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Al evel2 ¢ GroupCase (ReporPresentation (50%)
AGroupreport with the useof MBSEbn a PracticalProject.
(25%)
APresentation(25%)

Al evell ¢ Final IndividuaExam(30%)
AFinal quiz (3@uestions)

AL evel0 ¢ Quizze$20%)
A6 quizzesw/ 10 questionseach
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UrbanAir Taxi Service
Provideshort-range
passengeflightswithin a
city.

Offshore Oil Platform
Transport- Carry workers

and cargo between
mainland and oil rigs.

EmergencyMedical
EvacuationeMED - Rapid
extractionof patients
from accidentsitesto
hospitals

Airborne Firefighting
Support- Use eVTOLS tq
monitor and support
firefighting operations in
forested areas.

Police Surveillance and
Crowd Monitoring Use
eVTOLSs to support publi

safety during large events

eVTOlrelatedthemes(Use Cases)

LastMile Package Delive
- Deliver packages from
urban hubs to customer

rooftops or delivery
stations.

Luxury eVTOL Charter
Flights- Onrdemand air
travel for VIP clients in

urban and regional areas

eVTOL for Infrastructure
Inspection- Inspect

bridges, power lines, or

pipelines autonomously.

Military Reconnaissance
eVTOL: Deployable
unmanned eVTOL for

battlefield surveillance.

Rural Medical Supply
Drops- Deliver essential
medicines to remote
clinics.
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Emerging skills Core skills in 2030

Less essential now, but axpected 1o increass in use Core now and expected to incraass n mmportance
Al and big data
Networks and cybersecurity Tachaciogical Meracy
® SR : ‘ Creative thinking
Curiosity and lifelong leam - @ Resilience, fiexibility
Talent management and agiity
. Environmental stewardship \Q : B W, A el
® Leadershipand @ Analytical thinking

@* social nfluence

; Empathy and active listening
: Mark: .
mmm"g\. and media Teaching and &Se(vice orientation and
/ mentoring customer service

i e Quality contrdl Resource management
20 S @ . ® and operations

Mutti-lingualism
- ; ® : 15 :
@ Sensory-processing Raciog el .. Dependability and attention to detail
sosbe ‘and ematics

10 .Wdexteﬁty,endwanceandpradsio

-

Share of employers expecting increasing skills in use by 2030 (%)

Out of focus skills Steady skills
Less essential now, and not expected to increasa in use Care now, but not expected to increase in usa

Share of employers considering as a core skill in 2025 (%)

1

mm Cognitive skills  #m Engagement skils == Ethics m Management skalls 3
mm Physical abiities = Self-efficacy =R Technology skills  #m Working with others https://reports.weforum.org/docs/WEF_Future_of_Jobs_Report_2025.pdf
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https://www.act.nato.int/article/mdo-in-nato-explained/ 6
https://sebokwiki.org/wiki/System_Resilience



https://historyofeducation.net/2024/03/10/theseven l
liberatarts-part-1-tools-for-learning/

Nt hi nigis
symbol i
(MB)SE language symbols

Nt hi nigis as
Knowno
(MB)SE language diagrams

(MB)SEc”)s single source

Nt hi nigis
communi C 3
(MB)SE model

Systems Engineering is (should be) the Engineeririopgua -franca

17 https://en.wikipedia.org/wiki/Lingua_franca



SysML Vx (and variants)
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Classic Representations === 19514:2017

Information technology — Object

m?n‘ m?::n of the parts management group systems

/ modeling language (OMG SysML)
oo
Subs) A System
- - /’/ Read sample Published (Edition 1, 2017)
(subsystems)
Sw- | Subsystem
o 7z hekd togethar

o by "glue”
B | Subsystem D | (ntegration) st

Shows the components
which form the system. ~ooaL roINT

Product Brﬁdown ey V K i%’i?.‘-. = = =
Structure (PBS) // O\ ‘ ==
. UML Capella =

