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Dear Reader,

We know from our regular readership
analyses carried out by Emnid that around
a third of our readers are from senior man-
agement. As a management executive, you
are facing a special challenge in the present
crisis. On the one hand, investors and your
superiors expect you to observe a prudent
business and budgetary policy. As an en-
gineer, you might even have to face the
problem of controlling cash flow for the
first time in your life in order to safeguard
or contribute to your company’s liquidity.
On the other hand, your employees are de-
manding investment to avoid putting the
company’s technical sustainability at risk.
Some of your creative employees may not
even be aware of how serious the situation
is. To ensure that you succeed in balancing
these two extremes without causing harm
to yourself or your team, you should take
the factor of communication seriously — in
all directions. Employees and suppliers
who are being asked to accept cost savings
need to be informed just as quickly as your
customers, superiors and shareholders.
Unfortunately, many managers tend to fo-
cus on the latter group, cancelling major
orders by fax, for example, without mak-
ing the effort to inform suppliers in per-
son, even though they may have been loyal
and trustworthy partners for years. So do
things differently.

ATZWORLDWIDE

0312009

EDITORIAL

Leading in a Crisis

And convey confidence. Even a crisis like
this will be resolved eventually. But those
who waste their energy on symbolic ges-
tures will not be the ones who help to re-
solve it. Imposing a ban on business trips,
for example, is complete nonsense in view
of the negligible cash savings and the neg-
ative consequences for staff motivation.
Those who spend their time writing mails
about new rules for travel expenses rather
than optimising inventories or throughput
times have understood nothing about the
concept of cash flow. When it comes to in-
vesting in product development, there are
many ways of preserving liquidity, includ-
ing cooperation with competitors, univer-
sities or subcontractors, for example.

As far as business travel is concerned: set
an example, and the rest will take care of
itself. And don’t economise when it comes
to making contacts.

With this in mind, I look forward to see-
ing you at the Stuttgart Symposium at the
end of March.
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Simulation and Visualization

Opportunities of Photorealistic
Visualizations for the
Product Process of a Car

Photorealistic visualizations are an inherent part of the work and design processes both in the film and advertising
industry and in automotive development. Besides conventionally filmed real world sequences, also completely virtual
scenes and worlds are created. At Volkswagen, the future belongs to the co-operation of the disciplines photography
and computer graphics, to rate quickly new stylings and car models. It is shown with the examples of Scirocco, Tiguan
and Passat CC, how therefore the chances are, to use both technologies optimally in a combined form.

1 Introduction

Photorealistic visualizations are an inher-
ent part of the work and design processes
in the film and advertising branch. Be-
sides conventionally filmed real world se-
quences, also completely virtual scenes
and worlds are created. Picture material
from real and virtual sources are reworked
and merged with the help of digital im-

4  ATZ0312009 Volume 111

age processing. In today’s fast moving
times advertising and film industry can
hardly get by without the support of dig-
ital media. Figure 1 shows an example for a
car detail visualisation for marketing pur-
pose. Here, a TDI diesel engine and its
components are presented virtually.
Photorealistic visualizations are the
results of a highly creative design pro-
cess with distinct handcraft skills using

the computer as a tool. Equally impor-
tant is the fun of designing and the joy at
a felicitous picture composition. Figure 2
illustrates how such pictures emerge in
four steps for example with a VW Sciroc-
co. In the first step, the environment and
light settings have to be captured and de-
signed, Figure 2a. The CAD geometry is
identified and processed in the second
step, Figure 2b. In the third step, surface

personal buildup for Force Motors Ltd.



materials are identified, recreated and
assigned, Figure 2c. The fourth and last
step consists of creating and merging of
image layers, and finishing of the pic-
ture, Figure 2d.

2 Working Steps

A first general working step focuses on
the virtual vehicle bodywork, which is
based on engineering data from the
product development process. The goal
of this virtual bodywork is to compile
data material of all parts visible to the
customer. The result is a surface model
which includes all vehicle parts relevant
for the visualization. This so-called data
model follows the product programme
and includes all visible vehicle parts of
the interior and exterior according to
one previously defined configuration.
The approach described before allows for
the creation of a geometric exact image
of what the customer will see when he
buys a real car.

In the following step materials are ap-
plied to previously tessellated surface
data. For the interior, this includes vari-
ous kinds of leather, fabric, metal, wood,
as well as synthetic materials. For the vir-
tual processing all these real materials
must be emulated in impression and re-
flection properties.

The Volkswagen departments work-
ing on photorealistic visualisation have
developed their own special methods
and techniques for the emulation. In
general, the more sophisticated and the
more optimized the methods are, the
more realistic becomes the visual impres-
sion. Essential for the realistic impres-
sion is the experience of the operators of
the tools. In the ideal case, they combine
the diverse methods and techniques in a
way that makes the resulting picture in-
distinguishable from a real photo.

Figure 3 shows an example of an inte-
rior covered with virtual leather in com-
parison to a real photo. The virtual illus-
tration can be used to complement real
photos as it is shown in this example.

For the visualization of the exterior
the focus of material preparation lies
mainly on the combination of car paint,
chrome and plastics. Due to its multilay-
er structure, some today’s car paint must
often be rendered multi-coloured. The

material properties represented by shad-
ers [1] must, for example, simulate the
so-called flip-flop effect of real car paint.
This versatile play of colours has to be re-
produced with, amongst other things, a
virtual lighting and virtual car paint. De-
pending on the requirements concern-
ing physical correctness of the car paint’s
the reflection properties, different meth-
ods for the car paint representation can
be employed. For some paints exact re-
production of the optical impression is
still subject to research. Figure 4 shows
virtual car paint sample on a sphere. The
applied technique of car paint measure-
ment for visualisation is going to be opti-
mized in present research work [2] in co-
operation with researchers form the Uni-
versity of Bonn and does already find its
way into car visualization projects.

After the vehicle has been processed
in the described manner, it is ready for
being placed into a natural environment
in a further step. For the positioning of
the car it is essential to overlay the virtu-
al car and the real environment using
the correct perspective. For this task so-
called camera matching methods are
employed, which automatically calculate
the virtual camera position fitted to the
real environment picture situation.

The single parts of the final picture
are combined by using digital image
processing techniques. It was essential
for the work shown in Figure 2, that the
natural lighting situation is applied cor-
rectly on the virtual car. In order to seam-
lessly integrate the virtual car into the
natural environment, the environment
was captured with a high dynamic range

Figure 1: Example of a photorealistic visualization for marketing purpose — TDI diesel engine
and its components, presented virtually
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Figure 2c¢: Identification, recreation and assignment of surface materials

(HDR) camera. In the subsequent render-
ing process, this recorded light informa-
tion was the basis for the illumination of
the scene. By using this generally docu-
mented process [3] it was possible to cre-
ate realistic reflections of the complete

Simulation and Visualization

environment on the car paint and car’s
glass parts. The result is a computer-gen-
erated picture which comes very close to
a photo. Finally, the picture is reworked
using additional digital image process-
ing techniques. In this so-called post pro-

Figure 3: Virtual interior (left) in comparison to a real captured interior (right)

6  ATZ0312009 Volume 111

Figure 2b: Identification and process of the CAD geometry

Figure 2d: Creation and merging of image layers, finishing of the picture

duction process the picture is finished
for publication.

In the mentioned example a “real” en-
vironment is used, in which one inte-
grated a virtual vehicle. By using a 360°
HDR camera the complete light impres-

personal buildup for Force Motors Ltd.



sion and the environment geometry was
captured and - in the next step — compu-
tationally merged with the virtual car.
The “real” environment was “wrapped
around” the car.

In Figure 5, a virtual vehicle was placed
in a purely virtual environment scenario.
A virtual environment is a modelled
room with a defined lighting situation,
which is adapted to the presented object.
Again, the result is a photorealistic pic-
ture of a car in a defined environment.

3 Using Visualization Technology
Within the Product Process

For the above renderings one needs very
mature and complete data models. They
are usually available near the end of the
product process. The possibilities of
using visualizations go far beyond the so
far shown. On the basis of the visualiza-
tion process chain in Figure 6, additional
utilizations of visualization in the prod-
uct process are presented in the follow-
ing four phases.

3.1 Phase 1-Visualisation of Ideas

A picture says more than a thousand
words. Each developer must advertise his
ideas in order to get them considered
and implemented into the next car. It is
not sufficient to have a good idea. It
needs persuasive power to get others en-
thused about this idea. Visualization is
the perfect means to help achieving this.
The closer the description of the idea
gets to reality, the easier it is to judge it
and make a decision. In this internal
competition of ideas the instrument of
visualization is of special importance in
the first phase.

A big part of these visualizations of
ideas are essentially based on the same
technology as the above mentioned sin-
gle pictures in Figure 2 to Figure 5. But
now, the camera additionally moves
along a defined path, the lighting situa-
tion need not be constant, and by using
sound recordings it is possible to focus
on certain aspects of the content.

If not only the camera is moving, but
also the car, then another visualization
module is employed: “Das bewegte
Fahrzeug” (Virtual moving cars). In order
to let a car drive realistically, it must tilt
during driving through curves (inclina-

Figure 4:

Virtual car paint sample
on a sphere (Source:
University of Bonn,
Germany, Institute of
Computer Science,
Computer Graphics
Group, Prof. Dr.
Reinhard Klein)

tion) and bend forward when braking
(suspension) for example. On a cobbled
street the chassis and the wheels must
therefore move adequately. For the visu-
alization approximations will usually be
sufficient. There is no need for a physi-
cally correct multi-body system computa-
tion. Only the principle of the driving
dynamics shall be illustrated.

If this internal hurdle is jumped, now
the potential customer must discover the
opportunities of the idea, before develop-
ment work for the implementation of the
idea was performed. Visualization allows
testing the idea for its final customer
value [6]. This safeguards the decision
and helps in determining the precise

specification of the planed development.
From the visualization’s point of view,
here starts the visualization process
chain.

3.2 Phase 2 - Design, Visualization

of Class-A Surfaces, and Technical
Visualisation

In the second phase, the development of
a car has already begun. Now the styling
and class-A surfacing process with its vir-
tual approvals is an essential user of the
visualization possibilities. Main interest
lies on real-time systems, that means sys-
tems, which can visualize interior and
exterior 3D models with their materials
in real time rendering lights, shadows,

Figure 5: Virtual vehicle in a virtual environment — the result is a photorealistic picture

ATZ 0312009 Volume 111 1
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Simulation and Visualization

Phase 1 FPhase 2
Ieheas desipn and class-A surfaces:
technical relationships

Phase 3 Phase 4
product programe car configurator
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Figure 6: Visualization process chain within the product process

Fahrerassistenzsysteme.

= Rickfahrkomsran Rear Aasla®

Rear Assist

Figure 7: Visualization in the area of driver assistance systems for explaining technical

relationships

as well as reflections in the mirrors and
panes. These programs allow for the co-
ordination about the whole car in the
daily work. This includes the judgement
of the run of gaps, the integration of er-
gonomic requirements, and - especially —
the impression and quality of surfaces.
For further details about this surface
process, it is referred to the literature [4].
The technical product details are defined
and documented in parallel to the sur-
face process with its real-time systems.

Visualization also shows its power in
explaining and transporting technical
relationships and modes of operation.
Films and animations concerning driver
assistance systems for the VW Tiguan
and the VW Passat Coupé are illustrating
examples for this task, Figure 7.

3.3 Phase 3 - Visualisation of the
Product Programme for Market Launch
In the third phase, the product process
proceeds and increasing amounts of model
data become available until finally the
complete product programme can be used.
Another user group for photorealistic visu-
alizations comes along, when the configu-
ration alternatives are defined, car paints
and interior materials are fixed, and the

8 ATZ 0312009 Volume 111

first cars with almost series-production
readiness are manufactured: marketing in
combination with sales and dealer service.

Here, the earlier created virtual mod-
els are used for renderings of the interior
and exterior: By providing detailed graph-
ical material a great variety of special car
paints and interior configurations can be
shown to the customer. In addition, the
virtual models are used to illustrate and
communicate technical relationships of
the new cars. This cooperation of techni-

Figure 8: Virtual detail view onto a headlight

cal development and marketing allows
for the creation of customer brochures
long before the market launch of the car.

The new car’s technical contents and
the principle descriptions of the innova-
tions’ modes of operation are the basis for
some planned marketing campaigns. The
draft for a campaign can be started with
web specials, internet presentations, cata-
logues, posters and other possible media
long before market launch of the car. Be-
sides the pure time gain, visualization
products have the advantage of being very
flexible. It is possible to quickly provide
colour options, different seat concepts, or
details like headlights according to the
campaign, without the need to build a
real car, Figure 8. The Cost-benefit analysis
concerning the use of visualisations over
the whole process shows a clear plus.

3.4 Phase 4 —Visualization

for the Car Configurator

In the fourth phase, which is the market
launch, another challenge waits for the
visualization: providing data for the car
configurators. For a highly diverse prod-
uct like an automobile the complete data
logistics must be tuned to fit the new
possibilities of visualization. The process
of compiling data for one specific single
virtual car can be compared to the sup-
ply of single parts for the production of a
real car. As virtual and real world are
based on the same mechanisms and lo-
gistic relationships, the expenses for a
car configurator with virtually generated
car renderings are immense. Figure 9
shows a small detail of a variance exami-
nation for a VW Golf Plus cockpit.

personal buildup for Force Motors Ltd.
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Figure 9: Detail of a variance table for the VW Golf Plus cockpit

A car configurator for the VW Golf
Plus needs, for example, 2300 single pic-
tures and a logic for combining these
renderings according to the customers
inputs. These single pictures are the ba-
sis for the illustration of the total vari-
ance. Each of the pictures represents a
variant of one construction part. This
can clearly be seen when choosing be-
tween different wheel rims.

For determining the desired views in
the car configurator purely technical il-
lustrations are used in the working pro-
cess. Figure 10 shows the perspective views
on the complete car and on the interior.
This working step focuses on neutral
judgement of views and car details while
the aesthetic impression of color and ma-
terial is not important. It must be possible
to display every customer-wanted configu-
ration of the car in each of these six views
in Figure 10. This leads to high demands
concerning data logistics for providing
the virtually generated graphic material.

4 Challenges for the Visualization
in the Product Process

Three things are needed to tap the full
listed potential for the optimal visualiza-
tion in the product process of a car:

1. People first: What is needed is a group
of committed, motivated, and enthusi-
astic people, trained in different fields.
It emerged [5] that in a team of compu-
ter visualists, theory computer scien-

tists, mathematicians and automotive
engineers very good synergies between
the qualifications could be achieved.
One profession alone cannot cope with
this very computer-focussed and car
specific subject. Only the diversity of
the group can handle the complexity
of the requirements.

