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Profile

20years Chassis Engineer in HMC R&D Center

Platform Development Team (2005~
- Suspension & Steering Design

Vehicle Performance Development Team
- Advanced Vehicle R&H Development

High Performance Development Team
- 130 N MDPS & ESC Test

Dynamics Functional Concept (~)
- Brake Control Simulation & Driving simulator
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Automotive Industry trend: Increasing complexity

Today

ﬁVehicIe Complexity =
ﬁ Number of parameters +ﬁ Engineers +ﬁ Prototype Vehicles
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Virtual Vehicle

Virtual vehicle refers to the virtualization of the vehicle product development
lifecycles, typically using a system-level simulation of the vehicle behavior.
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Virtual Vehicle

Virtual vehicle refers to the virtualization of the vehicle product development
lifecycles, typically using a system-level simulation of the vehicle behavior.

In order to develop a virtual vehicle, you must

 Create vehicle model
* Integrate embedded software
 Define test scenarios

> Simulate and analyze
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Concept of Virtual Calibration

= Process of optimizing control system parameters in a Virtual Environment
= Deriving performance without physical tests

= Time and Cost efficiency, repeatable test

Controllers

| Controller

!: o s Copyright 2021-2022 The MathWorks, Inc.
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Model Parameter Calibration Simulink Design Optimization

Analyze model sensitivity and tune model
parameters

Simulink Design Optimization provides functions, interactive tools and
blocks for analyzing and tuning model parameters.

« Design Optimization Apps

: : : Response Optimizer
 Parameter Estimation SEmMEIEGESHIatoT .

« Response Optimization

« Sensitivity Analysis

« Optimization Solvers
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Overview of Response Optimizer

DEBUG MODELING FORMAT APPS

‘ Search

CONTROL SYSTEMS

=3
Linearization
Manager

B* @
FRE

Maodel Frequency

Linearizer Response

*
Control System
Designer

Steady State
Manager

=
Motor Parameter
Estimator
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Control System
Tuner

s

S
Model

Discretizer

*
Parameter
Estimator

Response
Optimizer

Sensitivity
Analyzer
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Overview of Response Optimizer

RESPONSE OPTIMIZATION TIME PLOT 4 R =0
= F i - [@] Designv ]
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Optimization Algorithms

Gradient Descent

Descending with step coefficient 0.005 {jteration 50)
1

) = 2 * sin(x)

10 Start (2.53.7)

30 . . . End (4.9.-23.7),
1 2 3 4 & = 7 8

Simulated Annealing

A
Hill climbing (move accepted with certain probability)

Initial solution

Cost function

Local minima

Global minimum

Feasible Solutions
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Genetic Algorithm

crossover

romosomes Ty
nnnnn s [ 100101010 | ——>
- 1011101110
| 0011011001
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evaluation
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| | 101110 1010]
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Traditional structure of genetic algorithm (adapted from (Gen & Cheng 1997. p.3))

Pattern Search
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Levenberg-Marquardt Algorithm

Honlinear curve fitting (good guess)

tled datg usi g L v Ma

o
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(@ Gradient descent : https://hackernoon.com/life-is-gradient-descent-880c60ac1be8

® Simulated Annealing : https://www.sciencedirect.com/topics/social-sciences/simulated-annealing

© Genetic Algorithm : https://learnwithpanda.com/2020/09/20/what-is-genetic-algorithm

@ Pattern Search : https://en.wikipedia.org/wiki/Pattern_search_(optimization)

(® Levenberg-Marquardt Algorithm : https://en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm 10
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Optimization Process

=  Build Simulink Model

= Set performance goals and constraints

i

= Select parameter optimization and run optimization

= Review and validate results

v MATLAB Workspace

Name = Value

v Model Workspace (enginetradeaff_demo)

nnnnnnn

Update block
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MIL - Simulation Environment Setup

Build Vehicle Dynamics and Integrated Control Models in Carmaker4Simulink

Implement ABS,ESC and xECU controllers

Plant
Generic Car Model

Test Scenario

CarMaker

Requirement

- .
Output  Data_Input IQ—

Control Logic

Copyright 2018-2021 The MathWorks, Inc.
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Optimization in Various Driving Conditions

= QOptimize for different road conditions (Dry,Wet,icy)
= High /low-speed driving ,sudden Acceleration/Braking

= Cornering ,uphill/downhill driving

mma‘_rl

Mu-Split
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Chassis Controls System (ESC) -General

. Physical Vehicle IMU
Driver Maneuver : . .

