
Fall 2013 • No. 31
HEADlines

Hearing with all senses
Editorial

The perception of sound by human beings is influenced by aspects that are cognitive and context-
dependent. Most hearing events we experience do not simply resemble an “objective”, physical 
analysis of acoustic signals. Influential factors like smell, haptics, vibration, design, and also context 
and interactivity, play an important role: We hear with all our senses. It is essential to understand this 
relationship for the successful development of product sound quality.

Prof. Dr.-Ing. Klaus Genuit
Managing Director

Binaural measurement systems 
allow for aurally accurate re-
cordings of sound events. This 
data allows the perceived sound 
quality to be described in psycho-
acoustic terms. Psychoacoustics 

puts the human being at the 
center of attention and examines 
sound perception in terms 
of the parameters loudness, 
sharpness, roughness, tonality, 
and fluctuation. Perception is 

described in a complex depen-
dency on signal composition, 
temporal patterns, and the 
interaction of various frequencies.
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spectra better represents human 
perception. In comparison, the 
right-hand spectrum in figure 1 is 
a better representation of human 
sound perception, i.e. the goal of 
achieving a valid description of 
human perception has been met 
(fig. 2b).

 These considerations are 
essential when assessing product 
sound quality. Which instrumental 
factors actually represent the 
perception of product quality? 
Real-life listening tests which 
consider multisensory perception 
are preferable to conventional 
laboratory tests. This is the only 
way to achieve objective and 
valid results that are actually 
usable for targeted acoustic 
product design.

I hear what I ...

smell. feel.see. taste.

Multisensory perception
Is subjective also objective and vice versa?

The term “subjective” is often used 
to describe human perception, 
whereas the term “objective” 
is regularly applied to physical 
or technical processes. These 
terms imply the uncertainty of 
the one and the absolute validity 
of the other. However, these 
interpretations are inappropriate. 
Objectivity as a quality criterion of 
scientific methods of measurement 
requires that consistent results 
are achieved in independence 
from the boundary conditions of 
the examination. This requires 
standardization of procedures 
and complete documentation. 
If this is fulfilled by an empirical 
examination, the perceptual data 
is objective. A spectrum, on the 
other hand, can be calculated 

in different ways (fig. 1). If the 
calculation parameters are not 
stated completely, the result is – 
strictly speaking – not objective. 
Even more important than an 
examination’s objectivity are 
the quality criteria reliability 
and validity. These refer to the 
reliability of a measurement tool 
and the validity of the results in 
terms of the measurement results 
actually representing the object 
of the examination. It is possible 
for the resulting data to show 
only little variance, and yet the 
“target” is not hit, i.e. the result 
is systematically biased and thus 
invalid (fig. 2a). In principle, 
the two calculated spectra are 
objective. However, the question 
remains which of the two 

In many cases, only the A-weighted sound pressure level is used to characterize a sound event. However, the 
perception of a sound depends a lot more on its specific psychoacoustic properties, which can be described 
with the parameters loudness, sharpness, roughness, tonality, and strength of fluctuation. Psychoacoustics 
facilitates the instrumental description of the transformation from a sound event to a hearing event, and 
thus expands our understanding of the human judgment of sounds.

a)

b)

Figure 1: Power density spectrum of a multi-sine with different DFT lengths
Figure 2: Significance of validity at 
constant reliability; a) invalid, b) valid

Acoustic worlds
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By means of binaural transfer 
path analysis (BTPA) and synthesis 
(BTPS), engine prototypes can be 
virtually “installed” in the vehicle 
and made audible (fig. 1). The 
noise audible in the interior 
of the vehicle is the sum of 
filtered excitation signals, and 
the transfer functions describe 
the sound transmission from the 
engine to the vehicle interior. 
The airborne and structure-
borne noise emissions from the 
engine can also be determined 
on a test stand. While the engine 
is running, the sound pressure 
signals are recorded with near-
field microphones, and the 
acceleration signals or the forces 
transmitted by the engine into the 
car body (or into the test stand 
in this case) are determined by 
sensors on the engine mounts. 
The transfer functions of the 
vehicle can be determined, for 
example, by means of impact 
measurements or reciprocal 

measurements with a calibrated 
volume velocity source.

