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TOPICS

- The Role of Uncertainty and Precision in Systems Engineering
* Intro to Precise Semantics for Uncertainty Modeling (PSUM)

- Example Modeling Uncertainty with PSUM

- What have We learned About PSUM

« Summary and Way Forward

« Conclusions



THE MANY KINDS OF UNCERTAINTY

Epistemological Knowledge guided

decision
Objective — UNCERTAINTY
UNCERTAINTY ~__ |
Ontological Quasi-rational
UNCERTAINTY decision

UNCERTAINTY

Moral Rule guided
Subjective .~ UNCERTAINTY decision

UNCERTAINTY
T~ Rule Intuition guided

UNCERTAINTY decision




QUESTIONS OF UNCERTAINTY

v" What do we know?

v" What don't we know?

v" How reliable is the information about the situation?
v" What is the confidence level in our knowledge?

v" What is the best way to reduce uncertainty?

v" How good are our models versus reality?

How can we operate in a dependable, safe and secure manner?

—



WHY MODEL UNCERTAINTY?

« Assurance that our systems will operate in
a dependable, safe and secure manner

 Solutions and external factors contribute to
operational uncertainty
- Models of the world versus reality
- Weather and other environmental effects
- Accuracy and precision of sensory inputs
- Human operator interactions and errors

* Reduce development risks caused by WHEN YOU COME TO A FORK'IN THE
ROAD, TAKE IT! - YOGI BERRA

uncertainty

The Goal: Eliminate or reduce uncertainty in our system solutions




WHAT NEEDS TO BE MODELED?

The World is Full of Beliefs and Associated Uncertainties

J What are the consequences J What is the evidence for
of uncertainty? this belief?

J What are the sources of J How to measure
uncertainty? uncertainty of beliefs?

d What.is the range of certainty? d How much does certainty

ime?
3@ What do.you-believe and why? change over time

Challenge: How can we model uncertainty with a standard method?




INTRODUCTION TO
PRECISE SEMANTICS FOR
UNCERTAINTY MODELING

(PSUM)

N
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PSUM — DEFINES A METAMODEL FOR UNCERTAINTY

* Precise Semantics for Uncertainty Modeling (PSUM) 1.0 beta [OMG Standard]

v" Foundation for the modeling of uncertainty and the improvement of modeling tools
v" Modeling of beliefs and sources of beliefs, plus uncertainty and evidence
v' Enables measurements of uncertainty and uncertainty-related concepts

= PSUM incorporates two other standards

1. Structured Metrics Metamodel (SMM) v1.2 [OMG Standard]

v Meta-model for representing measurement information
v Used by PSUM for precise semantics related to measures related to uncertainty

2. Structured Assurance Case Metamodel (SACM) v2.2 [OMG Standard]
v" A set of auditable claims, arguments, and evidence supporting the claim product/service will satisfy
its requirements
v" Structured arguments, evidence, controlled vocabulary, history, motivation, and rationale
v"Used by PSUM for precise statements and references including evidence to support beliefs
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THE PSUM PACKAGE STRUCTURE

Overall

SACM-2.0

SMM

Evidence and Risk

«imports
PSUM |
«imports
I
Core Meas urement
Uncertainty Belief




The PSUM standard is non-trivial !!

Class Diagram [ PSUM-OveralI]) Class Diagram [ PSUM-Measuremen[)
SmmModel Dependency |Accumcy | |Sensitivity ||Measurernent£rror |Precision ||Degree |
SMM
E% tri Mof‘l 110 )1 1 I | I I |
PSUM - All Packages meinesiode] 8.
0.1 +psumModel IDeﬁve| ITmceI | Use | |Reﬁne| Element and t| Meas urement
P SUMmodel Dependency 1 0.* (SMM)
+measurement
0. 0* Meas urableFeature fredefines measurand}
+psummodel|1 +clientDependency] +supplierDependency FmeasuredF eature
«dataType» ) m I 3
TimeStamp +elements|1..* +client[1.* 1. x*supplier -measurableF eature 0. 1 casurementiieasuran
- tribut PSUME lement
Attribute Y r PErT=— Annotati -measurableElement §1
?a?";jtg':rginm[ﬂ description : String [0..1] +annotationdtext - String [1] Meas urableElement
’ g time: TimeStamp [0..1] 1 0.+
[ [ I 1 =

+groupedE lements ?..* 0.1

Class Diagram [ PSUM-UncertaintyCharacterizationE volutior])

