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A virtual user-centric approach
OBJECTIVES

= Clarifying requirements and baseline

= Creating multi-physical simulation model of both the basic and the enhanced
vehicle

= |nvestigation of user-comfort aspects and energy efficiency
= Development of intuitive, user-centric and user-friendly HMI
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A virtual user-centric approach
APPROACH

= Definition of real-world baseline
= Transfer to virtual world

= Utilisation of virtual tools

= Novel user-centric HMI

=  Qutlook
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DEFINITION OF REAL-WORLD BASELINE

= Baseline data measurement
on road and laboratory (dyno)

= Driving modes
« Real Driving Emission (RDE)
« WLTC

=>» WTLC testing defined as final
evaluation criterion

=>» WLTC testing mode is correctly
representing customer usage

Energy consumption [Wh/km]

Benchmark tests
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Ambient temperature [°C]
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O WLTC motor consumption
O WLTC total vehicle consumption
® RDE motor consumption
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TRANSFER TO VIRTUAL WORLD

= Creation of simulation model

Considering influence of
ambient conditions

Outer vehicle surface separated
into different areas

Powertrain model and HVAC
model of baseline was created

=» Demonstrator base successfully
transferred into virtual world
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A virtual user-centric approach
TRANSFER TO VIRTUAL WORLD

=  Model of base vehicle S——
validated using real test data from - Tsstasc ‘

WLTC dyno tests ’
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=>» Virtual representation of baseline
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TRANSFER TO VIRTUAL WORLD

= Model of new HVAC system
= Components parametrised separately
= Based on specification
and test data

= Validated by using p-h diagram from
component tests
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UTILISATION OF VIRTUAL TOOLS

o et

= Development of IR heating elements
= Direct and efficient heating of

occupant
= Panel location based on partner
experience
= Challenge: Control strategy | |
« Initial assessment using B;hdcdz
simplified cabin model cobriver (Legs) |
« Tuning of cabin temperature CoDriver (Head+Chest) |
and panel temperature Driver (Legs)
« Findings transferred to priver (eadrthestl

HVAC control logic 32-10 1 2 3

=>» Virtual tools used to prepare creation
of control strategy
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UTILISATION OF VIRTUAL TOOLS . ~ Fenetzoee i
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= Virtual assessment of passenger
thermal comfort in static conditions

= Compare 20 °C cabin vs
15 °C cabin with active IR panels

e Similar thermal comfort
* Quicker heat up :

» -11% energy consumption
over 1h

Energy consumption [kWh]
=
o

0 20 40 60
Time [min])

(-]

=» Virtual tools used for initial assessment
of effectiveness

PMV mean wvalue

=== PanelsOFF (Tin=20°C)
PanelsON (Tin=15°C)
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Time [min])
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UTILISATION OF VIRTUAL TOOLS

IR panels LR 4 Ambicntal
- - - - - Controller disturbances ¢
= Algorithmic optimisation of control < I
HY AL
Cubin > gyslem and TUT

strategy and its parameters R PO i — Bt DU
LI R =N Al%j‘;ar_fé"" o > D}"I:#ﬂb\ AT
= Process flow: ~ > , "
- - = | 31(1111\;11111 | » ---; Feedback|a, .,
= Optimising open-loop control nenens || Lpf e i e =y
inputs and closed-loop references B [
by using genetic algorithm .

n_pump2_in n_pump3d_in T_cab_in_sel

| ol |
IH wode FRONTIER : v :