 This method offers numerous 
advantages: Even if the car model 
in question does not yet exist, 
a prediction can be made by 
using the transfer characteristics 
of the predecessor model or, if 
available, simulation data as a 
first approximation. Also, it is 
possible to assess the engine in 
different car models without the 
need to repeatedly measure the 
engine. Furthermore, individual 
transfer paths or groups of paths, 
such as the airborne or structure-
borne noise components, can be 
auralized, evaluated and modified 
separately. Undesired noise 
components can be identified 
faster, and countermeasures can 
be determined more easily.

 For various reasons, the 
input signals for the BTPA/
BTPS often cannot be measured 
simultaneously, so they are not 

synchronous – for example, if they 
are measured on different test 
stands, when partial measurements 
of modified components are 
performed later, or if the number of 
sensors or measurement channels 
is insufficient. In particular, the 
RPM curves measured will not 
be identical in such cases. When 
the filtered excitation signals are 
superimposed, such differences 
can lead to artifacts like beat 
frequencies, cancelations, or 
peaks. Synchronization is essential 
to avoid these effects.

 The following example illustrates 
the effects of non-synchronized 
input signals on the results of 
the transfer path synthesis: Let 
us assume a simple BTPA/BTPS 
model consisting of two structure-
borne sound transfer paths. We 
consider three cases: In the first 
case, both input signals come 
from the same measurement A. 
In the second case, signal 1 

One goal in the development process of engines is to assess the NVH comfort at the earliest possible stage. 
We focus on the phase when a prototype of a new engine type is available, and a prediction is to be made 
without having to actually install the engine in a vehicle. This accelerates the development process and 
reduces costs, as modifications to the prototype can be validated faster. Meaningful predictions cannot 
be achieved simply by comparing level curves. Instead we require an auralization of the engine noise as 
perceived by the driver. Only this hearing impression allows for a reliable assessment of NVH comfort and 
helps with the evaluation of different modification options.

Engine Input Signals 
(Engine Test Bench)

Transfer Function
(e.g. of Predecessor)

Interior Noise
(Engine Share of Interior Noise)

H1(f)

H2(f)

HM(f)

+

Figure 1: Model of binaural transfer path analysis/synthesis for engine noise in the vehicle interior

Synchronization of test stand measurement data
Soon available as an extension for PROGNO[I]SE

Acoustics research
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comes from measurement A and 
signal 2 comes from a second 
measurement B, a repetition of 
the first measurement. In the third 
case, signal 2 from measurement 
B is synchronized to measurement 
A prior to the synthesis. On 
first inspection, signal 2 in the 
measurements A and B hardly 
differs. No differences can be 
seen in the spectrogram, and the 
level curve of the second order 
is almost identical (fig. 2). This 

might lead to the conclusion that 
signal 2 from measurement A can 
simply be replaced by signal 2 
from measurement B. Only after 
synthesis by superimposing the 
coherent signal 1 on signal 2 
do the differences between case 
1 and case 2 become apparent 
(fig. 3). Particularly noticeable are 
the peaks and cancelations in the 
second engine order, which lead 
to a completely different hearing 
impression. In the very high 

orders, on the other hand, there 
is hardly any difference, since 
the phase relations between the 
input signals are less influential 
here. In the third case, the results 
match those of the first case. For 
a correct synthesis of coherent 
signals as they occur in the BTPA/
BTPS of engine noise, the input 
signals must be synchronized.

 In order to achieve this 
synchronization, HEAD acoustics 

Measurement A
Signal 2

Measurement B
Signal 2

Figure 2: In the measurements A and B, signal 2 on the spectrograms and on the order levels of the second engine order are 
hardly any different.

Figure 3: Synthesis results for the three cases. The effects become particularly obvious in the second engine order.

