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Model Based Systems 

Engineering
Matti Koskipää
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Why Systems Engineering

Systems Engineering V-model and layers

Systems Engineering Frameworks and Methods

Implementing Systems Engineering

How you should use Systems  Engineering
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Why Systems Engineering

Systems Engineering V-model and layers

Systems Engineering Frameworks and Methods

Implementing Systems Engineering

How you should use Systems  Engineering
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A Key Problem – Thinking in “Discipline Silos”
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 Understanding the problem before jumping 
into the solution (stakeholder needs, context, 
use cases, behavior)

 Strong focus on customer needs and required 
functionality for all product lifecycle phases 

 Considering the complete problem 
incl. operations, performance, test, 
manufacturing, cost & schedule, training & 
support, maintenance, disposal 

 Reducing complexity by decomposing the 
system of interests 
into subsystems with clearly defined 
functions, interactions, responsibilities,…

Source: INCOSE

Systems engineering is a holistic and systematic interdisciplinary approach and means to 
enable the realization of successful systems in large projects and connected worlds
Based on multi-industry best practices framework: ISO15288

What is Systems Engineering?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjFqJjXudfRAhVM7CYKHWRsBZQQjRwIBw&url=http://incoseonline.org.uk/Program_Files/Publications/zGuides_1.aspx?CatID=Publications&bvm=bv.144224172,d.eWE&psig=AFQjCNFKbyA8qbm1OoB0trfoyjPlvt-c0A&ust=1485232844958176
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Systems Engineering Overview

Tools

Methods

Processes

How to do?

With what?

supported by

Define activities to achieve a 

particular objective

Defines techniques to perform 

processes activities

Improve the efficiency of activities 

through methodology

What to do?

support

supported by support
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Requirement
Management

Functional
Analysis

Logical 
Architecture

Design

System
Integration

System
Verification

System
ValidationNeeds

Product As 
System

F

L

R

I

V

V

Implementation

Component
Analysis & 

Architecture

Component
Test

Physical Design P

Component Level
Discipline engineering/Supplier

System and sub systems
Level
Systems Engineering/OEM

Systems Engineering V-model
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Integrate

Component Definition

Acceptance & Test Criteria

ValidateHorizontal traceability

Vertical

traceability

Information & 

Change

management

Systems Engineering V-model in more details

Verificate

Integrate

Validate

Verificate

Approve

Component Testing; 
V&V

Component Development

Subsystem 
Architecture

Subsystem Behavior

Subsystem Definition

Subsystem 
Requirements

System Requirements

Functional & Logical 
Architecture

Behavior

Context Definition

Stakeholder Needs
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System model to federate disciplines and experiences

Mechanical 
Models

Electrical 
Models 

Software 
Models

Fluid 
Models

Analysis 
Models

Requirements Model

Collaboration

traceability
rationale

viewpoint

analysis
needs

performance
estimates

system framework for design

System 
Model

Electroni
c Models
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Why Systems Engineering

Systems Engineering V-model and layers

Systems Engineering Frameworks and Methods

Implementing Systems Engineering

How you should use Systems  Engineering

Agenda
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System Architecture & Functions

Multi-systems contractual architecture and services

Electronic components

Electrical Electronics System Architecture

Hardware architecture Software architecture

Geometrical Architecture

Hardware Software

Electrical 

components
Fluid 

components

Mechanical 

components

System

Component

System of 
Systems

E
n

d
-t

o
-E

n
d

 T
ra

ce
ab

ili
ty

OEM

Supplier

OEM

Contracting
Authority

U
p

st
re

am
 s

tu
d

ie
s

D
o

w
n

st
re

am
 d

es
ig

n

conceptual
implemented

Cross-disciplines Solution Architecture & Functions

Cyber Systems framework
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ElectricalFluid Mechanical