. In addition, high performance compu-

ter cluster are needed for real-time pres-
entations, photorealistic pictures, and
movies. In principle these clusters are
similar to those used in the engineering
computation department. For the soft-
ware tools it must be distinguished be-

rksaaitineg in dav &

tween those for real-time presentations
on a power wall and those for creating
pictures and movies respectively. For
the picture/movie task, the same soft-
ware is used as for movies and compu-
ter games. In these industries huge
amounts of money go into the develop-
ment of software products, which are
also very interesting for the photorealis-
tic visualization of cars. Other systems
for cutting and dubbing films are devel-
oped for these industries, and they can
be used for technical films without any
further adaptation. These software
products are interesting with regard to

Figure 10: Technical illustration of six perspectives for exterior and interior views in the car
configurator

ATZ 0312009 Volume 111 9

personal buildup for Force Motors Ltd.



IMPRINT

ATz WORLDWIDE

www.ATZonline.com

03]2009 - March 2009 - Volume 111

Springer Automotive Media | GWV Fachverlage GmbH

P.0. Box 15 46 - 65173 Wieshaden - Germany

Abraham-Lincoln-StraRe 46 - 65189 Wieshaden - Germany

Managing Directors Dr. Ralf Birkelbach, Albrecht Schirmacher

Senior Advertising Thomas Werner
Senior Production Ingo Eichel
Senior Sales Gabriel Géttlinger

EDITORS-IN-CHARGE

Dr-Ing. E. h. Richard van Basshuysen
Wolfgang Siebenpfeiffer

EDITORIAL STAFF

Editor-in-Chief

Johannes Winterhagen (win)

Phone +49 611 7878-342 - Fax +49 611 7878-462
E-Mail: johannes.winterhagen@springer.com

Vice-Editor-in-Chief

Dipl.-Ing. Michael Reichenbach (rei)

Phone +49 611 7878-341 - Fax +49 611 7878-462
E-Mail: michael.reichenbach@springer.com

Chief-on-Duty

Kirsten Beckmann M. A. (kb)

Phone +49 611 7878-343 - Fax +49 611 7878-462
E-Mail: kirsten.beckmann@springer.com

Sections

Body, Safety

Dipl.-Ing. Ulrich Knorra (kno)

Phone +49 611 7878-314 - Fax +49 611 7878-462
E-Mail: ulrich.knorra@springer.com

Chassis

Roland Schedel (rs)

Phone +49 6128 85 37 58 - Fax +49 6128 85 37 59
E-Mail: ATZautotechnology@text-com.de

Electrics, Electronics

Markus Schéttle (scho)

Phone +49 611 7878-257 - Fax +49 611 7878-462
E-Mail: markus.schoettle@springer.com

Engine

Dipl.-Ing. (FH) Richard Backhaus (rb)

Phone +49 611 5045-982 - Fax +49 611 5045-983
E-Mail: richard.backhaus@rb-communications.de

Heavy Duty Techniques

Ruben Danisch (rd)

Phone +49 611 7878-393 - Fax +49 611 7878-462
E-Mail: ruben.danisch@springer.com

Online

Dipl.-Ing. (FH) Caterina Schrader (cs)

Phone +49 611 7878-190 - Fax +49 611 7878-462
E-Mail: caterina.schroeder@springer.com

Production, Materials

Stefan Schlott (hlo)

Phone +49 8191 70845 - Fax +49 8191 66002
E-Mail: Redaktion_Schlott@gmx.net

Service, Event Calendar

Martina Schraad

Phone +49 212 64 235 16

E-Mail: martina.schraad@springer.com

Transmission, Research

Dipl.-Ing. Michael Reichenbach (rei)

Phone +49 611 7878-341 - Fax +49 611 7878-462
E-Mail: michael.reichenbach@springer.com

English Language Consultant
Paul Willin (pw)

Permanent Contributors

Christian Bartsch (cb), Prof. Dr.-Ing. Peter Boy (bo),

Prof. Dr-Ing. Stefan Breuer (sb), Jorg Christoffel (jc),

Jiirgen Grandel (gl), Erich Hoepke (ho),

Prof. Dr-Ing. Fred Schafer (fs), Bettina Seehawer (bs)

Address
P0. Box 15 46, 65173 Wiesbaden, Germany
E-Mail: redaktion@ATZonline.de

MARKETING | OFFPRINTS

Product Management Automotive Media
Sabrina Brokopp

Phone +49 611 7878-192 - Fax +49 611 7878-407
E-Mail: sabrina.brokopp@springer.com

Offprints

Martin Leopold

Phone +49 2642 9075-96 - Fax +49 2642 9075-97
E-Mail: leopold@medien-kontor.de

ADVERTISING | GWV MEDIA

Ad Manager

Britta Dolch

Phone +49 611 7878-323 - Fax +49 611 7878-140
E-Mail: britta.dolch@gwv-media.de

Key Account Manager

Elisabeth MaBfeller

Phone +49 611 7878-399 - Fax +49 611 7878-140
E-Mail: elisabeth.massfeller@gwv-media.de

Ad Sales Manager

Sabine Rack

Phone +49 611 7878-269 - Fax +49 611 7878-140
E-Mail: sabine.roeck@gwv-media.de

Ad Sales

Heinrich X. Prinz Reu

Phone +49 611 7878-229 - Fax +49 611 7878-140
E-Mail: heinrich.reuss@gwv-media.de

Display Ad Manager

Susanne Bretschneider

Phone +49 611 7878-153 - Fax +49 611 7878-443
E-Mail: susanne.bretschneider@gwyv-media.de

Ad Prices
Price List No. 52

SUBSCRIPTIONS

VWA-Zeitschriftenservice, Abt. D6 6, ATZ

P. 0. Box 77 77, 33310 Gtersloh, Germany
Renate Vies

Phone +49 5241 80-1692 - Fax +49 5241 80-9620
E-Mail: SpringerAutomotive@abo-service.info

SUBSCRIPTION CONDITIONS

The emagazine appears 11 times a year at an
annual subscription rate of 269 €. Special rate for
students on proof of status in the form of current
registration certificate 124 €. Special rate for
VDI/OVK/VKS members on proof of status in the
form of current member certificate 208 €. Special
rate for studying VDI members on proof of status
in the form of current registration and member
certificate 89 €. The subscribtion can be cancelled
in written form at any time with effect from the
next available issue.

PRODUCTION | LAYOUT

Kerstin Gollarz
Phone +49 611 7878-173 - Fax +49 611 7878-464
E-Mail: kerstin.gollarz@gwv-fachverlage.de

HINTS FOR AUTHORS

All manuscripts should be sent directly to the
editors. By submitting photographs and drawings
the sender releases the publishers from claims

by third parties. Only works not yet published in
Germany or abroad can generally be accepted for
publication. The manuscripts must not be offered
for publication to other journals simultaneously. In
accepting the manuscript the publisher acquires
the right to produce royalty-free offprints. The
journal and all articles and figures are protected
by copyright. Any utilisation beyond the strict
limits of the copyright law without permission of
the publisher is illegal. This applies particularly to
duplications, translations, microfilming and storage
and processing in electronic systems.

© Springer Automotive Media |
GWV Fachverlage GmbH, Wiesbaden 2009

Springer Automotive Media is part of the specialist
publishing group Springer Science+Business Media.

price, because they were made for a
mass market, and the automotive in-
dustry is just another user.

3. For the whole process of using com-
puter-generated data the accessibility
of 3D model data is crucial. Photore-
alistic visualization for the car devel-
opment is only possible with reason-
able effort since 3D model data is
available throughout the whole prod-
uct process.

5 Conclusion

Apart from the enthusiasm about the
possibilities of visualization, it is beyond
all questions that for an optimum result
you need the direct cooperation with the
traditional photography. The artistic eye
of the photographer is still most impor-
tant for achieving brilliant finial result.
At Volkswagen, the future belongs to
the co-operation of the disciplines pho-
tography and computer graphics, to rate
quickly new stylings and car models. In
the further steps, we must again and
again revise the border between virtual
and real world in order to optimally use
the opportunities of both techniques.
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Fuel Economy Simulation
for the Vehicle Fleet

Forecasting the fuel consumption of an entire vehicle fleet has become a crucial challenge for
all car manufacturers. Over the past few years, simulation of the entire vehicle has become an
essential means of making precise predictions of the effectiveness of fuel economy measures
at BMW. An effective, reliable simulation framework has been developed in cooperation with
Tesis Dynaware to master both the complexity of a single vehicle and the large number of
vehicle variants.
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1 Goals and Focus
of the Simulation Model

During the development of a new vehicle,
it is important to understand and opti-
mise the behaviour of the entire vehicle
as a system. The interactions in a vehicle
are becoming more and more complex,
with the result that it is increasingly dif
ficult to analyse them. Under these condi-
tions, development that is based merely
on component and vehicle hardware tests
would be too time-consuming and expen-
sive. Quality and efficiency can be im-
proved by using virtual methods. An im-
portant tool is the simulation of the en-
tire vehicle behaviour.

1.1 Model Requirements

The model is intended to support devel-
opment work, during which the compre-
hension of the entire vehicle and the in-
teraction between subsystems is neces-
sary. An important application is fuel
consumption optimisation. The vehicle
model must offer the possibility to exam-
ine how effectively possible innovations
reduce carbon dioxide (CO,) emissions.
There must exist a convenient way to de-
sign and test the necessary functions and
components.

Furthermore, the vehicle model must
fulfil the following requirements: The
model must be able to represent every
vehicle produced or planned by the com-
pany, a Mini as well as a Three-Series
BMW or a Rolls-Royce. All variants have
to be considered: automatic and manual
transmissions, petrol and diesel engines,
rear, front and all-wheel drive. The future
fleet must also be evaluated, which
means that models for hybrid, electric
and fuel cell vehicles must be available.

Furthermore, it is essential that this
variety of models can be maintained
and updated with as little effort as pos-
sible. A modular configuration with
flexible interfaces is necessary to ensure
that the models required can be ar-
ranged according to a modular design
principle. The components must be re-
usable and adaptable to new develop-
ments without great effort.

The model must offer the possibility
to evaluate different design options. For

that reason, the computing time should
be as short as possible. The models
should run on a normal Personal Com-
puter, ideally faster than real time.

1.2 Focus and Level of Detail

A complete vehicle is an extremely com-
plex system. It is hardly possible to repro-
duce all aspects of this system in a clear
and manageable model. This model fo-
cuses on the description of energy flows
in the vehicle, that is the conduction and
conversion of electrical, thermal, me-
chanical and chemical energy.

For the simulation goals described
here, only the vehicle’s longitudinal dy-
namics have to be considered. This makes
several simplifications possible: The lat-
eral dynamics can be completely ignored
and the modelling of the vertical dynam-
ic model is limited to the height profile
of the cycle driven. The modelling of the
longitudinal dynamics can focus on the
necessary items, and details such as dy-
namic stability control do not have to be
modelled. Since the relevant time frame
is relatively long, high-frequency events
are of little interest. Approximations are
in some cases necessary (for example the
response behaviour of the internal com-
bustion engine), whereas some behav-
iours can be completely left out (for in-
stance vibrations in the powertrain, as
the system is assumed to be stiff).

The submodel level of detail has a great
impact on the complexity of the entire sys-
tem. For each component, a decision must
be made as to which parts of'its behaviour
can be described physically and which cor-
relations can be derived from data that
have been determined empirically.

In all modelling objectives, the energy
flow analysis on a system level is the cen-
tral issue. Therefore, the energy flow
must be modelled physically, that is as a
function of the torque and speed or the
current and voltage. In contrast, simplifi-
cations on the component level are nec-
essary and permitted. Component mod-
els do not have to be built purely physi-
cally. Simple partially physical (grey-box)
models or purely characteristic map-
based (black-box) models are easier to pa-
rameterise and require less computing
time and data.
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Figure 1: Structure, components and interfaces of the vehicle model

If it is necessary for a more special ana-
lysis to have a closer look at single compo-
nents, the simple models can be selectively
replaced by more detailed ones.

2 Implementation

2.1 Simulation Environment

Different commercial tools are available
that show the advantages and disad-
vantages of the simulation goals de-
scribed. Many of them are specialised
for a single domain, and the modelling
of components of other disciplines is
therefore not possible or only possible
to a limited extent.

The programming language “Model-
ica” matches the requirements of the ve-
hicle modelling very well. “Modelica” is a
freely available, object-oriented language
for the modelling of complex physical
systems. Models in “Modelica” are math-
ematically described by Differential-Alge-
braic Equations (DAEs). The causality of
each component is handled automati-
cally. For example, only one description
of an ohmic resistance is necessary in
“Modelica”, no matter whether it is con-
nected to a current or a voltage source.

“Dymola” is the most frequently used
commercial simulation tool based on
“Modelica”.

2.2 Simulation Model

The vehicle model is built physically at
the topmost level. The subsystems are
connected to each other by mechanical,

14 ATZ 0312009 Volume 111

electrical, thermal or information inter-
faces. The information interfaces are im-
plemented as a bus system. The model is
a so-called causal model: The virtual driv-
er controls the acceleration and brake
pedal to achieve the predefined target
speed.

The subsystems that have to be repre-
sented in the model are the internal
combustion engine, transmission, axles,
driving resistances, electrical power sup-
ply, hybrid components, controls and
driver model with the driving cycles. Not
every simulated vehicle has all of these
components. Component models that
are not required can therefore be left
out. Figure 1 shows the structure of the
complete model. Essentially, all of the
component models are modelled as grey
or black boxes.

Suitable subsystem and component
models can be selected according to a
modular design principle. The submod-
els are stored in component libraries
that are continuously updated, validated
and improved.

In most cases, different variants of a
subsystem differ from each other only in
their parameter set, and the structure of
the submodel then remains unchanged.
For the modelling of two power supply
variants, for example one with a 70 Ah
and one with a 90 Ah battery, the same
model structure can be used. Scaling is
carried out via the different data sets for
the battery capacity, the internal resist-
ances and the thermal capacity. A pre-
condition for this way of reusing models

is the strict separation between the mod-
el structure and the parameter set.

If the alternative characteristics of a
subsystem cannot be represented by dift
ferent parameter sets, variants in the
model structure are necessary. Excessive
functional differences between the alter-
native characteristics of a subsystem are
the most frequent reason for variants.
For example, two structurally different
axle models are needed to represent rear-
wheel and all-wheel drive. Detailed mod-
els are another motivation for variants. A
simple model of the internal combustion
engine is used as a default, and a special
model is available if a more detailed
analysis is necessary.

In order to allow suitable submodels
to be exchanged and chosen, the differ-
ent variants must be compatible with
each other. A basic condition for this is
having the same interfaces. Thus, the
submodel interfaces are defined in a base
model, and all variants of a subsystem
inherit the interfaces from the same base
model. This object-oriented propagation
of qualities also makes it easier to imple-
ment structural changes to the common
interfaces, as a change to the base model
extends to all variants.

3 Simulation Process
and Software Framework

It is a major challenge for the simula-
tion of the entire vehicle at BMW not
only to be able to simulate single vehi-
cles but to provide reliable statements
for the fuel consumption and driving
performance of the entire BMW vehicle
fleet. Complete vehicle simulation ac-
companies the vehicle development
from the early phase, continues through
series development and extends right
up to life cycle measures for all vehicle
derivatives, Figure 2.

