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dt
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Faero = E;ﬂ‘m’rz'jl_f Cav

vl
Fm."f — Croli{Vvehs Ptires » - -}fwl'fflg COs 'a'-

F_[;mdf — Ml‘i’hgsula' Ftract — traCtIOn fOrce — prt - Fb’r'ake

F.,; =rolling resistance forces
M., = equivalent vehicle mass F,.r, = aero resistance forces
v,en, = actual vehicle speed Fyrqaqe = road slope resistance forces
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Firae = pwt Forake = Finertia + Fgmdf + Frott + Faem. Separating
o Traction phase (Psq.+ > 0, superscript +)
Multiplying by the speed: Deceleration phase(P;,4c; < 0, superscript -)

P.I'J"H-L‘ — Pf'nfm'u + Pgmdf + PmH + P{lff'ﬂ'

Integrating over the time:

_ £ = 5

)
Etrac = / Piracdt = Epin + Epﬂ.r + Eppt + Egero,

+ _ gt -+ + +
Epur EmH + Eufm + Epm + ELur‘

Ekm f memudr Mwh/ "-wfz“\.w\ e.ﬂr(”dr - + - — —
Ef'fgf”-Pm Eﬁrrr + Epm‘ o Ef'l:rh' o E.:mm o Epm‘

If
/ grm:?‘fdr whg[ V‘rfh(r) sin 5“)df;
iy

mF

fﬂﬂd‘r M1. eh& f CroliVveh “] cosd (I}d'r

I
/ Pufmdr -Gﬂ'h' Afcd -/ Vyeh [”3'{1‘!-
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Source: Onori S, Serrao L., Rizzoni G. — Hybrid Electric Vehicles — Energy management strategies, Springer 2016 19
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Fuel energy available

[PERCENTAG| [PERCENTAG
E] E]

Braking energy available

Engine mechanical energy available

[PERCENTAG
E]

vehicle losses (acceleration phase)

Er:JII+Eeziero
13%
[¢)
29% 13%

vehicle losses (deceleration phase)

Exhaust E;-_,J”-’_Eﬁ_c’m-'_E;m

13% Mechanical Power

kinetic energy available for regeneration
Aerodynamics

— t -
Emgen.pm = E“” +Epo: - Em” — Laero —

powertrain output

Braking total kinetic and
potential energy
Rolling Resistance
ng I Ekriu-l_EpiOF
Transmission
Engine Friction and Accessories
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V_actual; V_ref [km/h]

a_x [m/s2] J

>a_x

Throttle [0-100]

ICE Throttle

Throttle

w_ICE [rad/s]

Brake Signal

1D T
C'—)—’ — Control Strategy
Clock1

Driving Cycle Driver

Driveline

Vehicle Dynamics

Erergy Evaluation
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- ™~ le Consumption [V100km]
Fuel_liters P ,LH:” From Cyc
Clock Time Erom1 Total Fuel Consumption [liters] » Cycle_consumption
100 > X ,“:” To Workspace
Constant g~

Divide Cycle Consumption [km/I]
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« |ICE throttle partializes the maximum available ICE torque:

550

1 300 —

Tice = aiceTice,max(wice)

1 450 ) ] )

« ICE over-running torque is considered as a constant
1 400 percentage (y,,) of the maximum torque:

pme |bar]

3510 or __
Tice — yorTice,max ((‘)ice)
300

« Considering crankshaft inertia and, if present in FEAD, the
accessories, the output torque becomes:

250

€ q [2/CVh]

pme - [bar]

] . , , T_out — T. . T.OT N Y T

1000 2000 3000 4000 5000 Lce lce lce ]lce lce acc
Speed [rpm]

200

» Accessories can be modeled with their speed/torque static
B hidil e maps or by dynamic model.
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Fuel consumption is computed using the map;

Amount of fuel consumed is computed integrating fuel
consumption rate;

CO, is computed based on “Technical Guidelines
for the preparation of applications for the
approval of innovative technologies pursuant to
Regulation (EC) No 443/2009 of the European
Parliament and of the Council”