TRTHATT ons. =3

Work Breakdown
Structure (WBS)

All work components
'nocessary 10 produce
a complete system

QA
.v;»m«nuv s
=

=

Bl

Work 1o produce I
i Viork 1o ntegrato the
systom components |  COMPONGNts inlo a system

)

SpiceSE

=180 19450:2024

Automation systems and integration — Object-
Process Methodology

The whole takes more work
than the sum of the parts.

avonics svsTow

150194502024

(rT—
Automation systerms and tegraton | gaon
= otject-Process Methodoiegy Ly

OPM

1_001 is Airborne Payload Transportation

Cargo Transporting consumes STrH_Need

Read sample Cargo Transporting yields
Marketing_Re

Function Defining
Requirements Identifying

reawemens o | YD Cloud

Arbome Cargo Transportatien
0,001 exhibds Arcraf

Modellica o~

Cargo Transporting changes Cargo from origin 1o destination.

01, as wel as Cargo Transporting
9_Req 001

Mathworks (System Composer) R

ore. ana Configuration
X management 1

ModelBased Systems Engineering for Aircraft Design with Dynamic Landing Constraints Using 8
ObjectProcess Methodology , AIAA Scitech 2019 Forum

Traceabilty

'/

HH
‘%S

Disclaimer: State of Practice, to include on lectures, | would go with SysML / OPM
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- Whatisa System?

20

A system s a

<set, combination, group, collection,
configuration, arrangement, organization,
assemblage, assembly, ensemble [10]>

of

<parts, components, elements, objects,
subsystems, entities [6]>

<combined, integrated, organised, configured,
arranged [g]>

iIn a way that
creates, enables, motivates [3]>

<properties, functions, processes, capabilities,
behaviors dimensions [6]>

not
<possessed, exhibited, presented [3]>
by the
<separate, individual, single [3]>

<parts, components, elements, objects,
subsystems, entities [6]>

Aristotle

Descartes

Carnot

Clausius

Bertalanffy

Wiener &
Ashby

Miller

Allen &
Holland

Emergenece
Conceiving
(382-384 BC)

Reductionism
Conceiving (17th
Century AD)

Systems In
Thermodynamics
Conceiving (1824

Environment
Conceiving
(1850)

General Systems
Theory Conceiving
1948)

Cybernetics
Conceiving
(1948 & 1956)

Living Systems
Conceiving (1978)

Complex Adaptive
Systems Conceiving
(1986 & 1995)

5STAYAY 3
27" Annual INCOSE International Symposium. 201

Emergence:

S5~  The Whole Is More
Than The Sum Of The
Parts

Reductionism: Rapid
>>  Progress In

Experimental Physics,

Biology, Medicine

> Systems Use In
Thermodynamics

Q
>> Environment Concept
Q
>> General Systems
Theory
Q
>> Cybernetics
Q

Y

Living Systems

S~ Complex Adaptive
Systems

G{eaasys¢y



o Whatis Systemdngineering

SystemsEngineeringis a transdisciplinary approach and means based on systems
principles and concepts, to enable the successfulrealization, use and retiral of
engineeredsystems

It focuseson

Aestablishinga G | 1 S K 2UipRsS Nl Quccess . and defining actual or
anticipatedcustomerneedsandrequiredfunctionality earlyin the developmentcycle,

Aestablishingan 2 _ and processapproach consideringthe
levelsof complexity,uncertaintyandchange

Adocumentingand and for eachphaseof
the endeavour

Aproceedingwith
Awhile consideringthe and

Systet m%ngineelrinqprovidesfaci litation,guidanceandleadershipto integrate all the disciplinesand specialtygroupsinto ateameffort forming an appropriatelystructureddevelopmentprocesshat proceedsrom conceptto productionto operation,evolutionand
eventualdisposal

