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An update of the first version of
SQuare introduced last year will
soon be available with many new
features. The new version ex-
pands the range of possible
applications and makes the sys-
tem even easier to use. In addi-
tion to the well-known functions
of the first version, SQuare 2.0
features the following:

Judgement during playback,
and interruption and continu-
ation of the listening test se-
quence. This allows the test

�

leader, for example, to remove
individual subjects from the
test, while the test can be
continued with the remaining
subjects.
Optional joining of test results
from several successive test
sessions with different parti-
cipants.
New test types, e.g. a ranking
test, where a number of sound
examples is to be sorted in a
certain order based on a pre-
defined attribute.

�

�

�

�

Channel selection for multi-
channel files during import.
This is one of the new features
of the Import Wizard.
Convenient configuration and
editing of tests in the Playlist
Designer.

�

�

Enhanced layout of the input
interface and simultaneous
display of the test criteria on
the listening station PC.
Many other new features.

NEW: SQuare Version 2.0 - Jury Testing and Evaluation System

further processing in ArtemiS.

Real-time FFT analysis
Available analyses: time, FFT,
FFT vs. time, auto- & cross-
spectrum, auto- & cross-corre-
lation, frequency & impulse re-
sponse, cepstrum, octave &
1/3-octave spectrum, cohe-
rence, liftered spectrum, sound
intensity
Mobile real-time diagnostics
Structure examination
Easy-to-use, configurable sen-
sor list
Clear display of diagrams,
functions and controls in one
interface

�

�

�

�

�

�

Features

The new Online Analysis Module for ArtemiS for Signal and
System Analysis in Real-Time Mode

The new Online Analysis Module
provides ArtemiS users with a
tool that excels with its power as
well as its clear structure and
ease of use. Diagram windows
and key controls are united in
one integrated user interface,
providing all of the important

information at a glance.
All functions can be controlled
via the keyboard, making it
possible to use the analyzer for
applications where mouse oper-
ation is not practical; e.g. on-
road vehicle diagnostics.
Analyzer results may be saved for

ATP 08 - now available!



Vibrating Surfaces made audible
Using Laser Scanning Vibrometry and Binaural Transfer Path Analysis

ponent is not enough to describe
the acoustical situation sufficiently;
the degree of the sound pro-
jection, the transmission of the
noise to your ear (airborne sound
transfer function) and the time-
frequency structure of the noise
(important for the psychoacoustic
effect on a person) must be con-
sidered. Consequently, a success-
ful reduction of the component's
physical vibration may not reduce
the audible impact of the noise on
the listener. Thus, the questions
persist: “Which vibrations are
generating the offending noise? At
what location should counter-
measures be applied?”
A joint project between Polytec and
HEAD acoustics aims to answer

Acoustics are increasingly impor-
tant in product design. The focus
is on how and where the unde-
sired noises are generated and at
which point or location coun-
termeasures can be applied to
eliminate or attenuate the offen-
ding noise. Knowing just the vi-
bration characteristics of a com-

these questions and to make a
connection between vibration
analysis and the generated noise.
The expertise of Polytec in matters
of laser vibrometry and vibration
analysis and the expertise of HEAD
acoustics with regards to auraliza-
tion of sound sources complement
each other perfectly. Their aim is to
develop a tool which can be
applied to aural acoustic prob-
lems in an efficient and precise
way.

Starting with a vibrating surface,
the projected sound is transmitted
through the air and finally reaches
the human subject's ear in the form
of noise. With the aid of transfer

The New Test Procedure

Explanation of the photo above: Within the framework of these investigations, the process was tested using a model structure which can be seen in the photo
above. The model consists of a steel frame on which metal surfaces of different sizes have been mounted. Two shakers introduce vibration. The experimentally
determined transfer paths describe the sound propagation from the position of force application at the shakers to the ears of the test person located inside the
model. As is shown the test person is represented by an artificial head or binaural velocity transmitter. The determined transfer paths can, in principle, be
associated with any time signal data, e.g. the force transmission points of an engine mount of a car.