Conversion of fuel consumption to CO, emission

Type of fuel Conversion factor (1 / 100 km) - (g CO, / km)
[100 g /1]

Petrol 233 (=2330gCO,/1)

Diesel 264 (= 26409 CO,/)

Source: International Energy Agency
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nszinifes (Gearbox)

*  nezynifes azgnlumanis dRsnisdeinudalszdnsnw,

» Shaft flexibility is not modeled (dynamic effects
are neglected);
* Given the transmission ratio as:
Ny
Irb = 77
Ny

Base shaft, b

Output speed and torque are:
Wr = GrpWp,
T = T
= — b-
! Irp

Follower shatft, f

* The power loss in transmission:
wab(l — T’fb) lfpb = wab >0

Pioss = .
N ewfTr(1=npp) Py =Thwp <0

Co-funded by the
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Tires are modeled as rigid bodies in perfect rolling;
Longitudinal slips (Pacejka’s Magic Formula) are not
accounted due to the low accelerations/decelerations
perceived by the vehicle following the driving cycle;
Traction force is:

1
Firact = R_O (prt - Tbrake)

Brakes can be modeled as simple components producing
a braking torque or by more complex model of hydraulic
braking system including pressures and disc brakes
geometry;

Both traction and braking forces should be limited with
maximum and minimum tires capabilities considering
road/tire friction coefficient u and load transfers:

_.qu,min < FtractS .qu,min

25
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« Static maps with efficiency;
* The efficiency is:
0.9 Tw

© n=——-—
_TPlf Nm] ] 0.8 VdCIdC

P1f, cont [

10.7
« Efficiency is mirrored for generator mode;

 The computation of the dc current absorbed or generated by
the motor is straightforward but important for being an input
for the battery;

* In motor (traction) mode the power loss is:

1
PlOSS =Tw (ﬁ— 1)

* In generator (braking) mode:

Pioss = Tw(1 —1n)

10.6

Torque [Nm]

2000 4000 6000 8000 1000012000 1400016000 18000
Speed [rpm]
Example of P1f electric motor map » Electric motor shaft inertia is included;
Co-funded by the « Electric motors dynamic modeling will be further discussed.
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\NVW_O Triangle marked lines: Qnom = 4.4 Ah, asterisk marked
lines: Qnom = 13.2 Ah, square marked lines: Qpom = 22 Ah, circle marked
Ry Vi lines: Qnom = 30.8 Ah.
Voc — I 48 . . . ; ; . .
T = 4? ] /—/
2 46 5
O 7 st .
_1_4 L 1 1 1 1 L 1
Different dynamic models are available; !
For system level analysis a simple zero order model is
sufficient for highlighting the main effects without
considering voltage and current dynamics; 3
The zero order model considers a voltage generator in =
series with a resistance,;
Open circuit voltage, resistance and maximum admissible :
current are mapped as a function of the battery capacity
and of the main battery parameter, the state of charge:
=3

1,;.dt
SoC = SoC, — J facdt
Co-funded by the

Erasmus+ Programme Qnom
of the European Union
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 The load voltage is:

Vi=Voe — Rpackldc

+  The power that the battery should provide or is
able to store is the load power plus the
resistances:

Py = Voclac = Vilge + Rpacklczlc

Co-funded by the
Erasmus+ Programme
of the European Union
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Considering the cell voltage, the open circuit
voltage of the pack is:

Voc = Ng Voc,cell

Where Ns is the number of cells connected in
series;
Considering the cell resistance, the pack

resistance is: s

Rpack = N_Rcell
p

Where Np is the number of cells connected in
parallel.

28
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* msureIndNIuaatarsng RN et At lutaenisiuea.
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o nissahuduiiy (Hill start): Avpandugegansnausazaiuisadiucnulalugomswiman gninvue
197 15% uaz 6m97189 1 n3/aN. AU

* annagagegn  (Max  speed): snauslsasaunsndundaunialsivunanaauiigegan  WLTP
speed.

