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WHAT DRIVES COMPLEXITY OF NEW
SYSTEMS DESIGN?



New Systems Challenges: What Drives Complexity?
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New Systems Challenges: What Drives Complexity?
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New Systems Challenges: What Drives Complexity?

 Limited Resources
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SYSTEMS ENGINEERING TO MANAGE
COMPLEXITY



What is Model Based Systems Engineering (MBSE)?




What Makes MBSE Different

« |t helps avoid catastrophic mistakes by enhancing and significantly lowering
the costs of feasibility studies, tradeoff analysis, and impact analysis

 The entire specification set about the system that the model captures is an
interconnected network of information
» As opposed to being spread out in non-searchable and non-navigable set of

documents that require dedicated staff to manage
ﬁ Science
Assemblies
Operations#

Future: Shared system model with multiple

Today: Standalone models related views, and connected to discipline models
through documents
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How do you do MBSE?

MBSE is a combination of a

modeling language(s), a

methodology, a modeling tool,

A and people that using

ok infrastructure apply Model
Driven Development in the

context of a particular

modeling organization.

method

A modeling tool
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SysML Language e I’

« Systems Modeling Language (SysML) is a graphical modeling language
for specification, analysis, design, verification and validation of
systems.

» Developed by OMG and INCOSE / Adopted by OMG in May 2006
« |SO Standard

« Cover the latest SysML version 1.5, active work is done on 2.0

UML reused
by SysML
(UML4SysML)

Tutorial, specifications, papers, and
vendor info can be found on the
OMG SysML Website at

http://www.omgsysml.org/

Not
required by
SysML

SysML’s
extensions
to UML
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System Model as an Integration Framework
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An Interconnected Network of Information

Software

Requirements

warequirements
Vehicle in motion rollover
test

areguirements
Static Stability Factor (SSF)
Id="1.1"
Text = "SSF shall be higher
than 1,3. SSF is a factor
based on a vehicle's track
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SYSTEMS ENGINEERING FRAMEWORK AND
METHOD
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System engineering process (V process)

REQ model
SysML model
Simulation
AML/Software
MCAD
ECAD
Timing
Thermal
Stress
etc.
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Systems Engineering Activity

Major SE Development Activities

Analyze eCausal analysis
Stakeholder | eMission use cases/Scenario
Needs eDomain model — .
System E
Optimize & Analyze eSystem context Specificatio |
Evslisin System eSystem use case/scenarios e
Alternatives Requirements

Define eLogical decomposition
Logical eLogical scenarios : \ |
Architecture eLogical subsystem interconnection

oCritical parameters
eTrade studies & analysis

Manage Support
Traceability Verification o | *HW/SW/Data
. Synthgs|ze architecture
eRequirements Trace oTest cases Physical | Jp\ gjcal
eImpact Analysis oTest procedures Architecture |;terconnection

Common Sub-activities (Automatic with MBSE) *System deployment



MBSE Focus SE Activities

Other
Verification planning and execution

Detailed design and analysis

Requirements flowdown and
traceability

Trade studies
Architecture modeling

Conceptual design

No Focus (1)

[y
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3.33

2 3 4 5

Some Focus (3) Almost All (5)

Tower. James. 2013. “ Model Based Systems Engineering ‘The State of the Nation”” INCOSE UK

ASEC 2013
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MagicGrid

Requirements Behavior Structure Parametrics

Stakeholder Nee

» System
Cases Context
Measurements of
Effectiveness
*glcal Subsystem
Communication

Layer of Abstraction

Component
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Structure
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Component
Requirements

Sy.stem «mctlonal Analysi
Requirements

»

Solution



CASE STUDY
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Case Study of CAR Climate Control

The CAR Climate Control case study follows the MagicGrid
approach to describe the concept, problem, and Solution

The model of the case study is based on SysML 1.4 and
created with MagicDraw CASE tool

9 ~ACh G 4

N SRR T
LA, LAt W :
oy . Pk

o i

J
Il

I

—
——
P
—
——

I

Il
i

21



Stakeholder Needs

Requirements Behavior Structure Parametrics

C1 C2 C3

Stakeholder Use Cases System Context
_5 Needs
(@]
£ C4-P4 Measurements
(7 I S ——— .
2 P1 P2 P3 of Effectiveness
© System Functional Analysis Logical Subsystems
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Stakeholder Needs

« The cell represents information gathered from all the
stakeholders of the system

* |t includes primary user requirements, government
regulations, policies, procedures, etc.