E
n

d
-t

o
-E

n
d

 T
ra

ce
ab

ili
ty

Supplier

OEM

Contracting
Authority

U
p

st
re

am
 s

tu
d

ie
s

D
o

w
n

st
re

am
 d

es
ig

n

CYBER PHYSICAL SYSTEM = System of Interest = SoI

Mission modeling, simulation and optimization 

Functional modeling simulation and optimization

System Architecture & Functions models

Solution modeling simulation and optimization

Solution Architecture models and 3D outfitting model

Operational View

Functional View

Constructional View

Implementation ViewImplementation View Implementation View

Hardware architecture Software architecture

OEM
Electronics/Embedded Software

…

Implementation diagrams and 3D physical 
models Implementation View

Hardware Software

Multi-systems contractual architecture and services models

Cyber 
Physical 
System

System of 
Systems

Operational View
Functional View

Constructional View Constructional View Constructional View Constructional View

Operational View
Functional View

Operational View
Functional View

Operational View
Functional View

Sub
Systems
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Integrate

Component Definition

Acceptance & Test Criteria

ValidateHorizontal traceability

Vertical

traceability

Information & 

Change

management

Systems Engineering V-model in more details

Verificate

Integrate

Validate

Verificate

Approve

Component Testing; 
V&V

Component Development

Subsystem 
Architecture

Subsystem Behavior

Subsystem Definition

Subsystem 
Requirements

System Requirements

Functional & Logical 
Architecture

Behavior

Context Definition

Stakeholder Needs
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Domains
Pillars

Requirements Behavior Structure Parameters Safety

Problem

B
la

ck
B

o
x

Stakeholder

Needs

Use Cases Context
Measurements of 

Effectiveness
PRA

W
h

it
e
 

B
o

x Functional 

Analysis

Logical

Subsystems/

Geographic zones

MoEs of 

Subsystems

FMEA

FTA

Solution

System 

Requirements System Behavior
System Structure/

Space reservation

System 

Parameters

FMEA

FTA

Sub-system… … … … …

Component… Component 

Behavior

Product Structure/

Space reservation

Component 

Parameters

FMEA

FTA

Implementation
Physical 

Requirements

Digital Mock up

Mechanical, Electrical, Fluid, Electronics, Software…

FMEA

FTA
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Domains
Pillars

Requirements Behavior Structure Parameters

S
p

e
ci

a
lt

y
 E

n
g

in
e
e
ri

n
g

(e
.g

. S
a
fe

ty
, S

e
cu

ri
ty

, H
u

m
a
n

 F
a
ct

o
rs

)

Problem

Stakeholder 
Needs and  

Requirements 
Definition

Operational concept development

System Architecture Definition

Solution

System 
Requirements 

Definition

Solution (cross-disciplines) Design Definition

Discipline-Specific Design Definition

Implementatio
n

Physical 
Requirements 

Definition
Implementation

S
y
st

e
m

 o
f 

S
y
st

e
m

s 
E
n

g
in

e
e
ri

n
g

S
y
st

e
m

 E
n

g
in

e
e
ri

n
g

What the system has to accomplish for the 
stakeholders?

How the system will work to fulfill the system 
specifications?

How the system is built?
Component specification
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Domains
Pillars

Requirements Behavior Structure Parameters
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Problem

Stakeholder 
Needs and  

Requirements 
Definition

Operational concept development

System Architecture Definition

Solution

System 
Requirements 

Definition

Solution (cross-disciplines) Design Definition

Discipline-Specific Design Definition

Implementatio
n

Physical 
Requirements 

Definition

ImplementationS
y
st

e
m

 o
f 

S
y
st

e
m

s 
E
n
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ri
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S
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st
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g

Cyber MagicGrid
Authoring flow summary
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Typical high level process

Stakeholder Needs 
and Requirements 

Definition

Black Box System 
Definition: System 

Services

White box system 
definition: Technical 

Functions & sub-
systems

System 
Requirements 

Definition System 
development

Solution Design 
Definition 

(incl. carry over)

Physical 
Requirements 

Definition

Implementation

Problem domain

Solution domain
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Why Systems Engineering

Systems Engineering V-model and layers

Systems Engineering Frameworks and Methods

Implementing Systems Engineering

How you should use Systems  Engineering

Agenda
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Component level

System level

System of Systems level

Subsystem level

How to get started on the MBSE?