Reliable simulation data processes as
well as tailor-made software solutions
are required to cope with the huge vari-
ety of vehicles and driving tasks. Only in
such a way it is possible, on the one
hand, to provide the calculation engi-
neers with the latest model develop-
ments and, on the other hand, to guar-
antee that all simulations are reproduc-
ibly performed with the currently valid
boundary conditions.

personal buildup for Force Motors Ltd.
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Figure 2: Simulation process and software framework

3.1 Variety of Driving Tasks

With a complete vehicle model, various

driving tasks can be simulated. These are:

- legally prescribed fuel consumption
cycles from different markets such as
Europe, USA or Japan

- driving performance tasks such as ac-
celeration from 0 km/h to 100 km/h
or elasticity tasks

- special cycles defined by BMW, which
are used for the component layout (life-
time) or for the calculation of the fuel
economy of the average customer.

In all of these driving tasks, special

boundary conditions have to be taken

into account. These include:

- environmental conditions such as air
pressure and temperature

- pre-conditioning of the vehicle for the
individual cycles (for example legally
defined vehicle standstill periods be-
fore performing the actual test) and
the initial system states arising from
it (for example cooling media tempera-
tures)

- legally or otherwise prescribed bound-
ary conditions, such as operation of
the air conditioning, gear profile,
clutch actuation.

The boundary conditions significantly

differ for different vehicles, for example

manual or automated transmission, hy-
brid or conventional vehicle. It is also of
great importance whether a driving task
is performed on the road or on a vehicle
test bed. For the simulation of driving
tasks on a chassis dynamometer, the

driving resistance must be calculated us-
ing the so-called ABC factors.

3.2 Large Amounts of Input Data

As mentioned above, numerous data sets
are needed for a complete vehicle model.
Every relevant component of the vehicle
model must be provided with the appro-
priate data in a fast and secure process.
The data for the individual vehicle com-
ponents are therefore filed in a central
database. A single person cannot possi-
bly oversee the validity of all data sets
and the change history. It must therefore
be clearly defined who is allowed to
change which data and what the data
are approved for.

A graphical database front-end makes
it easy for the development and calcula-
tion engineers to view and change the
data. Besides component data sets, the
database also contains tables that de-
scribe the composition of a complete ve-
hicle data set from the component data.
The definitions of the driving tasks and
the respective boundary conditions are
also centrally managed. Updates of these
boundary conditions can therefore be
immediately provided to all users with-
out them having to take care of it them-
selves.

Most raw data sets are obtained from
measurements. To prepare this data for
simulation, it must be pre-processed.
Characteristic maps, for example, are ex-
trapolated in areas in which no measur-
ing is possible.

3.3 Approval Process

for Models and Data Sets

The “Modelica” component libraries are
being continuously improved and extend-
ed. In order to ensure high quality and
reliability of the models, it is important to
strictly comply with model approval proc-
esses. All model changes are documented
and subjected to regular tests. Only if
these tests are passed successfully the
models are approved for general usage
within the simulation framework.

Data sets also have to be approved for
the individual simulation tasks. Some-
times, data sets are only validated in cer-
tain areas of operation. It may be the
case, on the other hand, that the output
of a map is not significant for a certain
simulation task and that dummy data
would be sufficient. For example, the fu-
el consumption is not important for cal-
culating the 0 km/h to 100 km/h value.

3.4 Simulation Execution
and Automation
A graphical user interface is available to
allow the calculation engineer to choose
the vehicle data and component models
approved for a certain simulation task.
He can thus define a test procedure suit-
able for his application. The engineer
can vary parameters, switch between
submodels or even arrange a test of any
number of vehicles in any number of
driving tasks in the batch mode. The
Java-based framework is created using
Eclipse Rich Client Platform. The config-
uration mechanism for the possible se-
lections available to the user is based on
xml files and can thus be easily adapted.
To execute a simulation, the complia-
ble “Modelica” code must be generated
from the vehicle data and the compo-
nent libraries. The code generation is
based on
- the generation of data objects con-
taining the numerical data (Records)
- the generation of models that are de-
rived from existing models via inher-
itance mechanisms (“Modelica” lan-
guage elements “extends”, “replace-
able”, “redeclare”).
The exploitation of the object orienta-
tion of “Modelica” makes the code gen-
eration very efficient, and relatively little
code needs to be generated.
The simulation of many vehicles and
driving tasks produces very large amounts
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Figure 3: Fuel consumption forecast for the vehicle fleet

of data. The result files cannot only be
managed and archived but also be evalu-
ated with the simulation framework. Im-
portant features are:
- a fully integrated “MATLAB”-based
plot tool
- pdfreport generation
- “MATLAB” application programming
interface (API) for the programming
of pre- and post-processing routines.
All these steps are capable of being auto-
mated. Scripts can be easily written, thus
automating all steps from data pre-
processing up to report generation. One
can define a test procedure that can be
applied to a new version of the compo-
nent libraries overnight. All relevant
time series and characteristic quantities
(for example speed deviation, fuel con-
sumption, loss energies) are written to a
pdf document and can be reviewed and
filed conveniently.

“MATLAB” was chosen for the pre-
and post-processing interface because it
is widely known and well-suited for nu-
merical data analysis and visualisation.
For example, comparisons with previous
versions of the component libraries can
be easily implemented. All vehicle data
and time series are easily accessible via
the APL

4 Application: Analysing
Measures to Reduce CO, Emissions in
the Vehicle Fleet

The model-based analysis of energy flows
leads to ideas for functions that reduce

16 ATZ 0312009 Volume 111

CO, emissions. The functions are de-
signed in the “Dymola” model environ-
ment and then implemented on rapid
prototyping platforms to validate the ef-
fectiveness of the measures in legal cycles
as well as in customer use cases.

Examples are the automatic engine
start/stop system, which stops the engine
during standstill when it is not needed,
and the intelligent control for the elec-
tric generator that charges the battery in
deceleration phases and thus regenerates
braking energy.

For the analysis of measures in the
BMW vehicle fleet, the software frame-
work is used to simulate large amounts of
vehicles in different driving tasks. The ve-
hicle fleet consists of several hundred
variants, not all of which have to be simu-
lated. Vehicle clusters are set up, consider-
ing weight, power, gearbox type and other
properties. Afterwards, reference vehicles
for these clusters are selected for simula-
tion. The simulations, together with the
detailed analysis of measurements, form
the basis for extrapolating the results to
the entire vehicle fleet. Expected vehicle
sales and takerates of optional extras are
then taken into account to forecast the
fuel consumption of the vehicle fleet in
future model years, Figure 3.

5 Summary and Future Prospects

The model described reproduces the en-
ergy flows in the vehicle. All current and
planned vehicles in the BMW fleet can be
simulated using the developed model

structures and parameter sets. As seen
above, all important steps of the simula-
tion process are supported by easy-to-use
software solutions. The software frame-
work alleviates the calculation engineer
of many working steps that would be ex-
tremely time-consuming and error-prone
if performed manually. The evaluation
process described essentially contributed
to the successful introduction of the
“EfficientDynamics” package in 2008.
Vehicle simulation enables energy
analysis to be performed in all develop-
ment phases. It allows complex problems
and interactions in the vehicle to be un-
derstood, analysed and solved. In this
way, the energy flows can be optimised
and the fuel consumption can be lower-
ed. Thus, vehicle simulation is an impor-
tant tool in the product development
process. |
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DEVELOPMENT Driver Assistance

Development Strategy for
Collision Warning Systems in the
Low Price Segment

In the field of safety oriented driver assistance systems, there is the tendency to reduce accidents and their con-
sequences by autonomous interventions in the driving process which are getting stronger and stronger. But this
increase of the “effectiveness” also increases the danger emanating from such a system in case of a malfunction.
This increases the effort of development and safeguarding and with it also severely the costs of such functions. It
is possible however to develop systems with comparable effectiveness without using strong autonomous inter-
ventions. For this, Bosch combined very early collision warning with driver assisting functions. This provides the
driver with sufficient time to assess the situation and assists in initiating measures for accident prevention in the
best possible way. The technical challenge is the realization of an early and at the same time reliable criticality
assessment of the traffic situation.
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1 Risk and Benefit Assessment

The German product liability act as well
as ISO 26262 and further legal and nor-
mative constraints require that a driver
assistance system must not represent a
danger to the user or a third party. To
guarantee this requirement, a fully speci-
fied system is subjected to a danger and
risk analysis which determines the dan-
ger emanating from the system in a situ-
ation of benefit and of malfunction. Sys-
tems with a high damage potential in
cases of malfunction have to compensate
by having a low probability of malfunc-
tions or by the state of malfunction be-
ing highly controllable.

The approach for an autonomous
emergency braking function used at
Bosch is a model-based so-called objec-
tified danger and risk analysis. In this,
the effect of a false triggering of a speci-
fied autonomous emergency braking
function is simulated on the basis of real
traffic data, i.e. distances and relative ve-
locities between vehicles. This has the
intuitively expected result: The more ve-
locity to the following vehicle is reduced
by an automated emergency braking
function, the more often rear-end acci-
dents of higher severity are caused.
Therefore, a strongly decelerating auton-
omous brake intervention has a higher
damage potential than a weakly deceler-
ating intervention.

The higher damage potential must
therefore be responded to with a lower
rate of malfunction. This is possible by
means of the following measures:

- The environment sensors must have
the potential to comply with the re-
quired rates of false triggering. That
is, that the sensors must have suffi-
cient rates of error detection. The low
rates of false triggering needed for
strongly intervening functions there-
fore require reliable and therefore in
tendency expensive sensors.

— The process of development must be
designed so that errors during prod-
uct development are avoided. For ex-
ample, for functionalities rated aSIL A
or higher, ISO 26262 requires a con-
tinuous design and increased test ex-
penditures.

— The false triggering rate of the product
has to be proven by extensive endur-
ance test drives. For this, the principle is

valid that the proof of significantly low
false triggering rates requires a suffi-
ciently long safeguarding distance.

In the benefit scenario of a front acci-
dent, an autonomously braking driver
assistance function reduces the relative
velocity and thereby the severity of the
accident. If the autonomous intervention
is combined with a previous warning of
the driver, two cases have to be distin-
guished in the discussion of benefit:

- The autonomous intervention takes
place before the driver reaction time
is over. During this period of time, the
previously inattentive driver can only
be assisted autonomously. Autono-
mous interventions are especially im-
portant if the accident occurs within
the reaction time or cannot be pre-
vented by interventions anymore after
the reaction time is over.

- The autonomous intervention takes
place after the driver reaction time has
passed if the driver does not react. After
expiration of the reaction time, a reac-
tion by the driver to the escalated traffic
situation is to be expected though, as
the result of a warning. If the driver re-
acts, he can be assisted for example by
steering or brake assistants. Crucial for
the category of the functions which as-
sist the driver is that they are only acti-
vated if besides the environment sen-
sors the activities of the driver also indi-
cate a critical situation.

This reduces the requirements to the reli-

ability of situation interpretation by the

environment sensors. If however the driver

does not react to a previous warning, a

fully autonomous intervention is initiated.

For the lack of reaction there can be only

two causes: First, the driver does not react

by mistake and therefore the autonomous
intervention is legitimate. Second, the driv-
er assistance function is mistaken in its es-
timation of the situation, mistakenly inter-
venes and therefore endangers the driver.
From the requirement to gain more
cases of benefit than false triggering
rates with autonomous interventions af-
ter expiration of the driver reaction time,
results the following requirement: driver
assistance systems with autonomous in-
terventions which are not made plausi-
ble via the driver and which exceed the
reaction time of the driver have to ana-
lyze the situation more reliable than the
driver. The result of this is a high require-
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ment on quality and with this on the de-
velopment of the criticality assessment
for driver assistance systems which are
autonomously intervening outside of the
driver reaction time.

Alternatively to autonomous interven-
tion it is also possible to achieve an im-
provement of the effectiveness in both cas-
es described if the warning is set to an ear
lier point in time and is only supplemented
by low-risk assistance functions support-
ing the driver. The part of the accidents
which require intervention within the re-
action time is reduced by this, and the
driver has more time to deescalate the situ-
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ation. In these cases, the effectiveness of
the function increases greatly, especially
since, because of the possibility of evading
or a full stop, the driver has more effective
methods for accident prevention than an
autonomously braking system with re-
stricted deceleration. The remaining cases
which necessitate a reaction within the re-
action time are not supported by such a
system though.

In a generalized manner it can be
summed up: The stronger and potential-
ly more risky the intervention of an au-
tonomous function, the more expensive
the development, safeguarding and hard-
ware of the function. In most situations
though an early warning with driver as-
sisting functions without risky autono-
mous interventions is similarly effective
and can be realized on the basis of a
cheaper sensor. By means of such eco-
nomical systems, so the vision, access to
a safety-oriented driver assistance is to be
made possible for every road-user.

2 The Restrictions of Target Object
Based Approaches

Many driver assistance systems essentially
take regard of a single “target object”.
Based on data from the environment and
the own vehicle, the probability of a colli-
sion is constantly calculated for this object.
Without knowledge of the intentions of
the drivers in the own and the other vehi-
cle, the driver assistance system may be in
unclear decisive situations about the criti-
cality of the traffic situation. This is illus-
trated by the following simple modeling.
In the first case, the systems looked at
are to effect a driver reaction to a critical
approach by means of a warning. If the
driver is aware of the traffic situation, he,
independent from the warning, will initi-
ate a braking process with a moderate de-
celeration of a,, ... so that he will have
adjusted the relative velocity to the obsta-
cle. With this, a braking time t, . can
be calculated at which the driver who
does not require support by a driver assist-
ance system typically starts his braking
process. If the driver is inattentive howev-
er, he requires support by a driver assist-
ance function. The latest time t,, for a
warning is calculated according to the fol-
lowing model: After triggering of the
warning at the time t,,, ., the driver needs
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a reaction time after which he will react
with a strong emergency braking-deceler-
ation ay ... S0 that he will come to a
standstill before the rearend of the obsta-
cle. A formal analysis of the described
models shows that, dependent on the rel-
ative velocity, the time of decision t,,.
for the triggering of the warning is earlier
() than the typical braking time t, . - of
the attentive driver. At the time of deci-
sion for triggering of the warning t,, .. it
therefore cannot be deduced without
doubt from the activities of the driver
whether the driver is aware of the situa-
tion and will sufficiently react with a
brakingwitha, . For the time t . <t
<t the driver assistance system
therefore is in the dilemma of not suffi-
ciently assisting the inattentive driver
when suppressing the warning or of dis-
tracting the attentive driver with an un-
necessary warning. This first dilemma of
decision occurs in the lower respectively
middle velocity range.

A second dilemma of decision con-
cerns autonomously intervening systems
also. Alook is again taken at the case of'a
critical approach. The approach can be
deescalated by braking or evading. These
processes are initiated by an attentive
driver at different points in time: when a
braking process is no longer possible for
deescalating, it is still possible to easily
complete the evading process. At the
time when an intervention by a driver as-
sistance system could still prevent the
accident by brake intervention, it is still
possible to comfortably evade.

