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ITEAM Network Concept: Motivation

X-by-wire vehicles Low-emission vehicles Automated vehicles
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Insufficient consideration of integration

!

Studies on Multi-Actuated Ground Vehicles (MAGV)
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ITEAM Network Concept: Consortium and Goals

Consortium:

10 universities

2 research institutions N Al P £ B
3 automotive OEMs Gaventry vy & N
2 suppliers ¥ LiverroOL o 8 ' Iz L/mfmeon,
2 SMEs ‘ 3 B g rc
MAKE
< ulc
Global goals:
1. Advance the automotive postgraduate *
education A o
2. Improve career perspectives of PhDs in both public and private sectors
3. Create R&D group with determinant contributions to next generations of

multi-actuated ground vehicles
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ITEAM Network Concept: Clusters

Cluster

WAGY ; Cluster MAGYV Integration
* ESR2 and ESR3 (VOLVO)

Integration” ;
eaa * ESR4 (University of Pavia)
------------------- * ESR13 (Coventry University)
e@ - ESR14 (KU Leuven)

Cluster Cluster Green MAGV

MA.GV * ESR5 (Infineon)
Driving

Environment” * ESR6 (VIF)
e ESR7 (University Compiegne)
* ESR9 and ESR15 (TU limenau)

Cluster MAGYV Driving Environment
* ESR1 (VIF)

ESRS (SKODA)

ESR10 (University Compiegne)
ESR11 (Flanders Make)

ESR12 (AVL)

Cluster
“Green MAGV”

ceosccdecee e

LCecfecans
[ ]
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ITEAM Network Concept: Roadmap

Final End of ﬁi!lﬂ {4 Kick-off Seminar for Supervisors -
Dissemination Event . Project - e  Mesting . m é’b m Kick-off

 Meeting for ESRs

Career EE
IAVSD LeD vmn 1 Development
Symposium%::; Web-site ! Plans_e

@ IFAC AVEC
Launch

Review e!w =22 Inter-cluster Review ¢ $J Symposium
EAM

Meeting .\® Waorkshop ﬁ- Meeting
Real-world Trials 2
= . D

[
E(;Lﬁgg:nent ~ Short Course
Seminar o ¢
virtual @vehicle Eﬁ@ FISITA
SAE P% YR Launch of Start of ESR‘5 o & Congress
Congress S‘E Open-Access Databases Vacancies - Projects g
f{;‘ﬁ FISITA
e = Congress -

Review
Meeting ﬁ!ﬂ

e _ Thematic
{4 Workshop

Review @
Meeting o]

< utc__ Launch of
- - Thematic == || Research Databases
— Ilaew?w A Inter cIusterW?ks.hop Workshop e ® _ Inter-cluster
ISMA @, eeting @ o Iy y— ‘@ Workshop
Conference e

=
IThematic Workshop
Short Course
- Personal
KU LEUVEN
Development
¢ ' . i D Revi v > A Seminar
AVEC _IFAC Thematic ¢ Personal __.— Thematic e ¢  Summer Review
Symposiu Workshop == Development UTiA]Workshop m Meeting = U shool ﬁnﬂ Meeling(f sap
5 rSemlnar & Summer School Short Course @ 2 Congress »-.%=
VEnn LIVERPOO! ® oo K Leuven YEAB
/
¢ SAE IAVSD ®| |2 Thematic
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ITEAM Network Concept: Training Program Approach

Network-wide Training

Summer schools
Short courses
Thematic workshops
Web-based seminars
Real-world trials

Intersectoral
Training
Academia

13/11/2018

Industry

Personal
Development

Individual
Projects

Training objectives

Develop an interdisciplinary project-based
training network to enhance vehicle design
quality and performance;

Establish and sustain a new type of continuous,
consecutive and successive research
community, recognizable on an international
scale, with the high potential to make significant
contributions to next generations of intelligent,
safe and energy-efficient multi-actuated ground
vehicles;

Establish and promote (i) professional
advancement of the participating institutions in
cutting-edge technologies through intersectoral
collaboration and (ii) technical and cultural
exchange between academic and non-academic

environments
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We Ol Urojcedii=g
| MWas made possible
thanks to #H2020 funding

€30 billion.is still
“available in the 2018-20
Work Programme! :

\\ é g N European
\ Commlssnon
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State Estimation — Motivation

Past and current: vehicle dynamics control

Oversteer / /
// /
Ideal /
cornering/

Understeer

Source: Subaru

13/11/2018



\{TEAM SyRI seminar
el

State Estimation — Motivation

Future: ADAS and automated driving

Surround View

- Traffic Sign
Recognition

Pedestrian Detection
_. Collision Avoidance.