Syste mfn%ineering:onside rsboth the businessandthe technicalneedsof all customerswith the goalof providinga quality solutionthat meetsthe needsof usersand other stakeholdersandisfit for the intendedpurposein realworld operation,and avoidsor
minimizesadverseunintendedconsequences

A fresh look at Systems Engineergnghat is it, how should it work?
28" Annual INCOSE Intemational Symposit2d18
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Agreement
Processes

SECTION 2.3.2

Acquisition
SECTION 2.3.211

Supply
SECTION 2.3.2.2

S

Life Cycle Model
Management
SECTION 2331 T

Infrastructure
Management
SECTION 2.3.3.2

Portfolio
Management
SECTION 2.3.33

Human Resource
Management
SECTION 2.3.34

Quality
Management
SECTION 2.3.3.5

Knowledge
Management
SECTION 2.3.3.6

Organization
Project Enabling
Processes

SECTION 2.3.3

Technical Management Processes

Continual planning, assessment, and control
across all processes and life cycle stages.

e e N b b SECTION 2.3.4
. | T Project Project : Decision ' Risk Configuration Information  Measurement Quality
Planning Assessment & | Management = Management Management Management Assurance
: Control ! ]
SECTION 2.3.41 SECTION 2.3.4.2 | SECTION 2343 | SECTION 2.3.4.4  SECTION 2.3.4.5 SECTION 2.3.4.6  SECTION 2.3.4.7 SECTION 2.3.4.8
B | Invoked by
il : processes
S e : as needed — oep‘oyment
= ept Defip; | throughout ,
4N ¥ o . lifecycle ‘;‘4&“ Uy
----- Business or Mission : . Operation
Snmcysis i it Technical Processes SAKHON 22 512
SECTION 2.3.51 ; y
@ | SECTION2356 SEEIRMEIA 3 Transition @Ssa?sﬁ?:lsu
e erereueeee - ECTION 2.3.5.10 ]
Stakeholder Needs and De Maintenance
Requirements Definition em ﬂhl Realj SECTION 2.3.5.13
SECTION 2.3.5.2 1"" Uy, ’5"‘;‘“ zal'lo
S ]
System System T v
S— Requirements Architecture Ss\ﬁl"f';azt';'; sMs 2’;2‘::;';"5“ e
P — — Definition Definition i . i
I SECTION 2.3.5.3  SECTION 2.3.54
{ -
@ Implementation Integration
SECTION 2.3.5.7  SECTION 2.3.5.8
Design —. - Concurrency
Definition DY Sy @3 |« Iteration
SECTION 2.3.5.5 g 5
Recursion
\ ‘ ’ J

FIGURE 2.10 System life cycle processes per ISO/IEC/IEEE 15288. INCOSE SEH original figure created by Roedler and Walden. Usage per the INCOSE Notices
page. All other rights reserved.



Technical Management Processes

System of Interest

r <X
System of Interest Technical Management Processes ° Technical M: Processes
Elements L ‘ : '
Clevener |
X /

-
f..‘
's‘ssg

LR ]
) — 020 | |0S.0| 850
G L oF LT H

FIGURE 2.12 Concurrency, iteration, and recursion. INCOSE SEH original figure created by Roedler and Walden. Usage per the
INCOSE Notices page. All other rights reserved.
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Pre-A | A | B | C D | E |F‘
| | | | |
Viability Operation
Sudies Concept
Development Assembly
Integration

Tests
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Viability Operation
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-+ Reducindunction we are standardaecognizers

https://www.psychologytoday.com/blog/thathletes
way/201311/whatis-the-humanconnectomeprojectwhy-should
you-care




b .
~ Cognition

Cognition is "the mental process of
acquiring knowledge and
understanding through thought,
intelligence, and SEeNSEeStencompasses

processes such as attention, knowledge formation, memory and
working memory, judgment and evaluation, reasoning and
"computing", problem solving and decisionaking, language

comprehension and productiorCOgn itive
processes use previous knowledge to

generate new knowledge. ‘ , '.
35 l \ i

https://en.wikipedia.org/wiki/Cognition




~+ Eachengineeringhasits own language
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- Whatisthe languageof SystemEngineeri@
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Tha whole does mare
than the sum of the parts

