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Case study for all exercises
THE PHOTO DRONE SYSTEM

Introduction to Rhapsody

The photo drone system

As a result of a strategic decision of
the board of directors, the technical
director of your commercial drone
company is in charge of the realization
— in close contact with the marketing
director and the operations director —
of a standard offer for a new photo
drone system which shall be offered
to the international market.

As a MBSE modelling expert, you are
personally in charge — mandated
directly by the technical director since
the situation is critical — of creating as
soon as possible a system model of
the technical scope resulting from
this decision.
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Stakeholder & need analysis - Exercise
OVERVIEW

Deliverable 1:
stakeholder hierarchy

e (Package] a111_Stakehokderanslysis [a1111_Stakeholderterarchy]

The need hierarchy

‘“&»“‘w"-é‘«““ R e o e e shall be modelled
_— ; with a requirement
e diagram (REQ)
The stakeholder

hierarchy shall be
modelled with a block
definition diagram (BDD)

Deliverable 2: need hierarchy
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Stakeholder & need analysis - Exercise
SYSTEM ARCHITECTING — STAKEHOLDER ANALYSIS

Photo drone system

UAV stakeholders

. Ground Take off /
Maintenance . . .
D Customers Photo areas Operators Satellite charging Landing Atmosphere
¥ system area
Individual Professional Deliverable 1: stakeholder hierarchy
customers customers
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Stakeholder & need analysis - Exercise
SYSTEM ARCHITECTING — NEED ANALYSIS

Photo drone system

VAV needs \

Operability & Performance
maintainability

[\

Operators shall be able to control the drone in real Professional customers shall be able to get photos
time during its use. with 1 M pixels resolution
X X
Maintenance system shall be able to repair standard Ground charging system delivers electrical voltage
failures in less than 2 hours in 99 % of the cases of 220 V in normal conditions

Deliverable 2: need hierarchy
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Lifecycle & use case analysis - Exercise

OVERVIEW
Deliverable 3:
. . operational scenario
Deliverable 1: lifecycle P

Deliverable 2:

use case hierarchy e
e o ‘ | m
anan [Sartnseg ) : J — ;h[hhu oot oe wheo decded?]
SO - [ R I
@ o Manage U o
A & —
. Marage Aght 7 marage Photos. \
The system lifecycle shall be modelled L ' :
with a state machine diagram (STM) S T —
G = The operational scenarios
shall be modelled with a
SO L 1 | sequence diagram (SD)
The use case hierarchy shall be
modelled with a use case diagram (UC)
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Lifecycle & use case analysis - Exercise
SYSTEM ARCHITECTING — LIFECYCLE ANALYSIS

Photo drone system

Industrialization
[putin
service]

Birth

Deliverable 1: lifecycle

10

[end
take-off]

Normal operation

[end
journey]

[start
journey]

Take-off Landing

[start
landing]

[photo

[end Photography
photo]

Stabilization

Photo taking

[collision]
Crash

[maintenance
event]

[repairable
crash]

~

[non-repairable

Maintenance ]
crash]

[non-repairable
failure]

[maintenance
finished] End of life

T———e

[death]
End

UAYV system lifecycle
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Lifecycle & use case analysis - Exercise
SYSTEM ARCHITECTING — USE CASE ANALYSIS — USE CASE HIERARCHY

Delivera_ble 2 Manage UAV Zfoontg
use case hierarchy g system
Manage flight Manage photos
‘/////////////' \\\\\\\‘ ‘///////////\\\\\\\\\\\\\\A
Take-off Landing Stabilize UAV Transmit photos
Manage ph:Jt/ographic Avoidt:bstacles Take a photo

journey
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Lifecycle & use case analysis - Exercise Photo

drone

SYSTEM ARCHITECTING — USE CASE ANALYSIS — OPERATIONAL SCENARIO system

Take a photo

Photo areas

Ground Take off /
charging system landing area Operators

pd
~
Remove charger
> Initiation command
Stop producing electricity
L . Ready to fly
[Photographic mission achieved?]
loo Flight command
Meteo conditions, ground image
<

UAV

~
7
~
7

v

[Taking photo or video decided?]

