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CESAM Systems Architecture Framework

CESAMES
The CESAM framework is a clear and structured architectural Designed for both simplicity and adaptability and implemented
approach to mastering complex systems across industries. through a limited set of coherent and unambiguous views, the
CESAM framework helps architects and engineering teams:
More than a framework, CESAM is a practical methodology that e Structure and align system representations
empowers architects to build consistent, scalable and high-value e Improve collaboration and decision-making
system architectures throughout the entire project lifecycle. e Reduce complexity and modeling redundancy

e Anticipate and mitigate risks early
e Adapt efficiently to different sectors and engineering contexts

Why Designed as a collaborative and scalable tool, the CESAM framework
Operational vision supports projects from early definition phases to verification and
validation activities.
Outside
Inside At the core of the CESAM framework are three complementary
Function T architectural visions:

What y e Operational vision, which describes the system from the

d Function : : : L

| o perspective of its environment, stakeholders, missions, external
Functional vision _ , ,

Function Function constraints and expected services.
v

e Functional vision, which focuses on system behavior, functions,
requirements and interactions.

e Constructional vision, which represents the physical or logical
components implementing the functions and satisfying

Function Function

How RArdwane \ operational constraints.
Qohstructwﬂal Sor Elardorsre Each vision is divided into 5 aspects, detailed on the following page.
VISION ortware

Software This framework is recursive, adaptable and can be modeled with

any MBSE tool and modeling language.

The CESAM framework consists of three simple and fundamental visions
to describe any system. www.cesames.net
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CESAM Systems Architecture Framework

Needs

Performance
Economical \
performance Technical
l performance
The project system l
shall use a maximal :
budget of 500 kE. Internet provides a 5
Operability
/ \
End-users Technical
operability operability
End-users can have a i | l
maximal dental hygiene

budget of 200 € each yeai  End-users shall brush their teeth )
twice a day during a minute, in Internet imposes the use
the morning after breakfast and of IP network protocol.

) correspond to the
three perspectives from which we can T e e 3R R T

Environment

Stakeholders
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Health Corporate

Health Dental System Organization

Desit Sellers. Consumables Locatic i i
esigners ocations A Marketing wikisites

Engineers Smartphones

ks Electricity, Brushing forces

Water, Toothpaste

End

Manufacturers. Electricity

Commands, forces

. o o Places of use Connected Toothbrush
Brushing data
ItS benhaviour anad Its structure. S ot
. Requests Technology
Design Sales, Masizt;t:icrgmsg
decisions Maintenance Recycliné
Development - . .
System Supply chain Sustainability
Lifecycle Use Cases
Retail presentation UC1: Identify product
7 UC2: Put toothpast et External
Normal Operation - Puttoothpaste System 1 External
Birth [Failure] ) System 2 System 3
@ > Manufacturing S Degraded use Idle UC3: Change head External
i smartphone [Failure repaired] " - System 4
i¥faniBoline] l [End of UC4: Change user profile
ufactur
istator | | (Endot iSmartphone | | [smartphone | {MaNtenance decision] T,MEC’;‘Z"] UCS: Brush adult teeth
Shipment brushing] | | brushing] unawakatiel L - ) [End offe Dental brush
[Failure repaired] [ ance Sonison] UC6: Brush child teeth
L Idle sc"‘:‘r't‘;m‘: [Endoflie UCT: Visualize brushing data
[Shipped] ./ decision]
Connected smartphone UC8: Parameter user profile R
Recycling —>@ lende
Not [Ekgged) c ecveing UC9: Update the toothbrush Use Case
topowergrid |<———————| topowergrid Death
(FIIs) Connected to power grid UC10: Charge the toothbrush

Functional Operational

Architecture

Constructional

Architecture

Architecture

in the evening after dinner. l

|

Power supply system

Extended
UC11: Repair the toothbrush Use Case

Maintenance UC12: Locate & identify failure

End-users shall be able to access
to and change brushing settings
with no need of extra device

imposes FDE regulation in
Europe and ASU regulation
in the rest of the world.

UC13: Disassemble the toothbrush

System

Operational Scenarios
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Repair toothbrush

Disposal Maintenance Connected
system system End-users toothbrush

Failure

Each layer of the framework is described
using the same five aspects (columns ):
expected properties, states, static
elements, scenarios and interfaces.

Operational Interfaces

alt

ilure ?)
[Reparable failure ?] Reparation request

Ready to repair
Reparation decision

looj
[ ion achieved?

Reparation actions .

Reparation achieved I

Reparation completed

Functional requirements

Performance

Charging performance Brushing performance
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The connected toothbrush R
shall display critical battery AVaIlabIlIty
data when the battery capacity / \

is not sufficient for a brushing

of a minute in brushing mode Reliability Maintainability

| ' v

The connected toothbrush
shall store electricity at full The connected toothbrush The connected toothbrush

charge in less than 12 hours shall deliver and analyse shall display data of all its
in active mode brushing forces during 3 internal states in
years when used in normal maintenance mode
conditions in brushing mode ‘

v

The connected toothbrush

The connected toothbrush

shall provide brushing forces brushing force of the last 5
with a probability of failure of minutes of brushing in
10 per hour of use during 2 maintenance mode

years in brushing mode

Construct. requirements

Technical performance

/

Mechanical
performance

}

The connected toothbrush
shall weigh less than 250 g

IT performance

!