31 Classes, 24 Associations, 61 Properties
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Risk —
(PSUM.Core Evidence and Risk S— ..-M_...r—T—‘
PSUM - All Packages I ] isacuen »
+risk 0..* [ «enumeration»
-uncertainty |0..* et e UncertaintyTopic IndeterminacyNature
Uncertainty +uncertaintyHisto 5::"-"':"?:‘:::...““ body : String [0..4] InsufficientResolution
pikind : UncertaintyKind [0..1] UncertaintyHistory | |- language : String [0-11) 4 yncertaintyTopic Missinginfo
nature : UncertaintyNature [0.1] |1 0.1 T SuncertaintyTopic 1 0.* Non-dete
reducibility : Reducibilitylevel [0..1] srelated Elements 770+ lé:g:rsns:ied
1 +associatedBS 1.*
+associatedU ncertain 1.% " -
+uncertaintyCharacteristic| 0..* ty . . +associatedB3 BeliefStatement PersonalE xperience
torderad} Uncertainty [rcontainedUncertainty — -
UncertaintyCh terstic | ordered; {ordered} | Measurement Jo.* 7 T body : String [1..%]
+changesUC l-changesM (SMM) 0.+ : ~ |language : String [0..1]
1.# 1.% «dataType» +content 71+
? Duration /
[ [ | +sources |0.*
Effect UncertaintyPerspective Pattem Ind inacy Source Belief
- - - - - I~
perspective : UncertaintyPerspectiveType [1] | |pattemType : PattemType [0..1] nature : IndeterminacyNature [1] duration : Duration [0..1]]0..* enumeration
« »
+sources \ 0..* +associatedBelief / 0.* \0.* spejief EvidenceType
«enumeration» «enumeration» «enumeration» «enumeration» «enumeration» EmpiricalE vidence
UncertaintyKind ReducibilityLevel UncertaintyNature | |UncertaintyPerspectiveType || PattemType 1.% TheoremProvingResults
| iricalD at:
OccurrenceUncertainty FullyReducible Aleatory Subjective Periodic PSUM - All Packages gﬁ:’::g:m;‘;i’"p'"m Datg
ContentUncertainty PartiallyReducible E pistemic Objective Persistent
TimeU ncertainty Irreducible Sporadic
LocationUncertainty Transient
EnvironmentUncertainty Random
MeasurementU ncertainty




CORE ELEMENTS IN THE PSUM METAMODEL

Basis PersonalE xperience I
basis
belief|0..*
- : belief
Evidence
I I 1
assodcatedBelief |0..*
sources |0..* DbeliefAgent [1.*
Risk lndeteminacySourcé Beliengent I
nisk sources (0..* ) )
uncertaintyT opic - — uncertaintyT opic
UncertaintyTopic io
assoaated b
Uncertainty : content
uncertainty (0..* 1+ assodcatedBS [1..* 1.
- W
containedUncertainty  1..* |geliefStatement I
uncertainty | Uncertain ty 0.+ associatedBS
unoettaln
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E ffect

UncertaintyChamcteristic I
uncertamty(:haractenshc

UncertaintyPerspective I




EXAMPLE OF MODELING
UNCERTAINTY WITH PSUM

Exploring the uncertainty of
Adaptive Cruise Control

14
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WHAT ARE WE DOING WITH THE PSUM STANDARD?

* Create an example for a PSUM a “test drive”

- Understand the standard and dependencies
- Create a recognizable example
- Analyze usefulness and way forward for MBSE

* This presentation:

- Overview of the problem of uncertainty and its value to MBSE

- PSUM overview (metamodel concepts, relations and properties)
- Example use case and model

- Future work
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USING ADAPTIVE CRUISE CONTROL AS A TEST CASE FOR PSUM
Testing this approach on a real-world problem... n_— n_—
@ . ) (:. .
- Case Study: Adaptive Cruise Control ———— —————
* What is Adaptive cruise control?

- Maintained a set maximum speed OR at speed of vehicle ahead
- Radar and/or cameras used to detect and calculate vehicles ahead
- Complex algorithms and/or Artificial Intelligence techniques

* Why do you want Adaptive Cruise Control?