* anAsegegm (Maximum acceleration): waildlunisiseain 0 - 50 nu/au. Aesdesndn
10 A1

Co-funded by the
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System Requirements o
UNITED
 Electric Motor Specifications

1 — Peak Power
2 — Base Speed

‘ 3 — Peak Torque
TFh;qu]e 4 — Max Speed
m -
Power *. Transient 5 — Torque@Max Speed
(kW]

-
| -

Continuous ‘
1 1
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* dayadnnizaasnamasini

e 1. masen (Peak Power)
* fswan ldannisiansanidwinusesipginsmsdu driving cycle;
« maximum electric traction speed (anudusanlningige) Wusaruigegaressaauslurnzitaian uamadlin
A1,

o ¥ o

o d” 1 o © dld 1 o o
®  NANUABANAAAANANNLINA QVIN@%IISLLLI‘MNﬂﬂ’ﬁ‘LLﬂ@\?Wﬂ\N’]uﬂ@uﬂ@U

jﬂ_
_40-
30 F
Z Z 5l
g -
= = 1}
¥ r=5
#*# r=T7
=0
_lot * r=11]7
# r=13
=20 el 3
0 5 10 15
w _ [krpm]
Co-funde em

Erasmus+ Prog
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¥

* dayaanizaasuaaasinii
« 2. auisagu (Base speed)

* ANz uresNamasiiin duAAauE iR NNAINNARAIEI40 mmL?‘qgmﬁqﬂﬁmqmmﬂﬁﬂqu maximum electric
traction vehicle speed.

Wem base = 1I’I1~,’.1'I1.5u;.F"]E'l,flﬁt"rem
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IF SOC is close to lower limit
Engine torque is increased to charge the battery
No electric traction at low speeds

ELSE

Engine works only in favorable zones
Electric traction at low speeds
High torque demands are accomplished by Engine
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(a)

Tt = required torque at ground level;
V = vehicle speed;
u = torque split ratio:

. Tem,ground
T
u=1 pure electric;
u=0 purethermal;
O<ux<l1 power split;
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f N ( logical ) g \/ for automatic system activity
< logica
If | 8 . - <
expression >
) 4 ’\ ) ;\
s N\ N s ) N
Provide rocess
As soonas <event > system shall < actor > pverb object value
Y ) L ) _ Wwith the abilityto
4 N \/ ~ \/
< time period
Aslongas [ >p be able to
\. J \ J \. y,
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Condition? Substantive Object

the absolute
If speed is below 50 the vehicle shall deactivate
km/h,

the Lane Keeping
Assist functionality

)

B et 2:

the uphill gradient is th .
If less than or equal to the vehicle shall be able to reach € cregpmg of 7 km/h
3% velocity

B Faacnai 3;

a maximum kerb
weight

The vehicle shall have [ [ of 1500 kg

)
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other vehicles in its
class

The vehicle shall be lighter than

B et 2:

The torque shall be limited

B Faacnai 3;

The .. in most drivin
shall limit the torque request s &
software conditions.

)
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Completeness of
requirements:
The requirement must
be complete and not
allow any assumptions

Neutrality of
requirements:
The requirement
should not constrain
the domain of
possible solutions as
far as possible

Verifiability of
requirements:
The requirement
should be verifiable

Unambiguity of
requirements:
The requirement
should be
understood

Atomic nature of
requirements:
The requirement
should be
sufficiently granular

Feasibility of
implementation:
The requirement
must be
implementable

Requirement

Avoid unnecessary
information:
The requirement must
only convey the
necessary information

Avoid redundancy:
Requirements must
be unique and not
overlap

Requirement
obligation:
Write requirements

with the modal verbs

“must/must not/shall

etc.

