, Ofher Cube Sats

=J-[a] Model

[ 0 Directory

--E] 1 Requirements
E}E] 2 Spacecraft
@[3 1Structure

i @[] 2Behavior

-- [ 3 Ground Segment
-] 4 Analysis

... 5Risks & Mitigation
... 6 Launch Segment
.. 7Reviews

... 8 Use Cases

-- [ 9 Glossary

B 10 Metamodel

Containment Tree with
“Reviews” Package



Publish Model Views

Publish model views
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Publish Model Views

* Make model available to stakeholders and other reviewers who do not use the modeling tools

:‘:"—5 n::; I‘:i ’:'l i -21’1 :; t Navigation
| |Assu[anceA‘cﬁvity‘ |rll1°“-¢| T Function éj nnnnnnn Model Editor [ ALOHA Sat Meta Model
e AP 1.5 Unit Imports
Interconnected Review Model. Published views linked directly to
Modelers collaborate with Reviewers the model. Other reviewers and
to make this using modeling tools. stakeholders can access these via a
web browser and make comments.

No modeling tools necessary.
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Publish Model Views

* Modelers publish views to a space on the
cloud that all stakeholders can access

— Consider a space that contractors,
Government, FFRDCs, and others can access

* Reviewers will then access the model and
make comments for others to see, discuss
via discussion threads, and disposition
— No special tools necessary, just need a web

browser
— Next section will address this in more detail

51

ALOHA Sat Meta Model

1.4.1.1 ALOHA Sat Meta Model

uuuuuuuuuuu

1.5 Unit Imports

Characreristics

TesCeer | | aosquasmants I cetnes | | ccometion

er R r Reqt Constraint

Activity | s =

T sk
sabiocales ! ; et
Mission Assuran Physical Element sacireiys
Activity Functios

Mavigation
Open in Model Editor 0 at Meta M,

Reviewer
Comment: Add
more stuff to this
view!

Published Review Model that is accessible via web
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Model-Based Review Planning
Summary

* Discussed advantages of model-based reviews and different review approaches

* Presented an approach to planning for an upcoming review
* Next up ... Review Execution

Reviewer
Recos & Als

I Model or Review Review
Model Artifacts Planning Execution
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Contents

— Review Process

— Review of Requirements Satisfaction and Verification
— Executing a Review

— Providing Review Feedback in Model

— IEEE PDR Acceptance Criteria in Model Form

— Quantitative Requirements (mass)

— Validation Rules
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For purposes of this class

55

* Most relation terms take on their SysML
definition
— Verify, satisfy, allocate, trace, derive

* Model Builder vs Model Reviewer

— Class is focused on reviews, but as a
reviewer could be useful to build some
views

* This tutorial covers a fictional Satellite
modelled in SysML

— We are at the system level

* The model will support PDR

* Contains requirements, planned tests,
architecture, some initial parameters

Q Obtain entry/exit criteria from
source docs

O /dentify/create views in model
that support criteria evaluation

U Map review criteria to
supporting model views

Q Create/Import Missing
Elements

1 Relate new elements with each
other

L Generate Review “Dashboard”
O Publish model views




Review planning and preparation demonstration
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Identify necessary

review criteria

Create Views —
simple table,
matrix

Map Review
Relate some criteria —
elements in the comment
matrix identifying which
criteria

Drag views to
dashboard

Make model
accessible to
reviewers —
discussion on
methods




Review execution exercise

Review Navigate Discover a view
: dashboard to IS missing —
Vel CEEEE e STt look for criteria — provide feedback
find some views to model team
supporting via comments

model views criteria that you
are looking for
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Use of Requirements in Model Based Reviews

* Requirements are a type of element

* You can use relationships to relate requirements to other elements
— Satisfy and Verify are two types of relationships
— You can also derive or trace requirements from other requirements

* Modelers may build elements and relationships in different types of ways(BDD, requirement diagram, direct
in containment tree, etc.)

* In order to review, you must be able to find and visualize the modeled relationships
* You can do this most effectively through tables or matrices

— Tables work great for legacy reporting requirements (excel, charts)
— Matrices work great for showing overlaps and lacking relationships

* You can create a “metachain” to elements that are related through multiple relationship-element layers
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Model Dashboard
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Bus Architecture |External Torque Device Satis faction

ALOHA Sat Reviewer Comments

Requirements Table

Verfication Activity Table

Verify access to
model views

R

Criteria s and t Il'

Requirement Relations hips

Requirement tracing

Level 2 to level 3 requirement mapping

Sati%faction Matrix

ALOHA Sat Mass Analysis

Criteria i lll

Criteria jj Il'

E...|

[w

L . Verification Matrix

Criteria c Il]




Alternative Model Dashboard
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req [Package] O Directory [ Directory ])