- Controls and adapts speed to flow of traffic

- Reduces driver workload (and frustration) required to maintain speed in traffic
- Reduces collisions by automatically reducing speed when traffic slows

- Faster response to changing traffic speeds
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BELIEFS OF THE SYSTEM

What are the “beliefs” that are associated with system operations?
* Algorithms

- Basis for what the system should “believe”

- Ensures system operations is safe, secure & dependable
« Sensor Parameters VWA
=3

- Operational range
- Precision (+/- range of precision)

- Noise (relative to the “signal”)
* Poor environment and other conditions will increase uncertainty:

« Dirt/damage « Age of the system

« Rain/snow/fog * Incorrect operation
 Maintenance deficiencies * Incorrect installation

« Target variance (complexity, « Unexpected events (out of band,

non-deterministic) unplanned)
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FIELD OF VIEW (FOV) AND RANGE OF RADAR

80° FOV 0-50m

60° FOV 50-1 18° FOV 100-250m

B

C

)
2,

Note that the FOV of the sensor is
affected by the Range
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TYPICAL USE CASES FOR AN ADAPTIVE CRUISE CONTROL

«system contexts
Adaptive Cruise Control

Set Speed based on
Vehicle Ahead
«extend»

Engage ACC

~

(Car Ahead) ™
/z;ct Car Am
n \

Use Cases
[] Original Use Case

< Extend
- » Indude

2]

exension poinis
Car Ahead

Set ACC Max Speed

Brake

cinclude
'
'
Disengage ACC

No Car Ahead

cextend»
(No Car Ahead)

Radar




FIELD OF VIEW MEETS A CURVE

80° FOV 0-50m _|60° FOV 50-100m

18° FOV 100-250m

Loss of Signhal because of curve and the FOV of sensor

20



CORE OF PSUM METAMODEL — WHAT IS IMPORTANT? Basis of belief:

Evidence/Experience

Source of Uncertainty

What is the belief?

Risk of the
uncertainty

. assocatedBelief|0..*
sources |0..* beliefAgent |1..* Who has belief
with uncertainty

Indeterminacy Source

*
uncertaintyT opic - — uncertaintyT opic
- Uncertainty Topic I - Formalized

assodated - Belief
Uncertainty

0.* 1.»
Uncertainty ntainedU ncertainty

Effect: kind of L

uncertainty and - ' 0.*

a characteristic uncertaintyC haracteristic
of uncertainty

Characteristics:
Perspective, Effect,
Perspective

UncertaintyCharacteristic

UncertaintyPerspective

21



CORE OF PSUM METAMODEL - EXAMPLES

PersonalE xperience

The car is in front
of me at speed X

Range and
FOV Tests

Belief

Possible
crash

assodcatedBelief|0..* FOV of sensor

sources |0.*
Indeterminacy Source | Adaptive Cruise
. . Control
uncertaintyT opic - — uncertaintyT opic
UncertaintyTopic |
*
Car is there, assoaated ' 0.. Car detectable
but hidden by ) Uncertainty ) . cont ar detectanie In
curve in road uncertainty |0..* 1 GateddS . Wy 60° FOV@ 60m
>60m distance Uncertainty containedUncertainty 1..* |geliefStateme
uncertainty 0.* assoaatedBS |
0.* uncertaintyM ¢ Subjective (can't
Damage to UncertaintyCharacteris tic n prove car is hidden or
person or uncertaintyCharacteristic |

property E ffect | UncertaintyPerspective ”
|

22
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INSTANCE MODEL OF CORE PSUM METAMODEL

: BeliefAgent |nStanCG
l (has) belief <ot 2 Evidence mOdel |S the
—¥__ basis (ofbefied : manifestation
Moot (Belief % : PersonalE xperience f__{ of the
Statement) metamodel

: BeliefStatement

Contained
l Uncertainty
(has) nisk

: UncertaintyTopic

: Uncertainty

Source (of

U ncertainty)




UNCERTAINTY OF ADAPTIVE CRUISE CONTROL SYSTEM

New Belief after risks discovered
for false loss oftarget on curve.

Vehicle Ahead But Lost In Tum so
wait for accel : Belief

basi
n“‘
o

o

basis = Target tuming test
duration = "0s..30s"

content

| (has) beli(ef
I

v
No Vehicle Ahead : Belief

(has) belief

[ = = = - - - -

.! Vehicle Ahead : Belief |

Some names have been changed for
parenthetical reasnos

Target tuming test: Evidence

Ta exit €: UncertaintyP ive

perspective = Subjective

type = InferenceBasedOnEmpiricalData

When signal power reduces
and lost tartget went around

turmn : BeliefStatement

Relitive Radar Echo1 : Evidence

| S ) NS ) SRS 0 — )

contained uncertainty

Followable candidate not in FOV

therefore maintain max speed :
BeliefStatement

Followable candidate in FOV
therefore follow at candidate's

speed : BeliefStatement

Relitive Radar Echo : Evidence

contained uncertainty

type = InferenceBasedOnEmpiricalData

? characteristic

—

Note: This is the belief ofthe
system, thus not objectively
verifiable by the system.

