MBSE Three
Ways

A Trio of Case Studies to Satisfy
Any Appetite
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WHAT DO | NEED TO LEARN?

Models help us collect and organize facts so that
we can gain insights from them. It's critical to have
a plan for our models to ensure our efforts add

What do |

value.

need to get
started?

WHAT QUESTION AM I TRYING TO
ANSWER?

Models, like design, anwer questions. It's
Imperative to identify the question(s) we need to
answer before we begin.
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WHAT PROCESS DO | NEED TO
IMPLEMENT?

MBSE represents a set of languages and toolsets.
It is vital to have a robust development process
identified to guide our deployement of MBSE.

WHO NEEDS TO RECEIVE
INFORMATION CONTAINED IN MY
MODEL?

As modelers, it is our responsibility to use our
models to effectively communicate with our
stakeholders. Our models must consider our
stakeholders and their needs.
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Change
Management

MBSE ENABLES EFFICIENT, EFFECTIVE
CHANGE MANAGEMENT
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Our Problem:

AN LED IN AN IMAGING SYSTEM HAS
GONE OBSOLETE. WE NEED TO FIND A
SUITABLE REPLACEMENT
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® —_
D esc rl be t h e —D':-:’-E:ecg::'::fall" times dictated by subject

speed

- N life of LED
boundary byl

- Acceptable light levels for camera

Controls

- Light output

- Brightness
Drive voltage U llluminate subject - Beam angle
- for camera - - Field angle

Drive current Cutput= - Color (Wavelength)

- Color temperature
-Waste heat

Enablers

- Subject position
- LED expected life
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Describe the behavior

“act [Activity] Record Image_TL[ Record Image_TL ] J

sense out .
= ense_in
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: Detect Subjectis in = - I
[ Range J— %{ + Excite LED ) |
drive_current | drive_volt S %[: : De-Excite LEDJ —_— = |
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. = : Analyze
- Image — = —

raw_imag
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Describe the existing

structure

«blocks ubject imaging «blocks
subject Image System

illurmin atiunl
wblocks
subject lllumination Assy
values
lllumination distance : distance[metre] = 0.15 m {unit = metre}
rendering swv camera
ablocks wblocks
l Image Processing Assy Camera Assy
ablocks
IHumination LED
consiraints
{light_intensity <= 100.0}
area . llluminated Area
radius : lluminated Radius
light_output : Lux Calculation
walues proximity cletectur image SENsor |
beam : Beam Angle{unit = Degrees} +
luminous output ; luminous fluxlumen}unit = lumen} wblocks wblocks ih"”“* {hlﬂﬂk:&
light_intensity : Light Intensity{unit = Lux} LED Driver Position Sensor Image Capture Array Lens



Allocate behavior to

structure

wblocks ubject imaging wblocks
subject Image System

illumin atiunl
«blocks
subject lllumination Assy
valles
llumination distance : distance[metre] = 0.15 m {unit = metre}
rendering Sw,'.ﬂ camera,|
xblocks «blocks
l Image Processing Assy Camera Assy

ablocks
Mumination LED

consirainis
{light_intensity <= 100.0}
area : lluminated Area
radius : lluminated Hadius
light_output : Lux Calculation

beam : Beam Anglelu nl'rft?iUEIE:-seg rees) W proximity detecturl image sensor|, il
luminous output : luminous flux{lumen}unit = lumen} ablocks «blocks ablocks sblocks
light_intensity : Light Intensity{unit = Lux}; LED Driver Position Sensor Image Capture Array Lens

zdllocates | zdllocates | xzallocates
| zdllocates |

| | |
L | | |
wactivitys wactivitys zactivitys wactivitys
STUDIO SE Emnit Light De-Excite LED Excite LED Detect Subject is in Range
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Describe the existing

interfaces

illumination : Subject lllumination Assy | o | |_ su_hjezt :Eu I:Ee-r:t_
light incident light
‘ proximity detector : Position Sensor | l _
Light reflected light
=ensor out
a fulls
light_ref
camera: Camera Assy
a fulls a fulls
Sensor_sig light_out T
( : LED Driver : Humination LED
: Lens
drive current drive Voltage vin i_in :
= fi ed light
efulls efulls wfulls efulls e
- focused_light
voltage[millivol]
> ‘ image sensor . Image Capture Array |
electric currentfampere]
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Ensure requirements

are captured

«blocks zextendedReguirement»
Hlumination LED Max [Hlumination
consirainis

ld="1"
Text ="The LED shall emit
not greater than 100 lux

. #\when peak drive voltage
asatisfys  — — and drive current are
—— applied.”