Adaptive
Cruise Control

" Lane Departure
- Warning

Surround View

M Long-Range Radar
M LIDAR :
* (amera T
I Short-/Medium-Range Radar
M Ultrasound

http://www.ti.com/applications/automotive/adas/overview.html
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State
Estimation —
Motivation

Future: ADASand .~
automated driving 2%

,»'/ =

Source: General Motors
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State
Estimation —
Motivation

Y amw

https://www.kistler.com/en/applications/automotive-research-test/vehicle-dynamics-durability/

However, some sensors are still too costly and/or intrusive.
Components of velocity
Vehicle sideslip angle - - Virtual Sensing

Tire forces

13/11/2018 11
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State estimation for vehicle dynamics

Vehicle
Sensors

Longitudinal tire force estimator A KE NN SM
W@ yh Rotating wheel + Wheel Wheel
A torque torque
— Twhi | | dynamics model uncertainty | | adaptation Fy A h
P - pproaches:
Rolling resistance
; Kalman filter (KF)
Lateral tire force estimation "
| . r— Neural networks + KF (NN)
Lat. velocity & | Adaptive vy
cornering linear tire Bicycle
v ; . g
y stiffness model (RW model Fyr Sliding mode observer (SM)
P estimation evolution) F
1) i yr
Et(i)f:‘rr]gsisg Neural Differential
: : Networks tarms y
estimation Load
I proportionality [—F,—>
17x‘Vy principle
Vertical tire force estimator
1]} | Load transfer model
-y — Body angle estimator Road angle estimator F, >
z

ij

13/11/2018

Vehicle

kinematics model

Decoupled roll
& pitch model
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Automotive state estimation environment

PG Virtual (S s Measurement
CarMaker ‘measurement’ car

Version 7

cmread.m

Version 2018a MATLAB m

MATLAB-AMESIim mterface

-

Version 14.2 - Vehicle model

| 3 T k Mul
13/11/2018 Single trac 'win trac ultibody
L model model system model /)
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Automotive state estimation environment

Advanced Modeling Environment for performing Simulations of
engineering systems: AMESIm

)4 LMS AMESim

Software tool for modeling and analysis of multi-domain systems
(originally by Imagine S.A.; acquired by LMS International; acquired by
Siemens AG)

Based on Modelica and bond graph theory

Causal: in- and outputs of icons are linked (in contrast to e.g. Simulink)

13/11/2018 14
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Automotive state estimation environment

File

D&Ea &

A

%

A

& isc check -
Ime f>

F

S8R EHI

view Modelng Settings  Simulation

ADEXc 9e @ Baaaaalt s

H e Ht e R-4-6-D-B-01 882 IEOO0:~LES
[x]

dpsi

c:=|_f*dpsi

=

o[afafalala

o
i<
%yl

]

Q>

o
— |

anik 2

urik 1 A

arik2 [

b= (t_f/2)*dpsi
+(O]

(‘*‘) a = (t_r/2)*dpsi

Parameters of Chassis2dof_custom [VDCAR2DOF1_2-1] J X
@ Q@
Value Unit Tags ~
Explicit state initial value
@ carbody sideslip angle 0 degree
@ carbody yaw velodty 0 degreefs
@ carbody yaw angle 0 degree
@ absolute position of carb om
(@ absolute position of carb om

v [ Tires

front tire cornering stiffness .