What kind of noise is gene-
rated when the surface of a
component vibrates? What
path does the noise take to
arrive at your ear? Which
component's vibration is the
most undesirable? These are
the questions that the engin-
eers at Polytec and HEAD
acoustics are working to solve
in a joint project.
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path analysis the path of the sound
can be determined experimentally.
As an extension of the process
HEAD acoustics determines the
airborne sound paths binaurally.
Thus, the shape of the head is
included in the analysis, making
the auralization of component
sound sources possible. How,

do you determine the
transfer functions for airborne
sound binaurally? For this purpose
you can resort to the reciprocity
principle and measure the airbor-
ne sound transfer paths reciprocal-
ly with the aid of a binaural sound
transmitter (see explanation in the
Info Box).
This new process allows you to link
laser vibrometer measurements
with reciprocal airborne sound
measurements. For visual repre-
sentation of the component vibra-
tion, instead of using the vibration
amplitude measured directly with
the laser vibrometer, the amplitude
weighted with the reciprocally
measured transfer function for
airborne sound is given. This re-
presentation is a measure of the
airborne sound relevance of the
component's surface and shows
whether and to what extent single
areas are responsible for the noise
reaching your ear. The locations at
which acoustic measures need to
be introduced are, in turn, clearly
visible for the acoustic engineer.
User Defined Data Sets are the

practically,

technical basis for linking the
structure-borne data with the
transfer path functions. They are
available as a new option in the
Polytec PSV Software release 8.1.
Extensions to this software option
are being planned and should
make it possible to view non-
stationary events as well. This may
be particularly interesting for the
automobile industry in order to
answer questions with regard to
engine noise such as: “At what
engine speed and at which
component surface is the source
for the noise located?” This is
attained by visualizing filtered
time sequences using acoustic
transfer functions. An appropriate
software option is currently under
development and will be avail-
able shortly for Alpha testing.

For more information and a PDF
copy of this article, please visit
Polytec's web page at:

or the homepage of HEAD
acoustics at:

.

www.polytec.com

www.head-
acoustics.de

The Reciprocity Principle

The transfer function between
sound source and receiving
location does not change if the
sound source and receiving
location are exchanged. This
applies subject to the condition
that
a) the emission characteristics of
the transmitter are the same as the
receiving characteristics of the
receiver and
b) only linear systems and quantity
pairs
are taken into consideration, e.g.
acoustic pressure and volume
flow. Therefore, if the receiver is a
human head, then the sound
transmitter must also be in the
shape of a human head. Apart
from that, it is imperative to know
the volume flow emitted by the
sound transmitter. If these condi-
tions are fulfilled, then reciprocity
applies in all environments, inde-
pendent of the spatial properties.

Page 3 May 2004



Noise emissions of products are
an important quality indicator
not only in the automotive indus-
try. In many industries noise re-
duction is an important issue in
the product development
process.

Until now, the development,
purchase and application of
simulation programs suitable for
analyzing, reducing or changing
noise emissions required a
substantial financial investment.
Realizing that such oise
ynthesis echnologies (NST) for

systematic product noise reduc-
tion should also be made
available to industries whose
manufacturing processes do not
allow such costly efforts, the
European research project
NABUCCO ( oise atement

sing oncurrent omponent-
Product ptimisation) was
established in 1999. The goal of
the project was to achieve an
acoustic product optimization by
identifying and then simulating
partial structures and sound
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technology and can be used by
many manufacturers for sound
optimization. PRONS supports
the creation of a NST model,
which allows a simulation of the
sounds generated by a product,
even before the first prototype is
produced. Individual noise
sources can be easily exchanged
with others in the model. Using
this “virtual device”, the noise
emissions can be judged without
ever touching a single screw or
making expensive measure-
ments. Time- and cost-intensive
real-life tests can thus be reduc-
ed to a minimum. Application
examples include refrigerators,
lawn mowers, or power tools.
Noise synthesis technology is
based on sound and vibration

PRONS 2.0 - a Software for the Simulation of Home Applicance Noise

measurements of individual
noise sources such as com-
pressors, fans, or motors and, at
the same time considers the
properties of the total structure.
Once these input data have been
determined, PRONS starts the
sound synthesis and is capable of
simulating the sound perceived
at any location in the environ-
ment

Figure 1 shows a model genera-
ted with PRONS. The model
considers all three sound transfer
paths: airborne sound (com-
pressor), structure-borne sound
(suction line and return line) and
fluid-borne sound (return line).

Figure 1: Simulation example “Refrigerator”, displayed with PRONS.
Right diagram: PRONS user interface
Left diagram: The three transfer paths in the total structure (AB: airborne, SB: structure-borne, FB: fluid-borne)
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transfer paths of a pro-
duct.

One result of this re-
search project is the
PRONS software. The
Product Noise Synthesizer
is a tool that incorporates
state-of-the-art computer
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Since its establishment more
than three years ago, the
Training has become an
inherent part of the extensive
range of services offered by
HEAD acoustics. It enjoys great
popularity among our custo-
mers. Concerning the planning
of the seminars' contents and the
types of workshops offered, the
needs of our customers are
always the most important factor.

