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Background

= Context

— Automotive OEM’s and Tier 1 suppliers must assess vehicle’s dynamic performance
= Will the vehicle roll over?
= What's the stopping distance of the vehicle?
= Do the stability controls perform adequately?

— Answer questions by building prototypes and / or running simulations

- Challenges |
— Prototypes are expensive, so must achieve a good design as early as possible
— Specialized vehicle dynamics simulation software is quite expensive and difficult to use
— Integrating 3" party vehicle dynamics software with Simulink controls is cumbersome
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Vehicle Dynamics Blockset
New product (R2018a)

= Model and simulate vehicle dynamics in a virtual 3D environment
= Use Vehicle Dynamics Blockset for:

— Ride & handling: characterize vehicle performance under standard driving maneuvers
— Chassis controls: design and test chassis control systems

— ADAS / AD: create virtual 3D test ground for ADAS and automated driving features

........

Ride & handling Chassis controls ADAS / AD
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Vehicle Dynamics Blockset Features

P4 Library: vdynlib - Simulink prerelease use = m} X
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Block Library: Powertrain

> -=

Powertrain

Info [
BattVolt TrqgCmd Infop  YFuelMassCmd Info >
BattCurr [
MtrTrq [ /;;
TrqCmd EngSpd EngTrq) Y EngSpd EngTrq [
MtrSpd [
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; E i [l ) Axi2¥rq AxI2Spd

Open Differential

Limited Slip Differential

Active Differential

Gear

EngTrg

DiffTrq

Info

EngSpd

DiffSpd

Ideal Fixed Gear Transmission

RTrq

CTrq

Spd

Rotational Inertia
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) RSpd RTrq [
(7]
Jc1spd .__—‘[ o C1Trg
Eu]_
JCc2spd C2Trq
Split Torsional Compliance
Y RSpd RTrq
JCspd CTrq

Torsional Compliance



Block Library: Wheels and Tires

&

Info

Fx

Omega

Wheels and Tires

Longitudinal Wheel - No Brake
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BrkPrs
Info
AXIT]
Fx >
Vx
Omega P
Fz

Longitudinal Wheel - Disc Brake

BrkPrs

AXIT]

Vx

Omega
Fz

Longitudinal Wheel - Drum Brake

BrkPrs
== Info

AxITy

Fx

Vx

Fz

Longitudinal Wheel - Mapped Brake
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Info [
M BrkPrs
M AxITrq Omega
I Vx : Fx P
) Camber Fyp
) YawRate 2 b
) Prs
M Gnd Mx B
) Fext My
) ScaleFctrs

Mz

Combined Slip Wheel 2DOF



Block Library: Steering

Info [

b
Y Angln %w ' AngLft
% AngRght D

Kinematic Steering
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Steering

Mapped Steering
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) Trgln

M TrLft & '&

)\ TraRgh @i

M VehSpd

Info

* AngLft

AngRght

>

g

>

Dynamic Steering
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Block Library: Suspension

Suspension
N vwinipz Info Jwhipz Info Ywniez Info b
AWhiRe JWhiRe Y WniRe
X winivz VerF p Y Whivz VehF b 3 wnivz VehF b
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A venv Wy p 3 Vehv WV p 3 Vehv VD g eh whiv b
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Block Library: Vehicle Body

P

Vehicle Body
D FwF _y Infolp  NFwF info
N ForceTot Info B
xdotd  NYFwR xdot [
FzF N Grade FzF
) Grade xdot P
3 WindX FzRD Y WindXYZ FzRD
Vehicle Body Total Road Load Vehicle Body 1DOF Longitudinal Vehicle Body 3DOF Longitudinal
Info Info Y FSusp info P
N WhiAngF xdoth Y WhlAngF xdot [p vb
I MSusp
ydot > ydot > pqr >
psi P psip  NFExt DCM P
> | P Euler p
) xdotin | FzF) ) xdotin ' ' | FzF D Ve Xe D
\ n
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Block Library: Vehicle Scenarios