Subsystem A System
Components
Sub- | Subsystam f:ﬁiiﬁm::
fﬁ - by “ghue”
B Subsystern D {intagration)
Product Breakdown
Structura (FBS)
Shows the companenis
which farm tha system.
Syslem
A B c ||D
Tree indivichual ;’;
SySiam compomnks Work Breakdewn
Structure (WBS)

All work componans
necessary 1o produce
& COMPtE Bystem
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| | I | | ]
1T T i
i
A B G e
Man- Sysems &Y ILS
| B
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*» Classic Representations

AOver the past few years, systems engineers have used some
graphical representations to present the functional and flow
characteristics of the system.

AThe most common are:

Aenhanced Function Flow Block Diagram (eFFBD),
AN2 (N-Squared) Chart,
ABlock Diagram.



enhanced~unctionaFlow Block
Diagram



FUNCTION DEFINITION

AFunction is the activity, operation, or transformation that causesor
contributesto performance

Aln designedsystems,function is the ,
whichultimatelyleadto the deliveryof value

AFunctionis executedby form, whichisinstrumentalin function.

AFunctionemergesfrom functional interaction between entities. Function
IS a product/systemattribute.

FUNCTION

AFunctionis aboutactivity, in contrastwith form, whichis aboutexistence

40



- Functional modelling

AFunctional modelling in Systems Engineering is a structured
representationof functions (i.e. activities,actions,processespperations)
within the modelledsystem

AThe purpose of the function model is to describe the functions and
processes , help
and
. In Systems Engineering,a function model Is created from a
functionalmodellingperspective

41



- Functional architecture

AThe functional architecture is (usually) a of
systemfunctionalandperformancerequirements

AThe architecture will show not only the functions that have to be
performed, but also the logical sequencing of the functions and
performancerequirementsassociatedwith the functions.

AThe produced by the Functional Analysisand
Allocationprocessis the detailed packageof documentationdevelopedto
analyzethe functionsandallocateperformancerequirements

FUNCTIONAL ARCHITECTURE

42



GATHERING FUNCTIONS

43

Takeoff

with cargo

Autonomous takeoff
is integral to
Rotomotion’s control
package, but requires
proper calibration of
Sensor gains.

Transport
Cargo

Autonomous
hovering and GPS
waypoint navigation
is integral to
Rotomotion’s control
package, but requires
a collision avoidance
system for true safety
of flight.

The cargo must be
lowered at sufficient
speed to avoid
possible buildup of
oscillations.

Stable hovering is
especially important
while unloading the

UGV.
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Lower
Empty Tray

The cargo must be (6) GPS Stable hovering is
raised at sufficient Waypoint especially important
speed to avoid Navigation & while loading the

possible buildup of Surveillance UGV. Servoing of

oscillations, butless (7) Lower Tray UGVinto the tray
weight during raising requires accurate
means less risk. sensors and failsafe
tray design.

Land with
Cargo

(9) Raise Tray Autonomouslanding
(10) GPS isintegral to
Waypoint  Rotomotion’s control

Navigation & -
. package, but requires
Surveillance identification of
proper landing zone
through sensor
systems for truly

reliable landings.