Requirement
consistency:
Requirements must
not contradict one

another

Co-funded by the  Source: FEV Europe GmbH
Erasmus+ Programme
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N %u@g” Unified Modeling Language (UML 2)
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TawunavasAlsznaudaniu i danuueniduatsansnidngs uML
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o ~ required ——2 extensions to
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UML reused by SysML
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Use Case Diagram Block Definition Diagram &
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Activity Diagram Internal Block Diagram
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State Machine Diagram Package Diagram
8 & 8 Adapted from UML
Sequence Diagram Parametric Diagram
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USE CASE DIAGRAM - nngq4

B Black-box (s2A149) ANEILNEUBNIEULLAZLITUNNNTIANTELNNY
o MarvuAlALALTesIrLLie L ladnTinsuandaiag
] fa‘ﬁmm\’[\m‘fﬁuﬁugmﬁﬁwLﬁumﬂmmzuu (G‘I‘@\‘i) W ARaLiY
annuanden (Inuans) ieldussquinng
B udansdinsldanunasiinuansuasnisdeansiifandasssndnemanian

dl o a a6 ¥
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Environmental Objects

2
- l-lpie
«requirement» A/
: P ncluder
Drivable _ Drive e 2 Steer
|d=001 <r _ thecar
Text=The passenger A W ff’i%
car must be drivable. \ NG T
% " Brake
O
%
/ N, -
\\
AY
\\
Race ( Accelerate

Driver

Passenger Car

& thecar

\. — Crash —
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daagALlTZNaL

o

fryansnl

ANDHLNS

o o
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(System Boundary)

o di = dl O o o o 6o
PILTBILAANDNTZULUNNIAIWENLN §RIFUNINT U

1 1 = v
N7 mummmﬂmm

e ¥ = £ a o ai o
nailldeu nsaunsldenuasunaieifunsruLiaue
<use case A o axd Y A g v
neduang i ldssuumaliussguiiunng
¥ .o v o =X c v, "
nazvin AnszvinuaasdaunuImaaanyeel (514) a9Ans

«actor»

<Name>

<Name>

= Qi £ [ zﬂl
virasruLNeuen lac NiAneLiuiEes (seuy)
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Which notation elements are available? ONITED

USE CASE DIAGRAM - DIAGRAM ELEMENTS (PART I1)

TaesAlsznay fryanmnd ANABLINE]

Association ANNANAUTABANNANNUTTENINTN LA AILASN TN T
nuntueniedduiussendnainuansiussuy

Include S Include Aapnuduiusitsddnferduass Use Case 7

«include» s lFiududoumnilaresiaridy Use Case wugiu
Extend (with condition) Condition: {<Constraint>} Extend ayryimlvivenansainisldaunugulngaanensl
Exfisfn_p_g}ts_ﬁff‘i‘s_'oj?m; nsldanu Aefdunisvinaui ldldidudounieaasifaridunsdl
«extend» ngldauiugnu

Generalization ~ powdNTusTn U uansifiuasdlsznaunii (gn) aunen
AUANTAID999AszNaLAY (MAN) WANANTETIY
NINNIN
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B onautlaiduld iedusunnuninngdinig den

uc Cold Drink Vending Machine [Operational Use Cases] )

L

Vending Machine User

Vending Machine
Maintenance Employee

Cold Drink Vending Machine

Purchase «include» Select
item item
: a7
N ‘\\f)c,’
“E{d@a
& > “exte
o, Pay for - 0
\ o . Moo T
Load NS item \\ ~-y
" .
Products AN N
Extract O
. o
item \\
|

Setup/Repair
the machine

Pay
with
cash

Pay
with
card
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ACTIVITY DIAGRAM - n1nsqs

act Withdraw Monev

Enter Amount

B yunasuunlaudingedszul NsuasIngANITNAMNAIALNISNSE YN LALLANIE
N mu‘maﬂﬁiﬁmzqmmmmmvwquﬁmm (11 nYgutlasaunmiuiei )
B nslanIuangIniunIzunueunIsainuuananstu SysML

— fansnani:

—  FUABUNITAIHUNNT

— praflennendef TNy

— tszananniansIufiinaINNNTsTingas

N mmmmm‘[m@m%’wﬁu,mmﬁqmifé“mmi/mifé“mmjmmmim:ﬁﬁ
—  nsutedaunianineu (e zjfjmﬂjﬂ)

Pick Money
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<<allocate>> <<allocate>>
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CASE STUDY: ELEVATOR SYSTEM - ACTIVITY DIAGRAM MODELING

* VIP feature: For the sake of additional comfort, VIP passengers
already inside the elevator are given priority.

e A VIP passenger also has a special VIP Priority Key with a
unique ID number.