Vehicle Scenarios

JVelR Info _ L
\\ ) VelRef ) Transiation Info
Y VelFd i\f,[';l?):i\&emmd Info p
3 Grade \\ i ) LatRef I Rotation A VehHitDistp
RefSpd p >
Longitudinal Driver ) Grade
SteerCmd ) Scale TireHitDist
N LatRef b,
Simulation 3D Actor Transform Set Vehicle Terrain Sensor
N VelFdbk Info 3 |
Drive Cycle Source L
AccelCmdl} FTP75 (2474 seconds) Translation
) LatVelFdbk
3 YawFdbk Rotation b
N YawFdbk SteerCmd P Image P
DecelCmd [
) YawVelFdbk Scale b
X YawVelFdbk
Lateral Driver Predictive Driver Simulation 3D Camera Get Simulation 3D Actor Transform Get Simulation 3D Config

MAILAB EXFPU ZUlB
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Game Engine Co-Simulation

Simulink vehicle / camera location

>

* Physics of vehicle

 Initialization of game engine

camera camera image, ground height, ...

Lane Change Reference Environment >

Generator
|
>
e, = ——3
Predictive Driver 7] |

Passenger Vehdle




&\ MathWorks:

Reference Applications

Vehicle Maneuvers Scene Interrogation

Analyze ride and handling on driving Configure the interface to the 3D
maneuvers such as: environment

— Double-lane change

— Swept sine steering ‘@ =
— Slowly increasing steering
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Agenda

= What is Vehicle Dynamics Blockset?

« How can | use it?
— Ride and handling analysis
— Chassis controls development
— ADAS / AD testing
— Hardware-In-the-Loop Testing

— — Assess longitudinal / lateral dynamics

MATLAB EXPO 2018
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Reference Application: Double Lange Change

4\ MathWorks

Lane Change Reference
Generator

>

Environment

Predictive Driver

Controllers

Passenger Vehicle

MATLAB EXPO 2018

Visualization
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Reference Application: Double Lange Change (Maneuver)

Block Parameters: Lane Change Reference Generator X

1 ___ Vi = TS Double Lane Change Source (mask) (link)

N — ] — ‘ . - " Once the target longitudinal velocity is achieved, this block will command a zero

“ j ] acceleration signal and generate a lateral reference trajectory as a function of
[ longitudinal displacement. Signals indicating the left and right lane boundaries are also
R generated as a function of the specified track width. An additional distance may be
- - prescribed after the target longitudinal velocity prior to beginning the maneuver.

‘ . Parameters

Maneuver start time, t_start [s]: I 3 |7

SpparEemdery Longitudinal entrance velocity setpoint, xdot_ref: |30 |
E chaver: BRiTtany Longitudinal entrance velocity setpoint units, xdotUnit []:
- S mph |
<xdot> =)
VehFdbk Reference Distance after target speed to begin reference, x_start [m]: |2 |<‘ |
Throttle Kil Vehicle width, vehw [m]: |2 |
JL .
P —— Lateral offset, latoff [m]: | VEH.InitialLatPosition [
[M Use reference data
Lateral reference position breakpoints [m]: |[0 2 12 25.5000 36.5000 49 61] |7
Lateral reference data, latRef [m]: |-[0,0,0.75,3.5,2.5,0,0] I
xdot
LngRef
LuRef | Gancel |[ neip | [ Apply

OR Ref

Throttle Kill F————— ThrotKill

Set target velocity and lateral position

Longitudinal Velocity Reference
18
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Reference Application: Double Lange Change (Driver)

Pl controller sets throttle
/ brake command

]

J

ja

Predictive driver model sets
steering wheel angle command

Driver Lag,
—{VelRef Info 4
TRy o Previewed Path Input
—VelFdbi: = =" ™| AtgeiCmd > 9 ‘ehicle Dynamics
v‘ vl_l_‘ﬁ_ = ::é AccelCmad @.—. u ‘
—»Gradel |/ T BekelCmd () velFdok o i ‘
— DecelCmd J
Previewed Error
b_star 8]
—»| LatRel _C
Lorgitudeal .