exited roadway : Uncertain

Source (of Uncertain

(has) riskI

Ta
kind = LocationUncertainty
I (has) risk
Delay in nse seen as ina riate : Risk
High acceleration into Curve : Risk

Car is there but do detect it : Uncertai

kind = LocationUncertainty
(has) risk
Collision : Risk
Car is not there and see phantom car :
Uncertainty

kind = MeasurementUncertainty

Jhasrisk

Ghost Breaking : Risk |




UNCERTAINTY OF THE DRIVER bosiosk ca.is;ommskx

contained
Followable candidate in -
A e uncertainty i ;
FOV therefore follow at e % D&q Ghost Breaking : Risk
candidate's speed : 5 —
content BeliefStatement :
éw :
Good Experience 2 : Speed reduction : Effect ;
PersonalE xperience source (of
ACCis : Belief basis description = "With ACC
tim:qu- llllllllll'lllllll" e!lauedmconpged
highway, car slowed and
r 3 stopped, then accelerated
| (has) belief without intervention.” Driver believes that they
{_Z are better than ACC
Driver : BeliefAgent (has) belief ——— because of prior
e —— ’l Driver is a better S——
—— ACC : Belief expennce .
S content BeliefStatement
| (has) belief
; NECE e uncertain source (of
: - Reli ALL IS INETIeCUvVe contained uncertainty)
R T eolial because car accelerated uncertainty Car is there but not
time = "Tomorrow" unpredictably : f— looking : Uncertainty
content . ] O
. BeliefStatement v
: : Accident
Echaraderistic : Q;__m
: Bad E xperience 1 : : (has)nsk | jnatention : Risk
basis PersonalE xperience '
.IIlllllllllllllllllllllllllllllll. msc‘imion:'wnhACC Hu'm“ ln.u : Effect
enabled and max speed
unkowingly set to 85mph, the System has
car | was following went out of o Unpredictable characteristic
rar.ge d I\adar on a mm. Car Behavior: ooooooooooooooooooooo = ACC NOt Used H Eff&:t
then accelerated quickly and Uncertainty
unsafely as | entered the tum.”
[Z




EXPANSION OF THE BASIC
USE CASE WHERE
UNCERTAINTY IS

CONSIDERED (USING THE

PSUM STANDARD)
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Drivers,

«system contexts
Adaptive Cruise Control

Engage ACC
Set Speed based on
Vehicle Ahead

—
—

—

~<— ’(IfACC Engaged) /
(Fault Detected)

—
ar Ahead

(Target Loss on Curve)

—
—
—~—
(DelayExpimT =~ 5

Detect Car Ahead w

) extension points
Car Ahead
No Car Ahead
Target Loss on Curve

1
| (No Car Ahead)

R
Resume Max ACC @

I /(Fault Cleared)

Maintenance




What Does the Use Case Analysis
Teach US?

v Uncertainties in both the system and the vehicle
operator can be identified and addressed successfully

using PSUM method

v A small amount of uncertainty analysis can lead to
large changes in the design

v" More can be learned by expanding the use case
further into the logical & physical design




REDUCING THE SCOPE OF PSUM/SMM/SACM

Reducing the complexity of Architecture Modeling

Basis

PersonalE xperience

T basis |0..*
belief|0..*
: - belief
Evidence Belief
1
assocatedBelief|0..* belief|0..*
sources |0..* beliefAgent |[1..*
Risk Indeterminacy Source | BeliefAgent
- |
nsk (0.* sources |0.* :
uncertainlyTopcc' - — uncertaintyT opic
}UncertamtyTopcc
assodated :
uncertainty 0.* Un 1n£y assocatedBS 11..*
' ) containedUncertainty  1..* |gejiefStatement |
uncertainty|  Uncertainty [~ assocatedBs
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uncertaintyY1

)

&

uncertaintyC haracteristic

Effect

* The totality of PSUM is huge

- Reduce scope to allow for useful assertions in
the Operational domain

- Allow for expansion in SE domain as designs
evolve

- Cover key points of precision and uncertainty

zrente QQuestions for consideration:

- Knowing where Concept of Operations is

UncertaintyCharacteristic uncertain
| oncorainyPerspoctve - Understanding the precision of elements to be
built in SE

* Other considerations

- Emergent technology and uncertainty
- Lack of domain experience
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WHAT HAVE WE LEARNED ABOUT THE
PSUM STANDARD?