* The elevator system shall check for an existing VIP command
(with the help of the VIP ID number). If the command is u
confirmed, the VIP has priority and is transported to the
target floor.

» After transportation of the VIP, a Confirmation Status shall be
sent and the elevator system shall perform the basic
maintenance function.
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Parts of the material used in this presentation are property of RWTH Aachen University and FEV Europe GmbH, if not designated otherwise.
Copyright restrictions apply.

[1] Indicated parts of this presentation have been licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Germany license
(CC BY-NC-SA 3.0 DE - http://creativecommons.org/licenses/by-nc-sa/3.0/de/deed.en).
Author: agile42 GmbH.
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AP Mercedes Recalls 680,000 Models

BERLIN (AP) _ DaimlerChrysler AG’s Mercedes-Benz unit said Tuesday it is recalling some
680,000 E- and SL-class vehicles worldwide to examine potential problems with a brake control

system.

Mercedes said it is asking owners of the vehicles to visit their local service centers for a

precautionary check of the so-called Sensotronic Brake Control system.

The company said it was aware of a *“very small number” of complaints, but that braking was
assured by the system’s additional hydraulic function.

The recall applies to E-class Limousines built after March 2002, T model cars built after March

2003 and SL-class vehicles made after October 2001, Mercedes said.

Spokesman Norbert Giesen said the recall affects about 680,000 vehicles worldwide, including

225,000 in Germany.
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Where does the software testing take place? ONITED

V-MODEL IN MODEL-DRIVEN SOFTWARE ENGINEERING
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Issue Impact
= SW security flaw made cars vulnerable to hackers * Recall of ~1.4M cars
2 ; = SW incompatibility between EV control unit and battery * Recall of ~5,600
B Ll CHRYSLER control module may cause propulsion system to shut down Electric Vehicles
= SW flaw may cause the hybrid system to shut down while * Recall of 1.9M hybrid
@ driving cars
= SW flaw may cause VSC, ABS and traction control * Recall of ~260,000
TOYOTA functions to shut down Vehicles
rwW = Flaw in the continuously variable automatic transmission * Recall of 143,000
software may subject the drive pulley shaft to high stress cars in the US
= Cell voltage sensor incorrectly interprets electrical noise * Voluntarily recall of
and may cause a sudden loss of power 6,786 hybrid cars
= SW flaw may cause vehicle doors to be unlatched * Recall of 65,000 cars
* Flaw in the anti-lock braking system may disable stability * Recall of 2,687 SUVs
and control safety systems
* Flaw in engine control unit SW may cause engine to stop * Recall of ~3,000 cars
while stopping at a traffic light
Mercedes-Benz

Co-funded by the Source: S. Kowalewski, Lecture “Software for Combustion Engines”, RWTH Aachen University, 2019 [1];
Erasmus+ Programme Mc Kinsey, “Numetrics R&D Analytics”, April 2016 [2]
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Driver
Assistance

Automatnon

Zero autonomy;
the driver performs
all driving tasks.
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Vehicle is controlled
by the driver, but
some driving assist
features may be
included in the
vehicle design.

Partial
Automation

Vehicle has combined
automated functions,
like acceleration and
steering, but the driver
must remain engaged
with the driving task
and monitor the
environment at
all times.

Conditional
Automation

Driver is a necessity,
but is not required
to monitor the
environment.
The driver must be
ready to take control
of the vehicle at all
times with notice.

High
Automation

The vehicle is capable
of performing all
driving functions

under certain
conditions. The driver
may have the option
to control the vehicle.