Planetary Defense Program

[ Planetary Defense ]

[ 1. Detect Threat ]

[ 2. Eliminate Threat ]

1.1 Coordinate Assets

~

1.2 Monitor Sky

1.3 Confirm Sighting(s)

1.4 Determine Composition

1.5 Determine Size

1.6 Determine Velocity

1.7 Determine Orbital Elements

1.8 Run Simulation(s)

1.9 Establish Level of Threat

1.10 Decide on Action

[ 3. Re-evaluate Threat ]

-

2.1 Track Target

~

2.2 Run Simulation(s)

2.3 Prepare Delivery System

2.4 Prepare

P

J

2.5 Implement Response

~

-

3.1 Monitor Impact

3.2 Ref. Detect Threat

3.3 Confirm Success/Failure

ayloado

Functional Analysis Module ¢

Space Systems Engineering, version 1.0
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1
1
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! 1. Detect Threat | X
i i 1.4 Determine _ '
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1 : 1
: ! 1.5 Determine ]
A\ 4 > . > 1
: Size 1
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' - 1.6 Determine - I
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1 | \ 4 |
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I 1
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I : | Orbital Elements " '
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' | or I
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1 1 1
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_______ R,
! Ref. 3. ' Ref.
' Reevaluate | 2. Eliminate
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*” Planetary Defense Level 1 Functional Flow
- Block Diagram For Threat Elimination




*” Planetary Defense Level 1 Functional Flow
- Block Diagram For Threat Reevaluation

eeeeeeeeee

. Reev rea Success
Threat (a)
Ll vonitor i 'p; ;;; || Ref.2.Detect | | Confirm Success| | e
! Threat(b) | |  orFailure '
Ref. Eliminate
Failure Threat




A

+ The FFBRQ FunctionaFlow Blocliagram

AThe Functional Flow Block Diagram (FFBD) was developed in the 195t
TRW Inc., a U.S. defense contractor. TRW created the FFBD as a stru
method to represent the sequential flow of system functions, particular|
for complex aerospace and defense projects.

Aln the 1960s, NASA adopted FFBDs to visualize the time sequence of
events in space systems and flight missions.



R

-+ FFBI FunctionaFlow Blockiagram

ATheFFBDOs a multi-layered, sequenceddiagram of the functionalflow of
asystem

AAn FFBDusually defines the sequencesand supports step-by-step
detailing of systemsput it canalsobe usedeffectivelyto define processes
whendevelopingand producingsystems

Aln the FFBDmethod, they are organizedand representedby their

AA key conceptin modelingis

that for a function to begin, the previous function or functions within the
"control" flow must have ended. For example, a "view targets" function
would logically not start until a "detect targets" function was completed.
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ffbd _Perform Command Center Fu ndion%

Ref.
Ref.
| Perform Geospatiall
Library Functions

FN.2.1

Check Product
Inventory

Command Center

Mot In Invento:

FN.2.4

Motify User Of
Estimated 5...

Command Center

FN.2.8

Get Product From
Inventory

Command Center

FN.2.2 FMN.2.3
L Determine
Prioritize Request Callector Mix

Command Center

Command Center

FN.2.5

FN.2.6 FN.2.7
Accept And Put Product In
Format Collect... Inventory

Command Center

Command Center

Task Collectors

Command Center

Ref.

Ref.

| Perform Geospatiall
Library Functions




-+ Symbology

AA function mustbe representedby a rectanglecontainingthe function title
(averb followed by a noun) andits uniguenumber

)

Unique decimal

TEMPLATE / ok it \ EXAMPLE
F1

[Fanction Number] &”] 1

’ 1 Action Verb followed
[Function Title] < b o Nows Pass ™ Display Instructions

[Function Number] F1
4 Reference Function ———p

[Function Title]
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-+ Functionaflow

AA line with a single arrowhead should represent the functional flow fror
left to right.

Directed line from
preceding function.

[Function Number]

\

Directed line to
succeeding function.
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*» Logicatonditions and

AA parallel construct consists of an
AND node, followed by separate

branches that rejoin and terminate ai
another matching AND node.

AEach branch can contain any numbe
of functions and control constructs.

AWhen executed, the first entity on
each branch will be enabled at the
same simulation clock time. The
construct cannot be exited (from the
second AND node) until all branches
have completed their processing.

AControl is then passed to the next

effbd Concurren Ejy

function or construct after the parallei

construct.




’L&‘:

AA select construct consists of an OR

node followed by multiple
branches that rejoin at a matching
OR node. Each branch can contai
any number of functions and
control constructs.