2.1 Warning Dilemma

In the following, the described decision
problems are called “warning dilemma”.
The warning dilemma does not only af-
fect the electronic, but also the human
passenger. Human passengers react, de-
pendent on their frame of mind, some-
times more nervous, sometimes more
relaxed to the driving behavior of the
driver. The assessment of a passenger
that the driver will for example drive
past the next traffic island and not
straight into it is based on the situational
context and assumptions about the driv-
ing behavior which is to be expected. The
course of the lane markings alone leads
the passenger to the assessment that in
front of the traffic island the driver will
choose the option “evade” and not the

option “brake”. If the driver deviates
from this assessment, a human passen-
ger also will not be able to prevent the
accident by means of a sufficiently early
warning of the driver.

This example shows that the warning
dilemma is of a fundamental nature and
not restricted to electronic driver assist-
ance functions. So aside from the raw
physical data between target object and
the own vehicle, the human passenger
uses additional model knowledge and
environment information to generate a-
priori probabilities for the individual op-
tions for action of the driver. These help
reducing the warning dilemma.

2.2 Additional Information
for Situational Interpretation
Besides the described “warning dilem-
ma” scenes, additional information for
situational interpretation arises from
the observation of the traffic situation of
third party road-users. If critical situa-
tions are detected for third party vehi-
cles, a behavior deviating from the nor-
mal case is to be expected from them. For
example, if a faster vehicle approaches a
slower vehicle on the left lane, the prob-
ability increases that the fast vehicle will
pull out onto the lane of the own vehicle
and that as a result there will be a criti-
cal situation for a third party vehicle.

If the human passenger is accepted as
a “benchmark” for a best possible situa-
tional interpretation, the following hy-
pothesis can be made: Including addition-
al information like multi-object constella-
tions and lane information aids in the re-
duction of the warning dilemma problem
and so in the improvement of the false
triggering to benefit ratio. Functions
which only use one target object are re-
stricted in the quality of the criticality as-
sessment as a result of their principle.

3 Situation Analysis in Multi-object
Scenarios

Basis of the analysis of the benefit of mul-
ti-object scenarios is a detailed accident
analysis of the GIDAS-accident database in
individual case representation. Observed
are accidents in longitudinal traffic (GI-
DAS-accident type 6) and accidents while
turning off (GIDAS-accident type 2). In de-
tail, they are the following subtypes:
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Figure 1: Percentages of the essential accident types in the complete incidence of accidents
and area of effect of a CAB function (Collision Avoidance Braking)

GIDAS-accident type 6 (60: 601, 602,
603, 604, 609), (61: 611, 612, 613, 614,
619), (62: 621, 622, 623, 624, 629), (63:
631, 632, 633, 634, 635), (64: 641, 642,
643, 644, 645, 646, 649); GIDAS-accident
type 2 (20: 201, 204), (23: 231, 233). The
percentages of the essential accident
types in the complete incidence of acci-
dents are itemized in Figure 1.

Altogether, the area of effect of a driv-
er assistance function reacting to frontal
and parallel traffic therefore is approxi-
mately 20% of the complete incidence of
accidents. The accidents within this area
of effect were analyzed according to the
additional information available by ad-
ditional objects. This results in a new
typecasting of the accidents which devi-
ates from the one in Figure 1. For two of
these types, the additional benefit by
evaluation of the multi-object informa-
tion is discussed in the following. The
information in percentages relates to the
area of effect of approximately 20 %.

Case 1:In 9.3 % of the accidents, the
preceding vehicle brakes strongly while

Figure 2: Critical
situation “oncoming
traffic on opposite
lane” in which ex-
cluding the intention
of overtaking as a
permissible option
for action is possible
at the warning time

there is oncoming traffic on the left lane.
A similar scene is shown in Figure 2. If
only the “target object” is observed, the
driver assistance system as a matter of
principle has the problem of the deci-
sion between evading and braking. This
is correspondent to the second problem
of decision (warning dilemma) discussed
in section 2. But when there is oncoming
traffic, overtaking respectively evading
can be excluded as a sensible option for
action for the driver at the time of warn-
ing. By reducing the warning dilemma
problem, an earlier and more reliable
system reaction is possible.

Case 2:In 10.5 % of the accidents, the
preceding vehicle drives against a slower
object and brakes strongly. In principle,
radar based driver assistance systems can
detect pre-preceding vehicles.

Before the actual target object becomes
“a problem” in this example because of'its
strong braking, it is possible to discern a
critical traffic situation for the preceding
vehicle by observing its fast approach to
the vehicle in front of it. The hypothesis

that the preceding vehicle will brake or
evade to prevent the accident is self-evi-
dent. On the basis of this interpretation,
the behavior modeling for the preceding
vehicle can be adjusted to already warn
the driver with this before it is even possi-
ble to detect the danger by means of the
state of the “target object”, concerning
this see also [1]. Here, the principle dis-
cussed in section 2, to observe the traffic
situation of a third party road-user and de-
duce possible danger for the own vehicle
from it early, is used.

The described situation is especially
important for a driver, because his view
on the pre-preceding vehicle is obstruct-
ed. The driver assistance system however
has its radar measurement and therefore
an advantage in information compared
to the driver.

4 Conclusion

By the assessment of multi-object scenari-
0s, an earlier and more reliable criticality
assessment of a traffic situation is possible
for many frontal accidents. This can be
used to distinctly increase the effective-
ness of low-risk driver assistance functions.
By combining early driver warning with
driver assisting functions, it is possible to
reach, relating to the total number of fron-
tal accidents, the effectiveness of func-
tions with strong autonomous interven-
tion. The argument is essentially based on
the experience that with “target object
based” driver assistance systems, the ob-
scurity about how a situation will progress
increases drastically with growing tempo-
ral range of prediction, and that this can
be moderated by the additional involve-
ment of multi-object information.

The early warning approach illustrat-
ed by Bosch offers the advantage that it is
possible to forego the use of complex, ex-
pensive and strongly autonomously in-
tervening systems. The great benefit
combined with the low price is the basis
of the vision to make safety oriented driv-
er assistance functions with high effec-
tiveness available to the mass market.
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From Real to Virtual Tyre
Tyre Model Parameterisation

The simulation of driving dynamics has to meet highest demands regarding model accuracy and reliability of
the prediction results. Hence complex handling tyre models are used, which must be parameterised based on
highly accurate tyre measurements. At IABG, a modern flat track tyre test stand is methodically integrated into
the parameter generation process, from the creation of the test procedure up to model parameter update.
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1 Introduction

An integral component of the modern
tyre development is the highly precise
measurement of tyre characteristics and
the enhancement of test methods on
tyre test stands. Compared to conven-
tional tyre measurement, modern flat
track tyre test stands offer significant
advantages regarding the reproduction
accuracy of the tyre-surface contact, the
potential operational range and the
flexibility during the test procedure
preparation.

In the vehicle and tyre manufactur-
ing industry the trend to shift complex
tyre development loops from the real on-
the-road testing to virtual prototypes
and simulation can be observed at an in-
creasing level. High model accuracy in
particular of the tyre model, required
for the analysis of the tyre effect on driv-
ing dynamics and comfort, is presup-
posed and can so far not be sufficiently
guaranteed by the conventional tyre
measuring methods. Thus roller drum
test facilities possibly offer costs advan-
tages; however, the changed shuffle
geometry can only insufficiently repre-
sent the conditions between tyre and
road. Measurement trailers, however, re-
veal deficits concerning the reproduci-
bility due to constantly changing envi-
ronmental conditions such as tempera-

data
preparation

measurement.

parameter
fitting

ture and friction values. However, by in-
tegrating the flat track tyre test stand,
driving dynamic parameters of the tyre
can be obtained reproducibly and corre-
lations between subjective and objective
model criteria can be identified.

As substantial part of the tyre devel-
opment process for various vehicle and
tyre manufacturers a consistent process
for tyre characterisation was established
by IABG, with which tyre data for driving
dynamics related applications are gener-
ated and consistently tailored to the re-
quirements of the driving dynamics
simulation. This article provides an over-
view of the test stand design, the measur-
ing method, the data preparation and
the parameter fitting of a Magic Formula
[1] tyre data record using the parameter
fitting programme MF-Tool [2].

2 Tyre Data Generation Process
at the Flat Track Tyre Test Stand

The schematic view in Figure 1 is sup-
posed to illustrate the process described,
based on flat track tyre test stand meas-
urements. The measurement data are
processed and used as an input to the pa-
rameter fitting procedure. The parame-
ter fitting routine generates a tyre pa-
rameter dataset, which is used in offline
and real time simulation models.

vehicle dynamics
simulation

e

.._\ HE

o

Figure 1: Schematic view of tyre data generation process for driving dynamics simulation
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Table 1: Specifications flat track tyre test stand [3]
Maximum settings Quantity Accuracy Unit
Tyre outside diameter 910 +0,25 mm
Tyre width 450 +0,25 mm
Speed capacity 250 +1 km/h
Spindelspeed speed 3500 +125 rpm
Wheel torque 2800 +20 Nm
Slipangle +30 +0.01 deg
Sweep rate 50 +1 deg/s
Inclination angle -12t0 45 +0.01 deg
Sweep rate 5 +0.1 deg/s
Vertical load 25000 1% N
Movement speed 300 +3 mm/s
Tyre inflation pressure 700 +3 kPa
Maximum measured values Quantity Accuracy Unit
Longitudinal force Fx 10000 1% N
Lateral force Fy 15000 +1% N
Overturning moment Mx 10000 +1% Nm
Aligning torque Mz 3000 +5 Nm
Wheel torque Tw 2800 +20 Nm

3 Design of the
Flat Track Tyre Test Stand

The modern flat track tyre test stand [3]
operated by IABG allows the measure-
ment of passenger car tyres, motorcycle
and motoring tyres, respectively. The
test stand enables operation up to a
speed of 250 km/h and copies driving
manoeuvres (wheel load, slip angle,
camber angle, driving/braking) high-dy-

namically, Table 1. Apart from the kine-
matical tyre control the test stand of-
fers the possibility of exerting forces
and moments in a force-controlled
manner as target data during test runs,
which are obtained via six degrees-of-
freedom force test hubs.

The tyre runs on an about 0.7 mm
thick stainless steel strap, which can be
coated with varyingly rough surfaces.
Under the strap there is a hydrodynamic

Table 2: Measurement plan for the determination of the Magic Formula parameters

Test Programme Passenger Car

water reservoir, which absorbs the wheel
loads and thus guarantees a plane con-
tact area kept at a moderate temperature.
The tyre pressure is controlled during
the tests. By using adapter systems posi-
tioning off sets are compensated. Thus
all standard vehicle rims can be used.
The tyre forces and moments are ob-
tained via a multi-component load cell. A
separate engine powers and brakes the
wheel.

The measurements are obtained un-
der laboratory conditions. Interfering
factors such as fluctuations in friction
and temperature are hence minimised.
The air temperature in the test chamber
is held at 23 °C. The test chamber is also
used for the preconditioning of the tyres.
The metal band bonding has to meet
highest qualitative demands (macro and
micro roughness, tyre wear, speed resist-
ance). The required roughness of a dry
road is guaranteed with a special finish-
ing procedure, which was validated in
pre-tests with a friction value measuring
method. Thereby the prerequisites for re-
producible measurements are fulfilled,
which are required for a continuous de-
velopment process.

4 Measuring Method and
Measurement Procedures

The following aspects are to be consid-

ered during the preparation of measure-

ment procedures:

- development objectives (traction, brak-
ing distance, directional stability, etc.)

- tyre model

- measured variables

Spindeldrive attached Free rolling
Driving Braking Driving/Braking
Tyre 1 Tyre 2 Tyre 3 Tyre 4 Tyre 5
Warm up/Tyre conditioning
Setup Tuning Set
Pure longitudinal Pure longitudinal Pure longitudinal braking FZ max Sideforce Springrate
Longitudinal/lateral FZ,1 Longitudinal/lateral FZ,1 Longitudinal/lateral FZ,max Sinsweep

Longitudinal/lateral FZ,2

Longitudinal/lateral FZ,2

Pure longitudinal driving FZ,max

Vertical Stiffness

Longitudinal/lateral FZ,3

Longitudinal/lateral FZ,3

Longitudinal/lateral FZ,max
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Table 3: Input data for the Magic Formula parameter fitting

Measured channels for Magic Formula

Channel Description Unit
MEASNUMB Measurement point number =
SLIPANGL SA Slip angle rad
INCLANGL IA Inclination angle rad
LONGSLIP SR Longitudinal slip %
FX FX Longitudinal force

Fyw FY Lateral force_ISOW

FZW FZ Vertical force_ISOW

MZW MZ Aligning torque_ISOW Nm
MXW MX Qverturning torque_ISOW Nm

- range of capacity of the test stand

- tyre temperature

- tyre wear

- test sequence.

From this a measurement plan can be
generated as a sequence of specified op-
erational conditions. The actual test se-
quence is foregone or followed by condi-
tioning sequences (for example warm up
or cool down). With the Magic Formula
measurement procedure particular at-
tention must be paid for example to
keeping constant the factors of influence
tyre wear and tyre temperature.

In Table 2 a standardised Magic For-
mula measurement plan is displayed.
For the total measurement campaign
five tyres are required. The tyres one to
three are applied for manoeuvres with
driving and braking slip. Tyres four and
five are provided for free rolling meas-
urements.

In the single measurement routines
the respectively operational conditions
(wheel loads, speed, slip angle and cam-
ber angle, longitudinal slip, pressure) are
initiated. The measurement routine
“pure longitudinal” for example records
the dependency of these quantities upon
the longitudinal slip. For one pressure
and one speed thereby 15 various opera-
tional conditions are necessary. The total
measurement for a tyre parameter record
requires altogether about 200 individual
measuring processes.

Four various normal force levels are
also evident in Table 2. The first three
vertical force levels are typically deter-
mined (for example 800 N, 3200 N and
4800 N), in order to guarantee a direct

comparability between various measure-
ment procedures and measurement cam-
paigns. The fourth vertical force level,
marked “max”, is variable and related to
the type of tyre. It is obtained prior to the
determination of the measurement pro-
cedure iteratively at the test stand. The
objective is to collect working range data
of the tyre as completely as possible.

Despite extensive elimination of fac-
tors of influence in view of a reproduci-
ble fitting process it became clear that
repeated measurements are essential for
parts of the measurement campaign.
This particularly applies for complex op-
erational ranges (for example transition
adhesion, sliding).

The selection of the measuring chan-
nels which can be recorded and their
sampling rate is adapted individually in
view of the dynamic effects of interest
and the handling of the resulting file
sizes. Normally 32 measured variables
are currently recorded at a sampling rate
of up to 1 ms. Table 3 displays the chan-
nels necessary for the parameter fitting.