Full
Automation

The vehicle is capable
of performing all
driving functions

under all conditions.
The driver may
have the option to
control the vehicle.



/_—>\
(-4

seou SAE aa9n1stuaanluds UNITED

degree of automation

1
. . [ . .
Driver Assisted Pama! I Condmo_nal Hngh_ Full _
only automation | | jautomation | lautomation| |automation
1
1
I
0 1 2 | 3 4 5 SAE
0 o1 2 i 3 4  NHTSA
driver in the loop yes (required) not required
time to take control several :
- ~1s couple of minutes
back seconds
other activities , :
while driving not allowed specific all (even sleeping)
FCW, ACC, Traffic Jam Highway .
examples LDW LKA Assistant Chauffeur Valet Parking | Robot car
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" Taunfnaasenunivue (Vehicle dynamics)
= Radar

= Lidar
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= Sensor fusion
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Localization and environment modeling
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= Radar

Radio detection and ranging - The need of long-, mid- and short-range devices means higher

Origin: military from WW2 price for each instrumented vehicle
Adopted in automotive from 1998 for

collision warning

adaptive cruise control
automatic emergency brake
lane change assistance

park assistance

Blind spot assistance

Commercial models:
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Direct measurements
1. Longitudinal acceleration

2. Lateral acceleration

3. Yawrate

4. wehicle longitudinal speed
5. Total steer
Rear wheel steering
Longitudinal slip FL
Longitudinal slip FR
Longitudinal slip RL
10. Longitudinal slip RR

o o~

y

Signal Selection

Beta D (t)

Regression ANN - Dry ‘

Beta W (t)

y

2
ﬁ Regression ANN - Wet ‘

3

Beta I(t)

TYT

Regression ANN - ley ‘

Feature extraction

N MU Y
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'| Classification ANN

Beta (t)
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M 1) sideslip Angle Estimation
Regression ANNs

M 2) Road Condition Identification
Classification ANN




srUUlUNNSIN-NNFINaLNTl

Direct measurements

a [m/s?)
a, [m/s?*]
¢ [deg/s]
TS |deg]
gy, [km/h]
veg [km/h]
gy, [km/h]
Vrr[km/h]

PO NS NN~

Speed estimation

A 4

Regression ANN 1
Dry

[ Ax
iy
/]

VgL

Regression ANN 2
Wet

a?[:ay)- llf,TS

Sideslip angle estimation

UN

Regression ANN
lcy

_______________________________________

Features extraction

~
A

Classification ANN 7

ﬁJc,‘_) (t) [km/h] E - VrL VFRy VRL) VRR

il A i
D Olkm/h | 3 52| 2 (O T/

P
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Regression ANN 4
Dry

Bp [deg]

'TED

Regression ANN 5
Wet

B [deg]

Regression ANN 6
lcy

Er [deg]

f [deg]
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= Fuzzy Logic
= PID

= Model Predictive Control
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" Iaundnvessnsusduinaeudnliudgnaiaesdae lunadnsaudaduaaumians 3 DoF

" uwwawinassn B,(s) & transfer function u linear:

1
Py(s) = s(0.55+1)

Characteristic parameters of the considered vehicle.

Parameter Value Unit
m 1575 [kg]
I, 2875 [kg - s?]
l¢ 1.2 [m]
L. 1.6 [m]
Cor 19000 [N /rad]
Cor 33000 [N /rad]

Co-funded by the
Erasmus+ Programme
of the European Union




L 11985190 LRI 8 DIE IR UF D H LUN B

" foutlsrauanlaun:
v

1. doudeiuusudne d AU AINaNa19as

2. yuIUANTNS Y AUIUAINTANINT89508798

" fyoyrnedanng laun:
ANNLINANENT Oy

1.
2. yuilsAu@nnd

" dygruandignainauineiatsunanndaaniaiifiaainlawidnanudig

BASATHENTIUBNTA LL@Sﬁﬁ@ﬁ’]ﬁ/@%ﬂﬁqﬁ/ﬂﬂ’]’j‘ﬁﬂLﬂ’?iﬁ.