[Structu re

\
|
|
|
|
Bus Architecture [
|
|
|
|
|
|

ALOHASat Requirement Parameters

I
|
|
I
|
|
:
|
|
\_

r Parametrics

ALOHA Sat Bus FlatSat

|
|
|
|
|

|Requiremens Verify access to

External Torque Device Satisfaction Component Relations hips

Level 2 to level 3 requirement mapping Satisfaction Matrix Verification Matrix

model views

=

=t

Requirement Relationships

Verfication Activity Table Requirements Table

behavior - - - - - - - - - - 7 N Review Criteria

G=))
: =

Space Vehicle CONOPS Subsystem General Behavior

=

2 Behavior




Satellite System of Interest
Structure Elements

bdd [Package] 1 Logical Decomposition General[ Bus Architecture ])

—
—
—

=

Model Dashboard

Block Definition Diagrams show what elements are composed of other elements
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2 - Bus
[ ]
C&DH Thermal Electrical Power Navigation ADCS Propulsion comm
Subsystem Control Subsystem Subsystem Subsystem Subsystem Subsystem
Subsystem
L ] L ] L | L ]
o Passive Power Source | | .| Receiver Attitude Propellant || Receiver
Controller | |~ Tthemal — Sensor Storage
Device i
. Data || Energy Storage L Nav Attitude Propellant | Transmitter
Storage e Controller —  Actuator Manifold
= Power Control Antenna
Thermal
Controller ==
C&DH — .| EPS Software Nav L S BRITEr
= software | - 1 software ADCS Propulsion
Controller — software Controller L comm
L. TCS Propulsion Controller
Software Software = comm
Software
|| Encryption



Presenter Notes
Presentation Notes
Block is the most basic SysML Element. Great element to use for showing structure
Black Diamond shows ownership. 
BDD is most basic structure diagram


Requirements in SysML modeling tool
Requirement Elements

# ‘ 2 Name Text

1 B [ Level 1 ~

2 [l 27 Form Factor ALOHASAT shall conform to a 3U (3Ux1U) CubeSat form factor

3 [’ 84 Seasonal Data Collection ALOHASAT shall collect data during all seasons

4 [rl 97 Compliance with Regulations ALOHASAT shall comply with all Regulating Bodies and Governing Documents

5 (&l 116 Science Goal ALOHASAT shall take optical images of Hawaii on every pass over.

6 B [ level2

7 B [ Level 2 Bus

8 [rl 18 C&DH Telemetry Storage The space vehicle shall store selected telemetry parameters as part of its SOH packet

9 (&l 30 Pointing Control The space vehicle pointing control error shall be less than one Superpixel

10 [’ 49 Space Vehicle Commanding Reliability The Spacecraft Bus shall have redundant TT&C radios

11 (&l 55 Autonomy The spacecraft shall provide the capability to perform autonomous out of view operations

12 [rl 58 Bus Data Storage Margin The Bus shall provide 2X the necessary predicted flash storage for payload data

13 [l 59 SV Safe Mode Power Usage The CubeSat shall have a positive power balance when in Safe mode

@ S e el oo

15 (&l 70 Bus power safe mode The Space Vehicle shall be power positive while in Safe Mode.

[& 95 Space Vehicle Structural and Mechanical Irl;i:;);:f(l:arz;tcitljZsl;a!npigc;\ssizt;?aitizr:;and mechanical accommodations for the payload and spacecraft c
% (&l 103 Space Vehicle Electrical Power The Spacecraft Bus shall provide sufficient power to support payload and bus operations for all mission phast v
Model Dashboard >

Tables are familiar and let you see all the properties of a particular element that you may want, only can see so

many elements at a time
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Presenter Notes
Presentation Notes
Requirement Element Denoted By Pink Block
Name, ID, Text + More
Shown here in table format, but not the only way to show


SysML Requirements Diagram

Satisfy Relationships
req [Package] 3 Requirements View s [ Requirements View s ])
«block»
External Torque Device
| e
I I
| «satisfy» | «satisfy»
\/ v
«requirement» «requirementy
«AbstractRequirement» «AbstractRequirement»
Pointing Control Bus Actuator
Id = "30" Torque Margin
Text ="The space Id ="123"
vehicle pointing Text ="ACS
control error shall be actuators shall
less than one provide 2X the
% Superpixel" necessary torque to
Model Dashboard track a"pomt on the
ground

Requirement diagram can give a nice graphical representation of some requirements and a few relationships, but
can get really big, really fast
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Presenter Notes
Presentation Notes
Requirements Diagram is alternate way to show Reqs
Can add other elements to show relationships (Satisfy, Verify, Trace, Derive)
House Analogy