5 Conversion and
Evaluation Software

Only by applying suitable conversion
and evaluation software the flat track
tyre test stand turns into a high-power
development platform. It represents the
link between measurement raw data,
simulation and tyre development. For
this purpose IABG has developed a mod-
ular programme environment under
“MATLAB”, which is provided with a

graphical user interface. The software
accesses both the test control files (in-
puts) and the created measuring data
files (output). Thus a comprehensive in-
terpretation and documentation of test
results is ensured.

Flexible adaption and standardisation
of recurrent functions is provided. Fur-
ther functionalities are also available,
from automated measuring data storage
up to the measurement report prepara-
tion. As a result for example “TYDEX”
compatible data [4] are available.

The total data conversion process is
recorded and documented by the evalu-
ation software. From this results a
transparent documentation of the time
raw data post-processing. User entries
are recorded amongst other data ap-
plied sequencing programmes as well
as all control parameters and filter set-
tings.

The functionalities of the IABG data
converter regarding the parameter fit-
ting process with MF-Tool are represent-
ed as follows:

- conversion and export of the individ-
ual measurement in “TYDEX” format
(header, data and parameter range)

- digital filtering of the measured vari-
ables

- detecting and cutting of analysis-rele-
vant measuring ranges

- separating and combining of individ-
ual measurements

- measurement analysis of special pa-
rameters (vertical tyre stiffness, kine-
matical rolling radius, “pre”-relaxa-
tion lengths)

- transformation of coordinates

- selection of measuring channel

- control and result plot preparation

- conversion report.

The conversion and evaluation process is

represented in Figure 2.

6 Aspects to be Considered in the
Fitting of a Magic Formula Dataset

Using individual data preparation steps
it is shown, how the parameter fitting
programme MF-Tool is embedded into
the parameter fitting process, Figure 2.
At the beginning the prepared meas-
uring data need to be validated; each
measurement is checked regarding its
usability as well as its range of validity. If
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characiensic curves,
calculated paramaters

Wheels and Tyres

Figure 2: Sequence measurement data recording, processing and parameter optimisation

necessary individual measurements are
not being used and/or their range of va-
lidity is limited. The classification of
measurement data is carried out on a
half-automated basis, that is the analysis
programme obtains a proposal for the
measurement preparation. This must be
acknowledged or corrected by the user in
each case, Figure 3 a and b.

The base factor for the filtering and
representation of the measured variables
(forces, moments) is the longitudinal slip
of the tyre. The indirect determination
procedure [5] of the longitudinal slip at
the test stand bears a systematic incon-

sistency, that is slip-dependant measured
variables do not indicate their origin at
longitudinal slip zero. According to the
model concept that longitudinal slip
equivalent parameters, that is the longi-
tudinal force also show zero values, verti-
cal-force-dependant offset adjustments
are being made, Figure 3 b and c. The re-
quired adjustments typically lie in a
range of up to 3 %.

Additionally the measured lateral
forces affecting the wheel must be adapt-
ed in the view of a consistent data evalu-
ation: Adaption of the measured lateral
forces in case of combined slip on the lat-

eral forces with pure slip angle. This is
due to the model concept that the com-
bined load case can be transferred to the
non-combined load case in each case.
This procedure guarantees a consistent
data collection of the drop in lateral
force dependent on the longitudinal
force and thereby provides more accu-
rate longitudinal force sensitivity in the
vehicle model simulation. The necessary
lateral force adjustments lie in the range
of up to 4 % of the respective normal
force level, Figure 3 d and e.

Beyond the fitting of the quasi-station-
ary tyre parameters a precise alignment
of the dynamic force response is impor-
tant in longitudinal and lateral direc-
tion. Magic Formula contains a dynamic
analogous model in form of a first-order
(PT1) lag of deformations, which requires
a special weighting of the measurements
for the relevant operational range of the
tyre. Decisive factors here are speed, ver-
tical force, steering angle frequency and
steering angle amplitude. The determi-
nation of these parameters is achieved
via simulation of the tyre parameters set
generated up to this point. The optimisa-
tion of the lateral force behaviour is for
example affected using the sinus steer-
ing manoeuvre (Table 2: sine sweep) un-
der specification of the steering angle,
Figure 3 f.

Figure 3: Schematic view of the
measuring data preparation for
the parameter fitting
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Figure 4: Exemplary result representation of a fitted dataset

7 Summary

The use of the ultra-modern flat track
tyre test stand includes the vision to
promptly provide the vehicle develop-
ment process with a tyre which is already
“fit for operation” with the required driv-
ing and handling characteristics. With
the test stand qualitatively and quantita-
tively tyre measurements can be carried
out under reproducible conditions,
which form the starting point for the
generation of tyre model datasets for the
driving dynamics simulation.

Apart from the measurement equip-
ment the measurement and evaluation
methodology is of crucial importance for
the generation of Magic Formula param-
eters. In the measurements for example
abrasion and temperature influences are
compensated and relevant operational
driving dynamics conditions are covered.

Comprehensive evaluation software is
used for the processing of the measuring
data. It guarantees the preparation and
optimisation of measuring data for the
fitting. Using the example of the com-
mercial programme MF-Tool [2] the pa-
rameters for the Magic Formula tyre
model [1] are determined from the pre-
processed measurement data, Figure 4.

8 Future Prospects

In the future tyre development it must
be assumed that the tyre parameter iden-
tification procedure (for example also fit-
ting and analysis) will increasingly be
outsourced to tyre manufacturers or
service partners after validation and
standardisation of the test procedures.
That means that in addition to the actual
tyre, the tyre manufacturers have to pro-
vide the respective tyre model data or
tyre parameters.

By using the flat track tyre test stand
in the evaluation environment described,
tyre and vehicle manufacturers and engi-
neering partners can save costs and above
all development time. Tyre measure-
ments on a flat track tyre test stand will
be standard in the future, to make re-
sults of measurement and tyre model
parameters comparable. Apart from the
determination of data for the simula-
tion, tyres can be characterised and com-
pared. Beyond that driving dynamics
manoeuvres can be copied and the ca-
pacity of tyres in threshold ranges can be
analysed.

In the context of a consistent develop-
ment of the application range blow bar
tests and footprint measurements are al-

ready accomplished at the flat track tyre
test stand. These fulfil - amongst other
things - the purpose to determine pa-
rameters for tyre models from the com-
fort division as for example “RMOD-K” [6]
or “FTire” [7]. The conversion and evalu-
ation software is enhanced with the tar-
get to supply consistent parameter data-
sets also for comfort tyre models at the
push of a button.
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Hyundai Genesis with
Automatic Windshield
Defogging System

Excessive windshield fogging is not only a safety hazard but is also a major consumer concern in
the automotive industry. One of the key features of an automated system is its ability to maintain a
pleasantin-cabin atmosphere and provide an unobstructed forward visibility for the driver. Hyundai
has developed an automatic defogging system by integrating a sensor that detects fogging into
the conventional climate control and embedding a defogging control logic in the controller’s
Mmicroprocessor.
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1 Introduction

The fogging of the car’s windshield ob-
structs the forward visibility of both the
driver and the front passenger and is
widely considered by many as a major
motoring safety hazard while driving or
changing lanes. In addition, “excessive
windshield fogging” tops the Initial Qual-
ity Study list, indicating that the prob-
lem is not only a safety hazard but is also
a major consumer concern. Windshield-
fogging-related consumer complaints are
attributed more, however, to the con-
sumers’ unfamiliarity with defogging
systems than to the actual performance
of the systems themselves. In fact, sur-
veys have shown that a vast majority of
motorists either never use their cars’ de-
fogging systems or use them inappropri-
ately. It stands to reason then that if the
automated defogging system is properly
operated before the driver attempts man-
ual control, both the driver’s safety and
the passenger’s comfort would be fur-
ther promoted.

2 Auto Defog System Design

The Fully Automatic Temperature Con-
trol (FATC) Heating, Ventilating, and Air
Conditioning (HVAC) system in most ve-
hicles on the road today was designed to
maintain the interior temperature at the
user-selected level and is incapable of pro-
viding an effective solution to defogging
the windshield. For this reason, the driv-
er constantly manually adjusts the HVAC
system to defog the windshield. As a solu-
tion, an automatic defogging system can
be devised and implemented if the HVAC
functions are properly operated by inte-
grating a sensor that detects fogging into
the conventional FATC HVAC controller
and embedding a defogging control logic
in the FATC controller’s microprocessor.
The key feature of this automated sys-
tem is its ability to simultaneously main-
tain a pleasant in-cabin atmosphere and
provide an unobstructed forward visibili-
ty for the driver. Even if a defogging sys-
tem were capable of detecting fog build-
up in advance and automatically start to
defog the windshield, all would be for

naught if the system were incapable of
providing similar levels of interior-tem-
perature comfort as the conventional,
non-automated defogging HVAC systems
can perform. This means that the develop-
ment of an actuator that would independ-
ently open and close the defrost door
without sacrificing the HVAC system func-
tionalities was needed, as well as the de-
tail tuning of outdoor conditions (specific
dehumidification factor algorithms) in
connection with door opening level.

This was the result of the efforts to
minimise the structural changes to the
HVAC and to achieve the independent
control of the defrost door. The defrost
door shaft was separated from the exist-
ing operational structure of a cam oper-
ated mode door actuator. The separate
actuator was added to the door shaft in
order to enable the automatic defogging
system to independently control the de-
frost door.

The basic concept and mechanism of
the automatic defogging system present-
ed herein are shown in Figure 1. The sys-
tem is made up of a sensor that measures
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O Windshield fog sensing and automatic HVAC control

Windshield fogging

Defog sensor and
Control logic

HVAC activation

Fog and temperature control

Windshield fogging prevention
and interior comfort maintenance

= Safe Driving, improved 1QS and comfortable cabin

Figure 1: Auto defog system concept
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Figure 3: Windshield defogging strategy

the surface humidity of the windshield,
a controller that analyses the obtained
data to determine the presence of fog on
the windshield and an actuator that acti-
vates the HVAC defrost door, Figure 2.

2.1 Defog Sensor

The standard method of measuring wind-
shield condensation involves taking hu-
midity and temperature readings from
the air near the windshield to derive the
dew point on the windshield surface. In
contrast, the presented system utilises a
sensor that takes direct readings of the
windshield surface condensation and cal-
culates the relative humidity based on the
lead electrode capacitance change. This
sensor detects windshield fogging much
quicker and features a Proportional Inte-
gral Derivative (PID) control algorithm
that adjusts the measurement basis points
for accurate sensing when sudden chang-
es in humidity occur.

30  ATZ0312009 Volume 111

As interior-air stream, air discharge di-
rection, temperature, passengers, and
various other elements affect windshield
condensation, different readings may re-
sult, depending on the position of the sen-
sor. This requires the configuration of the
sensor position and a baseline windshield
condensation level that will trigger the
HVAC. The defog sensor in the developed
system was positioned behind the rear-
view mirror, on the cabin side of the
windshield, considering the driver’s view,
solar radiation, and interior aesthetics.

3 Control Logic Calibration

3.1 Automatic Windshield

Defogging Strategy

During normal operation, FATC HVAC
systems with an automatic defogging
feature control the cabin temperature
using only the panel or floor ventilation

and not the defrost feature, as control-
led by an automatic cabin temperature
control logic.

When an increase in windshield hu-
midity is detected, the system initiates a
defogging strategy, Figure 3, and then re-
turns to cabin temperature control logic
when the targeted windshield humidity
level is reached. This process is repeated-
ly done according to the varying circum-
stance. Once a defogging strategy was es-
tablished, the following criteria were op-
timised considering the environmental
conditions, weather, number of passen-
gers in the vehicle, and HVAC operation:
1. baseline humidity levels for defogging

initiation and termination

- initiation: maximum humidity, at

which point the windshield con-
densation cannot be read

- termination: considering fuel effi-

ciency and comfortable tempera-
ture maintenance
2. intake door moves from recirculation

(inside air) to fresh (outside air)

3. air/conditioning (A/C) activation point
and level

- considering the defogging duration

(efficiency) and fuel efficiency
4. blower speed adjustment
- considering the noise and passen-
ger comfort
5. max defrost
- high defogging efficiency.

3.2 Independent Defrost Control and
Linked Airflow Control

Independent defrost control opens and
closes the defrost door independently
while maintaining the panel and floor
doors as they are, variably controlling
the air flow at the windshield to control
both windshield defogging and passen-
ger comfort. The feature increases the
defrost door opening as the windshield
humidity level rises, thereby increasing
the airflow at the windshield. The rela-
tive decrease in panel and floor airflow
that results from this increase in the air-
flow at the windshield is compensated
with increased blower output to further
ensure passenger comfort and wind-
shield fogging prevention, Figure 4 a.

3.3 Variable Compressor Control and
Linked Temp Door Control

The variable control of the compressor
based on the windshield humidity level

personal buildup for Force Motors Ltd.



Incressed
delrost airflow

Mlaintained
Panel girflow

minimises fuel consumption. In addition,
the compressor is linked to the tempera-
ture door operation to prevent an exces-
sive drop in discharge air temperature
during compressor operation, thereby pre-
venting secondary frost/mist formation on
the windshield’s exterior, Figure 4 b.

4 Performance Tests

The performance of the presented auto-
matic defogging system was tested under
various weather conditions and HVAC
operation in both laboratory (rain cli-
matic wind tunnel and cold ambient cli-
matic wind tunnel lab) and field.

Increased blower airflow

() Defrost door opened more = mercased blower outpul

Comfort air

Heate
CON® Coldair

4.1 Rain Conditions at the Seasonal
Transitions (Rain Climatic Wind Tunnel)
Figure 5 shows the results of the defog-
ging and interior temperature control
performance comparison tests conduct-
ed on the vehicle with the automatic de-
fogging system and the vehicle without
the automatic defogging system under
rainy conditions at seasonal transitions.
The activation of the HVAC system as
the windshield started to fog up resulted
in quicker defogging in the vehicle
equipped with the automatic defogging
system than in the vehicle without an
automatic defogging system. A/C opera-
tion alone, however, prevented wind-
shield fogging in both vehicles, indicat-

GLASS HLAMIDITY (WITH AUTO DEF Berrrrr=grrrm ====*= OO CTR
GLASS rql,,-u:n .—-'.'.u!:')l ALTD nIEF: fm——— r"“' TEMF wo
100 b= _ w
. 80
80 LA
E, \ ".'rn,."l'
s !
T e | 50 &
5 &0 PR i L L E
2 8
> o
& oFs AUTO  REC ACOFE AUTO 40
3 40 < >« ><>PT > >
w AMB DOWN
] S e el e
s, e e
20 ity e 4
0 0

TIME

Figure 5: Performance comparison under seasonal transition rain conditions

(rain wind tunnel)

Figure 4: Defrost door and
blower air flow control

Temp Door

(b) Compressing & Temp door activale

ing that interior dehumidification alone
is capable of suppressing windshield fog-
ging with mild ambient temperature
(outside temperature: 20 °C) conditions.