Image, GPS location, flying data

alt Take photo or video command

. Images of photo area

vV

Go back decision

Vv

Deliverable 3: Meteo conditioris, ground image

operational scenario . . >
./ Landing
~

i< —
<
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Functional analysis - Exercise
OVERVIEW

e [« Funcamm > Bock] Maragericht 1212 anctonsinteractises]

Deliverable 1: use cases to

functions allocations -
Mj pe—— - ettt p— X

The use cases to functions allocations shall be
modelled with a requirement diagram (REQ)

S
*anageriont
[}
ok Puncion> [ — <ok caen > P — P a—
—
) ) ¥
>
Bock Furcaen> tseck sz <Bock Furcion Py | Ty y | Py pr— ey p—
e =
Deliverable 2: |
. ComartzicayoTore
functional

breakdown structure

The functional breakdown structure shall be
modelled with a block definition diagram (BDD)

15 Chapter 2 — Functional architecture e Session 2.1 — Exercise on SysML

The functional interactions
shall be modelled with a
internal block diagram (IBD)

Deliverable 3:
functional interactions

. Deliverable 4.
q functional scenario

Sz meeast])

rotoirasimaga)

The functional scenario
shall be modelled with a
sequence diagram (SD)
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Functional analysis - Exercise

STEP 1: SYSTEM ARCHITECTING — FUNCTIONAL ANALYSIS — IDENTIFY ALL FUNCTIONS

Take-off e
movement
Manage
photographic . R Manage
journey N flight path
Y.
<
e / N AN
) Determine
Landing position
(&
(
Avoid Manage power
obstacles
o

Manage
movement

Stabilize UAV

Manage photos

Take a photo

DU  \anage data

Transmit
photos

Manage power

Deliverable 1: use cases to functions allocations

16 Chapter 2 — Functional architecture e Session 2.1 — Exercise on SysML
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Functional analysis - Exercise
STEP 2: SYSTEM ARCHITECTING — FUNCTIONAL ANALYSIS — FUNCTIONAL BREAKDOWN STRUCTURE

Manage flight

Manage Manage

movement flight path

Provide Control : Convert electricity
Acquire demand Store photos
movement movement to torque

A4

Take photos

Deliverable 2: functional breakdown structure

Manage photos Manage data Manage power

Determine
position

Distribute
electricity

Store

electricity
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Functional analysis - Exercise
STEP 3 : SYSTEM ARCHITECTING — FUNCTIONAL ANALYSIS — FUNCTIONAL INTERACTIONS

Photo areas

Images

. v
Manage flight Electricity

Manage photos —
Photos

Photo
decision

GPS UAV Direction &
info sition Manage strength Manage Movement
Satellite sammmmmmmg Determine position > ' g — 9 ———»  Atmosphere
flight path movement

Electricity Electricity Power

demand

Flight Torque
instructions .
Manage data Manage power Dellver_able 3:
functional
Electricity 4 interactions

Flight instructions ‘ i Photos Electricity

Ground

Operators charging system
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Functional analysis - Exercise
STEP 4: SYSTEM ARCHITECTING — FUNCTIONAL ANALYSIS — FUNCTIONAL SCENARIO

Take a photo

. Manage Manage Determine Manage Manage Manage
Environment . i
flight path movement position photos power data
| 1
1
1

1
1
1
. GPS information,

UAV position

> !

<
Stabilization power request
Stabilize : , >.
UAV ! !

Photo deci"sion

V

\ 4

~
7

1
1
1
|
1
Photo area image
i
1
1
1
1

Deliverable 4: functional scenario

1
1
1
1
:
Photos
1
1
1
1
1
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Functional requirements & functional modes - Exercise

OVERVIEW
Deliverable 1: needs to functional Deliverable 3: functional requirements
requirements allocations to functions allocations

oy [Fockage] a3 FundiomaRaqurumantTs FuncsosalagamantTrassabity_Tehasds]

et w1 M pss
e

The needs to functional requirements allocations The functional requirements to functions allocations
shall be modelled with a package diagram (PKG) shall be modelled with a package diagram (PKG)

The functional requirements
hierarchy shall be modelled with
a requirement diagram (REQ)

Deliverable 2: functional
requirements hierarchy
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Functional requirements & functional modes - Exercise

SYSTEM ARCHITECTING — TRACEABILITY FROM NEEDS TO FUNCTIONAL REQUIREMENTS

Operators shall be

able to control the

drone in real time
during its use.

Maintenance
system shall be able
to repair standard
failures in less than
2 hours in 99 % of
the cases

The UAV shall manage
movement in real time
in flight mode

The UAV shall manage
datain real time in
flight mode

Professional
customers shall be
able to get photos

with 1 M pixels
resolution

The UAV shall manage
maintenance data
within 2 minutes in

diagnosis mode

Chapter 2 — Functional architecture e Sessions 2.2-2.3 — Exercise on SysML

Ground charging
system delivers
electrical voltage of
220 Vin normal
conditions

The UAV shall manage
photos with 1M pixels
resolution in photo mode

Deliverable 1: needs to functional requirements allocations

The UAV shall manage
photo data with a 100 MB/s
bandwidth in photo mode

The UAV shall manage
power of 24 V in all modes

Copyright © This material cannot be reproduced or used in part or
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Functional requirements & functional modes - Exercise
SYSTEM ARCHITECTING — FUNCTIONAL REQUIREMENTS HIERARCHY