Dependency Matrix showing Satisfaction of Requirements by
Components

Navigate
. , dashboard to
« Can see how many relationships between elements look for criteria —
find some views
« What do empty rows or columns mean? supporting
Legend Ellz__l 1 Requirements-
/" Satisfy Elr'__| Lt_eével «} ------ EE Level 2 E E
. . i 8 S i o [ gk ; g -] Level 2 Compliance s -] Level :
7 Satisfy (Implied) | 8 8 | ts';z‘:ifia'tﬁ{jt‘: g s 388 5 2 ey B e
- m;E;w;Eg:QQ 2 5 g o © E T o =2 £ & | i g
| O 5 ] ElsSs i g&8Frad 853355 23 £
i 8 =g 8l 2 | ST %2k S5 ° % £ £ 5 Z 5 F
= © =] Elz 5 i 88 5§ w o 2 « > = = F g g8 2 S 5 "
S A v & g/ e = I i & = . = £ = = o = T E E O ® c
< B2 g 21c 5 = = 5 35 39 =8 89 738 E£Z E £ £ £ & 5 5 o g o £
EEEY Ple> 5822238883532y S8S883LKR98 8%k
E 228 IS 52098 28822 dog&ogi&gieg =2ea 228 3&c¢
S 8 E G %.Emummmmmaw S &4 3 a 3 a - = = o In @ A3 L g g
g 882 BleE 82238882 ¢ @@ 0o i Rt i) et S Rl Bl el 2 E =
NEE R 2l 22328288 JEqEEREZLE 3902g8888 247
MMEMEE EEEEEEEEAEEEEEAEEEEE BEEEEEEE EEE
E [ 1 Logical Decomposition General [ 2 2 4 4 18 =18 RGN RSN RSN RSN RSN NG 3 3 3 2.2 2 2 2 2 2 2 ~
- [ 2-8us 21 1 /201 P | 2 N WP/
& [ ADCS 4 2 1 1
g---QADcchntmller 1 101 A
.+ & ADCS Software /)
' 2 2 2 : 15288.2
criteria c
E% i oment Gyro 1 11 i
! i~ [&] External Reference Sensor
Model Dashboard E---QE){ternalTorqueDevice 2 2 2 e /]
i L. [ tnartial Gancnr I v
< >

Matrices can show a lot of information about relationships between two groups of elements, lacks in showing any

more details or relationships between more than two groups of elements
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Presenter Notes
Presentation Notes
Dependency Matrices excellent for showing relationship between elements
Generic, so row column can be set by user, and relationship can be changed for specific needs
Empty Row vs Empty Column? Should be addressed ASAP 


Dependency Matrix showing Satisfaction of Requirements by

Components

Navigate

* Empty columns - requirements that are not satisfied dashboe!rd T[O
look for criteria —

* Empty rows - blocks that don’t have a satisfy relationship, may not be necessary find some views

supporting

Legend B[] 1 Requirements-
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i B =8 2lg 9 i 5 @ @ % @ o 2% ° 3 £ £ F 2 8 E
= © [=] Elc T § 8§ CT w O = = = £ = £ S £ N w =
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MMEEM FEEEEEEEEEEEEEEEEE BEEAEEEEE EEE
E [ 1 Logical Decomposition General [ 2 2 4 4 18 =18 RGN RSN RSN RSN RSN NG 3 3 3 2.2 2 2 2 2 2 2 ~
- & 2-Bus 21 1 Ve 20 12 .7 ALAL AL AL ALA AL A A A 8 N/ /S
& [ ADCS 4 2 1 1
! i =& ADCS Controller 1 101 A
- & ADCS Software
2 2 2 . . 15288.2
Satisfy criteria s
= tenioro |3 am | Relationship and t
E] External Reference Sensor _
Model Dashboard - ] External Torque Device 2 2 2 e /]
i L. [ tnartial Gancnr I Y
< >

Matrices can show a lot of information about relationships between two groups of elements, lacks in showing any

more details or relationships between more than two groups of elements
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Presenter Notes
Presentation Notes
Empty Column means Req unsatisfied. Find satisfy or talk to the customer
Empty Row means Arch element doesn’t satisfy anything. Decide to remove or find where it belongs
Tool Specific counter


Formulation of Verification Objectives

assifier: | ALOHASAT Verification Activity Scope (optional): | ASAT Verification Activities Master Filter: | /™
Name MEthOd : Documentation : String Sta’Fus :
String String
= EMI/EMC testi Test Test system for possible electromagnetic Not ready
/ testing emissions/interference and compatibility
Test
= End to end test &
Test Shows protections for over and under voltage Ready to start
of batteries as well as operation solely from
= EpS ATP solar power (no batteries). Test activation
switches (wing latch, payload, etc.)
= Fault logic plan inspection Inspection Inspect fau_lt logic plan, including safe modes Complete
and flow diagram
) . Inspection Verify the band limits, check paperwork for Complete
=1 Filter Inspection filters
= Filter Throughput Test Acceptance test for imager filter performance. Complete
Demonstration | Operate payload on lab bench in flight-like Not ready
% configuration and power cycle the payload
Model Dashboard = Flatsat DITL during both full frame and data collection
modes.
Inspection Verify hardware is interconnected properly. Not ready