65000 Njrad

rear tire cornering stiffness ... 55000 Njrad v
< >
Watch parameters F X
Submodel Title value Uniit
< >
Variables of Chassis2dof_custom [VDCAR2DOF1_2-1] J X
Dyvalue Urit Saved
slip angle - rear wheel 0.000767725 degree
slip angle - front wheel 0.000912591 degree
carbody sideslip angle -0.361877 degree
carbody yaw velodity -0.139879 degree/s
carbody lateral acceleration -0.00110308 m/s/s
front wheel steering angle input ... -0.785233 degree
carbody absolute velodity input .. 0.475603 m/fs
mass of the vehide 2408 kg
yaw inertia 3231 kgm®=*2
front wheelbase 143937 m
rear wheelbase 123563 m
carbody yaw angle 116.917 degree
absolute position of carbedy cog... -101.623 m
absolute position of carbedy cog... 365.871 m
wvertical load on the front tire (1 t.. 5453.95 N
wvertical load on the rear tire (1t... 6353.26 N
oversteering angle 0.000144366 degree
oversteering rate - cst value -0.258365 degree/m/s/s
characteristic/critical speed (crite.. 24.356 m/s
natural frequency (criterion) 28.6564 Hz
damping rate (criterion) 1.02612 null
carbody lateral acceleration gain... 0.00148263 m/s/s/degree
carbody yaw velodity gain (criter... 0.178238 1fs
< >

Variables of Chassis2dof_custom [VDCAR2DOF1_2-1]

Watch variables

Smuatonmode | (3 | )
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Automotive state estimation environment

Standard set of sensors already available in
current production vehicles

Virtual sensing approach based on dynamic
vehicle model to correct for sensor inaccuracies

Tire cornering stiffness estimation with random
walk (adds robustness against unknown and
variable tire/road behavior)

‘Adaptive linear tire model’

13/11/2018

side force

A\ F
y .
brake slip

0
5%

10%

20%

/

1 1 |
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slip angle @

Source: Tire and Vehicle Dynamics (Pacejka)

100%

\)

|
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Automotive state estimation environment

Virtual ——
Version 7
cmread.m
Vercion 2018 A MATLAB: state estimation
library (Kalman filter)

AT AV I MATLAB-AMESim interface

-

~
Version 14.2 Vehicle model

Single track Twin track Multibody
o D  sem o )

17
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Automotive state estimation environment

IPG CarMaker

CarMaker - Test: Examples/VehicleDynamics/Handling/StreetsOfSanFrancisco - ‘se... | = X m IPGControl - Data Window #0 = |E] XS
File Si P Seftings  Help 21PG Display Quantity RefQuantity Cursor Help 21PG

Maneuver
0 - Closed loop test with driver m
1 - Open loop throttle for flying
2 999 Closed loop test with driver m

l

B

Car: Examples/DemoCar

Typical, data for
with Front Drive

Trailer: -

Tires:  Ex./RT_195_65R15
Ex./RT_195_65R15

car

Select

Ex./RT_195_65R15
S Select
Ex./RT_195_65R15 4’

Load: 70kg Select
70 kg 4,
Simulation Storage of Results
Start
Perf: ¥|paused Mode: ¥/ collect only

Status:
Paused ]

Time: 75.0

Distance: 124475

Buffer: 33.6 MB, 2397 s Stop

Instruments - 'set-I-me-p16006' online

% Display

Brake
100

e
%

13/11/2018
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75.02 s

1| start
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Flanders Make electrified Evoque test vehicle
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State estimation results — vehicle sideslip angle

) I T

Reference
mm Estimate

4

| B [deg]

0 10 20 30 40 50 60 70 80 90
13/11/2018 t[s] 20
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State estimation results — longitudinal tire forces

1000 w r — 1000
Reference
800 | Estimate ] 800 +
Z. 600 | I & 600} :
= S
hf 400 + - hf 400 + .
200 + . 200 + .
0 20 40 60 80 0 20 40 60 80
t [s] t [s]
1000
500 +
— 0| — 0
= =
. ez -000 +
1000 E
hf_ I &f-lOOO—
-1500 +
-2000 +

-2000

0 20 40 60 80
13/11/2018 t[s]
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State estimation results — |lateral tire/axle forces

Front
200 \ | | I —
0 lI.v Y h A e
= TN Ry
& -200 - .
-400 —
| | | \ | | | |
0 10 20 30 40 50 60 70 80
t [s]
Rear
T I
Reference
200 +~ Estimate |-
E 0
=N
=200 - 4
-400 —
|
0 10 20 30 40 50 60 70 80
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Estimation framework