 PSUM as a standard is large and complex

- At first, the standard is very unclear, but understanding is coming over time with
additional use

- Dealing with the mathematics of uncertainty is part of what makes it complex
« Complexity of characterizing belief and evidence

- Yes, it is complex, but it does seem to be accessible using an iterative approach
- Needs more tool support and first attempts are promising

 Abstract nature of uncertainty makes it hard to comprehend

- Modeling patterns helped with better understanding with concrete examples
- Need to also deal with how to model uncertainty over time

» Conclusion: PSUM is very promising and deserves more study
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CONCLUSIONS

* Modeling of uncertainty in system and enterprise modeling
can be done but it is challenging since there is only a
metamodel in the PSUM spec

 PSUM needs to be integrated into SysML as a standardized
profile

* Modeling Profile needs to be adopted by tool vendors and
offered as a standard capability in their tools

* Training needs to be provided for this complex subject



N 34th Annual INCOSE

international symposium
: hybrid event
!'u RN

7 Dublin, Ireland
'y July 2 - 6, 2024
www.incose.org/symp2024

#INCOSEIS




BACKUP SLIDES




CORE CONCEPTS OF THE PSUM STANDARD

Belief Agent | Who or what has a belief Uncertainty Topic | Uncertainty caused by multiple Belief
Statements/Uncertainty in combination that
cause additional uncertainty

Belief What is believed by the Agent Risk Effect of uncertainty on objectives

Belief Formal expression of the belief Uncertainty Characterizes the associated uncertainty

Statement Characteristics including: Effect, UncertaintyPerspective,
and Pattern.

Uncertainty The state of deficiency of information | Indeterminacy Situation where the information required to
or knowledge required to understand | Source ascertain the validity of a belief statement is
the content, consequence or indeterminate in some way, resulting in
likelihood of an UncertaintyTopic uncertainty being associated with that
existent in a Belief Statement. statement

Personal Anecdotal evidence based on Effect Effect captures the result of an uncertainty

Experience isolated examples of someone’s in a belief statement, i.e., the consequence
personal experience of misinterpreting the belief statement

Evidence Observation/record of a real-world event occurrence or conclusion of chain of logical inference (truthfulness)

35
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L

WHY CONSIDER UNCERTAINTY? m —— M
\\ﬁg'\

FE

* In ISO 31000 on Risk Management, uncertainty is defined as “the state, even partial, of
deficiency of information related to, understanding or knowledge of an event, its
consequence, or likelihood.”

o In development, there are many unknowns (i.e. uncertainties) associated with proposed
design solutions and unknowns regarding the people creating or executing the design

o In operating systems, there are unknowns due to precision of systems either in capabilities
Or Sensors

o Algorithms that interpret sensor data may be only estimations of reality (incomplete model
and/or sensor limits)

o Need to deal with various sources of noise from sensors and the environment

o Subjective uncertainty (rules and morality) lead to uncertainty (legality of operation, trolley
problems)
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CONSEQUENCES OF UNCERTAINTY

Distractions during driving Operator error causes accident leading
to injury or death

Poor understanding of low temperature = Shuttle O-ring accident causes complete
on performance mission failure

Radar controlled cruise control cannot Acceleration on curve can lead to
see around curves accidents (and death!)

One Pedal driving and other new control Hertz had additional operation costs due
mechanisms to damage

Misunderstanding the damage possibility Shuttle breakup upon reentry
of a foam strike



REDUCING EFFECTS OF UNCERTAINTY

When we consider uncertainty, systems can be improved

- Distracted driving - We know drivers are distracted! R T e
- Lane-keeping assist — TRL7 }
- Emergency braking *System prototype demonstration in a space environment
* NASA Technology Readiness Levels (TRL) — We know itis — TrL6 J
n ewl OSys!:emlsuhsyst:em model or prototype demonstration in a relevant
H environment (ground or space)
- Steps to prove science and hardware . TRLS
- Shuttle used Magnetic Core memory because it was flight-proven *Component and/or breadboard validation in relevant environment

- Boats sink — Bernoulli versus the iceberg

- Improved lifeboats
- Passenger/crew emergency training

« Airplanes crash...