Verification Activities are great for defining tests or other activities used in verification of requirements
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Presenter Notes
Presentation Notes
Verification Activity (On Left)
Used to support verification of requirements
Note that this is in tabular form. Here the main focus is verification activities and the value properties associate with the Verification activities
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- [r| 97 Compliance with Regulations

Dependency Matrix showing Verification of

Requirements by Verification Activities

& [ Level 1
05

/" Verify
E [ 1 Requirements

Legend

1

|
1
1

>

elements, lacks in showing any more details or relationships between more than two

Matrices can show a lot of information about relationships between two groups of
groups of elements

Model Dashboard
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Presenter Notes
Presentation Notes
Another view of Dependency Matrices, with Verification Activities and Reqs as focus
Matrix is super customizable and great for showing relationships between 2 element types (Or not!)



Table showing Requirements and Verification Objectives for Each

Component

# |

This kind of information can also be used to generate a test plan from the model

Name

Satisfies

e S0

“ Related Verifications ‘

[

Model Dashboard
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E] Thermal Control Subsystem

& caDH Controller
E] power Control and Distribution

Q External Torque Device

Q Momentum Exchange Device

E 2-Bus

B Electrical Power Subsystem

N Y ol ol o R | PR

[&l 66 Space Vehicle Thermal Control

[&l 59 SV Safe Mode Power Usage
L&l 59 SV Safe Mode Power Usage
L&l 30 Pointing Control

L&l 123 Bus Actuator Torque Margin
L&l 30 Pointing Control

[&l 97 Compliance with Regulations

[l 24 151.5 Comply with Safety Regulations

&l 32 151.2 Comply with FCC

L&l 43 151.6 Comply with Mission Assurance Strategy
&l 64 150.2 Leverage Heritage Systems and Software
[l 105 151.3 Comply with Space Debris Regulation (< 25 yrs)
[&l 101 151.7 Coordinate with JSpOC

[l 108 151.4 Comply with ITAR

[&l 109 CubeSat Dispenser

L&l 70 Bus power safe mode

(&l 103 Space Vehicle Electrical Power

LRl 134 Bus energy collection

Bl CC Al

=

=
=
=
=
=
=
=
=
=
=
=
=
=

=
=
=

[}

Thermal Department Analyses : ALOHASAT Verification Activity
TVAC Test : ALOHASAT Verification Activity

Systems Engineer Analyses : ALOHASAT Verification Activity
Systems Engineer Analyses : ALOHASAT Verification Activity
Pointing Budget analysis : ALOHASAT Verification Activity
Pointing accuracy : ALOHASAT Verification Activity

Pointing Budget analysis : ALOHASAT Verification Activity
Pointing accuracy : ALOHASAT Verification Activity

Meeting of regulatory requirements : ALOHASAT Verification Activity
Fault logic plan inspection : ALOHASAT Verification Activity
EMI/EMC testing : ALOHASAT Verification Activity

Deorbit analysis : ALOHASAT Verification Activity

ICD Dimension Check : ALOHASAT Verification Activity

CGs and masses check : ALOHASAT Verification Activity

DITL Test : ALOHASAT Verification Activity
Thermal Cycle Functional Test : ALOHASAT Verification Activity
Systems Engineer Analyses : ALOHASAT Verification Activity

PVTE Tt o ALATITACAT Vol A el e,

Beyond showing properties of an element, tables can show elements that are related
to an element, and elements related to that element, and so on


Presenter Notes
Presentation Notes
Table with focus on relationships between elements.
Focus of the table is under “Name”, with the other columns showing relationships to the focus elements
Pick a Block and use as an example


.

Components and Verification Objectives for Each Requirement

Model Dashboard

=

# Name W Satisfied By Verified By
T itt
1 [rl Redundant TT&C radios = rans.,ml o
E] Receiver
5 [& Space Vehicle Thermal Control EJ Thermal Control Subsystem = Thermal Department Analysl,e.s : ;.&LOHA.S).&T Verificat
= TVAC Test : ALOHASAT Verification Activity
3 [’ Space Vehicle Structural and Mechanical B Structural and Mechanical Subsystem
4 [& SV Safe Mode Power Usage E] Power Control and Distribution = Systems Engineer Analyses : ALOHASAT Verification
EJ c&DH Controller
El Imager = Baffle and lens optics verification : ALOHASAT Verifii
5 (@ Science Goal Pointing accuracy : ALOHASAT Verification Activity
= Payload Calibration Test : ALOHASAT Verification Ac
= Verify SNR : ALOHASAT Verification Activity
L E] External Torque Device = Pointing Budget analysis : ALOHASAT Verification A
6 [l Pointing Control . L . .
El Momentum Exchange Device = Pointing accuracy : ALOHASAT Verification Activity
7 [rl Bus Actuator Torque Margin EJ External Torque Device
EJ Electrical Power Subsystem =1 DITL Test : ALOHASAT Verification Activity
8 [rl Bus power safe mode
= Thermal Cycle Functional Test : ALOHASAT Verificati
9 [’ Space Vehicle Electrical Power B Electrical Power Subsystem = Systems Engineer Analyses : ALOHASAT Verification
10 L&l Bus energy collection E Electrical Power Subsystem
1 (&l C&DH Telemetry Storage B Data Storage = DITL Test : ALOHASAT Verification Activity
12 [rl Bus Data Storage Margin E] Data Storage = DITL Test : ALOHASAT Verification Activity