Aln contrast to a parallel construct i
which all branches are executed,
with a select construct only one
branch is executed. Thus, the sele
construct is an exclusive OR.

-+ LogicalConditions Exclusive OR (XOR)

effbd SEIE-:tJ




-+ Logicatonditions or inclusive

Alnclusive OR: A condition in which one, some, or all of the preceding o
successive multiple paths are required.

Function #2

Function#3

- Function #1 <OE>
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— ﬂ&v effbd L:J:Jp,l

Exit 001

AA loop construct consists of a pair of LP

nodes that enclose a branch and are : —
connected with a loop back line. The [ ]‘O*

branch can contain any number of

functions and control constructs. These

will be repeatedly executed in sequence

AThe branch will typically contain a loop ey
exit construct to conditionally exit the

loop construct. Without a loop exit, the
loop construct becomes an endless loop| b

mechanism for exiting a loop. When the
loop exit construct is encountered, the
Innermost loop Is immediately
terminated, enabling the construct or .
function following the loop.

AThe loop exit construct provides the [ & !
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Abbreviations/Notes:

“And” Gate: Parallel Function
“Or” Gate:  Alternate Function

3.5 Ref @

1.1.2 Ref[— P

Interface reference

Functional
description

:-Ref 9.2, Provide guidance

block (used on first- |

and lower-level
function diagrams
only)

Scope Note:

: See Detail Diagram

Function

Wuber Summing
gate

921

—>

.
©

|
922 '
Go flow\ :
|
Parallel G I Ref.

functions 0 I > 11.3.1
923 :
|
|

See Detail Diagram

Alternate
functions

924

Sys
Malf.

Leader notej See Detail Diagram

[\t A e et ) )
Ly I |
| | |
| e e Yal
' Tentative
: function
|
o

Flow level designator —————»2nd Level

Title block and standard drawing number ——J§»

Functional Flow Block
Diagram Format



Top Level

1st Level

2nd Level

1.0 2.0 3.0
L) LY
\ \
M \
System Function |
v LY
\\ \ .
L |
LY 1
1.1 12 —O— 13 1.6 1.7 2.6 2.7
2.8
Subfunction 1.0
_ - »
1.5.31.5.4}1.5.5
1.4.1

1.4.5




TOP LEVEL

1.0 20 30 40 6.0 70 80
Ascentinto | Cnl':ckmt - Transfe;rbitn m’: OR Trans&nrﬁtu ) Ilntrlmft - Ilmnt:d and
Orbit Injection and Deploy 0OPS Orbit ations sTs t Spacecra La
- ~
- 5.0 a
- ~
- Contingency ~—
- Operations B —
SECOND LEVEL e
(3.0) Ref. 4.1 4.2 43
Transfer to N Provide |, Provide N Provide
OPS Orbit Electric Power Attitude Themal
Stabilization Control
44 4.5 4.7 4.8 4.10 (6.0) Ref.
Transmit Pay- Transfert
Provide Orbit Receive Store/Process Acquire _@_, ransfer to
— OR - . OR i
Main Command Command Payload Data load & Sub STS Orbit
system Data
—
— e
45 - 4.9 4.1
) Acquire Transmit
ﬁcﬂfccm} Subsystem "@" Subsystem [
» Status Data Data T~
o~ T
- ~
HIRGLEVEL ™~
. (4.10) Ref.
[4.?_n Ref. Transmit Pay-
Store/Process load & Sub-
Command system Data
A
4.8.1 482 483 484 485 4.8.6 487 488
Compute TDRS Slew to Compute LOS Slew 5/C Command Process Re-
Pointing | ?| andTrack [ m ™ Pointing [* twl0s [® ERPPW [ ™ceiving Signal m @
Vector TORS Vector Vectar Radar On and Format
489
RadarOff —
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- enhanced Functional Flow Block Diagram
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