The connected toothbrush shall
have a internal memory capacity of

in all configurations 10 MR in all ennfinurations
l style
The connected toothbrush she Colours Volumes
have a surface with a friction
coefficientbetween 0.2and 0. l | 1 |
in all configurations
The connected The connected toothbrush shall be
toothbrush shall have contained in a cylinder with length
appealing colours in 200mm and diameter

children configuration 25 mm in all configurations
The connected toothbrush The antenna shall be

shall have neutral and contained in a volume lower
enhancing colours in adult than 1 cubic centimetre in all
configuration configurations

Expected Properties

shall display data of detailed

Functional Modes Functional Breakdown and Interactions

Deliver and analyse brushing forces

Retain and deliver Interface with Manage power. Controland command Provide brushing Manage Monitor
Wet toothpaste environment gop brushing forces local data brushing data

T
Active mode - 1
Brisiingmods) | W =R Connected Toothbrush
Beginning [Child mode (A oo i | (Faiure] 1 —> Ansogdots
selected] selected] ) [No datatoload or | | [Datatoload and > kel fepti Brushing recommendetions
[Go Live] | smartphone unavailable] smartphone available] : :-:cch:mcaumrg)mtmn System status T
[ Mater -
[Start : 15 [Disposal] —> Electicalonorgy Manage local data Monitor brushing data Ll smartphone
- < .
command] [Brushing stop [Brushing stop | 1 Recommendaiions [Degraded mode |
command] command] ! [Diagnostic Profile requests. Brushing Data Dental
) ;
website
[Brushing ends [Brushing ends : ntemet [Datato load and order] t Temperature Brushing forces. Sys\er; Updates
(o= and battery and battery 1 2 - measurement measurement parameters.
rrl\:‘:e above 10%] under 10%] : communicatign over] interet available] ‘ Mﬂ"r":;::“ce = i ::::s:v:meam
isposal
I ) |
g Software Update Control and Command Start / St = =
: o Start /Siop. brushin nmsmngo&mmm Provide brushing forces
[Battery above 10%] 1 [Diagnostic over and command 9 Brushing forces
a OK End-User —————
Teeth
Handing forces,
Shocts Retain and Wettoothpaste
Shocks Interface with environment Manage power deliver Wet
Places of ——————>| toothpaste
R T e
Use Humidity
s T T
Tootpaste | Water
Electiclty Toothpaste  Sink
Connected toothbrush
. = Mechanical Electrical Electronical Brushing Embedded
=] Child configuration = module module module head software|
/ 3 \
\ Housing Cables Micro Processor Command Connected toothbrush T v?eﬁ('e
N | | | module =g Ol ia Local data
i =priolan Brushing recommendations
Button Battery Internal storage | o Embedded software L System status
‘ ‘ | Transmissid = tmctoy (e Smartphone application Profie roquests
module Secocal anargy End User's
Motor AC adapter Antenna = e (LR 2 < W SWineriaco Smartphone
: reduction gear | —> Redio communicaors Electronical module
5 Bluetooth and WiFi
\ Thermal sensor Mechanical jSar {Ciop) Start/Stop | Ejectrical sompunicatons
\ st /sp | 991 PRI e . | B
™ \% End-User ommnd
\ ¥
i
| Altered

Handing forces, s Torque
Shocks' Mechanical module £

Shocks
Mechanical support

Electrical module

HV Electricity Toothpaste: T Twmr

Electricity Toothpaste Sink

[EYPSRA | crusting orcos
| head
Places Mechanical support

ofuse

Teeth

Humidity

LV Electricity
Wet toothpaste

[~

States Static Elements

Go to disposal

Functional Scenarios

Brush child teeth

Rotain and Control and Provide
" dolivor wet Command brushing
Envicenciont toothpaste brushing forces

Par [ Handiing forces,
id_|

Constructional Scenarios

] Toothpaste and water
—_—

Wet toothpaste

- Start command
PR
-

Start command

Loop  [Nostop command]

Par Command, LV Electricit
I Command, LY Electricly I Eloctrical Statis

Brushing forces -Aeasmmem.
==
B Data (Brushing,
L Brushing recommendations [eis) . Data
ystem status Syster parameters — |

I Stop command

Brush child teeth

. Brushing Motol
Eodropment m mm

Parallel
Prehension fotceg .

Toothpaste

Water

Watered toothpaste

Start command T—
Loop | [No Power demand] emangd

Rotative mech. . LV
< || e\ettvricny electricity
Brushing force Brushing force

Stop command

Scenarios

1 Toothpaste
N | --—-—-—_-——_——_——_—_——————— »>
= m s === === o o
Brushing Interface T T
Connected
Toothbrush End-User(s)
Ii ! ing sy Interface Types of Exchanged q
name S Destnation direction exchanged flows flows Ui e e e
Brushing (Gonnacted ( End-ussHand Bi-directional Mec‘:\r::ilg:ll & TODIpESES: ctilntg;:‘:ileitrhtet::;hs;i!:i;?rs
interface toothbrush | toothpaste - friction forces covered by watered toothpaste

Functional Interfaces

Provide brushing Brushing data Provide brushing
force performance
Functional Interface spe a
Interacting Systems
Interface — Interface Exchangsdifions
N Source Destination (may be several Flows specification
ame Function/ function / type per interface)
System system
Brushing data | Provide Provide Information  Total brushing time Event-driven transmission at end of
brushing brushing brushing
force performance . . " .
Brushing force Static specification : [0 - 200 mN]

Frequency rate : 200 ms

Constructional Interfaces

Electrical Elsiniviy L0 Mechanical
Module ? module
Constructional Interface specification

Interacting Systems
g Exchanged flows

Interface Name Destination Interface type (may be several Flows specification
s°”;'°s° i function / per interface)
ystem
system
Lv i i i Low voltage direct current Voltage [12-14V]
module module power Current [0 - 600 mA]
Ondulation rate max 5%
Type of plug : ...

Interfaces