Co-funded by the
Erasmus+ Programme
of the European Union




 aonilmenssunisasuns

i)
| /] ”|Vehicle lateral dynamics|\l ¥, [deg] |
v..Im/s > . .
Previewed B { £ } . in the path coordinates controlled |
Curvature k1, Observer pldeg/s] variables
e Ii/m) |
computation 9
r 3 >
TTh['] Prediction Thl-] Jovpe 8\ o] * Lateral forces Ay,
horizon i [deg] computation [Fyf[N] } computation
F 3
command By, [N] P
State-space AB,C,D [m/s?]
vehicle model| matrices /
7 __1. Lateral dynamics control
o /7_
Linear
Stereo Camera | Trajectory (9 Vdmar Uy < e, PID /a;x\ vehicle |-
acquisition planning k computation [m/s] _ﬁ *[m/s] [m/s] [m/s?] model
[y
(Hz] [1/m] =] Y command
fs [Hz Adherence Uy nay S2tUration
Frame rate condition 2. Longitudinal dynamics control
ul-]

Co-funded by the
Erasmus+ Programme
of the European Union




0.03

0.02

0.01

k [1/m]

-0.01

-0.02

-0.03

d saorunisainnsaud

1 - Highway

3000

2500

2000

: 1500

1000

500

0

500 0

F a)

-500

Road curvature

x [m]

a)-

10 20

30 40 60

50
Time [s]

Co-funded by the

Erasmus+ Programme
of the European Union

70

80

20

100

2 — Inter-urban

600

400+

200

y [m]

-200¢

-400}

-600¢

200 0

0.03

0.02

0.01

k[1/m]
]

-0.01

-0.02

-0.03

T T

b)

2200 -400  -600

x [m]

-800

by

Road curvature

W

(o] 20 40 60 80 100 120 140 160

Time [s]

~—

e

3 — Urban
600 ! ' '
c)
500/ 7
4001 7
300 T
200 )
100 1
0 1 1 1
300 100 -100
x [m]
“®*| Road curvature )
0.02
_o0.01
E
= 0

-0.01-
-0.02 1

-0.03

20

a0

60
Time [s]

100



J uaang — aonunisainigauan 1

[m/s?], 5¢[deg]

Ay

Uy, Ux [km/h]

10

-10

o
n o
Pl NN .
T hees e | BRI

-
i
AT 1l

bt by -~

T R AR TN "
1) .\ - r )
- Ay

P

140 [ ‘

120

100

80

60

40

20

Co-funded by the
Erasmus+ Programme
of the European Union

40 50 _ 60 70 80 90

Time [s]

6

4

sz
~~
S

@0
=

S 2

40

50
Time [s]

100



1 waaws — dasriniiadinanisdinmnia

" daanfnlunistindadlunaensuluynaniunisainisduaniatsnsuan

1 - Highway 2 — Inter-urban 3 —Urban

Co-funded by the
Erasmus+ Programme
of the European Union




unmi: nunanaluledluifogiiv

. Acceleration _ Acceleration

Driver (Longitudinal) Velocity (Longitudinal)
profile

generator

set
Velocity

3DOF
Rigid

Model
Predictive
Control
(MPC)

3DOF
Rigid

vehicle
model

vehicle

model
Reference Reference
SUEGED Lane trajecto Sz e trajectol
Camera Detection ) ry s . Camera Detection J ry .
generator teering Ego generator Steering Ego
(Lateral) Longitudinal (Lateral) Longitudinal
Velocity Velocity

* Non linear Model Predictive Control (NLMPC) #iagilu

N990UN9T
e Fansunnuanisaunin Adaptive  MPC  ainifoyminnsd fuld

*  9IUNNTATLANATUTINUAT AN o
A oj - - . . NNCANNNIENIN,
* edfulgadssAnsninaeanisrruanlugen1sneIuINIg