« The later refinements in the model make these
stakeholder needs structured and formalized

# | ~ Id | Name | Text Source
1 STN1 STN1 Vehicle Parameters CAR AC will be used for average midsize vehicle Marketing dep.

2 STN2 STNZ2 Climate Control Mass Mass of unit shall not be bigger than 5 percent of total car mass Design dep.

3 STN3 STN3 Driver and Passenger Needs Unit shall be accommodate different driver and frond passenger climate needs Marketing dep.

4 STN4 STN4 Set Temperature Possible to set and maintain wanted cabin temperature Design dep.

5 STN5 STN5 Heat and Cool Modes Shall be able to heat and cool Design dep.

6 STN6 STN6 Working Climate Control The Climate Control Unit shall work whenever client wants Marketing dep.

7 STN7 STN7 Maintenance ;I'ahneggllmate Control Unit maintenance shall be done in terms which are in market average Design dep.

8 STN8 STN8 Noise Level Climate control unit in max mode shall not be louder than engine Standard regulation
9 STNO STN9 Development gcr;l:t development time shall not be more than one year of team working hours after proje Design dep.

10 STN10 STN10 Price Price of the unit shall not be bigger than 2 percent of total car cost Marketing dep.

11 STN11 STN11 Connected system Service center shall get information if CAR AC parameters are out of norm Marketing dep.



Use Cases

Requirements Behavior Structure Parametrics
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Use Cases

("act [Activity] Maintain Comfortable Temperature [ Maintain Comfortable TemperatureJJ

«allocate» «allocate»

uc [Package] 12 User Ne User Climate Control Unit

: System

S —
; > : Show
: St?:r; r?tl:gll ate _ Temperature
th
[Automatic]
= =

[Manual]

: Start Manual _ _ _ [Continuel
Mode 1

=]

Service Center

Front Passenge

Sto
L : Automatic [Stor]
Mode
[
|
: Reach
: Set
Temperature - 1

[Stop]

Desired
Temperature
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System Context

Layer of Abstraction
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Requirements Behavior Structure Parametrics

C1 C2 C3
Stakeholder Use Cases System Context
Needs
C4-P4 Measurements
P1 P2 P3 of Effectiveness
System Functional Analysis Logical Subsystems
Requirements Communication
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System Context

ibd [System Context] Operational [ OperationaIJJ

&

Driver [1]

Status

Control

Control

. Status

Frond Passanger [1]

Mechanical Pow er,
Blectricity

: Climate Control Unit

Status Data

Inside Temp

Outside Temperature

Read Inside Tempera

/ : Vehicle

Hectrical and Mechanical Power

: Environment

ead Outside Te

Inside Weather

: Weather

: Communication System

Statu

Data

: Service Center [1]
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Measurements of Effectiveness (MoEs)

Requirements Behavior Structure Parametrics
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Measurements of Effectiveness (MoEs)

bdd [Package] 14 MoEs [ MoEs for Climate ControIJJ

«system»
Climate Control Unit

values
«moe» Climate Control Mass : mass = 174.85{unit = |b}
«moe» System Sound Level : SoundLevel = 30.0{unit = dB}
«moe» Price : currency =451.1{unit = US$}
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System Requirements

C2 C3

C1
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System Requirements

«requirement»
Operating Modes
Id ="SR2"
Text=""
P
I I
«functionalRequirement» «functionalRequirement» «designConstraint»
Autom atic Mode Manual Mcode 2 zone climate control

Id ="SR2.1" |d ="SR2.2" Id ="SR2.3"

Text = "It shall be possible Text = "it shall be possible Text = "Driver and front

to set temperature which to manually turn on heating passenger shall be able to

will be reach and and cooling" control two independent

maintained" climate zones"
# | # Name Text | Derived From
1 & [Rl SR2 Operating Modes

. It shall be possible to set temperature which will be
2 [d SR2.1 Automatic Mode POSSIDIE P [ ST Set Temperature

reach and maintained

3 [F SR2.2 Manual Mode it shall be possible to manually turn on heating and STN5 Heat and Cool Modes

. Driver and front passenger shall be able to control twe i
4 [0l SR2.3 2 zone climate control P 9 [0l STN3 2 zone Climate Control

independent climate zones
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Functional Analysis
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Functional Analysis
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Functional Analysis

(act [Activity] System Check[ System Check ]J

«allocate»
Data Transfer Group

«allocate»
System Control Group

«allocate»
Sensors Group

«allocatex
Air Distribution Group

]|

System Can

‘( : Display
Not Intiliaze

\

[Display Oé

( : Display 3
System — -

| Intiliazed

N

PR 2
( : Start Check

y

| : System Error )