When the driver deliberately turned
off the A/C (to reduce fuel consumption)
and when the outside temperature was
decreased from 20 °C to 0 °C, the vehicle
that was not equipped with the automat-
ic defogging system experienced an in-
crease in windshield condensation to the
point of obstructing the forward visibili-
ty for the driver. In the vehicle equipped
with the automatic defogging system, on
the other hand, the automatic control of
the A/C compressor according to defog-
ging logic prevented windshield fogging
and thus maintained clear and unob-
structed forward visibility for the driver.

A drop in the outside temperature re-
sults in a sudden increase in windshield
condensation, even if the absolute humid-
ity inside the cabin remains constant. In
the test vehicle equipped with the auto-
matic defogging system, however, the de-
frost air flow and temperature control
were able to prevent windshield fogging.

The continued operation of the auto-
matic defogging system was able to con-
stantly maintain the driver-configured
temperature level inside the cabin and
thereby maintain a pleasant cabin envi-
ronment, Figure 5.

4.2 Winter Conditions

(Cold Climatic Wind Tunnel)

Figure 6 shows the results of the dehu-
midification and interior-temperature
control performance comparisons that
were conducted under winter conditions.
Typically, in winter conditions custom-
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Figure 7: Field test on Korean roads (rain conditions)

ers use Fresh Mode and Air Conditioner
Off. To simulate these conditions the sys-
tem was evaluated in the Fresh Mode
with the Air Conditioner Off and only
the performance in Auto mode was used
for the comparison.

(o) Without Auto Defog

The vehicle equipped with the auto-
matic defogging system was able to re-
move the windshield condensation and
to maintain unobstructed forward visi-
bility for the driver at the 0 °Cand -10 °C
outside-temperature. The vehicle with-

(b Wiih Ao Defog

# lmproper svstem operation or unfmiliar contred
< Windshicld fogging and driving safety hazard

# Automatic HYAC operation
=2 Clear forward visibility

Room temp 23-25 T
# Optimal HYAC control

= Maintained passenger comfort
with proger room temp

Figure 8: North American testing (outside temperature: -5 °C to 5 °C)
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out an automatic defogging system, on
the other hand, was unable to defog the
windshield.

When the auto defogging system was
activated with frost formed on the win-
dow (outside temperature:-20 °C), partial
frost remained along the edges of the
window but the system did provide suf-
ficient forward visibility. The automatic
system was able to appropriately control
the HVAC system in the defogging and
defrost sections so that it can sufficiently
maintain the cabin temperature.

4.3 Field Test: Rain Conditions at the
Seasonal Transitions on Korean Roads
Upon the completion of the automatic
defogging system’s primary develop-
ment using a climate wind tunnel, the
vehicle was tested under real-world con-
ditions on Korean roads (highways and
local) and in the rain. The results of the
field test confirmed the wind tunnel
findings: The system was able to prevent
windshield fogging well in advance,
even with the A/C unit turned off, and
was able to provide unobstructed for-
ward visibility to the driver, Figure 7. In
addition, passenger comfort was superi-
or with the automatic defogging system
activated.

4.4 Field Test: Winter Conditions on
Californian Roads

A test was conducted along the Califor-
nian roads to verify the system’s perform-
ance and whether it meets the strict
standards for different weather condi-
tions around the world. As shown in
Figure 8, the system faired well both in
terms of windshield fogging prevention
and passenger comfort maintenance.

5 Conclusion

An automatic defogging system was de-
veloped by minimising the changes to
the HVAC, incorporating a windshield
surface humidity sensor, and creating an
automatic defogging strategy. This sys-
tem is capable of providing unobstructed
forward visibility to the driver and of
maintaining passenger comfort. The sys-
tem’s excellent performance was con-
firmed via field tests in Korea and Ameri-
ca. Once proven, the system was incorpo-
rated into Hyundai’s Genesis. |
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DEVELOPMENT Exhaust System

Modified Dang Van Approach
for Fatigue Estimation
of Exhaust Systems

For the estimation of the service life of an automotive component like the exhaust system suffering high cycle
fatigue in the case of multiaxial stress a simple calculation approach was developed by Tenneco. The generally
used Dang Van fatigue model is modified so that it can be used for the prediction of the high cycle fatigue life with
the help of stress solution from FEM simulation. The proposed approach is successfully applied at Tenneco.
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1 A Brief Outline of the
Dang Van Life-cycle Criterion

Fatigue life estimation is one of the main
tasks in designing of an automotive
structure under cyclic loading. In the
past decades, the stress-life method and
strain-life method have been widely
adopted in engineering practice. The
first one is based on the SN-curve and the
second one on EN-curve.

When a structure undergoes high cy-
cle fatigue (HCF) that means, the ampli-
tude of the load is low and number of
loading cycles is very large; the stress
level in the structure is low and the de-
formation is elastic. When the amplitude
of'loading is so large that the material is
in plastification, a structure may fail af-
ter few thousands of loading cycles. In
this case the structure undergoes Low
Cycle Fatigue (LCF) and the strain-life
method is used for the life estimation.
These methods are simple and the SN-
curve and EN-curve can be easily obtained
from cyclic tension-compression and cy-
clic torsion tests. However, because these
curves are of uniaxial in nature, these
methods must be extended for the multi-
axial stress state.

Several models were proposed for the
judgement of fatigue occurrence in the
material in the case of multiaxial cyclic
stress, for example, Crossland model,
Sines model and Dang Van model, etc.
These models are based on the concept
of critical plane, which represents the
critical site in the material for the onset
of damage based on some criteria [1].
The basic idea of Dang Van model is that
fatigue damage in the material occurs,
when a linear combination of shear
stress and the instantaneous hydrostatic
pressure excesses a certain value. Dur-
ing the first loading cycles, some misori-
ented grains in the material undergo
plastic deformation. Consequently these
grains workharden and a stabilized
stress state is reached after a while. If
this stabilised stress is below a thresh-
old, no fatigue occurs. The Dang Van
model can be represented by the equa-
tion:

Traps<f Eq. (1)

Here, 7 is the maximum shear stress and
p is the instantaneous acting hydrostatic
stress. Both of them are determined by
local stress or microscopic stress analy-
sis, o and S are parameters [2]. The local
stress is determined by Eq. (2):

0, =Ay X, *p; Eq.(2)
Here, o, and X, are microscopic stress
and macroscopic stress (engineering
stress) respectively, and A, is the localisa-
tion tensor correlated to the microstruc-
ture, p, is the residual stress in grains in
the material.

Obviously, it is very difficult to deter-
mine the microscopic stress. In engi-
neering practice, FEM calculations are
standard procedure for the determina-
tion of the stress in a structure. Because
of time pressure and budget limit, no
one in the industry can (normally) af-
ford the luxury to find out the micro-
scopic stress between grains in the ma-
terials through complicated and time
consuming calculations. Therefore, in-
stead of microscopic stress, engineering
stress was used to formulate the Dang
Van model [3]. In present paper we use
macroscopic stress to formulate a modi-
fied Dang Van model. Below, we do not
distinguish microscopic and macro-
scopic stress any more.

2 Modification of the Dang Van Model

The SN-curve for cyclic tension-compres-
sion gives:

o=0'(NJo Eq. (3)

ois the normal stress amplitude, N, ; is the
number of loading cycles to failure. o'
and b_are the fatigue strength coeffi-
cient and the fatigue strength exponent
respectively. Similarly, the SN-curve for
cyclic torsion is written as Eq. (4):

=1 (NJ* Eq. (4)

where 7is the shear stress amplitude, 7',

and b, are shearing fatigue strength coef-
ficient and the fatigue strength expo-
nent respectively. Normally, the fatigue
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Figure 1: Schematic representation of the modification. Left: typical SN-curves for cyclic
tension-compression test (o) and cyclic torsion test (7); right: Modified Dang Van limits

corresponding different number of loading cycles

strength is defined as the stress level o,
below which the material can withstand
a certain number of loading cycles N, for
instance, 5 x 10°. When the normal stress
level is o, the fatigue life N,(0) can be cal-
culated from Eq. (3) to Eq. (5):

N(0)= N[ ]! Eq. (5)

Similarly, we get Eq. (6) from Eq. (4):

N(@=Nz| Eq. (6)
The parameters in Dang Van criterion
are determined by [3] to Eq. (7):

Eq. (7)

The fatigue strength o and 7, are deter-
mined by cyclic tension-compression and
torsion tests. Thus, they are of macroscop-
ic in nature. The Dang Van criterion,
t+oap=p, Eq.(8)
can only be used to judge whether fa-
tigue occurs in the material. However it
cannot be used to calculate the service
life of a structure if fatigue occurs. In or-
der that Dang Van criterion can be used
to estimate the fatigue life of a structure,
it can be modified as following.

For a certain number of loading cycles
N, above which the material fails, the
corresponding stress level can be calcu-
lated from Eq. (5) for cyclic tension-com-
pression test and from Eq. (6) for cyclic
tension test respectively. If these stress
levels are used to determine the param-
eters o and Sin Eq. (8), they can be writ-
ten as functions of the number of load-
ing cycles with regard to fatigue failure:
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br Eq.(9)
|

Substituting Eq. (9) into Eq. (8) we get the
modified Dang Van model with Eq. (10):

b.-b,
T+ 31}%)1- U—E
o |N 2

Nf bz
p-slyl Eao
The FEM solution of a structure gives the
stress field o from which we can easily
get the Eq. (11):

1 1
1=5(0'1— 0'3),p=§(o'1 +o,+0) Eq.(11)

Here, 0,, 0, and o, are the principal stress
components. Substituting Eq. (11) into
Eq. (10) and solving for N, we get the fa-
tigue life of a structure in multiaxial

stress state. If b_=b_=b, we can easily get
Eq. (12):

T+op
%

N=N i Eq. (12)

!

Figure 1 is a schematic representation of
the modification. The left panel of figure
1 represents the typical SN-curves for cy-
clic compression-tension test and cyclic
torsion test. The stress levels, below
which the material can survive a prede-
fined number of loading cycles N, are de-
fined as the fatigue strength o; and 7.
From Eq. (7) and Eq. (8) the Dang Van
limit can be determined, as shown by
line N in the right panel. For two arbi-
trary numbers of loading cycles N, and
N,, Eq. (10) can be used to calculate the
corresponding Dang Van limits, as shown
by lines N, and N, in the right panel of
Figure 1. For a loading path shown in the
right panel of figure 1, the service life of
the material is between N and N,,.

3 Example of Application

A user subroutine is developed for the
commercial FEM solver Abaqus so that it
is able to estimate the fatigue life of a
structure by using the modified Dang
Van model presented in this paper. In or-
der to investigate the fatigue behaviour
of a structure experimentally, compo-
nent tests are usually performed in auto-
motive industry. Figure 2 shows the finite
element model, which simulate the com-

Figure 2: Setup of the component test of a front muffler and FE model
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ponent test of a front muffler in the ex-
haust system of a car. The muffler is
clamped on outer shell at positions
marked by the yellow nodes. A cyclic
force of 3000 N in amplitude is applied
at the end of inlet pipe.

The muffler is made of ferritic stain-
less steel. It is widely known that fatigue
failure occurs most probably in welding
area. According to fatigue test results by
using welded samples of this material,
the fatigue strength of welding area at
room temperature is 0;=89.7 MPa and 7
= 67.6 MPa, under which the material
can withstand N = 5 x 10°¢ loading cycles.
Corresponding parameters b_and b, are
specified to-0.219 for the FE analysis. The
resultant parameter a in Eq. (12) is 0.76.

The results by using the modified
Dang Van model are illustrated in Figure 3,
which present the calculated fatigue
life of the front muffler. Based on the
FEA, the earliest incipient crack occurs
at the intersection area between the
outer shell and the inlet plate after
1.135 x 10° cycles. The other critical are-
as, for example the intersection between
inlet pipe and weld seam as well as the
fillet of inlet plate, can withstand
3.2 x 10° cycles approximately. The are-
as, where the fatigue-life is greater than
N =5x10° can be regarded as fatigue
endurable.

4 Concluding Remarks and Outlook

The Dang Van model can only deter-
mine whether fatigue occurs in a mate-
rial under certain loading. Nevertheless
itis not able to predict the fatigue life of
the material. In this work by Tenneco,
the Dang Van model is extended by us-
ing the formulation of SN curve, so that
the prediction of fatigue life is avail-
able.

Additionally, the modified Dang Van
model is applied together with commer-
cial FEA software to predict the fatigue
life of real mechanical components re-
garding HCF component tests at Tenneco.
In future work, this model will be fur-
ther improved to estimate the fatigue life
of an exhaust system under dynamic
loading in the frequency domain.
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[4] Zhou, S.; Wang, Y.; Feisst, P; Salomon, Ph.: Engine
Model for Dynamic Simulation of Exhaust Systems
Derived from Measured Data. In: ATZ Worldwide
110(2008), No. 11, pp 40-44
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3D Simulation Environment
for Haptic Sensor and Actor
Components in the Cockpit

Can automobiles forewarn the driver of dangerous situations and how could that information be
communicated? How intuitive are control elements with integrated tactile feedback compared to visual
and acoustic signals? To test deployability, acceptance and road capability of actuators designed for
driver assistant systems or as control elements during driving situations, a modularly configurable 3D
simulation and visualization environment with integrated automotive cockpit has been developed by the
Institute of Computational Engineering at the Karlsruhe University of Applied Sciences (Germany).
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1 Introduction

In modern automobiles, the driver is ex-
posed to a multitude of visual and acous-
tical signals, which are emitted by signal
lights, control elements and displays fit-
ted in the dashboard or the centre con-
sole. This helps the driver to cope with
difficult traffic situations as safely as pos-
sible. Additionally, vehicles are equipped
with more and more functionality, as
drivers demand more and more comfort.
Thus, the flood of information, the driv-
er is exposed to, steadily increases and
due to excessive demands from the hu-
man perception; the risk potential dur-
ing driving is raised.

New ground is broken in the area of
automotive development by communi-
cating signals and information via hapti-
cal sensations like vibration, tempera-
ture or counterforces [1-4]. The research
project “HaptICS Haptical Interface Com-
munication System”, which is presented
here by the Karlsruhe University of Ap-
plied Sciences, explores, in what ways
the heavily burdened optical and acous-
tical senses can be relieved by means of
haptical signals to further address safety
and comfort issues.

2 Lab Environment

In addition to the analysis of concepts
for driver assistant systems, the devel-
oped experimental platform provides a
comfortable environment for integrat-
ing control elements with newly de-
signed surface structures and materials
or with special feedback signals in the
vehicle cockpit and automatically evalu-
ating its effect on groups of human test

subjects. Examples of such controls are
touchable surfaces combined with Pelti-
er elements, which allow the user to feel
the set temperature or knobs, which re-
port the tuned in radio channel via vi-
brations. The relevance of the various
controls is investigated through techni-
cal measurements and ascertainment of
the human perception within prepara-
tory studies, Figure 1. Driver assistance
systems are designed to alert the driver
to potential dangers such as tailgating
or speeding through tactile feedback via
the steering wheel, pedals or integrated
into the seat.

