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Our Transformation Journey 
Towards Model-Based Product Lines

Intelligence Energy Efficiency

Serviceability 

Yesterday 

Enhanced User 
Experience

Mainly Mechanical 
Component

Today / Future 

Requires a process to manage increasing complexity, enhance efficiency, and establish 
a predictable development workflow.
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Induction Cooktop Complexity 

Load Size, Material, Shape 
VariationCoil Size Variation User Interface

Regional Variation & 
Product 

Configuration

Electro-Thermal
Coupling 

Non-linear electrical 
properties

Consumer 

Despite the complexities and variations, an efficient development process is essential to consistently meet 
requirements and ensure consumer satisfaction.
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Our Transformation Journey: Yesterday

Requirement Architecture 
Design

Implementation
Manual Coding

Verification & 
Validation

Deployment

Project Timeline

Defects
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Delayed learning and testing hinder iterative development, making it difficult to manage complexity 
and driving up defect resolution cost.
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Requirement Architecture 
Design

Modeling &
Rapid Control 
Prototyping

Our Transformation Journey: Today

Final Deployment with Auto-Code

Project Timeline

Validation
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Defects

Rapid design iterations enable us to handle complexity effectively through early visibility, cross-
disciplinary collaboration, and continuous verification and validation.
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Architecture Design: Induction Cooktop

Coil 1 Coil 2

Coil 
3

Coil 
4

Communication Power Control

Measurement & 
Estimation

Thermal Control

User Power 
Request 

Load Detection

Notifications

User Interface

System Power 
Management

System Stability 
& Safety

System 
Communication

System Thermal 
Control

Simultaneous Coil Power Control

System-level 
Requirement

Focus on:
● Modular control and estimation architecture
● Reusable functions across coils’ power control
● Parameterizable control and estimation algorithms 
● Portability of algorithm to different hardware
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Function-level Modeling and Simulation: Induction Cooktop

Power 
Supply

Load’s
Electrical & 

Thermal 
Model

Coil Operation 
Scenario

Thermal & Electrical Properties

Modeling Electrical, Thermal and Control Functions

Inverter

Harness Model
(Open-loop Test) 

Control and 
Estimation 
Algorithm

Verification/Validation of 
each function 
independently 

User Interaction Model
Power Loss Model

Coil 

Functional level modeling and open-loop testing provide a solid foundation for reliable subsystem integration,  
RCP, hardware-in-the-loop testing, auto code generation.

Simulink

Measurement 
& Estimation

Thermal 
Control

User Power 
Request 

Load 
Detection

Architecture

Functionality 
Mapping
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Physical Prototyping - Rapid Control Prototyping (RCP) 

Communication
+

Analog/Digital IOs

Electrical 
Models

Thermal 
Models

Control Model

control states

interaction

Simulation Architecture

parameters

Models combined in Simulink

control states

Real-time
Data Logging

● Prototype performance evaluation

● Control running in real time

● Only basic SW layers needs to be ready

● Leverage old platforms for learning

● Direct acquisition of data

Project Acceleration by :

Simulink Real-time Toolbox



8

Rapid Control Prototyping - How it helped other teams?

Enabling other team to test their component/algorithm with 
RCP-based standalone application

Preliminary Parameter Tuning
Verification of Integrated System

Hardware Firmware

Hardware Firmware MechanicalBasic
Hardware 

Basic 
Firmware

Control

Royalty-Free MATLAB 
Standalone Application

Food Science

RCP logged data enables the 
virtualization of the system

EXE

Basic Functionality Verification

Control

Standalone RCP applications facilitate parallel component development and testing across teams.

RCP
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RCP

Experimental 
Data

Virtualization - How are we doing it?

Electrical Modeling

Thermal 
Modeling

Electrical Dynamic ModelingGeometry, part design

Analytical 
Solutions

Parameters
Optimization

Load’s Data Driven 
Thermal 
Modeling

Electro-thermal 
Modeling

Analytical 
Solutions

Parameters
Optimization

CFD Analysis Load’s Physics-based 
Lumped-Thermal 

Modeling

Parameterizable

Modular

Induction Cooktop 
Virtual Model

To understand 

● How the power system behaves in different user 
cooking scenarios

● Thermal management of electronic components

Enables

● Model-in-the-loop verification
● Virtual parameter calibration
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Different 
Operation 

Scenarios

Virtual Prototyping Concept - MIL Mode

User 
Interaction

Actuator

Load

Induction Cooktop Virtual Model

Control Model Integrated System 
Harness Model

(Closed-loop Test) 

Verification of 
Integrated System

Function-level
Code

Auto-generation of 
function code 

Plant Model

Partial System-level Requirement 
Validation

Virtual Control 
Parameter 
Calibration

Project Acceleration by :
HW & SW Co-Design (Virtual HW)

● Early evaluation of Control Functions 

● System Level Analysis by simulation
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System-Level
Validation

Verification and Validation

Function-level 
Code

Auto Generate

Wrapper & 
Module Interface

Code

Hand Written

Static Analysis

Simulink Design Verifier

PolySpace 

Dynamic Analysis

Model In-the-loop 
Verification

VectorCast SIL

Electrical Models Thermal Models

Control 
Model

Simulink Integrated Model

Project Timeline

Software 
Team V&V

MBD Model Development MBD V&V

Product Firmware

Hand 
Written

Utilizing model development in Simulink and auto-gen allows for early MBD V&V in the development process, 
leading to more efficient and robust outcomes.
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Transition to Model-based Design Process

Algorithm & Control Logic

Physical 
Components

Plant Model

Model-Based Design

</
>

MIL & SIL
(Model & Code V&V)

Co-Simulation
(Performance Testing)

Rapid Prototyping

</>

Model 
Generated Code

Explore New Ideas Automation

Improve Communication & 
Collaboration w/Graphical Tools

Reduce Risks/
Increase Quality

The Control Models are designed to generate predictions while being robust, readable, configurable, testable, 
reusable, properly documented, and ready for integration with firmware.
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How MBD Has Helped Induction Cooktop Development

Quick Learning 
Cycles

SW & Controls & 
HW Concurrent 

Design

V&V Automation Virtual Calibration 
Knowledge 

retention (MBSE)

Before
MBD

Baseline

30% - 40%
improvement

compared to 
baseline

Development 
Time

Before
MBD
Project 
specific 

Algorithms

Algorithm 
Architecture

Model-based design manages system complexity more efficiently, enabling the incorporation of 
complex features into the product and enhancing the consumer experience.

~40%
improvement

compared to 
baseline
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THANK YOU!