{flight_intensity <= 100.0}
area : lluminated Area

radius : lluminated Hadius
light_output : Lux Calculation

values
beam : Beam Anglefunit = Degrees}
luminous output : luminous flux[lumen}unit = lumen}
light_intensity : Light Intensiy{unit = Lux}
rise time : time[secondlunit = second}

—_ _ greguirements
= S LED Rise Time

-
——

=

= auld="2"

Text = "The LED shall have
a maximum rise time of not
more than 100
microseconds.”
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Identify Key Performance Parameters

» Hlumination LED
aconstraints
Sl light_output : Lux Calculation
Humination LED flux = lumens / Areal
constraints
{light_intensity <= 100.0} |_| |_| |_|
Area lumens lux
values
beam : Beam Angle{unit = Degrees}
luminous output : luminous flux[lumen}unit = lumen?
light_intensity : Light Intensity{unit = Lux} -
rise_time : time[zecondliunit = =econd} ) |_|rea
. wconstraints
light_output area : Nluminated Area luminous output @ luminous flux[lumen] I light_intensity : Light Intensity I
ared wconstraints wconstraints fArea = r"2 * 314}
«constraints Lux Calculation lHluminated Radius ]
IMuminated Area consiraints consiraints ) r
sonstraints {lux = lumens / Area} ir = h*tandi(a}}
Area =r'd® 3.14} parameters parameters ) d
parameters Area : Real a . Real -
Area - Real lumens : Real r . Real wconstraints
r - Real lux - Real h : Real radius : llluminated Radius
ir = h*andia}}
N [ ]
h a
beam : Beam Angle I
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Identify and analyze

possible alternatives

ilumination distance : :Ilumination LED.beam : LT IEE e ——
# Name [ V] distance[metre] o Beam Andle " |[M LED.light_intensity : |V LED.luminous output :
E Light Intensity luminous flux[lumen]
1 [=] subject Ilumination Assy- LED1 0.1 m 60 31.8471 3
s [=] subject Ilumination Assy - LED 2 0.1 m 50 112.116
3 [=] subject Ilumination Assy - LED 3 0.1 m 50 89.6928 4
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MBSE and Process
Design:

DEVELOP A COMPLIANT USABILITY DESIGN
PROCESS
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Our Challenge:

DEVELOP A COMPLIANT USABILITY
ENGINEERING PROCESS FOR MEDICAL
DEVICES
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Device

What iS the ‘ Maintaining }( | ‘
lifecycleof |7 U

a medical

device? | -
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What is a use error?

User
wblocks
Use Error
W W W
«blocks «blocks «blocks
Cause Likelihood Harm

valles

. Probability{unit = Percent}

W W
xblocks xblocks ablocks W
Perception Error Action Error Cognition Error evalueTypes
severity Classification

IMild
Moderate
Severe
Catastrophic
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Use errors expose hazards

ablocks
Hazard

«blocks ablocks wblocks ablocks ablocks wblocks ablocks
Physical Hazard Chemical Hazard Thermal Hazard Radiation Hazard Mechanical Hazard Electrical Hazard Biological Hazard
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- Regulations

D esc ri be t h e - Regional/cultural nuances

- Experience of Expert

b 0 u n d a ry reviewers/users

- Maturity of design/prototype

- User Types

- - Evaluated design changes
- User Characteristics

(improved intertace)

) liJSE_EnwmanmS Evaluate - Usability Risks and
-~ -nhvironmenta Usability mitigations

E_’jaract_eriﬂticﬁ - Usability Report
- Task List T - Validation Evidence

l - Evaluation Results

- Interface Design/Prototype - Finalized Ul design

- Usability evaluation tools/
methods

- Human Factors Standards

- Expert Users

- Usability Engineering Process
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ldentify the process steps

collect known '
= use errors [ -~ — — —
5 : Describe user '
- - %{ ldentify Users i— %| characteristics l‘ O

Describe
mission of
gystem

Analyze User
Interactions

Perform
Summative
Validation

Identify Describe —_ |

_"',_ environments L environmental J |

of use characteristics |

|

|

|
|
|
|

| ( [else] |

|
|

Formative
Studies

Refine Ul | ['1es]
- $| design l — — —

Ul Design Complete?