Different focuses allow viewing the same information in different ways
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Presenter Notes
Presentation Notes
Similar view as last slide, but with a different focus, in this case Requirements
You can see that with the focus change, the relationship also changes (Not always the case, depends from element to element)



Relation Map

B> -Bus
_— EH2-Bus
[’l 32 151.2 Comply with FCC B -
—— =] Meeting of regulatory requirements : ALOHASAT Verification Activity

: E2-Bus
= = Deorbit analysis : ALOHASAT Verification Activity
~.

(8l 105 151.3 Comply with Space Debris Regulation (< 25 yrs) B —
= =1 Meeting of regulatory requirements : ALOHASAT Verification Activity

- —H2-Bus
[l 108 151.4 Comply with ITAR B —
= =l Meeting of regulatory requirements : ALOHASAT Verification Activity

;__/_/_,_. BE2-Bus
[Rl 24 151.5 Comply with Safety Regulations B .

= = Meeting of regulatory requirements : ALOHASAT Verification Activity

BE2-Bus
# [&l 77 Payload Sunshade Opening Command

(&l 109 CubeSat Dispenser B = —
\ . T = = CGs and masses check : ALOHASAT Verification Activity
=1 Meeting of regulatory requirements : ALOHASAT Verlflcatlon Actl\?ity‘xﬁ.a

——= =1 ICD Dimension Check : ALOHASAT Verification Activity

Legend

i%j Derived
Packaged Element

Model Dashboard

. S atisfied By

Verified By

Relation Map intuitively shows different relationships between elements
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Presenter Notes
Presentation Notes
Alternative relations view, used to create a web like relations map.
Can specify the Elements, relationships, and Context of this View.
In this example, requirement is head, and shows the elements based on the relationships I’m specifying, and to a certain depth.


IEEE 15288.2 Criteria in Model Format

m Acceptability Criterion Text Inferred Mode Acceptance Criterion Use of Model in Design Review

Interoperability functional
performance requirements are
allocated to all system, segment and
subsystem preliminary designs.

DT&E elements are correlated with

S the preliminary design.

t OT&E allocated requirements are
incorporated into the preliminary
design.

71

Interoperability, functional, and
performance requirements are listed
and have "satisfy" relationships to
structural or behavioral elements in
the design. Views (tables) list
performance requirements and model
elements to which they have been
allocated.

Model elements for Developmental
Testing and Evaluation (DT&E) are
defined, identified with appropriate
stereotypes, and allocated by means
of verify relationships to requirements

Model elements for Operational
Testing and Evaluation (OT&E) are
defined, identified with appropriate
stereotypes, and allocated by means
of verify relationships to requirements

Assess completeness and correctness of
performance requirements and links to

structural and behavioral elements using
SysML requirement

Review
documented
criteria that you
are looking for
Assess completenr.
requirements identified as DT&E using
requirements tables and filtering for that
attribute. Assess completeness and
correcteness of rationale allocations to
the design elements (should be included
as a column in those tables)
Assess completeness and correctness of
requirements identified as OT&E using
requirements tables and filtering for that
attribute. Assess completeness and
correcteness of rationale allocations to
the design elements (should be included
as a column in those tables)


Presenter Notes
Presentation Notes
Open PDF pg 60
IEEE 15288.2 criteria for PDR will be the criteria we use for building/reviewing our model.
Image shows some information about the criteria and how it used in the model for the review process.


.

Requirements Inferred from IEEE 15288.2 PDR Acceptability Criteria

Acceptability Criterion Text Inferred Mode Acceptance Criterion Use of Model in Design Review

72

Requirements allocation and
derivation from system to segment,
subsystem and component levels are
complete, traceable to the
preliminary design and all “to be
determined” (TBD items are being
tracked to resolution).

All requirements in the model have

* (i) SysML"satisfied by" relationships to
architectural elements or

e (ii) SysML "derived" or "refined" relationships.

All requirements have SysML "verified by"

relationships to verification methods. Model views

(tables) are present in the model to show

* (i) relationships from higher to lower level
requirements (using the "derived" or "refined"
relationships) and

* (ii) the relationship between all requirements and
the system architectural elements to which they
have been allocated using the "satisfied by"
relationship.

For requirements that are not directly allocated to
system design elements, views are present to show the
trace from such requirements to requirements to
which system elements have been allocated (using the
"satisfied by" relationship). Requirements with TBD
items are identified with the appropriate stereotypes
or properties and can be retrieved through a model
view.