Case 1:
Synthesis using one 

Measurement

Case 2:
Synthesis using two 

Measurements

Case 3:
Synthesis using two Measurements 

with Synchronisation

H1(f) +H2(f)

H1(f) +H2(f) HOST

H1(f) +H2(f)

2nd Order vs. Time

Signal 2 Measurement A
Signal 2 Measurement B

2nd Order vs. Time
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Acoustics research

has developed an algorithm 
based on analysis and re-
synthesis [1]. Its basis is a high-
quality order analysis based on 
a high-resolution RPM signal, 
and a non-linear resampling on 
an angular axis which relates to 
the position of the crankshaft. 
A new, synchronous signal is 
calculated by means of an order 
synthesis based on the observed 
order spectra and the reference 
revolution speed to which the 

signal is to be synchronized. For 
an even more authentic synthesis, 
it is possible to additionally 
perform a noise analysis and 
synthesis. This is done by filtering 
white noise depending on the 
revolution speed and adding it to 
the order signals.

 The synchronization of engine 
test stand data is not the only 
application area for this method. 
It also allows engine run-up 

recordings to be slowed down 
or accelerated virtually. It is even 
possible to reverse the RPM curve.

Literature:
[1] Riemann D. and Sottek R., HEAD 
acoustics; Naritomi T., Kishita S. 
und Yamada A., Nissan Motor Co., 
Ltd.; “Interactive Auralization of 
Powertrain Sounds Using Measured 
and Simulated Excitation”, 2007, 
SAE Noise & Vibration Conference 
Proceedings, Paper 2007-01-2214

Binaural transfer path analysis 
(BTPA) is a helpful tool for 
identifying undesired noise 
components during the develop-
ment process of vehicles. This 
technique examines noise 
transmission from the sources to 
the receiving position, e.g. the 
driver’s ears.

 The structure-borne sound 
components of the vehicle 
interior noise are generated by 
forces applied to the vehicle 
structure by sources, such as the 
engine. In real life, it is impossible 
or too complex to measure 
these forces directly using force 
sensors. Instead, the forces are 
often determined indirectly from 
measurements of acceleration 
signals on the car body using 
inertance matrices.

 A car body is a strongly coupled 
system, so a force applied to a 
single point causes acceleration 
across the entire structure. The 
transfer functions between the 
applied force and the acceleration 
at all sensor positions on the car 
body (inertances) are determined 
for every position. Afterwards, 

an inertance matrix is created 
from these inertances for every 
frequency of interest. This matrix 
is then inverted to determine the 
forces applied to the structure 
from the measured acceleration. 
For the BTPA of an engine, this 
method has the disadvantage 
that the engine mounts are not 
taken into account, even though 
their characteristics can have a 
significant influence on the engine 
sound.
 
 Another widespread method 
predicts the acceleration at the 
various car body positions (passive 
side) based on the corresponding 
acceleration measured on the 
engine prior to reaching the 
engine mounts (active side). 
This method uses the mount 
attenuation determined from 
operational data. Using active-
side acceleration signals has 
the advantage that they are less 
affected by other, interfering 
sources (such as ancillary units 
or tire-to-road contact) than the 
passive-side acceleration signals. 
However, the resulting force 
is calculated without a matrix 
inversion, accounting only for the 

local car body impedance. Thus 
the cross-talk effect across the 
car body structure is neglected, 
which often results in forces being 
overestimated.

 HEAD acoustics has developed 
a new method that combines 
the advantages of the matrix-
inversion method and the use 
of active-side acceleration [1]. 
The effective mount transfer 
functions are calculated in situ 
from operational data, taking 
into account the cross-talk on 
the car body. This allows active-
side acceleration signals to 
be used for synthesis without 
overestimating the individual 
sound contributions. This new 
method has already been applied 
successfully in HEAD Consult 
projects, where it proved to be of 
great value.

Literature:
[1] Sottek R. und Philippen B., 
HEAD acoustics; “An Unusual 
Way to Improve TPA for Strongly-
Coupled Systems”, 2013, SAE 
Noise & Vibration Conference 
Proceedings, Paper 2013-01-
1970

TPA innovations for strongly coupled systems

More information on the latest extensions of the method as well as additional examples will be available at 
the AAC 2013. 

For more information on the conference and exhibition please refer to www.aachen-acoustics-colloquium.com.
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With ArtemiS suite 5.0, our 
primary focus is to assist you in 
migrating from ArtemiS Classic 
to ArtemiS suite using help and 
tips, and facilitating your work 
processes. And newcomers, too, 
should be able to get started 
easily. The comprehensive 
Get Started dialog guides you 
through the software step by 
step. In a structured manner, 
you are introduced to the 
functional principles of the 
individual modules, and you can 
immediately try the tools and 
functions you just learned about. 
So you can become acquainted 
with the software at your own 
pace.