—| VelFdbk..- . Info — e $

dz”:’é 4 LPF o fen
——p{LaFdik] - v (1)
— Laﬁlcil’ldt.!'&_if:_—>?’> Cont LPF
— Yawd;«““[—‘ n\"/’!;:“cm NED) Vehick:

SteerCrd
—| YoaVelFdbk
Predicted Lateral Displacement \
MATLAB EXPO 2018 | S
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Reference Application: Double Lange Change (Controllers)

/Ay j e | <Actals | Trg Cmd >!
f ) EngTrqCmd ECU @
B N " _:i Controller ;
T Driver <Broka — Controlier
1| _ L e
* * > EngSpd i GearCmd ansmission
i
-~ S H
] VehFdbk <PropSHnSpd> on Sp
[{,‘:‘"’" AL I ), ‘3? Transmission Controller
GearState = (; GearState = 2 GoarState = 1.
5 o du o .ofths
wr | [SpdThr] = cakl? pedal speed); Yow " [SpdThr] = calc{ ), pedal speed ), /

: - L BrkCmd
_ ;

en:
GoarState = 4

xdot " PCmd >
PrsCmd 'I Brake

kappa
<kappa>
Brake Controller
Smulnk Function

up_th = calc_up(gearpedal) a Pref

du{SpdThei=caic(s pedal speed) |

]
} It GS

J 1| en:GearState==:
/

o
1 (SpdTh] = caicqd, pedat speed); | <xdot>

(c] L G?
en: flen
GoarState = 5; GearState = 7.
\

/SalectionState
du:[up_th)=calc_o|GearSate padal);
du:[dawn_th)=calc_doarGearState podal);

SwadyState
LJen:
dutchContral = 0;

[spead < down_th 84

(O
T
’ GearStaie >1

FreDawnShifing xdot xdot PCmd } ‘
Smubnk Functian
& el v B T 2 dawn_th = calc_dawn|gear,pedal) <Kappa> PCmd
| at } af <Kappa> Bang Bang ABS
after{0.5, soxi | after{( 5 sec)
(spoed < down_th - 2| Simulnk Funchion J
SpdThr = calc(gear pecal speed) Fe
S:un&mng Pref PG }
GoarState = GearStasa - (1.5 e ) Pref I

= Basic controllers provided for engine, transmission and brakes

= Incorporate your own variants, as needed
MATLAB EXPO 2018
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Reference Application: Double Lange Change (Plant)

= Customize subsystems

= Use default plant model provided
Select variants of interest -

.....

S
(
ig

©

Fnematc Suerng

i “+= Steering

PN [ 1 LT

Transmission‘ o @_.._.H,MT_.@
Srrmge i FropBhiSed
Driveline

4\ MathWorks:

im—l

Suspension

—»{ TrqCmd g o Info |-
(<] :_-__ij ==
N
oy
EngSpd ( \fy EngTrg -
Engine
Vehicle body
S ) ind
WindXYZ ¥
- & Tire
@i [
AxleTrg
Brakes
SO =
@-”Lb Ground Input
Friction %\g
Wheaels and Tires 2 1
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Reference Application: Double Lange Change (Visualization)
Driver Commands Vehicle Response
[ ]
e e Acceleration Cmd A0 AR —

[ . léﬁt"’ RQ?B-}’ ] 2000 6000 20 , 80 o5 | 08
_{ L S N -300 300 Brake Cmd :
! h‘QJ [ =] | LO—O? 1 Handwheel Angle [deg] Engine Tach [rpm] Speed [mph] Lateral Acceleration [g]
eyl = | | Entered Gate

o

Lane Change

= Scopes, gauges, plotters, logs -
- 3D engine interface

<LtriRef>

<Accel>

<Brake> =
" o - SteerAngle o5
m——— = Unit:deg —H=
l—b - Unitrpm ——»

<EngSpd> o = Lrp gine_rpm = ‘ :
(3 3} » ST » - »! Unit:mph —>dot = S SteerAngle E ] S
VehFdbk _mp | <xdot> [:]

l <ay>
<ay> - L

Steer, Velocity, Lat Accel

y

VehFdbk
VehFdbk

\ Vehicle XY Plotter

3D Engine 22
Disabled




Ride and Handling Study: Double Lane Change

4\ MathWorks:

At 30 mph At 50 mph

MATLAB EXPO 2018
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Agenda

= What is Vehicle Dynamics Blockset?