Assess the views traces of requirements
from system to segments, subsystems,

and component levels and to assess

completeness and correctness of traces
from requirements to model elements.
Use views to assess completeness of TBD

items.

/

15288.2
criteria jj



Presenter Notes
Presentation Notes
More criteria, along with Model Equivalent


Review Criteria in Model

Review
, documented
Name Text criteria that you
1 Criteria t OT&E allocated requirements are incorporated into the

are looking for

Mass properties margins (average or complex) are €
2 Criteria | correlated with the preliminary design, including allowable growth allocations
and metrics.

Interoperability functional performance requirements are allocated to all

3 [ 8] Criteri o .
Lel Criteria c system, segment and subsystem preliminary designs.

4 Criteria s DT&E elements are correlated with the preliminary design.

Requirements allocation and derivation from system to segment, subsystem
5 Criteria jj and component levels are complete, traceable to the preliminary design and
all “to be determined” (TBD items are being tracked to resolution).

The preliminary data storage physical architecture fully addresses elements,

L&l Criteria p including communications and processing capacity.
7 Criteri The data storage logical architecture defines a complete list of data receivers
rienaq to include both computer and human agents.
8 Criteri System operational functions and environments for the preliminary design
riteria are traceable to the supplier's CONOPS and the allocated baseline.
Functional failure modes, effects, and criticality analysis (FMECA) is
9 Criteria bb Y ysis ( )

completed.

System end-to-end data flow is complete and documented in the preliminary

10 Criteria aaa design

Key allocated performance requirement parameters developed and assessed
11 Criteria oo at SFR are implemented in each major subsystem and component preliminary
design.

Key allocated performance requirements are traceable to the system’s
12 Criteria nn preliminary design at the segment, subsystem, and component levels as
applicable.
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Presenter Notes
Presentation Notes
Added Review Criteria to Model, make it easier to trace too.


Criteria Satisfaction within the Model

Legend
/" Satisfy

B [ 2 Verification Activities

E]- |='__| 3 Requirements Views
@ Component Relationships
- External Torque Device Satisfaction
@ Level 1 to level 2 requirement mapping
@ Level 2 to level 3 requirement mapping
@ Requirement Relationships
@ Requirements Verified by Activities
@ Satisfaction Matrix
@ Verification Activity Table Part 1
@ Verification Matrix

i B%5| Requirement tracing

|='__| 2 Spacecraft

= [ 1 Structure

= ] 1 - Structural [FlatSat]

El-[] Review Criteria

(8l 170 Criteria aag =
(Bl 172 Criteria nn

[ 8l 169 Criteria bl e

[B] 159 Criterig t-esmeen
8l 160 Criteria I

(Bl 161 Criteria ¢
(B 162 Criteria g
[Bl 163 Criteria jj- e
(Bl 164 Criteria p e
[El 165 Criteria g
(B 168 Criteria @

3
7

N
N

Our Special application of a matrix
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Review
documented
criteria that you
are looking for


Presenter Notes
Presentation Notes
With added criteria, we can create relationships between the model elements and out review criteria to show satisfaction of the criteria
Demo Time.


Providing Review Feedback in the Model



Cameo Collaborator Overview

* A tool to publish views from the model to web interface for others to see

— Modelers can publish the views from the model
— Reviewers can comment
— Comments can be viewed by everyone on the web, or brought back into the model

Modeler
. React
P:.f-:;i? < reviewers’
Proj feedback

Reviewer
Review project

and provide
feedback

Other tools such as MBEE exist to facilitate reviews in and out of Cameo.
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Collaborator View in Cameo

lY Cameo Collaborator Publisher

Create a document and store it in Teamwork Cloud

Specify the publishing information and choose where to store the

document,

Document name:
Category name:
Scope:

Template:

Allows editing of text
based fields

7

Options

Name of file on TWC

File location on TWC

SysML

Comments in project ©

" [] Enable editing

Enable commenting™ Allows Commenting
Update previously published document

[ ] Mark document as OSLC resource €

Model views to be included | || - ‘

Brings comments into model

Publish Cancel




v =] Model

= Diagrams ~

~ [ 0 Directory
Directory
¥ [ 1 Requirements
» [ 1 Requirements
» [ 2 Verification Activities

» [ 3 Requirements Views

5% Requirement tracing
» [ 2 Spacecraft
¥ [ 7 Reviews
¥ [ Review Criteria
" Review Criteria

@ Review Criteria

» [ 9 Glossary
» 3 10 Metamodel

» [ Unit Imports

Q, Search

» [} Model [Aerospace V&V RevFM/trunk #3]

Criteria Satisfaction within the Model

[ (=] Model

& £ 0 Directory

Directory

EI [ 1 Requirements

E} £ 1 Requirements
P B0 Level 1
- 1 Level 2
- [ Level 3
E" Requirements Table
[ [ 2 Verification Activities
= ] 3 Requirements Views
..[h Component Relationships

ol
;
5
g
%
7
3
%3]
2
o
=
g

- Level 1 to level 2 requirement mapping

o

« D Level 2 to level 3 requirement mapping
Requirement Relationships
Requirements Verified by Activities
-~ §  Satisfaction Matrix