Finalize HFE
- = )- - @
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ldentify information flow

" act [Activity] Analyze User Interactions [ Analyze User Interactions ]‘J

input " perfformTask } _ 7\4’ Identify Critical
- task list I{ T User
":':t:m'-"' l:::; risks input Interactions
@ - p . O

______ = risk_controls risk_controls

el

| in uEA : User_Environmental Analysis I

out Risk Controls
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ldentify interfaces to

other processes

‘ ux : UX Process |

design_specification functional anahyzis hazard harm SCoring MIZ=Sion

hazard harm rizk scoring criteria

rm : Risk Management Process |

functional analy=is mizsion

design =specification functional analvzis
gn_=p 1 y mission

‘ ge . 3ystem Engineering Process |




ldentify necessary documents
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ablocks

Formative Report

wblocks
User_Environmental Analysis

PRUITs
- U=ser limitations
. User Expectations
- User Preferences
- Environmental Effects on Users
- Environmental Constraintz
. External Systems in Use Envircnment
- Cultural Con=iderations

references
- Enwvircnmental Characteristice Data
: User Characteristics Data

wblocks
HF Plan

pars

. study Ojective

wblocks
UX Portfolio

«blocks
Formative Study hlocks
aFMEA
pars

clinical consequence : Clinical conseguence

?\task Analysis - Task Analysis

ul Reguirement : Ul Reguirement
severity . Severity

pCA Analysis . PCA Analysis [0..7]
critical Tasks : Critical Tasks

wblocks
HFE Report

DRITS
hF Validation Summary : HF Validation Summary
hF Validation Re=sults . HF Validation Resulis
attachment . HF Validation Protocol
summary of use errors : Known Use Errors
use related risk summary : Risk Analvsis

. summative Study Strategy
. Critical Task Analysis Plan
. Strategy to ID known use errors

ablocks
HF Analysis Tool

= critical Tasks : Critical Tasks

references

aFMEA . aFMEA

hF Analysis Tool : HF Analysis Tool

uEA Report : UEA Report

formative Report : Formative Report

human Interface Dexsign : Human Interface Design
use Scenario . Use Scenario

hF Plan : HF Plan

wblocks
HF Validation Protocol



1, 4,

; 2.4,5,
T r n I conting s g, 12 | Perform User/ B i
Plan Human . 11,12 Review
12 .. » Environmental > .
Factors activities . complamts
° Analysis
INto SOPs s : 7
sing
3.4, 5. 7 3.9,
. .. 16
Ve r n a c u I a r 12 Perform Task Identify Critical Cnndu.ct
SR , - - Formative
Analysis Tasks .
Studies
7.19 7 13
2,3.7,8,
3,7, Write Human 8,14 Perform Human 2, 13_} 16, Write Human
12 Factors Factors Factors
- . - . - .
Summative Summative Summative
Protocol 14 Testing 15 Report 15

13 HF Form ative Evaluation
14 HF Summ ative Protocol

1 Project Design Plan
2 Human Factors Plan

7 Human Factors Task Analysis
8 Production-Equivalent Prototype

3 User/Environmental Analysis 9 Engineering Prototype 15 HF Summ ative Report
4 Market Research 10 MDRs 16 Labeling
@STU DIO SE 5 Stakeholder Research 11 SQS Complaint Database 17 Complaint Summary
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MBSE and Social
Systems:

CHARACTERIZING HOMELESSNESS TO
IMPROVE SUPPORT SERVICE
EFFECTIVENESS
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Our Challenge:

IMPROVE THE ABILITY OF SUPPORT
ORGANIZATIONS TO PROVIDE ASSISTANCE
TO INDIVIDUALS EXPERIENCING
HOMELESSNESS
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when (system withstands threat)
when (system enters service)

e

Operating Nominally

E—— A _ when (system is ireparable)
Detecting Threat J -

LS

when (threat detected
when (no correction necessary)