« How can |l use it?
— Ride and handling analysis

— Chassis controls development ) — Perform closed-loop testing

— ADAS / AD testing
— Hardware-In-the-Loop Testing

MATLAB EXPO 2018
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Chassis Controls Study: Braking Test

.—J
>
N +
> e
ooy el i

Lo
>
Controbers
c) >
Brake Pressure
)
disk_abore > Disallow Negative
_ Brake Torque
Disk brake actuator bore
num_pads >

Number of brake pads

MATLAD cAru culo

Brake Torque

Torque
Conversion

Disc brakes

4\ MathWorks:

Open loop brake controller
simply passes through
brake pressure command



Chassis Controls Study: ABS Controller

Predusive Oviver

= Added custom MPC variant

4\ MathWorks:

o

Pref

e

xdot

<Kappa>

3 "~ MPC )

to brake controller subsystem

= At each time step, finds
optimal brake pressure for
target slip ratio

MATLAB EXPO 2018

For Each

For Each

tire

MPC
Controller
»q 1)
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Chassis Controls Study: ABS Controller

-]

B Open-loop brakes
B MPC-based ABS
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Chassis Controls Study: Braking Test

MATLAB EXPO 2018
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Split Mu Test

Uraking Test
A e ok
Tt b—
a .
Manover
>.I i ’ S +
Predesive Dviver * [
o >
>
T p— Passenger Vericke
Controlers
J N
Int
<XWheel> " ﬁﬁ — Out1
n2 . =
Wheel> —
> _D- Split Mu
For Each /
For Each -
Constant Mu
2-D Tiju)

2-D Lookup

MQTLQB EXP Table
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Chassis Controls Study: Split Mu Test

MATL e
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Agenda

= What is Vehicle Dynamics Blockset?

« How can | use it?
— Ride and handling analysis
— Chassis controls development

— ADAS / AD testing mmmmmm) - Testin a virtual 3D environment
— Hardware-In-the-Loop Testing

MATLAB EXPO 2018
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ADAS / AD Testing: Virtual 3D Scene

Camera sensor sends video to Simulink

Synthetic video used for testing vision-
based algorithms (e.g., lane detection)

MATLAB EXPO 2018
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Stop Sign Detection and Braking

4\ MathWorks:

4| Viewer: Scope

File Tools View Simulation Help

4

SCRReferenceApplication Plant Controller and Display > VehicleActorTransform PartCong

@ |[%a scrreferenceapplication » [Pa]Controller and Display

@G- dwhpbew Ka Q- 3C-FE-

Sample based T=4.170

Controfier
= .
ThrCmd
Running
single(1) } ‘>—|_‘ 7

=

&= = 4

- - .

E:
L] va N () ;
g SteerCrrd
single(-0.1} -0
Left
inad / M —
b brdd, Rore .xal:r )
Stop Sign Detecior
Conver| image
1o double - E imaage Draw
Rectangles > ""-15!‘1'0 :/l.u.co
= Display
2 ) bbox Pls
ghData —»{imp  StopSignDetector
sCore p—

(@i

]

Mf > |
Running
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Customizing Scene with Support Package

= Create your own scenes with Unreal Editor and our Simulink plug-in

= Unreal Editor project files available in our Support Package:
“Vehicle Dynamics Blockset interface for Unreal Engine 4”

&M&thWOI‘kS' Products Solutions Academia Support Community Events

@ @ © 712 2 ﬁ% @ 5 ARLE

coe O NEEE
=2

File Exchange

i[Ks

]

EM
Simulink  3|0|op2 3= u ojE=

‘ . ’ 7 - > |lll paranet v~ v [Z] MATLABO| CHaj 2tOH27)
!\:t/)\TLtAB Central + Files Authors Tags Comments My File Exchange  Submit SIMULINK e [51C2)0) X|21S T8I0 =7t 7|55 2 &L |:|-.|
ou

Vehicle Dynamics Blockset interface for Unreal

e
Engine 4

version 1.0 (15.1 KB) by MathWorks Automotive Community Profile

Simulink integration for Unreal Engine 4

I ——.s
MATLAB EXPO 2018
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https://www.mathworks.com/matlabcentral/fileexchange/65966