Steering Wheel Angle (Plant Model) Dynamics Behavior (Inertia Mea. Unit)

Accel. Pedal

Brake. Pedal Yaw Rate

Lateral Acceleration
Brake Pressure @ Each Corner
Steering Wheel Angle
4\ MathWorks- ;
Calculate
Sideslip Angle
Hydraulic Brake | Calculate
System Target Yaw Moment
Estimate
Roll Rate
Target Controller
SIS0 HEXACR 2481 M O/o 25 8& LI 14
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Use Case #1. ESC On/Off

=  SinewithDwell Simulation

output: Body Side Slip angle

Vhcl.sRoad: 7850m

Input: Steering Anglée
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Simulation Environment and Work-Flow

S O A

0m

Optimization Work-flow

>

Model definition

Modeling

Scenarios

Algorithm

Run Optimization

Analysis
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= Co-simulation (IPG CarMaker & Simulink)

Cosimulation
Carmaker
&
Simulink

Ao
Carmaker

Hoj7|2 4
(CU/HU)
Simulink

CarMaker 9.0.2

Generic Car Model

You may use this model as a starting poinL.
It already contains everything to run a simple CarMaker simulation.

Build your Simulink model around it.

s
aczg 4

CarMaker

Open CarMaker GUI
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Test Maneuver

IPG CarMaker

DoE / Optimizer
SimulLink

(CFEPERPI-1=0]
]

etradeot_demolPertamance requiement

Time (seconds)
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Optimization Calibration of ABS Braking

= Work-Flow

4 & Optimization Progress Report
RESPONSE OPTIMIZATION
Iteration €

g |

Open Save - Evaluate < Sensitvty p|OTS OPTIONS OPTIMIZE
Session™ Sessionw Ll Se%Ct  Roquirements  Uncertain Variables Set: [X] Nooe ~ Anhysic > 3
v - - 4
FILE REQUIREMENTS VARIABLES = 2

GO|E 22X S Distance 3
owich work P
» MATLAB Workspace Distance 2
0§ - 2 £ e s—
[Hcmpss 1 | +— Distance
kap.cc

Hrcc
bidnc can

Ol - @
~ Data
01§ - 2

{€] Designvars 1221 €
[®Dstance 115
[ EvaiResuit 1 1x1 U
L ReqValues  2¢1 st
8 s
1€ SignaProp... 1x1 Si

5. WY VI S
~ Model Workspace (ESC_RWD_PT_IF_

(3 New~ e Design Variables Set: (€] Designvars v /' 5

g§88xan

SignaiProperty
(Minimize)

* Requirements
« Minimal Braking Distance

* Yaw Rate *.0 deg/s |
* Result: 2.5%reduced (1.084 |)

« Solving Time : 26min
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Study Sensitivity Analysis of Parameters

= Work-Flow

Sensitivity Analysis Big impact

1.1 Parameter set

ALWIIWLAWT Wt AT TWUY WL 1w WY Y SENSITIVITY ANALYSIS vOal \F
p— - )
- 1 | & LEH purameter Set 10 Evakate: 3 Stove Intecmediate Dota .

* Parameter Sets

Design o |
Parameter . |
Confidential |

Pacameter Influence

Generated Random 100 different sets
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Use Case #2 Vehicle Model Correlation using Simulink Design Optimization

Tl\"lﬂi]—\

« Automated fitting

« Model Configuration

-

Correlation Input
(Veh. Speed, Steer Angle)

Experiment Results

(Slowly Increase Steer)

Design Variables
(Steering Ratio, Damper,
Spring, Tire, Stab bar)

o Optimization g
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Use Case #2 Vehicle Model Correlation using Simulink Design Optimization

« Simulink Model Configuration

» |IPG CarMaker Configuration — Reference
* Model Correlation Test Run — SIS (Slowly Increase Steer) with Constant Speed (80kph)
* Vehicle Parameter Configuration

* Response Optimizer App in Simulink Design Optimization

= Simulink Model Configuration

= Summary of Requirements (Signal Tracking) & Design Variables

20
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Use Case #2 Vehicle Model Correlation using Simulink Design Optimization

=  Optimized Results (247 iterations using fmincon)

 Steering Whes Angle (deo) - .

. -
::.,If?isa}t?(qeg’?e?) N e
LateralAcc(g") N e =
|Rollangledeg) : - -
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Conclusion

= Efficient Optimization through Virtual Calibration
= Time and cost savings, reduced risks in real-world testing

= Applicability in autonomous driving, electric vehicle control Systems
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Plan

- Requirements Toolbox & Simulink Test & Report Generation

Phase 4Parameten®ptimization|Viethodology, Phase2. Plan (Requirement box & Report Generating )

pp (&
=== [l =
........... ‘ : V ‘ | ol _.—. -
Parameter Opitimization I =
! . ) - Requirement Toolbox
. o_p;..;ns‘pz:ns:gbp:la”[‘fn ﬁmg Sum.e\lnk Design Opum\zaltmn e -
- =_ _—
[ R == Assessment Results | T
| Reduce yaw rate responses . Automated Symulatlon

Requireme1 B Test Cases
=
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