The extensive range of courses
offered by the Training is
addressed to beginners as well
as advanced users of our
products. They range from an
introduction to the basics of data
acquisition to product trainings
(e.g. ArtemiS, NoiseBook) and to
specific areas like psychoacou-
stics or digital signal and system
analysis. Besides imparting
theoretical knowledge, the main
focus is on a wide range of real-
life, practical exercises. To
perform these exercises, each
participant is provided with up-
to-date technical resources.
Thus, we guarantee efficient
learning with lasting success.

Users of
our NVH products will meet to
exchange their experiences.
Each meeting will feature a
previously defined topic, which
will be explained based on
practical applications. Possible
solutions will be illustrated step
by step. The first workshop in
June will focus on the topic

Center

Center

In 2004 we will organize for the first

time a NVH User Group.

New offerings of the Trai-
ningCenter

All courses are available in
English.
See our web site for details
about these and other offerings
and contents, or contact us at

, or at
for our

US customers.

sales@head-acoustics.de
info@headcoustics.com

“Correction of recorded mea-
surement data”.
This year's range of training
offerings will also be comple-
mented by a NoiseBook Advan-
ced Training, which is recom-
mended subsequently to the
standard NoiseBook Training.

The HEAD acoustics TrainingCenter

English courses offered …

… at HEAD acoustics GmbH, Herzogenrath, Germany
May 18 & Nov 11 Signal Analysis
Sep 28-29 ArtemiS
Sep 30-Oct 1 ArtemiS Advanced
Oct 5-6 Visual Basics for Applications
Oct 7-8 ArtemiS COM Interface
Oct 12 Data Acquisition
Oct 13 Binaural Measurement Technique
Oct 14 Psychoacoustics

… at HEAD acoustics Inc., Brighton, MI, USA
Jun 1-2 & Sep 14-15 ArtemiS
Jun 3 & Sep 27 ArtemiS Clinic
Jun 8-11 ArtemiS COM Course
Sep 16. HEAD Measurement System Training
Sep 16 SQlab II Seminar
Sep 27 NoiseBook Seminar
Sep 28-29 ArtemiS II
Sep 30-Oct 1 ArtemiS III



for eight-channel vibration
measurements for the calcula-
tion of (complex) transfer func-
tions as well as coherence func-
tions between different vibration
channels.

as the basis for their sound and
vibration analysis was based on
the advantages of ArtemiS. The
software allows VW the following
benefits:
1. Record time signals and
subsequently perform additional
analysis functions besides the
standard measurements.
2. Adapt results to the custom-
ized software package, called
“Akustiksystem”, for the evalua-
tion and consistent graphical
representation of data. The
“Akustiksystem” was custom-de-
signed by VW, is constantly up-
dated and is being used by the
acoustics departments of the
company, its subsidiaries, and its
world-wide production facilities.
3. Program and automate re-
cordings and analysis proce-
dures via the COM interface.
Thanks to its ease of use, this can
even be done during test drives
by a measurement technician or
a test driver.
The modular design of the
SQlab II hardware also had a
major influence on VW's deci-
sion to choose the products of
HEAD acoustics. For example,
the two- to six-channel input
modules of SQlab II allow a wide
variety of different signal types to
be recorded. Furthermore,
measurements can be immedia-

The decision of VW to use
systems from HEAD acoustics

In this issue of the HEAD we
would like to present the long-
term customer relationship be-
tween our company and Volks-
wagen AG (VW) of Wolfsburg,
Germany.
Since 1987 HEAD acoustics and
the car manufacturer have been
in close contact with each other.
For sound measurements, VW
originally used the HMS I artifi-
cial head and BAS software, the
DOS-based predecessor of
ArtemiS.
In order to meet the increasing
demands of customers regar-
ding the acoustic quality of their
vehicles, VW established the
“Vehicle Acoustics Department”
in 2001 with a large Acoustics
Center, where experts focus
exclusively on the acoustic opti-
mization of vehicles.
Today the Vehicle Acoustics
Department is equipped with a
total of 25 ArtemiS licenses: 14

lines

Sound and Vibration Analysis at Volkswagen - A Standard in
The Vehicle Acoustics Department with 25 ArtemiS Licenses