The lab environment consists of the
software environment with a configura-
ble driving simulator, the three-screen
projection environment (cave [5]) and an
expandable cockpit. This setup allows the
recording of changes in behaviour of the
test subjects, resulting from use of vary-
ing actuators and signals. Thus, expensive
and time-consuming experiments con-
ducted with real vehicles in traffic, which
bear higher safety risks and lower repro-
ducibility, can be avoided.

A user-friendly interface enables the
operator to conduct reproducible, freely
configurable traffic experiments with
the test subjects. The criteria for the eval-
uation of the driving behaviour can be
configured and combined for, specific
experimental requirements. It is investi-
gated how fast and intensively signals
lead to a change of behaviour of the test
subject by conducting various test series.
All required information, produced by
automotive sensors like distance and po-
sition encoders, can be emulated. To in-
crease the flexibility of tests, a software
program was developed that facilitates
actuating dashboard controls through

Figure 1: Test set-up of the ,Effect Designer” for the generation of force profiles as input
signals (1), which control actuators (3) via a computer (2); the feedback is measured and
validated either through sensors (4, 5) or human perception (6)
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individual force profiles. The resulting
reaction time of the driver in relation to
the specific traffic situation and to the
haptical output signals is then digitally
recorded and evaluated.

2.1 Driving Simulator
The driving simulator visualizes various
scenarios like city, highway or country
road traffic with adjustable courses, traf-
fic density, border conditions and land-
scape scenarios. To produce an accurate
depiction of reality, the application is
constantly extended with features like
darkness and atmospheric conditions.
The driving simulation is based on the
open source carracing simulator Torcs
[6]. In addition to a realistic 3D visualiza-
tion, the software models accurate vehi-
cle physics as well as interactions with
the simulated environment. During the
evolution to a traffic simulation, a track
generator was implemented, which al-
lows modeling intersections. Basic traffic
rules like right-of-way, priority roads, au-
tonomously moving vehicles, traffic sig-
nals, multi-lane roads, grade-free cross-
ings, night scenarios and speed limits
were added.

The simulation environment includes
a graphical display system, which facili-
tates delivering audiovisual signals to
the test subjects. Thanks to the modular

42  ATZ 0312009 Volume 111

architecture, it becomes possible to carry
out contextrich simulations and to pro-
duce situations like convoys of cars or
the well-known lane change test by
means of combining appropriate vehi-
cles and audiovisual signals [7, 8]. The
integration of the simulation environ-
ment into the layer-oriented software
model permits coupling the sensor-actu-
ator control elements mounted in the
cockpit with the driving simulation.
Within the driving simulation, events
can be defined, which drive the actua-
tors with pre-defined, freely selectable
force profiles while following certain
logical rules.

2.2 Three-screen Projection
Environment

A projection environment consisting of
three projection screens has been con-
structed to display images produced by
the driving simulation software, Figure 2.
Reverse projection and stereo view tech-
nology is utilized. Behind each screen,
two video projectors are located. In front
of the projector lenses, reversely polar-
ized filters are installed, which allow
producing different images for both eyes
with the aid of special glasses. Due to the
two images being constructed with a
slightly displaced point of view, a 3D illu-
sion is achieved.

Figure 2: Schematic of the 3D projection room
(cave) consisting of three back-projection
screens with the dimensions 270 x 270 x 200 cm,
six video projectors with circular polarization
filters, six PCs, a surround sound system and the
vehicle cockpit integrated in the centre

With a camera system integrated in
the cave and with the appropriate soft-
ware, the individual position and direc-
tion of view of the test persons can be
determined. The actual composition of
the images is carried out by three pow-
erful computers, which are intercon-
nected to a single “display wall” via an
X-server. This technology abstracts from
the six projectors and thus hides the
physical configuration from the simu-
lation software.

The installation includes a six-chan-
nel audio amplifier that reproduces
the sound characteristics of the simula-
tion by means of five satellite speakers
and a sub-woofer. The dedicated audio
channels allow for audible reproduc-
tion of moving sound sources such as
passing vehicles.

2.3 Expandable Cockpit
For the primary application of testing
input and output devices, the expanda-
ble vehicle cockpit features a dashboard,
a centre console, accelerator, brake and
clutch pedals, a shift lever, a steering
wheel and a display behind the steering
wheel, Figure 3. At the driver’s side, a
seat was installed obeying realistic di-
mensions.

The display shows the speedometer
and tachometer gauges as well as an ar-
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Figure 3: Cockpit design with steering wheel, dashboard and centre console featuring a
vibrating, turnable knob (1) and a Peltier element with controllable temperature output (2);
actuators can be connected to the components, which can be analyzed with respect to

alteration of the driving behaviour within test series

Htwork

)

ﬂmrlﬂumn.rb]

Figure 4: Software model: signals originating from input devices of the driving simulation are

received via ports belonging to the hardware abstraction layer; the input data are pre-processed

in the device layer, which also defines events used within the logical layer; the output devices

are then controlled accordingly using force profiles from the effect catalogue

bitrary number of signal lamps, which
can be controlled by the simulation en-
vironment. The centre console contains
mounting system, which can be used to
secure input and output devices utilized
during test sessions.

3 Software Model

The software model facilitates a concert-
ed design of test scenarios, traffic situa-
tions as well as combined events and al-
lows adjusting requirement profiles for

the implementation of test sessions for
the evaluation of actuators with feed-
back. Input and output devices can be
replaced or reconnected through the
hardware abstraction layer [9]. Due to the
layered design and the modular interface
architecture, Figure 4, test scenarios can
be devised.

The hardware abstraction layer pre-
pares incoming signals for applications
within the program. The sensor layer in-
terprets the data within their context
and detects changes, which are relayed
as events. The logical layer reacts on
these events and starts effects that are
stored in an effect catalogue. An effect is
defined through its force profile and the
corresponding duration and intensity.
The applications “Curve Editor” and
“Timeline Editor” allow for a user-friend-
ly design of force profiles. The signal
output control is performed by the ac-
tuator/effect layer, which passes control
commands on to the hardware abstrac-
tion layer. There, the commands are con-
verted into corresponding control sig-
nals for the actuator device. The configu-
ration of the software model is based on
the XML format.

The hardware abstraction layer han-
dles the communications between the
software model and the connected sen-
sors and actuators. To facilitate replace-
ment of components, the hardware ab-
straction layer provides proxy objects for
each sensor (InPort) and for each actua-
tor (OutPort). Figure 5 shows the class
structure in the hardware abstraction
layer. For network-transparent communi-
cations, it is possible to create network
proxy objects that do not communicate
directly with an actuator or sensor. In-
stead all data are sent to and are received
from the control computer.

The sensor layer accepts analyze sig-
nals dependent on its origin. Context-de-
pendent conversations like linearizations
are performed and incoming data are
tested for exceedance of defined upper
and lower boundaries, which are re-
sponded to by the generation of events.

The logical layer is the head of the sys-
tem. Here, all events (for example going
below the safety distance) are received
and are interrelated with actions (for ex-
ample vibration of the steering wheel).
With this scheme, events, variables and
control commands can be linked to form
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Figure 5: Class structure in the hardware abstraction layer

event chains, which allow for contextin-
dependent initiation of effects to analyze
the reactions of the test subject.

An effect is a complex output sent to
a device and can consist of a combina-
tion of superimposed force curves. With
the help of the software “Curve Editor”,
Figure 6, effect curves can be created
with the help of a graphical user inter-
face as follows: A set of points is created
and an approximation algorithm for in-
terpolating the points is selected. This
concept enables to generate arbitrary
curves.

The application “Timeline Editor”
provides the means to combine effect
curves created earlier. Transformations
like curve stretching or compression
can be applied. A sequence generated in
this manner can be assigned to an out-
put device. An effect is a collection of an
arbitrary number of sequences. The two
applications “Timeline Editor” and
“Curve Editor” constitute the software
suite “Effect Designer”. Each of the cre-
ated effects is stored in the effect cata-
logue and is available within the soft-
ware model. Thus, it is possible to start

oo

Figure 6: User interface of “Curve Editor” for the creation of force curves, which includes

capabilities such as generation of additional points and modification of local curvatures
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and stop effects as well as to modify the
parameters such as intensity and dura-
tion.

4 Typical Usage Scenarios

Typical usage scenarios include users of
the software specifying criteria such as
deviation from the ideal lane position,
distance to the vehicle ahead, reaction
time, curb distance, speed, acceleration,
steering angle as well as accelerator and
brake pedal usage. During test sessions
with human subjects, indicators and
static data covering the driving behav-
iour during operation of actuators can
be collected and analyzed. With the aid
of'a graphical user interface, the scenari-
os can be prepared and configured to
meet specific requirements. The evalua-
tion of the driving performance can be
derived from a single indicator or from a
combination of several indicators.

All evaluation tools are collected in a
software library and apply various de-
fined operations such as smoothing,
derivations, integrations, comparisons
and detection of extrema to the recorded
telemetry data. Due to the possibility of
combining several of those tools to a fil-
ter chain, statistically relevant data can
be derived easily. All evaluation process-
es use standardized file formats, which
allow importing data into generic, well-
known analysis tools.

As an example for a test series, a mul-
ti-lane circuit was created. The task was
to recreate the arbitrary lane changes of
a vehicle being pursued. Through a ran-
domly triggered optical signal, the sub-
ject was instructed to operate a turnable
knob. The deviation from the specified
lane to drive on was used as the evalua-
tion criterion.

Figure 7 depicts the statistically aver-
aged comparison between a circuit
driven with tactile (vibration) and one
driven with optical feedback. The eval-
uation of the test series yielded a 36 %
reduced deflection from the specified
lane when using tactile feedback as op-
posed to optical feedback.

The current results of the test series
for haptical components have been ob-
tained in a statical cave environment.
They do not account for vestibular
properties.

personal buildup for Force Motors Ltd.



Figure 7: The difference of the amount deviation
A=|dhapt|- | dopt|from the ideal lane speci-
fied by a vehicle being followed during random
operation of a turnable knob with haptical and
optical feedback, respectively, is plotted as a
function of the driving time; the value dhapt, opt
denotes the distance of the driven course with
respect to the ideal lane for operating actuators

0 50 100
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time [s]

5 Future Prospects

The integration of multiple touch-screen
displays into the centre console and be-
hind the steering wheel is planned,
which will provide a platform for the
emulation of driver assistance systems.
The 3D simulation and visualization en-
vironment as well as the software model
will be made available to industrial as
well as academic users to evaluate the
use of actuators with acoustical, visual as
well as tactile feedback as driver assistant
systems or control elements [10, 11].
Furthermore the set-up will be used
to investigate the effect of components
with differing product designs such as
surface materials on human subjects. Be-
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cause of the very generalized and modu-
lar software model, the driving simula-
tor can be replaced with other simula-
tion software. Thus, the simulation and
visualization laboratory at the Karlsruhe
University of Applied Sciences provides a
flexible and versatile environment, pro-
viding a wide potential into other fields
of application, which are not limited to
the field of automotive technology. Con-
ceivable applications are, among others,
home automation.
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Efficient Calibration of
Automatic Transmissions on the
Roller Dynamometer

The transmission hecomes more important in terms of evaluating emissions, drivability and comfort. These devel-
opments have caused an increase in the complexity of the transmission control units of automatically shifting
transmissions (automatic transmissions, dual-clutch transmissions and automated manual transmissions) for more
than twenty years. Additionally, the increasing popularity of these transmission concepts in all markets leads to
more vehicle-engine-transmission combinations which have to be calibrated. The growing effort also means that
more personnel and longer calibration times are required, which thus results in higher development costs. The
Institute of Automotive Engineering of the Technische Universitdt Braunschweig (Germany) describes methods
and tools to reduce the effort for TCU calibration in terms of shift comfort by means of efficient transmission
calibration on a roller dynamometer.

46  ATZ 0312009 Volume 111



1 Introduction and State of the
Art of Shift Quality Optimisation

The state of the art of the parameter ap-
plication of transmission control units
(TCU) is characterised by road tests and
the subjective evaluation of shift quality
and measured variables recorded by the
application engineer. ‘Shift quality’ here
includes shift comfort and shift sponta-
neity, which significantly affect the sub-
jective shift evaluation [1, 2]. Shift com-
fort mainly results from perceptible shift
shocks, while shift spontaneity relates to
the reaction time of the transmission
and the shifting time. Both criteria can

be evaluated with ratings from 1 to 10,

for example with the ATZ scale [3].

At present, the so-called control pa-
rameters (CP) of the TCU, which deter-
mine the shifting process of the various
types and operating conditions, are ad-
justed manually by means of an applica-
tion laptop in accordance with the engi-
neers’ experience until an optimal pa-
rameter combination is found. Figure 1
shows this “control loop” of transmis-
sion calibration.

Three points, which offer significant
improvement potential in terms of an ef-
ficient calibration process and which
have to be considered, can be identified
in the control loop:

1. If a person evaluates shiftings, the
evaluation is subjective and not repro-
ducible; it is therefore essential to
evaluate shiftings objectively.

2. Road tests do not provide the neces-
sary requirements for reproducible
shifting results. For this purpose, the
tests have to be done in a lab on a roll-
er dynamometer. This in addition to
objective evaluation routines already
allows the documentation of the shift
quality at all operating points as well

as manual transmission application
on the roller dynamometer.

3 The manual optimisation of the con-
trol parameter adjustments requires a
lot of time. The global optimum can
hardly be achieved in the manual cali-
bration process. The use of model-
based processes and intelligent opti-
misation strategies ensures the deter-
mination of the global optimum in a
short time.

The last point — automated transmis-
sion calibration on the roller dynamom-
eter - requires the correct implementa-
tion of points 1 and 2. This means that
the spread of subjective human evalua-
tions has to be eliminated through an
objectification of the shift quality. At
the same time, it has to be guaranteed
that approaching the operating condi-
tions is reproducible. A software-con-
trolled change in the TCU parameters is
necessary here. Figure 2 represents the
four points of efficient transmission
calibration on the roller dynamometer,
which will be explained in the follow-
ing sections.

2 Objectification of Shift Quality

Vehicles with automatic transmissions
are considered as particularly critical in
terms of shifting behaviour by the trade
press as well as by the customer. The
changes in longitudinal acceleration ap-
plied to the car seat are regarded as the
main parameter which influences the
subjectively perceived shift comfort. On
the other hand, the shift spontaneity,
which describes response time of the
transmission as well as shifting time, is
determined by speed developments at
the transmission input and output. Vari-
ous characteristic variables, so-called ob-

Syetern vehicle and automasc ransmission

Figure 1: Control loop of transmission application
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Figure 2: Four points of efficient transmission calibration

jective parameters, are derived in the
first point “objectification of shift quali-
ty” from the measurement signals.