Vehicle
Sensors

13/11/2018

Longitudinal tire force estimator Al KF NN SM
. + Wheel Wheel
Wyhi Rotating wheel
—| | dynamics model torque forgue
— Twhi y uncertainty | | adaptation F, g
Ppri 4
Rolling resistance
v
Lateral tire force estimation v
Lat. velocity & | Adaptive vy
cornering linear tire Bicycle
Vx stiffness model (RW model F
y . . . . yf
Y » estimation evolution)
6 Fyr
+
Cornerin i i
wedlose g Neural Differential
: : Networks terms y
estimation Load
T proportionality [—F,—>
Uy Dy principle
L 2 7}
Vertical tire force estimator
1]) I Load transfer model
a0 »| | Body angle estimator Road angle estimator F, >
Zij Vehicle Decoupled roll
kinematics model & pitch model
23
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Body and Road angle estimation & Vertical tire force estimation

tj

Vy, Uy, P

Body angle estimator

Vehicle 0, pp,—
kinematics model

Road angle estimator (EKF + RW)

Decoupled roll
& pitch model

O, Py

Or, br

Measurement correction

arquy

13/11/2018

Ay =aymy + 9 sin(0, + 6,.)
ay =aymu — 9 sin(¢, + ¢;)

Load transfer model

24
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Body and Road angle estimation & Vertical tire force estimation

y
_ -1 Nij
g Poar = O vy |
N
~ DyrL U
«OurL N~
S Al T
N Y
rL
a, a, V0 Uy, P
Body angle estimator Road angle estimator (EKF + RW)
z;j Vehicle 0, p,— Decoupled roll
kinematics model & pitch model
6y, by Oy, br
Measurement correction
am Ay = Ay + g 5in(6, + 6;) Load transfer model | F
U .
ay = aymmu — 9 sin(¢y, + )

13/11/2018
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Body and Road angle estimation & Vertical tire force estimation

_¢v_
d’v ' j
& vy +Yv,
T . .

9,, VU + l/)vx
6, 0
| O,

'h

6y

ax

ay

by

| 0,

a, a, V0 Uy, P
l
y
Body angle estimator Road angle estimator (EKF + RW)
z; — Vehicle ——0,, b, > Decoupled roll
kinematics model & pitch model
6y, by 6y, br
Measurement correction
amy Ay = Ay my T 9 s.in(H,, +6y) Load transfer model | P,
Ay = Ay,mmu — 9 sin(¢, + ¢,)

13/11/2018 26
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Body and Road angle estimation & Vertical tire force estimation

_____________________

) Road angles
a,a, V0 Uy, P
Body angle estimator Road angle estimator (EKF + RW)
z; — Vehicle — 0, p,—* Decoupled roll
kinematics model & pitch model
6y, by 6y, br

Measurement correction
o ax = aymy +9sin(6, +6,)
ay = ay,IMU -9 Sln(¢v + ¢r)

13/11/2018 27
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Body and Road angle estimation & Vertical tire force estimation

(L —1;

)ym

Pl = I 4 AF.,; + AF.q

2L

a,,a,

Zij —

Vy, Uy, P

Body angle estimator Road angle estimator (EKF + RW)

Vehicle —0,, p,—> Decoupled roll
kinematics model & pitch model
6y, by 6y, br

Measurement correction
o ax = aymy +9sin(6, +6,)

arquy

13/11/2018

ay =aymu — 9 sin(¢, + ¢;)

Load transfer model

hef
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State estimation results

7000 : . r 7000
Reference
Estimate

— 6000 ¢

F, rr |

5000 |

4000 : : : 4000

8000

7000

(V]

E{ 6000 |

N

L3
5000 |

4000

13/11/2018 29




\{TEAM SyRI seminar
S

10 DOF Vehicle Model

P Legend:
10 DOF Vehicle Model F v F = Force
t T =Torque
Fq ] X = Position
F, _ :
s AX V = Velocity
’ 0 = Angle
AX 4'* Suspension | Tires |« w = Wheel speed
I R = Rotation matrix
v .
¥ T Forces Disturbances Y = Yaw
Constraint R(HIZe) |
l+ R(9e2b)
A
v R(6453)
L 4DoF 6DoF Bod : £ i
4Wheels y A ¥
L 0,,, —| Rotation Matrices Or2e K *—@*4- AX,¢f Use case
1 Road angle
0521 estimation
1
[
Yaw control Yier
Vp > » Speed control « Vref
T ]

