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Introduction

Vehicle model development and distribution 

for System/SW verification/validation(V&V)/performance development

개발 단계별, 도메인별 요구 사항 (활용 목적, 시스템 모델 수준, 인터페이스 정보 등..)

TIRE WICS

아키텍처 T-CAR PROTO PILOT SOP

SPMD

Database

Parameter Identification
Parameterization

MBD 
(다물체 동역학 모델)

LPM
(집중 질량 모델)

MBD : Multi-Body Dynamics

LPM : Lumped Parametric Model

SPMD : Suspension Parameter Measurement Device

Data/Model Owners (Design/CAE/Test departments)
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The Model and Its Understanding

Reduced Order Model based on CAE Model and Test Measurement

“ADAMS/Car-AT in The Chassis Development at BMW” Ewald Fischer, BMW, 14. November 2001



4

MathWorks AUTOMOTIVE CONFERENCE 2023

The Model and Its Understanding

① Planar Models using MATLAB/Simulink
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The Model and Its Understanding

For example, 14DOF vehicle dynamics model + MF-SWIFT using Simscape

Vehicle Body(6DOF) + Wheel vertical (4DOF) + Wheel spin (4DOF)
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The Model and Its Understanding

② Lumped Parametric Model

A vehicle model that configures the Kinematic/Compliance characteristics of a suspension system in the form of 

a function through wheel relative motion (displacement, speed, acceleration) equation for a vehicle body based 

on 17 DOF model

Vehicle Body 6DOF + (Wheel Vertical 1DOF + Wheel Rotation 1DOF) x 4 = 14 DOF Steering system 3DOF
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The Model and Its Understanding

Kinematic/Compliance Modeling from MBD simulations

2 Translations + 3 rotations : 5 variables need to be defined

Polynomial / Lookup table 

(wheelbase, tread, toe, camber, caster by wheel stroke/rack stroke)

Compliance Matrices
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The Model and Its Understanding

Simulink based Vehicle Dynamics Model by VDL (On-going) VDL(㈜브이디엘) from Kookmin Univ. Vehicle Dynamics Lab.

Development of a vehicle model suitable for SW Virtual Testing using Powertrain Blockset in Simulink and developed vehicle 

dynamics model for around 10 years with HMC

Powertrain Blockset

Vehicle Dynamics Model w/o Powertrain system

 Validation with HMC chassis test teams
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The Model and Its Understanding

Simulink based Vehicle Dynamics Model

This is why…

- MBD method is strongly required by SDV (Software Defined Vehicle) development strategy

- The Capabilities for integration and simulation of various controllers and development platform

Benefits

- Integration of various controllers using Native Simulink and Legacy Code and FMI

- Open environment that can be used as a common development tool for model readability and collaboration

- Applicable to optimization and controller development in connection with useful MATLAB/Simulink Toolbox

- Continuous use from MIL to HIL level through code generation support
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Environment of Model Development

Modeling Automation Tool using Useful MATLAB Toolbox

Model Converter

① Run ADAMS 

Simulation

② Extract

Simulation Results

③ Create Lumped

Parametric Model

and Run simulations

④ Get 

Model Files and 

Simulation results

⑤ Compare Simulation

and measurement results

⑥ Verification/Validation results

⑦ Vehicle Model Files

And verification and validation report
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Environment of Model Development

Tire Modeling, generally..

Test based method

: HMC, Tire Suppliers

FEM Based (just started..)

: Tire Suppliers

MF-Tyre MF-SWIFT, FTire

핸들링 동특성정특성
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Environment of Model Development

Tire Modeling, In case we cannot acquire tire model from previous method..

We are using design specifications/performance based tire modeling method using MATLAB Optimization 

Toolbox / Python(GPR ML)

MATLAB script 

based MF tire modeling

Comparison with 

commercial Tire solver (dll)

① Optimization (Lateral)

② Optimization (Longitudinal)

③ Optimization (Transient)

Tire model parameter extraction to achieve functional tire characteristics using 

MATLAB Multi-objective genetic algorithm
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Environment of Model Development

Its Front-end 

using 

App designer

Module 3

Direct FTC input

* Functional Tire Characteristics
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Environment of Model Development

Its Back-end 

using 

Optimization

Toolbox,

Curve fitting

Toolbox

and so on

on the way to improve accuracy

Of machine learning GPR model
with much more FEM tire simulations

(by Hankook Tire)
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Environment of Model Development

How to create prediction model for FTC (Functional Tire Characteristics)

Tire Design Variables(26)/Simulation Conditions

Candidates

1. Ridge Regression
2. Least-Angle Regression
3. Support Vector Regression

4. K-nearest Neighbors Regression
5. Gaussian Process Regression

Sensitivity Analysis to select effective tire design parameters

Machine learning algorithm selection using MAPE as 

evaluation index
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Model V&V Process
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Model V&V Process
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Summary

▪ The demand for vehicle/system model for SW virtual verification/validation(V&V) and 

calibration is significantly/remarkably increased for SW development efficiency.

▪ MATLAB/Simulink is widely used in HMC vehicle dynamics modeling process thanks to 

useful and powerful toolbox and MATLAB/Simulink is very open/efficient tool to connect the 

different models and to operate different tool chain.

▪ Hyundai is on the way to develop Simulink based vehicle dynamics model including PT/PE 

systems in Powertrain Blockset to easily integrate control models.

▪ Current vehicle model quality (fidelity of system model) and qualification process need to be 

improved for SW virtual calibration at high long./lat. acc range. But vehicle models are 

widely used across many application areas for function validating, fail safe, fault diagnosis, 

regulation certification, virtual calibration (at low~mid acc range)

▪ Objective model validation index is under investigation and its criteria will be quantified in 

order for consistency of model quality especially for SW virtual calibration in terms of 

vehicle behaviors
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