UAV functional requirements

Operability

/\

N

Maintainability

Performance

Flight Photo
operability operability
The UAV shall The UAV shall

manage movement
in real time in flight
mode

manage photos with
1M pixels resolution
in photo mode

/\

Communication Power
performance performance
The UAV shall — S
manage The UAV shall The UAV shall
maintenance manage photo The UAV shall
e manage data i
data within 2 in real time in data with a 100 manage power of
minutes in . MB/s bandwidth 24 Vin all modes
. ) flight mode )
diagnosis mode in photo mode

Chapter 2 — Functional architecture e Sessions 2.2-2.3 — Exercise on SysML

Deliverable 2: functional requirements hierarchy

Copyright © This material cannot be reproduced or used in part or

totally without the written permission of Systemic Intelligence China

REiE



Functional requirements & functional modes - Exercise
SYSTEM ARCHITECTING — TRACEABILITY FROM FUNCTIONAL REQUIREMENTS TO FUNCTIONS

The UAV shall manage
movement in real time
in flight mode

The UAV shall manage
movement photos with 1M pixels < ---- Manage photos
resolution in photo mode

The UAV shall manage

data in real time in Manage data The UAV shall manage
flight mode photo data with a 100 MB/s [« ---- Manage data

bandwidth in photo mode

The UAV shall manage

maintenance data Manage data The UAV shall manage

within 2 minutes in power of 24 V in all modes
diagnosis mode

Manage power

Deliverable 3: functional requirements to functions allocations

Copyright © This material cannot be reproduced or used in part or

24 Chapter 2 — Functional architecture e Sessions 2.2-2.3 — Exercise on SysML totally without the written permission of Systemic Intelligence China X
ReB



SysML Exercices
Chapter 3 — Logical Architecture

KROB Daniel (INCOSE Fellow) — SUN Jiaheng

Wechat ids: daniel-krob — s18501379086




Table of Contents
CHAPTER 3 — LOGICAL ARCHITECTURE e SESSION 3.1 — EXERCISE ON SYSML

Use BDD & IBD to organize logical architecture
and SD to specify logical scenarios

Exercise on SysML
2 Use REQ to define technical requirements
Exercise on SysML

3 Use STM & BDD to define technical modes



27

Logical analysis — Exercise
OVERVIEW

Deliverable 1: functions to
components allocation table

e i— -

| -

— -
== . -
=] e, | .
== -

e F:E-f]‘ l ] AN

=

! AY

The functions to components allocation table shall
be modelled with a requirement diagram (REQ) !

Deliverable 2: product breakdown structure

R R S —— .

,
[ e -
,
- -’
[ I ] , --"

== — ‘ o ‘ e
—

L) [}
g

The product breakdown structure (PBS) shall be
modelled with a block definition diagram (BDD)

Chapter 3 — Logical architecture e Session 3.1 — Exercise on SysML

Deliverable 3: logical interactions

The logical interactions shall be modelled with
an internal block diagram (IBD)

Deliverable 4: logical scenario

The logical scenario shall be modelled with
a sequence diagram (SD)
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Logical analysis — Exercise
SYSTEM ARCHITECTING — TRACEABILITY OF COMPONENTS TO FUNCTIONS

Rotors

Embedded
system

Manage Manage data

movement

Battery

Manage power

Manage

flight path Avionic system

Determine

position GPS module

Manage photos

Deliverable 1: functions to components allocation table
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Logical analysis — Exercise
SYSTEM ARCHITECTING — IDENTIFY & ORGANIZE ALL COMPONENTS WITH THEIR INTERACTIONS (1/2)

Power system Camera Software core

Embedded

Engine GPS module Avionic system
system

Deliverable 2: product breakdown structure
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Logical analysis - Exercise
SYSTEM ARCHITECTING — IDENTIFY & ORGANIZE ALL COMPONENTS WITH THEIR INTERACTIONS (2/2)

UAV

Air

Support

Photo areas

Atmosphere A Movement Rotors >

Satellite Avionic Command
system
Battery
Embedded
system
Command | Photos Fly data
Ground Deliverable 3: logical
Operators charging system interactions
Copyright © This material cannot be reproduced or used in part or
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Logical analysis — Exercise
SYSTEM ARCHITECTING — ANALYSE THE LOGICAL SCENARIO ASSOCIATED WITH A FUNCTIONAL SCENARIO

q Avionic Embedded
Camera

GPS information

L —
UAV position
_>.
Stabilize UAV
. > Stabilization power request
é.
Stabilization power requeit
Photo decision i R Photo demand
7 rd