R 2

Error Status -

- :

( : System OK 3

— — — | OKStatus >

®

- ﬁ :Check Fan |
| Status

[Fans OK]
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Logical Subsystems Communication

C2 C3
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Structure - Product Tree

bdd [Package] 23 Structure [ StructureJJ

«Logical»
«system»

Climate Control Unit

proxy ports
inout p1 : Air
inout p2 : Control
in p3 : Electricity
in p4 : Power

RIBA

«block» «block» «block» «block» «block» «block»
Cooler Group | | Data Transfer Group | | Sensors Group | | Air Distribution Group | | System Control Group | | Heater Group
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Interfaces

bdd [System] Climate Control Unit[ Climate Control UnitJJ

«Logical»
« prOXy » «system» « proxy »
p1:Air 2] Climate Control Unit ] p4 : Power
= =
parts
«Proxy» : Data Transfer Group{subsets subCost}
> - Control : System Control Group{subsets subCost} «Proxy»
pes EE] : Sensors Group{subsets subCost} p3 : Electricity
: Heater Group{subsets subCost} E—]
: Air Distribution Group{subsets subCost}
: Cooler Group{subsets subCost} «interfaceBlock»
proxy ports Communication
inout p1 : Air flow properties
:gopu:; péleg?g[;l inout Communication : Communication
in p4 : Power
«interfaceBlock» ‘ «interfaceBlock» | «interfaceBlock» «interfaceBlock»
Air Control Hectricity Power
flow properties flow properties flow properties flow properties
inout AirFlow : Air out Status : Status for User | |in Direct Current : DC Voltage | |in Mechanical Pow er : Pow er
in Ul: User Input
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Logical Subsystems Communication

ibd [System] Climate Control Unit[ Control and Air Distribution Groups JJ
- Aj Air Air
E] p1: Air N
|J1 pa : Air
LV |
Control pc : Communication - : Air Distribution Group
-
Status Pl
il
pe : Electricity
pc2 : ~Communication
Yy
Lv |
: System Control Group
A
ITI DC Voltage
l—Eale : Blectricity
«
DC Voltage
p3 : Blectricity
| T |
# | ~ A | Port Name | Port Type | Type Features | Directionl -~ Documentation
1 T p3 9 Electricity [Fl in Direct Current : DC Voltage ~ in
2 ]:I p4 9] power [F] in Mechanical Power: Power in
3 [Tp1 £ Air [Fl inout AirFlow : Air inout
[Fl in UL : User Input .
4 3 p2 E2] Control P inout

[F] out Status : Status for User
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Component Assembly

Layer of Abstraction

c
e
—
=
O
w

Requirements

C1
Stakeholder
Needs

Behavior

C2

Structure

C3

Use Cases » System Context »

\ £

Goals & Objective

P2
‘unctional Analysis»L

P3
ogical Subsystems
Communication

Parametrics

C4-P4 Measurements
of Effectiveness

4

S1 Component S2 S4
Requirements Component Behavior Component Component
Assembly Parameters




Component Assembly

class Climate Control Hardw are[ & Climate Hardw arey

data Transfer System : Data Transfer System |
CANPort

[a]

[«

al
MechanicalPort : Mechanical]

' AirPort : Ambience_Air

AirPort

—

GPRSPort : GPRY GPSPort : GPS|
1 ]
LT LS

- UserControl : User_Interface UserControlPort th
Blectricity Port
4 |
MechanicalPort
iry!
‘ e
HlectricalPort cooler System : Cooler System
= th
CANPort ‘.
‘ sensors System : Sensors System ‘
BlectricalPOrt pyy th gl
BlectricalPort : Bectricity_DC —. ‘
LINPort ElectricalPort
control System : Control System
’ heater System : Heater System ‘
BectricalPort th g
‘ ‘ CANPort
A )
¥ ¥
GPRSPort GPSPort
BlectricalPort [ air Transfer System : Air Transfer System I CANPort
<>} B

| Pow er
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MagicGrid
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Enable Traceability - Digital Thread

MagicGrid™ Framework
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Conclusions

Systems engineering support complex multidisciplinary systems design.

Because of formalization and transparency MBSE with SysML and
method / framework support complex systems design automation and
integration.

Requirements are no longer abstract text paragraphs. Now they are
formalized with models which allows efficient traceability and
optimization between stakeholder needs to electrical, software and
mechanical components even at the most complex systems.
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