. ™% Verification Activity Table Part 1

- [V Verification Matrix

% Requirement tracing

=} T ] 2 Spacecraft

B £ 1 Structure

[} £ 1 - Structural [FlatSat]

E} £ 1 Logical Decomposition General

—_—

Navigate
dashboard to
look for criteria —
find some views
supporting

HEEEEEEREEN
%

v




s Diagrams ~ QO Search

Level 1

* [5] Model

¥ [ 1 Requirements ALOHASAT shall conform to a 3U

(3Ux1U) CubeSat form factor

Seasonal Data ALOHASAT shall collect data during all Today (1) =
Collection seasons

ALOHASAT shall comply with all change
Regulating Bodies and Governing B Robert Kellogg
Documents should be 10

2
¥ [ 1 Requirements Form Factor

* [ Level 1

E Level 1

* [ Level 2

4 Compliance with

» [ Level 2Bus Regulations

» [ Level 2 Compliance T
ALOHASAT shall take optical images

of Hawaii on every pass over. ' List Of comments

5 Science Goal

» [ Level 2 Payload
Diagram Tree

i The spacecraft mass shall not exceed
© Spacecraft Mass | P
» [ Level 3 : 15 kg.
&# Requirements Table
= o 7 Level2
» [ 2 Verification Activities
» [0 3 Requirements Views 8 Level2B
eve us
8 Requirement tracing
= The space vehicle shall store selecte
(3 2 spacecraft C&DH Telemetry P 1 Comment
. 9 telemetry parameters as par
v [ 1 Structure Storage SOH packet V4
< T SycTU Elamaes e T : The space vehicle pointing control .
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Comments transferred to model

ALOHASatMBR @ EP :: ©

Can see list of comments in collaborator view
» Resolved comments are faded or marked resolved

Q Comment search °

Today (6) & « Both link to the related element
New State?
E Robert Stevens v
Is there Safe 1 and Safe 2? | | % Payload Performance Anal... [Read-Only] | Emmml EWMW [ ALOHA Sat MBR [Read-Only] X | 4 P &
© 7 I¥R il@ i~ AddNew = Add bisting.. [ Delete ' Remove From Table : =. - 1 =g TRy e o LB 1Q
Justification M - Criteria
E Robert S‘leve@ W ’7 Elernent Tyrpe.’| Collaborator Cormment I . Scope {uptimal]:[ Comments i : !__.. Filter: . Y
Provide a justification for this pointing control e, — —
# | Body | Author | Is Resolved ] Annotated Element [
Storage info 1 |Is there Safe 1 and Safe 27 _ Otalse % 1 ALOHA Sat States
I Robert Stevens v 2 | maybe not all seasons [ true B8 Requirements Table
Need to store 2 days worth data 3 | Meed to store 2 days worth data [] false Ce 143 CADH Data Storage
4 | Provide ajustification for this [ false (8 102 ADCS Yaw Pointing Acouracy
painting contral requirement T
2 5 should be 10 [ true I8 Requirements Table
& | This diagram is too big e — [ talse ﬁ Requirement tracing

' =

Model Dashboard
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Comments in the model

Discover a view
IS missing —
provide feedback
to model team
via comments

Directory || @ Review Criteria "
. B &b . = Add New == Add Existing... Delete Remove From Table i Export @ - - - I [~ R

Criteria
’V Element Type: | Collaborator Comment I:l Scope (optional): | Comments I:l Filter: | Y/~

# Title Body 7 High Priority Is Resolved Annotated Element
are all these components @ Component Relationships

1 |component satisfaction necessary, most don't true [ ]false W
satisfy anything

2 component satisfaction this is a reply true [ ]false @ Component Relationships [
criteria bb has not yet been S | Review Criteri

3 |criteria bb met y [ ]false [ ]false | Review treria ]
criteria | has nothing S | Review Criteria

_ v |

4 |criteria | mapped [ ]false true W

5 |Graphical comment for Space Ve Graphical comment [ ]false [ ]false Space Vehicle i

6 |criteria oo its blank [ ]false [ ]false S | Review Criteria W

7 |criteria AAA show data flow in an IBD [ ]false true S | Review Criteria W
there are more requirements @ Component Relationships

8 |imager satisfaction lacking the imager should be [ ]false [ ]false ]
satisfying
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Verification and Validation Rules

With IEEE 15882.2 acceptance criteria
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Verification and Validation Rules

* Create rules within MBSE tool about how to model
— Can create rules specific to the program or review you are supporting to check entire model

* Binary statements related to model contents

* \Warned when rules are not met

* Aerospace has developed suite of rules to make sure best modeling practices are followed
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Validation Rule Examples and Severity

84

ibd [System] Space Vehicle [ Space Vehicle | |

......... o .;n;“'w:q'n;i;. oo commandsy spacecraftBus : Bus [1..7] '
......... =) — - - - - =
: Space beﬁli.J Proxy ports must be typed by interface blocks. [ :

Issues highlighted with
relevant severity level

,,nmmmp, ......... Cb"'hds.'[:lspacecraftBus:Bus[1..‘] ........ ,,

= 1 AR e e e U
. :sPaCEbEﬁlic'E . . . . . @ . . . . .