2.1 Longitudinal Vibration Feeling

In the scope of extensive studies at the In-
stitute of Automotive Engineering of the
Technische Universitdt Braunschweig
(Germany), the human perception of lon-
gitudinal vibrations on the car seat was
analysed with regard to the objectifica-
tion of the shift comfort [1]. The frequen-
cies can be perceived in particular range
between 2 and 9 Hz. This detection allows
low-pass filtering of the measurement sig-
nal to identify the objective parameters
which are relevant for the shift comfort
from the time and frequency range of the
longitudinal vehicle acceleration. The vi-
bration rates which are relevant for per-
ception respectively shift comfort are also
taken into account. The most important
objective parameters determining the
shift comfort include the acceleration
gradients at the beginning and the end of
the shifting process as well as the abso-
lute acceleration difference, which is re-
flected in the peakto-peak value.

Figure 3 represents the measured curves
of longitudinal acceleration as well as
some exemplified objective parameters
for a traction upshift, both for a vehicle
with automatic transmission (AT) and
with automated manual transmission
(AMT). Apart from the objective parame-
ters generated from the acceleration sig-
nal, the deceleration time after electronic
shift request as a spontaneity criteria and
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the shifting time are calculated by means
of the speed signals [1, 4].

Correlation analyses of the objective
parameters with experts’ subjective eval-
uations of shift comfort and shift sponta-
neity [1] resulted in objective rating mod-
els of the following form of Eq. (1):

Objective_rating = f (objective_parameter ,
..., Objective_parameter )
Eq.(1)

Robust identification of objective param-
eters is required for use in practice. The
evaluation algorithms are required to be
robust to detect objective parameters
even in case of misapplications where
signal courses deviate strongly from the
optimum.

2.2 Shift Comfort Assistant

Based on the objective rating models in
Eq. (1), the so-called shift comfort assist-
ant (SCA) was developed, Figure 4. The
SCA consists of a minicomputer with
CAN port and analogue acceleration
sensor. Shiftings are identified by means
of measured CAN signals and are auto-
matically rated objectively. The objec-
tive ratings for shift comfort and shift
spontaneity are displayed in addition to
the measurement signal curves for lon-
gitudinal acceleration and transmission
input speed; the shift comfort rating is
announced at the same time. The sig-
nals of an additional vertical accelera-
tion sensor are used to detect shiftings
where the recording was interrupted by
road irregularities. The recorded meas-
urement variables can be downloaded
for offline analysis.

The SCA is the first step of efficient
transmission calibration since it already
supports the calibrating engineer dur-
ing the manual calibration on the road
by means of objective shift evaluations.
The system at the same time allows the
evaluation of the state of given applica-
tions: shiftings of the same type for dif-
ferent operating points which are re-
corded during test drives are used to
generate a “fingerprint” of the transmis-
sion performance in accordance with a
so-called shift documentation. For this
purpose, a map for shift comfort and
shift spontaneity is generated which
displays the calibration status of the
transmission at all operating points,
Figure 6.

15 25 3
Time [s]

Figure 3: Examples of objective parameters from longitudinal acceleration for shift comfort
objectification of a 1-2 traction upshift for vehicles with AT or AMT
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Figure 4: The shift comfort assistant (SCA)

3 Transfer to the Roller Dynamometer

In the following rig structure and pe-
riphery of the roller dynamometer but
also the presentation of the operating
points should be described.

3.1 Test Rig Structure and Periphery
The transfer of the calibration process
from road to roller dynamometer (road
to lab) is the essential step of automat-
ing the shift quality adjustment. Road
resistance and road grip have to be re-
produced realistically on the test rig. In
addition, it is important to find an alter-
native signal for the longitudinal accel-
eration to evaluate the shift shock,
which is not perceptible anymore due
to the inevitable fixing of the vehicle in
longitudinal direction.

Model
formation

Measurement data

The solution is the measurement of
the traction force in a pendulum support
with load cell, which connects the vehi-
cle to the environment, Figure 5. The tire-
drum contact (big drum diameters are
advantageous) and the system dynamics
for reproduction of the vibrations must
be equivalent to road conditions. The
traction force signal is converted into
theoretical longitudinal acceleration as
it can be measured in road tests (cf. [1]).
Figure 5 shows the structure of roller dy-
namometer, peripheral devices and com-
munication interfaces. The reproducibil-
ity of the shiftings was already proved in
previous publications [1].

Another important part of the test
rig structure is the application measure-
ment system with the possibility of ad-
justing the CP of the TCU in real time

Road resistance

1~

— 5
S 3 {  Rotler

z é_-: | dynansametar |+

']

L]
2 -

=

i

S|

TCU parameter

Measurement dala

-
Traction force

Figure 5: Test rig structure for transmission calibration on the roller dynamometer

that means without flashing, and dur-
ing driving. Apart from varying the con-
trol parameters, the system is used to
measure the TCU signals which are rel-
evant for the shift quality. This for ex-
ample includes transmission input and
output speed, shift signals as well as the
signal of the traction force for the objec-
tification of shift comfort and shift
spontaneity.

3.2 QOperating Points

A shift robot developed at the Institute
of Automotive Engineering is used to ap-
proach the desired operating points,
which are defined by speed and accelera-
tor position. The robot can control the
accelerator position and activate the
shift commands by means of vehicle
state estimation and a learning algo-
rithm. The vehicle state is estimated by
connecting the robot directly to the ve-
hicle CAN. This ensures that gears are
changed at a defined vehicle speed re-
spectively transmission input speed. The
shift command can either be activated
through digital commands to the TCU
without delay or by pneumatic opera-
tion of the shift selector in manual
mode. The learning algorithm ensures
that possible deviations from the shift
speed are compensated.

The driving robot additionally con-
trols the roller dynamometer between
the shiftings to support the change of
operating points in terms of efficient test
rig operation through test rig perform-
ance. A virtual uphill gradient for brak-
ing and downhill gradient for accelera-
tion is used to add to the engine perform-
ance of the vehicle and the service brake
or to replace them, which allows shift-
ings at intervals of 6 to 10 s, depending
on the sequence of operating points. The
gears are changed in the usual way with
real road resistance on level track, but a
gradient can be specified without any
problems. The programming of the driv-
ing robot ensures that the operating
modes are converted precisely, so the en-
gine speed limits are not exceeded.

4 Shift Documentation
The shift documentation is used to repre-
sent the transmission performance

throughout the operating range of the

ATZ 0312009 Volume 111 49

personal buildup for Force Motors Ltd.



RESEARCH Transmissions
| % |
E| Al Accelerator posibor 75.2 %
giLic = OR, ™ (T4
E § [:l *o “pxcellent”
3 5 9 “yary good”
. B “good”
20/
wl T Hmﬂ
[
E
B 5
E :g 4 “poar”
B i rating (OR)
0

Tranmmissicn input speed [fimin)

Figure 6: Shift documentation: illustration of shift comfort and spontaneity for a 2-3 traction
upshift of a test vehicle, depending on speed and accelerator value

transmission. For this purpose, the driv-
ing robot covers a dense net of operating
points for each type of shifting. The indi-
vidual shifting processes are then ana-
lysed in terms of comfort and spontanei-
ty by means of the objectification tool [5]
mentioned before. Figure 6 illustrates the
approach and the result for the docu-
mentation of a 2-3 traction upshift of a
test vehicle.

For the selected example shifting
(speed 93 km/h and accelerator position
75.2 %), the objectification results in the

Shift
documentation

f a

experiment |

objective rating (OR) OR

ot = 7-4 for the
shift comfort and OR = 6.1 for the

spont.

shift spontaneity. BOtll‘)l criteria can be
represented in the required form for the
operating range through interpolation
calculations. The shift documentation is
thus used as a proof that the required
aims were achieved with the application.
It represents a tool which identifies pos-
sible strengths and weaknesses of the
shift behaviour and can thus be used to
compare the shift behaviour for different
application datasets.

Objectification

Awtomated
calibration

Figure 7: Modules of efficient transmission application
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Shift documentations do not neces-
sarily require access to internal calcula-
tion variables of the transmission con-
trol. This allows the benchmarking of
the shift behaviour of vehicles by differ-
ent car manufacturers.

Manual application of the TCU in the
lab is already possible by means of the
mentioned tools for objectifying the shift
quality as well as the transfer of the tests
to the roller dynamometer. Specified op-
erating points are approached by the
shift robot and evaluated through the
objectification tool. The optimisation
process is iterative and done by targeted,
manual adjustment of the application
parameters through an experienced ap-
plication engineer.

5 Automated Application

The fourth and last point with improve-
ment potential in the control loop of
transmission application, Figure 2, is
the time-efficient identification of the
optimal transmission control parameter
adjustment via automated application.
This process is possible through the
mentioned elements, model-based and
automated.

The shift documentation already re-
quires, as mentioned, planning of operat-
ing points, the system of roller dynamo-
meter and driving robot as well as the ob-
jectification of the shift quality. These
modules are marked blue in Figure 7. The
automated application adds the effective
design of experiments, a model forma-
tion, the optimisation and the dataset
generation for the TCU as a final step to
the tool chain. These elements will be de-
scribed in the following.

5.1 Efficient Design of Experiments

Efficient design of experiments basically
is a tool for obtaining as much informa-
tion as possible from the system to be
identified with as few tests as possible.
With regard to the automated calibra-
tion of the shift quality, it is thus a chal-
lenge to adjust the control parameters of
the transmission in a way that the trans-
mission system performance can be
identified in as large a space as possible
while taking the constraints of the sys-
tem into account. Every test thus repre-
sents a combination of different control
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parameter adjustments; the system re-
sponse is described in form of the objec-
tive parameter values resulting from ap-
proaching an operating point once or
several times.

Due to the fact that the operation of
roller dynamometers is comparatively
expensive and the few existing test rigs
are used to capacity, the time on the test
rig has to be kept as short as possible.
Several approaches of automated calibra-
tion of the shift comfort were analysed at
the Institute of Automotive Engineering
in the past years [1, 4]. The so-called of-
fline approach will be explained in de-
tail in the following.

5.2 Model Formation in the

Offline Approach

In the offline approach, the transmis-
sion system performance is identified
through intelligent design of experi-
ment. Based on different optimisation
criteria, the so-called design of experi-
ments (DoE) generates the best possible
test plans for different constraints. The
selection of the appropriate DoE plans
(for example D-optimal, V-optimal, A-op-
timal, space filling plans etc.) particular-
ly depends on the required type of model
formation. D-optimal test plans are well
suited for model formation with polyno-
mial models of higher order, while so-
called space filling plans are rather used
for the application of artificial neural
nets [6]. The subsequent multidimen-
sional, empirical model formation is
typical of offline approaches to describe
the general function mathematically:

Objective_parameter, = f (control_parameter,,
..., control_parameter )

Eq.(2)

The approaches of empirical model for-
mation for example include polynomial
models of higher order and neural nets
with different training algorithms.
Figure 8 illustrates the principle of the
offline approach. It starts with complet-
ing a test plan on the test rig. The control
parameters of the TCU are automatically
adjusted in accordance with the test plan
specification during the tests, the appro-
priate operating point is approached by
the driving robot and the measurement
data recorded during the gear changes.
The work is transferred to the office after

Automated
calibration

B3¢
i 3
3

Deefine aim of
oplimisation, e.g.

Fan Oiffice

Test rig

Figure 8: Basic representation of the offline approach for automated calibration of the shift

comfort on the roller dynamometer

the tests. The objective parameters are de-
termined from the measurements and
functional connections between objective
and control parameters are determined
by means of the above mentioned ap-
proaches of model formation, see Eq. (2).
This process is described with the generic
term “transmission models” in Figure 8.

5.3 Optimisation

The crucial step of automated transmis-
sion calibration deals with the optimisa-
tion of the datasets that means the iden-
tification of the best possible control pa-
rameter combination in terms of the op-
timisation objectives specified by the us-
er. A shift quality rating calculated from
the weighting of objective shift comfort
and spontaneity ratings can be the opti-

misation objective. Nevertheless, optimi-
sation in terms of target time curves and
objective parameters is also possible.

The optimisation process is done of-
fline at the office; the roller dynamome-
ter is not needed anymore after the trans-
mission behaviour is identified. The
main advantage of the offline approach
becomes especially apparent when sev-
eral calibration variants (more comfort
or more spontaneity, compare with
Chapter 5.5 and Figure 9) have to be gener-
ated since the created transmission mod-
els can still be used for this.

5.4 Generating Datasets for

Control Units

The mentioned approach leads to opti-
mal control parameter combinations for

I Manual
i mode J
xh"‘--..__..._.::ﬁd:& ORSQ= yf . DR{M‘!’: + g? . DR&FMI. . - * 4
I Et:nnnrﬂj- »

mode ! f_"='-

User specifications:
g, = comfort weight
g, = spontaneity weight

Figure 9: Different application datasets can be generated offline in a short time by means of
the models of transmission performance — only by varying the weighting ratio of comfort and

spontaneity
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a number of considered operating points.
Since some control parameters, however,
cannot be adjusted individually in terms
of operating points, the dependencies of
some parameters have to be reduced.
This usually means that a compromise is
required. Due to restrictions in the soft-
ware of the TCU, datasets may therefore
be required which do not allow an opti-
mal result in terms of shift comfort and
shift spontaneity.

The abandonment of shift quality
caused by the software restrictions can
be quantified by means of the transmis-
sion model. Modification proposals for
parameter dependencies can be derived
from the results, for example introduc-
ing a characteristic curve or map instead
of a scalar parameter.

5.5 Results
According to the weighting of the opti-
misation criteria comfort and spontane-
ity, different datasets can be generated,
which are for example implemented as
comfort mode, sports mode or manual
mode in the control unit, Figure 9.
Another possible restriction is the use
of only one optimisation objective (for
example spontaneity) using the results
of a shift documentation before optimi-
sation (see Figure 6). Figure 10 shows the
results of the optimisation of a 2-3 shift
for the optimisation target ,maximum
objective shift spontaneity with constant
shift comfort” as a shift documentation
after optimisation. This shift documen-
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tation has been created with an opti-
mized dataset on the TCU. It becomes
obvious, that with constant comfort rat-
ing, the spontaneity rating has been in-
creased by up to two marks in each op-
eration point. This improvement is clear-
ly perceptible in test drives on the road.

6 Outlook

In the future, the extension of the meth-
od to more complex types of shifting as
well as the consideration of further ap-
plication constraints, for example shift
energy, will be most important. The shift
energy can approximately be obtained
from measurement data of the shift doc-
umentation [7].

Another point, already being worked
on, is the transfer of the method to soft-
ware-in-the-loop systems. By means of
this method, the user can already gener-
ate application datasets early in the de-
velopment process and get a more pro-
found insight into the shifting process.

7 Summary

The method of model-based, automatic
transmission calibration, developed at
the Institute of Automotive Engineering
of the Technische Universitdt Braun-
schweig (Germany) since 1997, is an effi-
cient tool to meet the challenges of an
increasing application effort due to more

complex transmission controls and an
extended model variety. This method
was already used successfully for auto-
matic transmission, dual-clutch trans-
missions and automated manual trans-
missions and is also used by commercial
companies [8, 9].
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