Photo area image
~
Tl

Images . _ Photos

~

N

Deliverable 4: logical scenario
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Technical requirements - Exercise Deliverable 3: technical requirements
OVERVIEW hierarchy

Deliverable 1: traceability from functional = o
requirements to technical requirements ~- =

The technical requirements hierarchy shall be
modelled with a requirement diagram (REQ)

\ 4

The traceability from Deliverable 4: traceability from
functional requirements technical requirements to components

to technical
requirements shall be Deliverable 2: traceability from needs to

modelled with a technical requirements

requirement diagram
(REQ)

The traceability from technical requirements
to components shall be modelled with a
The traceability from needs to technical requirements requirement diagram (REQ)
shall be modelled with a requirement diagram (REQ)

Copyright © This material cannot be reproduced or used in part or
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Technical requirements - Exercise
SYSTEM ARCHITECTING — ANALYSE THE TRACEABILITY FROM FUNCTIONAL REQUIREMENTS TO TECHNICAL REQUIREMENTS

The UAV shall manage
movement in real time
in flight mode

The UAV shall manage
data in real time in
flight mode

The UAV shall manage
maintenance data
within 2 minutes in

diagnosis mode

The UAV shall have a
rotor reacting in real
time in flight mode

The UAV shall have a
avionic system to
control the movement
in real time

The UAV shall manage
photos with 1M pixels
resolution in photo mode

The UAV shall have a
embedded system
working in real time

The UAV shall manage
photo data with a 100 MB/s
bandwidth in photo mode

-- >

The UAV shall have a
camera with a 1M
pixels resolution

- -»

The UAV shall have a
embedded system with
a 100 MB/s bandwidth

The UAV shall manage
power of 24 V in all modes

- - - >

The UAV shall have a
power system
delivering 24V

Deliverable 1: traceability from functional requirements to technical requirements

Chapter 3 — Logical architecture e Session 3.2 — Exercise on SysML
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Technical requirements - Exercise

SYSTEM ARCHITECTING — ANALYSE THE TRACEABILITY FROM NEEDS TO TECHNICAL REQUIREMENTS

Maintenance
system shall be able
to repair standard
failures in less than
2 hours in 99 % of
the cases

The UAV shall have a body
dismantlable in less than 2 h
in 99 % of the cases

The UAV shall have a power
system dismantlable in less
than 2 hin 99 % of the cases

Ground charging
system delivers
electrical voltage of
220 Vin normal
conditions

e

The UAV shall have a power
system with a adaptation
mechanism from 220 V to 24 V

The UAV shall have a camera
dismantlable in less than 2 h
in 99 % of the cases

Deliverable 2: traceability from needs to technical requirements

Chapter 3 — Logical architecture e Session 3.2 — Exercise on SysML
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Technical requirements - Exercise

SYSTEM ARCHITECTING — ANALYZE THE TECHNICAL REQUIREMENTS HIERARCHY

A
<

Technical performance

Technical requirements

: . Trans?nission Ca;T\era T
Flight performance Electrical performance Maintainability
performance performance
v Y I ¥
The UAV shall have a

36

N

The UAV shall have a
rotor reacting in real
time in flight mode

The UAV shall have
a power system
delivering 24V

The UAV shall have a
embedded system
with a 100 MB/s
bandwidth

The UAV shall have
a camera with a
1M pixels
resolution

power system
dismantlable in less than 2
h in 99 % of the cases

A

| 2

v

The UAV shall have a
embedded system
working in real time

The UAV shall have a
power system with a
adaptation mechanism
from 220V to 24 V

v

The UAV shall have a
avionic system to

control the movement

in real time

Deliverable 3: technical requirements hierarchy

Chapter 3 — Logical architecture e Session 3.2 — Exercise on SysML

The UAV shall have a body
dismantlable in less than 2

h in 99 % of the cases

v

The UAV shall have a
camera dismantlable in less
than 2 h in 99 % of the cases
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Technical requirements - Exercise
SYSTEM ARCHITECTING — ANALYSE THE TRACEABILITY FROM TECHNICAL REQUIREMENTS TO COMPONENTS

The UAV shall have a
rotor reacting in real
time in flight mode

The UAV shall have a body
dismantlable in less than 2 h
in 99 % of the cases

The UAV shall have a
embedded system with
a 100 MB/s bandwidth

The UAV shall have a
embedded system
working in real time

Embedded

system

The UAV shall have a power
system delivering 24 V

The UAV shall have a power
system with a adaptation
mechanism from 220 V to 24 V

The UAV shall have a power
system dismantlable in less
than 2 hin 99 % of the cases

The UAV shall have a camera
with a 1M pixels resolution

The UAV shall have a camera
dismantlable in less than 2 h in
99 % of the cases

-~
P Camera

Deliverable 4: traceability from technical requirements to components
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