——————————————————— 4\ MathWorks
Editing Support Package Scene to Add Stop Sign

u HWStdlte

File  Edit
Rz Modes

R

Searcl

Window Help

= World Outliner

Q\‘
Label -

- SIM3arassveny

Recently Placed
Basic

Lights

Sim3dPassVehl
Sim3dSceneCap]
Sky Sphere
SkyLight

SM_FourLaneRoad

Cinematic :
12 actors @ View Options v

Visual Effects

3 Details

Geometry

Volumes Selectan ohject to view details,

All Classes

S | Leveli HwStrght (Persistent) |

== Content Browser

I AddNew~ X Import [B)SaveAll & - | & Content » Environment » Props » StopSign » Mesh » T

SM_StopSign

1 item @ View Options »




Changing the Lighting to Night Conditions

®

g e

1 @

|

~ - -
SCRReferenceApplication Plant Controller and Display > VehicleActorTransform PartCon
||%&| SCRReferenceApplication P [Pa|Controller and Display
Caontrofer
B
ThrCme
singie(1) l ‘>—|_'
-
— .
m .
2 StwerCrred
single(-0.1} ]
Left u
single{0.1 —’._ -
bl Rgre false
Stop Sign Detecior
Conver! image
1o double fasge T
Rectangles > ‘"‘Jwgls\/‘iﬁ’o
12 bbox Pla
ghData —»{img StopSignDetector
score

=
e

MF »

4 Viewer: Scope - O X

File Tools View Simulation Help N

@-VOUPE @ Q- F4-

Running Sample based T=4.620

Hh 0

<

Running
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Perception algorithms are typically developed with different
workflows than control algorithms

Perception re-simulation

~"l-__l“
"h_“"

..H"

. Lane
: detector

images

Perception

AN.AB ERBHeRsg

“Cuboid”
environment &
lane sensor

detections

Controls simulation

Physics based
vehicle model

Lane
follower

Controls
engineer
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What Is required to combine lane detector and follower
components into a system level simulation

System simulation

“ub 1d”

Physics based

) envii. ment &
vehicle model

lan se. or

Lane Lane
detector follower

images

Systems

MATLAB EXPO 2018 engineer
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Lane detector and follower system

Unreal Engine

System simulation

Physics based
vehicle model

Camera sensor

images

Lane Lane
detector follower

Systems

MATLAB EXPO 2018 engineer
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Lane detector and follower system test bench simulates
vehicle dynamics with Unreal Engine to synthesize camera

Images

| " @ lernDutuctiorAndFollomes TewBee? - Simuknk
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o -
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|
|
|
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i
|

Code Took
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2
o
—
g
]
L 2 03023
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Frame Rate
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4 lanDatector R
» g' Frama Lanas
He0esis
N Z
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. |
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1S tfed 31t
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Agenda

= What is Vehicle Dynamics Blockset?

« How can | use it?
— Ride and handling analysis
— Chassis controls development
— ADAS / AD testing
— Hardware-In-the-Loop Testing

MATLAB EXPO 2018
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HIL Testing

= Do these models run on HIL simulators?

— Yes!, All blocks in VDBS support code generation except
visualization block

— Tested with Simulink Real-Time on Speedgoat target computer
— ~270us turn-around time for 1000us time step

. Speedgoat |
SL plant + controller ~ Mobile Machine Data collection

MATLAB EXPO 2018
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HIL Testing with UE

= Can you perform HIL testing with Unreal Engine running?
— Yes!, but UE visualization block doesn’t support code generation.
— Unreal Engine can run on host PC with GPU.

. Speedgoat |
SL plant + controller ~ Mobile Machine ~ Data collection
MATLAB EXPO 2018 + UE4
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Summary

= Vehicle Dynamics Blockset provides:
— Open and documented library of component and subsystem models
— Pre-built vehicle models that you can parameterize and customize
— Fast-running models that are ready for HIL deployment

Y“l’

— Interface to Unreal Engine

][I

Vehicle Body Vehicle Scenarios Utilities

Powertrain Wheels and Tires Steering Suspension

4\ MathWorks:
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Frequently Asked Questions: Hardware

= What hardware is required to run these models?
— Simulink only: reference applications run faster than real-time on a modern laptop

— With 3D engine enabled: Need a good GPU (tested on 1080 nVidia graphics card with
8 GB on-board RAM) =

« Do we support Mac / Linux?
— The Simulink models will run on any platform that Simulink supports

— The UE4 games are compiled for Windows only, so Mac and Linux users must run in
Simulink-only mode (for now)

MATLAB EXPO 2018
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