*  RFALANABIAITILANANAUAIUTLNITALANAIUINUATATNEY

Tuny

Co-funded by the
Erasmus+ Programme
of the European Union




o LY d
UNu: ﬁﬂ1ﬂﬂﬂﬂ'§'§3\l§$ﬂﬂiﬂﬂm@ﬁﬂﬁgﬂﬁﬂTﬁﬂTﬂﬂ3J

NM55USE MUUARNINLIAFBNNETUNIMUETLAREY
NMSASINAIUBNE: LTUNTAIUINIANNINIIIAIRTS
o dl a s © v a
nvuaduneazinannaanaullsinananuidadegs
nisaauAN: doeliiulananisimiseun e dn s

dl v dgj Y o dl
naandun1enaisauing Watyn uaLAN NN

Co-funded by the
Erasmus+ Programme
of the European Union

Perception
(Stereo
Camera)

Road
Information

fs[Hz]

Reference

trajectory and
| speed profile

generation

V‘ref [m/s]

>
>

e;[m]

Fy

e;|rad] ]

Lateral
and
longitudinal
controller

a, [m/s?]

6 [rad]

Measured
Outputs
XY, Vi, Vy

A

Vehicle

aoninanssuszALlanuaINALNENITAILANAINTLDATEMITULARDUN




mﬁa%mmmﬁamz iN!ﬂﬁiﬂﬁ]ﬁ%ﬂﬂﬁﬂi’J%ﬁ@ﬂ!!ﬁ%ﬂ"lﬁ"ﬁ”lﬁ@fl

3 degree of freedom rigid vehicle model (Single Track).
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CG Tunsaudedeanuninuy luanzinadnnisiumgnivansaniag (3)

mV.meVyr + Fyr + For — Faero (1)
mV, = —mVi,r + F,r + E, (2)
I,y = lnyf - lrFyr (3)

Ue9NITNNFaqA AUt ntudNTUs AU LNTasE Ay RTALIRE A wwin O Tag
A4xNN"7 (4)-(8)

Fyr = Fiycosd — Ffsind (4)
Fyr = Ffsind + F¢r cosd (5)
Eo = Fy (6)
Fyr = Fgr (7)
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Tuaasadivisu MPC

TpundnaueaeuLLaaedlssnun Mg uiuniseanuuLnIsALANTW sz a0l
Tnenuuanaassialil (Rajamani, 2012)

V. +V,=a (14)
WerdBunsanslousznimsisiaNuEAfodns (a) wazAanuEisn
34 (V) azletn:
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s(ts+1)

P(s) =

A 2 degree of freedom dinanuunlaunfindrudesesanuwivuedmsunuusnand
Trseungluaesgarupuluiinesdaianainineiuingneds.

e; =Veer + 1V, (16)
e =Y =Py (17)
g = = =Vck (18)
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Tauaa Predictive Control: msimmuaifgym

Measured outputs
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« Lateral deviation (e;)

« Relative yaw angle (e;)
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- Coulomb counting
- Open circuit voltage measurement
- Discharge test

- Impedence spectroscopy

A8Enslaaaay
AU
- Kalman Filter (KF)
- Extended Kalman Filter (EKF)
- Smooth Variable Structure Filter (SVSF)
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Artificial Neural Network (ANN)

Fuzzy Logic (FL)
Co-funded by the

Erasmus+ Programme

of the European Union




N1SARAITANARAL

I (t) [A] ___
)
e (t) [V] SOC 1 (t)
»| Battery model from >
T(t) [°] S Direct methods
—»
S0C 2 (t)
> ANN based model >
N
—»
| > SOC 3 (t) g
HIL architecture
>

THARALUALAAT NN DIABBLUALAAT (h39AU LA
dnen: 48V Arwqing: 60 Ah)  dsznausonisag
LiPo 156 uiad (nnanamuaan: 13p12s)

Co-funded by the
Erasmus+ Programme
of the European Union

U 1 - Battery model from Direct methods
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[ 5. Closed-loop NARX ANN with a known initial SOC state
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