- Crash investigations
- Emergency Airworthiness Directives

« Spacecraft Navigation errors

- Small orbital corrections to larger errors in launch trajectory
- Landing ellipses cover safe landing within margin of errors

3g - Space X Falcon 9's soft landing 18m wide craft within a 52m x 91m target
in the ocean!
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WHY MODEL BELIEF AND UNCERTAINTY?

Where is the value in knowing what you don't know?
1. New use cases and requirements to control uncertainty

2. A more complete understanding of the design space
3. More complete identification of faults and failures

4. Avoid assumptions, superstitions, & so-called "best"
practices that are not backed up by evidence (i.e.,
assertions without proof)

« Simply:
- Write down our beliefs (assumptions)

- Correct beliefs until they are facts with uncertainly
- Document the bounds of the system's operation and risks

Before you
assume, try
this crazy

method
called
“asking”

;S DASSAULT

SYUSTEMES
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WHAT KIND OF UNCERTAINTY

Modeling Uncertainty

Who/what (people/algorithms/sensors) have a beliefs?
What are the beliefs?

What is the range of uncertainty

How does certainty change over time?
What are the consequences of uncertainty?
What is uncertain?

Characteristics of uncertainty?

Uncertainty changes due to conditions , technology,
failures, etc.?
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THE PURPOSE OF PSUM STANDARD

Modeling of belief and uncertainty

Build the foundation for developing
uncertainty modeling solutions

Guide the implementation of uncertainty
modeling tools

Provide the basis for materials and

resources in the application of uncertainty
modeling

Serve as the cornerstone of uncertainty
modeling solutions.

Primary capabilities:

- Capturing uncertainty and its related concepts

- Enabling measurements of uncertainty and
uncertainty-related concepts.
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MODELING OF UNCERTAINTY IN SYSTEM AND ENTERPRISE MODELS

* Presenters

Daniel Brookshier — Dassault Systems
James Martin - Aerospace Corp

* Modelers typically create system models assuming some degree of certainty in what they are describing. However, there
is a need to understand how much uncertainty there is in their projections of what the system will do and how well it
perform its operations. We will discuss a new standard from OMG called Precise Semantics for Uncertainty Modeling
(PSUM) that specifies concepts of uncertainty, accuracy, precision, and related concepts, and we will describe how to
PSUM concepts in modeling our systems.

« Uncertainty is integral to the complete understanding of systems
« Uncertainty is integral to the complete understanding of systems

Uncertainty/precision of sensors
Variance of user operations
Algorithmic processing of sensor data and limits to its ability to model reality

Uncertainties from failure, noise, environmental effects, maintenance, and age of a system can add to uncertainty of system
operations

Input to risk management
« Uncertainty is a domain that has not been directly modelable in MBSE

* We will show the new Precise Semantics for Uncertainty Modeling (PSUM) standard from the OMG
* Example of uncertainty in an Adaptive Cruise Control System

¢ Lessons learned and future of the PSUM standard
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POSSIBLY SOURCES OF UNCERTAINTY

* Design Uncertainty — Is your model implementable and operate as expected?
« Sensor Uncertainty — How good are inputs of the system?

 Failure Uncertainty — \What are the effects of failures on uncertainty of
operation?

- Operational Uncertainty — How good is your processing at reflecting the real
world and its use?
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CAR WITH ACC

ta Vehide
«externals "get cblock» driver cextemaI»
Target Vehicle

cruiseC ontml

«block»
AdaptiveCruiseControl

values
currentSpeed : speed[kilometre per secondjunit = kilometre per second}
speedO fTarget : speed[kilometre per secondjunit = kilometre per second}
targetE xists : boolean
cruiseSetPoint:: speed [kilometre per second]
hardwareFault : boolean

1 ] o]

«block» «block» «block»
Brake Accelerator Radar
«interfaceBlock» «interfaceBlock»
Radar Data Control
flow properbes flow properbes
out radarData out control : ControlSignal
«interfaceBlock»
CameraData «signal»
= Hes ControlSignal

out cameraData
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UNCERTAINTY OF ADAPTIVE SYSTEMS

* Uncertainty of a system is generally unavoidable!

« Systems that we build today are meant to adapt to situations and conditions

Environm Context (including interactions with human actors) in Goals Goals that the self-adaptive loop

ent which the system is running (e.g., the uncertainties uses to manage the system. An
induced by the behavior of a human-in-the-loop, which example is not fully anticipating
is not deterministic). changing goals in the future.

Model Models that the self-adaptive system employs (typically Managed Subsystem being managed by the
for decision-making). One example might be the System managing subsystem in the self-
abstraction of some aspect of the real system that is not adaptive system. An example is
represented in its model, which induces epistemic uncertainty caused by the complexity
uncertainty. of the managed subsystem.

