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Lifecycle Stage: LS1: Clarify LS2: Concept dev LS3: System-Level Design

Activities: Review past knowledge Defining required functions
Comparing and selecting 
System-Level Design

Identified problems 
from a student project:

Slow time to acquire initial 
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Unclear what the design 
target was

Little exploration of 
alternatives and their predicted 
outcomes
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Provide knowledge in 
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Complete trade-off analysis of multiple designs using models 
to simulate performance

Goal:
To propose tools and methodologies to help in a Model Based way:
• Synthesize, assess and select System-Level Designs
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Object Process Methodology 
(OPM)
• ISO standardized conceptual modeling language

• Single diagram type accompanied with text models 
behavior and structure

• Complexity managed by hierarchical 
decomposition

20
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Modelica

• Multi domain numerical
simulation modeling system

• Supports acausal
component interactions 

• Compose using existing 
parts libraries or make
your own

• Supports hierarchy

22

Simulate



SolarSolar
Solar

Summary

Level 3
[Subsystem]

Level 2
[System of 
Interest]

Level 0
[Functional 
Architecture 
Primary Value]

Level 1
[Assessment 
Scenarios]

Level 4
[Subsystem
Components]

System 
Architecture 

(OPM)

Formal 
Structure 

(OPM)

Formal 
Structure 

(Modelica)

Modelica Models 
and Simulation 

Results

Racing in 
Solar-Boat 
Race Event

Driving 
forward

Converting 
electrical 
to thrust

Converting 
electrical 

to rotation

Floating

Solar-
Boat

Electrical to 
Thrust 

Subsystem

Electrical to 
Rotation 

Component

Mechanical 
rotation

Converting 
rotation to 

thrust

Electrical to 
Rotation 

Component

Solar-
Boat

x velocity

Solar

Electrical to 
Thrust 

Subsystem

Electrical to 
Rotation 

Component Electrical to 
Thrust

Component

Electrical to 
Rotation 

Component

Electrical to 
Thrust

Component

Solar-
BoatSolar

Electrical to 
Thrust 

Subsystem

Electrical to 
Rotation 

Component Electrical to 
Thrust

Component

Electrical to 
Rotation 

Component

Electrical to 
Thrust

Component

Scenario 1
Scenario 2
Scenario 3
Scenario 4

Sub 
process

Subsystem

Sub 
system

Sub 
system

Component 1

Component 2

Electrical to 
Rotation 

Component 1

Component 2

Electrical to 
Thrust

Solar-
Boat

Solar

Electrical to 
Thrust 

Subsystem

Electrical to 
Rotation 

Component

Electrical to 
Thrust

Component

Sub 
system

Combine 
and 

simulate

Key:
ExhibitsProcess

Enables

Consumes
Effects

Acausal
Causal

Object

Consolidate
results

MODA



Multi Objective Decision Analysis (MODA)
• For simplicity used weighted sum from Cilli & Parnell, 2014
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Multi Objective Decision Analysis (MODA)
• For simplicity used weighted sum from Cilli & Parnell, 2014
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SolarBoat challenge

• Lake Biwa (Japan) competition rules:
• Max 2m2 of solar panels

• Max 20Wh of lead based batteries for power train

• Complete the 20km course autonomously

• Possibility to repair boat on route
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