Control inputs

Genetic algorithT o . MATLAB — dymosim ‘
setup SchedulingStart [MOGA-11] .MallgL node l interface Ewm

by} wode FRONTIER & b.gho -@ ""s.\‘

T_cab_in_er_end 1 O _cab er 1 1 a J'_ AdaptEd DymOIa
v 7 Zi o . Ta ITSHend model
| | [ g [ % 3 - : - dymosim.exe
T cabin_er | O_cab_load err | T PMV min T P_pumpl_end  cSw_cop tendnm £TR it E.':{I. ‘ . = sl 1T
o COP_max v 7 nE T e W A D oe ac PPl 2
+ + v P . \ y COPAC T 1
3 3 ] o R R » &
: n » P_pump2_end pE_end VO [ YT X
Constraint evaluation I d 1y T_eco, enH_LTR inend @
Objective functions E P | ’ . '
P_pumpd_ end ¢ pcend g | :
i W T eciend, © Qee @
Q_evap_end _ T_eo_end = P_act_end &T_cab_but @
Q_cond_end T_co_end m_bf Q_cab
Qutputs E C ] ]
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 769826. The content of this 10

17.02.2021 publication is the sole responsibility of the Consortium partners listed herein and does not necessarily represent the view of the European Commission or its services.



¥
o

(- ®
ak Horizon 2020
u l et European European Union funding

it Commission for Research & Innovation

A virtual user-centric approach
UTILISATION OF VIRTUAL TOOLS
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NOVEL USER-CENTRIC HMI
Previous:

» Electric water heater
* Electric AC system

= New vehicle HYAC much more
complex than baseline vehicle

New:
« Complex, Integrated

vehicle thermal management system
* IR cabin heating

Controls:
* AUTO mode on/off
» Target cabin temperature

=» Novel HMI needed to allow easy and efficient * Fan speed
* Air distribution mode
usage of new systems +Air recirculation on/off
+ AC on/off
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 769826. The content of this
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NOVEL USER-CENTRIC HMI

= Hardware layout
= System control units
» Dedicated ECU
— Actuating components
« Single board computer
— Running overall strategy

= Front-end to user
e Touchscreen HMI
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NOVEL USER-CENTRIC HMI

= User centric HMI
= Iterative development
= Frequent feedback loop
= Feedback sourced from
« Expert feedback
« Small interim user survey

Initial draft Final version

CLIMATE CONTROL

DIRECT HEATING
ECO MODE

PANELS PANELS AUTO OFF

OFF ONLY
SEAT HEATING

AUTO OFF ON

o

1AM 1AM |
COLD / HOT

17.02.2021 This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 769826. The content of this 14
Ve publication is the sole responsibility of the Consortium partners listed herein and does not necessarily represent the view of the European Commission or its services.



£ - % E Horizon 2020
u !e S uropéan European Union funding

Commission for Research & Innovation

A virtual user-centric approach
NOVEL USER-CENTRIC HMI

CLIMATE CONTROL

ECO MODE

B - -

SEAT HEATING
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A virtual user-centric approach
SUMMARY

Target setting using real-world data

= Virtual model to prepare HVAC
control creation

= Virtual tools used for development of
new systems and their controls

= Novel user-centric HMI

Final user-centric assessment

nsumption [Whkm]

Energy co

3
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Amblent temperature [*C]
O 'WLTC matar icn
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A virtual user-centric approach
OUTLOOK

= User-centric evaluation by user study

= Comparing baseline vs
demonstrator car

= Assessment items:
 Subjective thermal comfort
« HMI usability
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A virtual user-centric approach
OUTLOOK

= User-centric evaluation by user study

= Performed on Honda‘s climatised
chassis dyno

= Combining realism and
reproducibility
 Realistic driver distraction

» Reproducible climatic
conditions
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Thank you for your kind attendance.
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Get In touch with the QUIET consortium!

WWW.quiet-project.eu

Project Coordination:

Dragan SIMIC (AIT Austrian Institute of Technology GmbH | www.ait.ac.at)
e-mail: dragan.simic@ait.ac.at

G2 b §
@) 7 eConm -
AI I wimpgree FRONIDA & oo RUBHHERM
- PHASE CHANGE MATERIAL

@ veNTREX Z Fraunhofer /2, ATT SeatTec Kel:TAMY T

IFAM Sitztechnik GmbH

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 769826. The content of this
17.02.2021 PO i ) . . . ; - . ! 20
publication is the sole responsibility of the Consortium partners listed herein and does not necessarily represent the view of the European Commission or its services.