Adaptatio Functionalities that self-adaptive loop performs. An Goals Components needed by the self-

n example is the uncertainty caused by faulty sensors of adaptive system to operate. An

Functions | the adaptive system example is uncertainty from changes

in resource availability.




PSUM DETAILS




PSUM
METAMODEL:
CONCEPTS
RELATED TO
EVIDENCE

package Evidence and Risk] [2% PSU M-Evidenoe-SACM])

PSUM - All Packages

ArtefactE lementCitation
(SACM-2.0)

i

i
(SACM-20) ||
gid : String :
name: String :
i

i

i

i

i

isAbstract : Boolean

+citedArefact | A rtefactE lement

extemalReference : String

«enumeration»
EvidenceType

E mpiricalE vidence
TheoremProvingResults
InferenceBasedOnE mpiricalData
CommonKnowledge

01| (SACM=2g

type : EvidenceType [1]

One or more
artifacts
supporting
evidence

Evidence in
PSUM is further
described as
SACM artefact

"Artifacts correspond to the main evidentiary elements
«  of an assurance case.[SACM 2.3]"
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PSUM METAMODEL: CONCEPTS RELATED TO MEASUREMENT

package Measurement] PSUM-M easuremenl)

Indeterminacy Source Belief

Uncertainty

SMM semantics

Accuracy | | Sensitivity | | MeasurementE rror |Precision Degree
: SMM
: Element +measurand +measurement| Meas urement
: 1 s 0.* (smm)
AV : t
__________________ — e RASU RO L e e e
Meas urableFeature kredeines measurand}
+measuredF eature
-measurabler eature 10._, l 1 MeasurementMeasurand
-measurablet lement §1 Measureable features in
S S bt the model can be
z described with precise




PSUM METAMODEL: CONCEPTS RELATED TO UNCERTAINTY

Risk . .
(PSUM.Core E vidence and Risk| Risk of the uncertainty

Effect: kind of ,,,isk’[o__,

uncertainty and a uncertainty |0.* =e History of Uncertainty
characteristic of Uncertainty +uncertaintyHistoryl g e
" kind - UncertaintyKind [0..1] - 'q ncertaintyH)
uncertainty nature : UncertaintyNature [0.1] | 1 0.1
reducibility : ReducibilityLevel [0..1] t Measures related
. , ,11 to history
+uncertaintyCharactenstic| 0..*
UncertaintyCharacteristic
I | . —
Effect UncertaintyPerspective Characteristics of the
perspective : UncertaintyPerspectiveType [1] | |pattemType : PattemType [0..1] unce rt ai nty

«enumerations «enumerations «enumerations «enumerations «enumerations

UncertaintyKind ReducibilityLevel UncertaintyNature UncertaintyPerspectiveType PattemType
OccurrenceUncertainty FullyReducible Aleatory Subjective Periodic
ContentUncertainty PartiallyReducible E pistemic Objective Persistent
TimeU ncertainty Ireducible Sporadic
LocationUncertainty Transient
EnvironmentUncertainty Random
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PSUM METAMODEL: CONCEPTS RELATED TO UNCERTAINTY

Grouping of beliefs

Formal expression
of the belief Uncertainty Topic

body : String [p.-”] InsufficientResolution
language : String [0..1] +uncertaintyTopic Missingin

«enumeration»

and uncertainty

Related elements of
domain models

The
uncertainty +uncertaintyTopic

+related Elements / 0..*

1.*% - |
Uncertainty +containedU ncertainty +associatedBS s Basis
- —{body : String [1..*] . .
= f ——Jo. 1.* |\anquage String [0.1] (experience/evidence
ourcg 0o «dataType» vcontest 7L® ) for the belief
uncertainty Duration 1
+sources (0..*
Indeterminacy Source Belief
nature : IndeterminacyN ature [1]| duration : Duration [0..1](0..* genumeration» The belief
+sources \ 0..* +associatedBelief / 0..* \0..* ;pelief EvidenceType

E mpiricalE vidence

% j TheoremProvingResults
. InferenceBasedOnE mpiricalDa
- BeliefAgent
PSUM - All Packages CommonKnowledge

Person or system that has beliefs
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STRUCTURED METRICS METAMODEL

SMM YV 1.2 OMG standard that does the following:

« Meta-model for exchanging both measures and measurement information

* Measurements related to structured model assets and their operational environments
* Interchange of measure libraries and structured model related measurements

« SMM is the details of measures and measuring

* In UAF/SysML, there are measures and properties, why SMM?