13/11/2018 Motion control 30




ﬁi)mm SyRI seminar
il

Nonlinear suspension stiffness: , Stiffness Curve
F =e% + bx

FIN]

Suspension strokes:

X =Xcom T Rype *T

x [m]
Suspension position

".mm

W

e O an S e o g o lM"
01 A DIDAVAR N mﬂ“ ‘H“’\"y

18/11/2018 100 200 300 600 31
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Calculated normal tire forces (Limit handling test)

Normal tyre forces
1

0 100 200 300 400 500 600

13/11/2018 32
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Concept Car Platform — Introduction

Modular powertrain architecture
Including conventional, hybrid, and

fully electric options

Goal: creation of automotive platform for
versatile research and validation purposes

In cooperation with Punch Powertrain,
Belgian supplier of powertrain technology Battery

Supported by a number of Master’s theses m
L

Development/optimization is ongoing ' G .
2

13/11/2018 33
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Concept Car Platform — Student work

2016/2017: initial frame
design; hybrid controller for
energy optimization;
powertrain implementation
strategy & battery pack
design

20 17/20 18 . Brake-By-Wire;
Electric PowerAssistedSteering

2018/2019: suspension
redesign; vehicle dynamics
controller (ABS, TCS, ESC)

13/11/2018 34
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Concept Car Platform — High voltage battery

Lithium Ferro Phosphate (LiFePO4)
12 kWh usable 360V 50+ km full electric range
60 kW peak 160+ kg

Junction box interfacing Complete battery pack assembled
internal/external connections from seven modules and a total of
and hosting safety features 112 cells

13/11/2018 35
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Concept Car Platform — Energy optimization

. .. . Performance limits
Constrain Ed O ptl mization Of ICE engine map Torque min/max
( equ ivale nt) fuel consum pt|0 N (fuel consumption) rpm min/max
VT OVT losses Ratio IIll.Il / max
Rule-based mode selection Rate of change min/max
- Motor motor map Torque min/max
Combustion on Iy OO (efficiency) rpm min/max
Hy brid mode Battery Clla.l'gg/ Fhscharge Power min/max
efficiency

Full electric mode

‘High level’ control

13/11/2018 36
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Concept Car Platform — Energy optimization

Constrained optimization of
(equivalent) fuel consumption

Rule-based mode selection
Combustion only

Hybrid mode
Full electric mode

‘High level’ control

13/11/2018

Transition Conditions Actions
_ - ) switch to braking mode
al Trequest <0 .
q . .
stop engine
a2 Trequest <0 switch to braking mode
b hybrid trigger start engine
cl engine ready no action
5 . L. switch to hybrid mode
c2 engine speed sufficient
' close clutch
d clutch is closed no action
. switch to electric mode
e electric trigger
> open clutch
f clutch is open stop engine
g engine off no action
hl Trequest >0 switch to electric mode
T".-“eq-u.est >0
h2 engine ready switch to hybrid mode
clutch closed
L Trequest >0 switch to hybrid mode
engine ready close clutch
Trea =0 . )
h4 request switch to electric mode

engine not ready

37




oilinl\ll SyRI seminar
S

Concept Car Platform — Energy optimization

‘Low level’ control: instantaneous optimization based on look-up tables

Global optimization not possible as we do not know the future trajectory

- Offline optimization (also less demanding on computational power)

Combustion | Hybrid | Percentual
Mode Mode reduction
SFC ICE [g/kWHh] 304.99 249 41 18.22%
SFC ICE during charging [g/kWh] - 243,99 -
Total fuel consumption [g] 1793,64 1705,47 (4.92%!
Equivalent electric consumption [g] - -483,48 -
Total consumption [g] 1793,64 1221,99 | 3L87%
Fuel consumption 6x MOL [g] 10817,4065 | 7249,80 @2.980;};

13/11/2018

Not taking change
of SOC into account

Total reduction over
six runs of ‘MOL
drive cycle
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Concept Car Platform
Tubular vehicle frame

Manufactured by local supplier
Engie Fabricom, Antwerp

Combined tubular/sheet metal
structure, welded and bolted

Experimental modal analysis is
planned

Assembly of subsystems:
suspension, brakes, steering,
powertrains including battery
pack, seats

Control systems

13/11/2018 39
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Thank you
for your attention!