Evaluating Threat ]

Let's first examine
System Resiliency

wh_:ﬂ (self correction successful]
Responding to Threat

._when (can self correct) -,.| Self Correcting j__"

when (self cprrection failed)

i
when (cannot self correct) | | Waiting in Safe I

when (operator repair successful) |

| state

when (systemlis ireparable)

: L 4
Removing from
Service

when tsysterj I8 removed from service)
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ﬂwhen (Life Event has no noticeable impact)

Maintaining Status Quo

‘E Experiencing Life Event

when (potentially-impactful Life Event occurs) when (Life Event reguires no correction}

Evaluating impact of Life Event

— ” Next, we can

apply it to the
— human experience

-

Using personal
resources

”I overcome Life |

=

Event when (convert Human Capital to overcome Life Event)

when (resources are exhausted before overcoming Life Event)

assistance to

overcome Life ’
Event | when (azzistance is sufficient to overcome Life Event)

\|§ Receiving |

when (possess insufficient Human Capital to mitigate) /|

when (assistance is insufficent to overcome Life Event)

Experiencing

un-mitigated

impact of Life
Event

when (status quo changes)
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What is Human Capital?

ablocks
ublocks Perception of Human Capital Value
Human Capital references

. Community Characteristics

L

«blocks
social Capital

o} L e i o} i e
«blocks «blocks «blocks ablocks «blocks ablocks wblocks
‘ Abilities | ‘ Desires | ‘ skills | ‘ Beliefs | ‘ Intents | ‘Enuwiedg-&l Impediments
I
«blocks «blocks
‘meessi-nml Network | ‘Permmll Network |
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What determines the

value of Human Capital?

wblocks
Political Institutions

«blocks
Income Levels

ablocks
Job Availability

wblocks

block
i Healthcare systems

Housing Availability

«blocks
Community Characteristics

wblocks wblocks
Environment Education

ablocks wblocks
k) . ]
‘Tmnspurtati-nn Availability | ablocks Perception of ':" man Capital Value
FETErENZES
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ablocks

Protection
wblocks wblocks
sSecurity Safety
"
wblocks
«blocks v
Confidence ey
wblocks L T wblocks o wblocks
Self ldentity Home Permanence
l What is "Home?"
hiocks «blocks L o ablocks a I s o e [ ]
i block
Peace of Mind gy oy i
Privacy
. *
riva
ablocks ) e
Belonging
wblocks L o wblocks esCa III'E-‘:. wblocks
Family l sanctuary Escape
wblocks “
Comfort
relaxing
restful W
;zb:rk’: Y eblocks
- ol Relaxing
warmthv
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| Emerging from 5 f Housed

HML 5

T , | e Experiencing
Homelessness is a
possible state of
"being"

; L 4 X ; L
Experiencing HMLS & Entering HML S
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APPLYING OUR ANALYSIS

How does this
help?

We can use our understanding of the states
of being housed and our analyses of home
and human capital to help support

organizations tailor the services to maximize
their impact.

Copyright Casey Medina 2021
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Support
services can

be classified

using our
model

SOME SERVICES TARGET
TRANSITIONS - EITHER
ENCOURAGING POSITIVE
OUTCOMES OR PREVENTING
NEGATIVE OUTCOMES

OTHER SERVICES PROVIDE

SUSTAINMENT SLU

IN
SE
|M

DIVIDUALS. TF

PPORT FOR
ESE

RVICES DON'T

PACT POSITIVE

TRANSITIONS

Copyright Casey Medina 2021
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SERVICE PROVIDERS BENEFIT FROM
UNDERSTANDING HUMAN

. RESILIENCE
The analysis
gu ides how DETERMINING THE CATEGORY OF
: SERVICE FOCUSES
Services are IMPLEMENTATION

delivered

FOCUSED IMPLEMENTATION LEADS
TO MORE EFFECTIVE ASSISTANCE
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MBSE IS MOST USEFUL WHEN
COUPLED WITH A ROBUST PROCESS

MBSE
gives us
a set of
tools

FOCUS ON BEHAVIOR FIRST

CONSIDER STAKEHOLDERS WHEN
COMMUNICATING YOUR WORK
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Questions?

CASEY.MEDINA@STUDIOSE.DESIGN
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