« SMM is the precise details about the measures described in UAF/SysML and methods of
computing comparable values



PSUM FOR UAFML AND SYSML




PROFILE EXAMPLE (SYSML TRACE TO UAF)

package PSUM Example PSUM Exampld)
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Existence of Object Belief

«Beliefs . —

7
/
/
/

«BeliefAgents
Human Driver

v

\
\

Lane Free Belief

randomly inattentive
(Aleatory).

aRisks AN
Severe

kind = MeasurementUncertainty
nature = Aleatory
reducibility = PartiallyReducible

«Pattem»
Pattern Matching E rror
«BeliefAgents =
- wFattems
Automated Driver patternType = Random «Precsions | — — —
Good
7
-
-~
B -
Note that the driverisrandomly L __ _ _ | «Uncertaintys
attentive (Aleatory). Driver Attention
[‘\
|
cBe!letStatemenb SUncertantyTopics
B &0 — Obstaclle Detection1
- = Rules - = > = cUncertaintyRisks
- - A wRules -
ruleKind = Constraint fleKind = Constraint :evere Risk [—
| - P -
| - - d
-
W - - -
«UncertaintyTopic» «Uncertainty»
Existence of Object | _ . — — ->|Inconsistent Information
wRules - -~
ruleKind = Constraint
™ S S
\ = ~
\ = =
«BeliefStatements & noertalntyTo!)lu
T — — 4 NoObstacle Detected, N R maction2
therefore the lane is free - ~ wRuley g
ruleKind = Constraint
wRules
ruleKind = Constraint :
[
v
«Uncertaintys
Driver Inattention «Precision»
Note that the driveris . - — 2 Poor
—_—— wUncertainfy»

—_— e — e e o — o — o — — — —— — — — — — — — — — — — — — — — — — — — — — — — — —
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INTERESTING LINKS

Drivers Don't Understand How Cruise Control Works

- https://carbuzz.com/news/drivers-dont-understand-how-cruise-control-
works/#:~:text=The%20study%20found%20that%20some,car%20centered%20in%20its%20lane.

- ADAS Radar Sensor: How it Works & Why it Needs Calibration
- https://caradas.com/adas-radar-sensor/

* Target vehicle lane-change intention detection: An approach based on online transfer learning
- https://www.sciencedirect.com/science/article/abs/pii/S0140366421000876

- Radar-based target identification and tracking on a curved road

- https://journals.sagepub.com/doi/10.1177/0954407011414462

« Approaching _the Reduction_of _Uncertainty_in_Production_System_Design_through_Discrete-
Event_Simulation

- https://www.researchgate.net/publication/325263850 Approaching the Reduction of Uncertainty in Production System Desig
n through Discrete-Event Simulation



https://carbuzz.com/news/drivers-dont-understand-how-cruise-control-works/
https://carbuzz.com/news/drivers-dont-understand-how-cruise-control-works/
https://caradas.com/adas-radar-sensor/
https://www.sciencedirect.com/science/article/abs/pii/S0140366421000876
https://journals.sagepub.com/doi/10.1177/0954407011414462
https://www.researchgate.net/publication/325263850_Approaching_the_Reduction_of_Uncertainty_in_Production_System_Design_through_Discrete-Event_Simulation
https://www.researchgate.net/publication/325263850_Approaching_the_Reduction_of_Uncertainty_in_Production_System_Design_through_Discrete-Event_Simulation
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TYPES OF RADARS ON VEHICLES

Range General Use Placement ADAS Systems
(meters)
Short 0.5-20 For detecting objects in close Rear vehicle — Blind Spot Detection — Rear Collision
Range proximity corners Warning — Rear Cross Traffic Alert
Medium |1-60 Typically utilized by vehicles as | Front/Varies — Front Cross Traffic Assist — Lane
Range they navigate around town Change Assist
because it's more effective at
detecting objects at medium
distances.
Long 10-250 Typically used on highways and | Forward facing, — Automatic Emergency Braking —
Range in specific areas with high traffic | near the front Adaptive Cruise Control (& Traffic Jam
density like interchanges and bumper or behind | Assist) — Forward Collision Warning
junctions. the grille

https.//caradas.com/adas-radar-sensor/



https://caradas.com/lane-change-assist/
https://caradas.com/lane-change-assist/
https://caradas.com/adas-radar-sensor/