.t . ... ... | All multiplicities are properly modeled (not just default value in tool) ‘ ...... e e




Review Criteria as Validation Rules

wS ¥ 5 e

Bus

| All blocks should satisﬁy a requirement
L B BN § T §

« Here we are requiring that all blocks satisfy a requirement
« Absence of satisfaction may indicate that the block is not necessary

« Can identify whether certain criteria that may be necessary for review are
present

« Translate design review entry/exit criteria into model validation rules
« Criteria can be made into both the automated validation rules and
manually validated by model reviewers
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Automated Requirement Verification



Weight Calculation Verification

* Requirement Verification can be done within the model
* This requires relating parameters to their relevant requirements
* Parameters (Value properties) can be added to architecture elements (blocks)

* Just like how requirements could relate to other elements, we can relate the value properties directly to
requirements

* This automatically ties them together and allows for analysis and simulation within the tool
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IEEE 15288.2 Criteria in Model Format

88

m Acceptability Criterion Text Inferred Mode Acceptance Criterion Use of Model in Design Review

Mass properties margins
(average or complex) are
established for PDR and
correlated with the preliminary
design, including allowable
growth allocations and metrics.

Requirements with quantitative
attributes (power, weight, related
items) are parameterized, these
parameters can be identified, the
parameters are allocated to lower
design levels using parametric
diagrams or sequence diagrams
(for timing), and these values are
identifiable in the requirements
for the lower level design items.

Assess completeness and
correctness of requirements in
model for quantitative attributes
and parametric diagrams showing
lower level allocations using
requirements tables and filtering for
that attribute



Tie values to requirements

Value properties are values that sit on an element and
contain parameter values that can be evaluated

areguirements

ablochs
B ALOHA Sat ghean e e / 15288.2

—— Id ="153"
mass : Real [1] = 0.0{redefines mass] wsatisfys» ] Text = "The spacecraft mass i 13 i
Model Dashboard ftotalMass : Reallredefines totalMasslg — — shall not exceed 10 kg." Crlterla I

T

* Have the new total mass value property satisfy the total mass requirement.

* Any value properties can be used to satisfy requirements(lifetime, power, size,
etc.)
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Requirement Satisfaction of Parameters

R & E
Name Value
= H ALOHA Sat ftotalMass<=10} _ ALOHA Sat@15c6d10b . ]
- (4 mass : Real [1] 0.0000
- [4 /totalMass : Real 90.0000
E [Pl 2 - Bus : 2 - Bus{subsets su... 2 - Bus@45c691eb
. = [¥ mass : Real [1] 90.0000
. = [¥ /totalMass : Real 90.0000
. [ [ ADCS Subsystem : ADC... ADCS Subsystem@7c22b3db

* When modeled correctly, the model can be simulated to see what the total mass
IS

* Parameter dashboard shows that the 90kg mass of the sat exceeds the
requirement
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Satisfaction in Table

Criteria
Scope (optional): | Level 1 Filter: | V™™ Context (optional): @ | aloha sat : ALOHA Sat

Requirement Verification: [ ] Pass [] Fail ..

# 2 Name Text Value Property Bounds Margin

ALOHASAT shall conform to a 3U (3Ux1U)
CubeSat form factor

2 [Rl 84 Seasonal Data Colle ALOHASAT shall collect data during all seasons

ALOHASAT shall comply with all Regulating
Bodies and Governing Documents

ALOHASAT shall take optical images of Hawaii on
every pass over.

1 [rl 27 Form Factor

97 Compliance with Re

Rl
4 [Rl 116 Science Goal
[rl

153 Spacecraft Mass | The spacecraft mass shall not exceed 10 kg. 90 totalMass : Real <=10 80

* Underlined words are processed as inequality and used in calculation

* The lack of satisfaction can also be viewed within a requirement table
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Summary

We covered three aspects of model-based reviews for
systems

— Reviews in a Lifecycle-Managed Digital Engineering
Environment (Lerner)

— Model-Based Review Planning (Stevens)
— Model-Based Review Execution (Kellogg)

Contacts:
Fredda Lerner, fredda.n.lerner@aero.org, 571-304-3804

Greg Mowles, gregory.s.mowles@aero.org, 571-304-3746
Kevin Sanchez, kevin.sanchez@aero.org, 310-336-5258
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Concept Design Center, El Segundo, CA
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