VW Phaeton on the exterior noise dynamometer

of them are network licenses for
office-based applications like
analysis, data evaluation, data
export etc. The other 11 licenses
are used in combination with 11
lab-based SQlab II systems, the
mobile multi-channel measure-
ment sys tem from HEAD
acoustics.
The Vehicle Acoustics Depart-
ment uses four license variants of
the ArtemiS software. Depending
on the desired analysis type, the
user can freely select any of these
license variants by using a net-
work dongle.
The SQlabs are mainly used for
pure data acquisition and some
basic analysis functions. The ex-
ceptions are two special SQlab II
systems: one is known as the
“Shaker Measurement Chain” for
acoustic and vibration-related
idle-running measurements on a
test bench or chassis dynamome-
ter. The other one is a system used
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and driving performance, signi-
ficantly influence the comfort
impression of a vehicle, these
investments were indispensable
for establishing a strong founda-
tion to further improve these
characteristics.
The Acoustics Center is equip-
ped with several chassis dyna-
mometers using state-of-the-art
measurement technology. They
are used for pass-by noise re-
search and source analysis.
Sound and vibration analyses up
to a maximum speed of 300
km/h (186 mph) can be
performed with ArtemiS and
SQlab II.
The ongoing communication
between VW and HEAD
acoustics GmbH is an important
aspect of this successful relation-
ship. Problems are attended to
immediately by both sides, and
thanks to our sales and internal
customer service experts, solu-
tions are quickly provided.
We look forward to a suc-
cessful continuation of our
close collaboration.

tely checked, analyzed and
listened to on-site. In addition,
the CHG 20 modules support
the connection of force and
acceleration sensors, elimina-
ting the need to carry along
separate charge amplifiers.
Furthermore, more modules can
be added at any time without
incurring additional software
costs: all modules are detected
automatically and displayed on
the screen. Channel lists can be
saved separately and retrieved
at any time. The systems are thus
extremely easy to operate and,
thanks to ArtemiS, easy to
configure as well.
The combination of the analysis
software ArtemiS and the
analysis measurement system
SQlab II is a tailor-made solu-
tion for all kinds of sound and
vibration analysis at Volkswagen
AG.

The same high standard that
applies to the hardware and soft-
ware solutions used for measu-

The Acoustics Center - where
ArtemiS, SQlab and Artificial
Head are used

rements at Volkswagen AG also
applies to the facilities of the Vehi-
cle Acoustics Department: The
newly established Acoustics Cen-
ter is equipped with several test
benches and dynamometers as
well as a listening studio for the
aurally-accurate playback and
evaluation of artificial head
recordings made with the HMS III
from HEAD acoustics. Since the
sound and vibration characteris-
tics, along with the visual design

Screenshot of the acoustics program for the remote control of ArtemiS

Golf A5 on a chassis dynamometer with an artificial head in the driver’s position

Page 7 May 2004



Did you know that ...

�

�

�

…

…

…

…

…

text boxes containing user-
defined information can be
created automatically in ArtemiS
diagrams?

with the keyboard shortcut
[SHIFT]+[G] you can have the
numerical values of the cursor
position written directly into a
text box at the corresponding
position in the diagram?

files from the ArtemiS Source
Pool or from the Windows
Explorer can be dragged and
dropped into the Mark Analyzer
with the mouse?

a new Download Area has
been established on our web site
in the “Support” section? There
you will find all currently avail-
able documents from HEAD
acoustics, e.g. datasheets,
application notes, brochures
etc. You will find the Download
Area under: http://www.head-
acoustics.de/Download_Area_
e/Download_section/Down_ov
er_e.htm .

�

�

the new ArtemiS Recorder
can be operated entirely via the
keyboard?

Tradeshows & Conferences

We are looking forward to your visit.

May 25-27 Testing Expo 2004 in Stuttgart/Germany
Come and see us in our booth 1110 in hall 11.
Among many other product news we will be
presenting the SoundSeat from HEAD acoustics.
See for more information
about this tradeshow.

May 24-28 ASA Meet ing, New York , NY, USA
HEAD acoustics GmbH and HEAD acoustics Inc.
will be taking part in the conference with several
interesting lectures, e.g “Transfer of knowledge
from sound quality measurement to noise impact
evaluation” or “Relationships of level, loudness
and time structure in pipe organ registration and
design”. See http://asa.aip.org to find out
more about the conference.

Aug 22-25 InterNoise 2004, Prague, Czech Republic
HEAD acoustics will be present with a booth and
a speech by Dr. Klaus Genuit. Visit the website

for more information.

www.testing-expo.com

www.internoices2004.cz

Events in the next quarter of 2004
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