Specify

subsystem

Test
component

Integrate
subsystem

Develop
component

HW/
SW

Specify
system

Project management

Business development & portfolio planning

Specify
subsystem

Integrate
system

Information & traceability management

Configuration & change management

Systems engineering role model & toolbox

Specify
functio-
nalities

Validate
functio-

nalities

Specify

component

Gain points:

-50% prototypes

-20% time to market

-10% development cost

Innovation capability

significant reduction of

project risks

Compliance against

regulations/standards

Pre-requisite for complex

safety related functions

(e.g. autononomous driving)

Enable handling of

rising complexity
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Requirements
 Unambiguous. 

 Stated in such a way so that it can be interpreted 

in only one way. 

 Stated simply and is easy to understand.

 Consistent. 

 Is free of conflicts with other requirements.

 Complete. 

 Needs no further amplification : it is measurable and 

sufficiently describes the capability and characteristics 

to meet the stakeholder's need.

 Singular. 

 Includes only one requirement with no use of 

conjunctions.

 Feasible. 

 Is technically achievable, does not 

require major technology advances, 

and fits within system constraints (e.g., 

cost, schedule, technical, legal, 

regulatory) with acceptable risk.
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Functional – Operational Architecture

Lifecycle

Missions Services

Operational 

Scenarios

Environment
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Functional – Lifecycle

 Lifecycle is much more than the usage

 It is critically important to consider all steps of the life of the product/system

Design & Manufacturing

Delivery to customer

Usage 

Recycling

Is this missing 

something?
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Functional - Mission

With in Mission definition System of Systems and environmental factors will be 

taken into account

Provide Safe, 

Connected and Cost 

efficient experience

Provide on-demand 

mobility services

Promote 

Green Brand 

Image
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Functional - Services

Self-driving experience Maintenance

Comfortable travelingSafe driving

Service definitions of the vehicle 

And a use case definition of one 

service under safe driving
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Functional – Vehicle functional architecture

With Vehicle’s functional architecture all the external actors and 

effecting environmental actors can be linked to the actual product 

and see the effect on the product itself.

Users

External 

objects

Road

Weather

Weather
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Logical architecture

Once the functions 

of the system had 

been defined, then 

in logical 

architecture we can 

define how the 

functions can be 

delivered to users

Frame Suspension

InfotainmentPowertrain

SensorsBody

Interior



©
 D

as
sa

ul
t S

ys
tè

m
es

 | 
C

on
fid

en
tia

l I
nf

or
m

at
io

n 
| 

1/
19

/2
02

1
| r

ef
.: 

3D
S

_D
oc

um
en

t_
20

20

28

Traceability

Key is to manage this whole chain of objects, so that e.g. system 

architect can see what is the impact of a change in any of the 

objects.
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Why Systems Engineering

Systems Engineering V-model and layers

Systems Engineering Frameworks and Methods

Implementing Systems Engineering

How you should use Systems  Engineering

Agenda
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How could you implement System Engineering

 Look at the work as your requirement specification and split it into requirements. 

 You could even further engineer the requirements to understand unclear areas

 Think of the lifecycle of the system of interest and the environment  
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Requirements

1. Create the report in pdf format. Handwritten solutions will not be accepted. Remember to attach the 
requested images to your report. Show all your mathematical solutions stage by stage in the report. 

2. In the project reports, follow the same section titles 1...3 given in the assignment paper. (1. 
Background study (3 p), 2. Numeric Modelling (6 p), 3. Components (6 p)) 



1. Deliver report in PDF format 

1. Needed images shall be included into the report

2. All mathematical solutions shall be shown in the report
1. Mathematical solutions need to be shown stage by stage

2. In the report follow the sections define in the MEC-E5001 Mechatronic Machine Design Project 
work 

1. Report shall have sections 1-3
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