 The new Online tab further 
supports you by providing instant 

access to important documents 
and data. It allows the 
HEAD acoustics website to 
be accessed directly from the 
software. Documents like the 
ASM overview, training schedules, 
HEADlines, FAQs, etc. are thus 
kept up to date and available 
at all times. The new differences 
list on the Online tab further 
facilitates your migration by listing 
the changes from ArtemiS Classic 
to ArtemiS suite.

 Furthermore, certain functions 
of the ArtemiS suite 5.0 and the 
HEAD Recorder 3.0 have been 
adapted to one another and 
combined. You can now generate 
reports in ArtemiS suite directly 
from HEAD Recorder, thus saving 
unnecessary steps and enabling 

Software updates

you to work more flexibly with 
both applications.

 Another primary goal we 
pursued was to facilitate the 
feedback procedure for our 
customers. The Bug Report & 
Feature Request function can 
now be called directly from  
ArtemiS suite and links you 
to the feedback form in the 
Download Center. That way, you 
can report problems or submit 
suggestions to us as you work 
with our products. This only 
requires a one-time registration 
in our Download Center.

ArtemiS suite 5.0
New possibilities thanks to your valuable input

During the development of the ArtemiS suite 5.0, we paid careful attention to our customers’ valuable input 
and we are pleased to announce that many of these ideas have been successfully integrated into this new 
version of the software. 

www.head-acoustics.de/eng/
nvh_software_firmware.php
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Clean lines
The new version offers a completely 
redesigned user interface with a 
modern look and feel, featuring a 
comprehensive Get Started dialog and 
integrated online content.

Measurement data conditioning
The new Data Preparation module closes the 
gap between the HEAD Recorder and the 
Source Pool. The decoder extracts analog 
channels from digitally coded CAN or 
FlexRay channels and provides, for example, 
interpolation functions and a quick preview 
in the diagram.

Highlights

Pool Favorites
Pool Favorites allow Pool elements to be 
saved and re-used conveniently. They can 
be created as individual or team favorites. 
They can be configured by the user, support 
full-text search, and can be used in the 
Mark Analyzer and in Pool projects.

Tolerance scheme
The tolerance scheme allows tolerances 
and limit curves to be displayed and 
checked against. Tolerance curves are 
automatically displayed in the Data 
Viewer or in a report. Furthermore, a 
tolerance check can be appliedtolerance 
checking can be activated.  

Numerous other functions
Take advantage of other special features: 
HEAD Recorder integration, data exchange 
with MS Excel, channel calculation with the new 
Calculation module, multiple selections in all 
tree views, extended routing possibilities in the 
Data Viewer, such as a fixed number of lines 
and columns, or copying of entire pages with 
adjustable size.
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Announcements

5th Aachen Acoustics Colloquium
Development and Research in Automotive Acoustics
Aachen has become one of the 
most important locations for 
research and development in 
the area of vehicle acoustics. 
For many years, the Aachen 
Acoustics Colloquium has been 
an ideal platform for information 
exchange via high-quality lectures 
by experts from industry and 
research, and joint discussions. In 

the face of the rapid development 
of vehicle acoustics, new methods 
and technologies in the area of 
acoustics and vibrations will be 
presented in 26 expert lectures 
and discussed in Aachen from 
November 25 to 27, 2013. In a 
general lecture, Dr. Luttermann 
(BMW Group) will present 
challenges and solutions in the 

NVH area for the integration of 
existing and future drive systems. 
Another exciting subject to 
look forward to is a lecture by 
Professor Jennings (University of 
Warwick), whose interdisciplinary 
approach will contribute to our 
understanding of the sound 
quality of electric vehicles.

For more information on other lectures and the agenda or for registration, please refer to 
www.aachen-acoustics-colloquium.com.

Applications

Did you know ...

• ... the new HEAD Recorder 
offers you various remote 
control possibilities via TCP/IP? 
For example, you can use a web 
browser to start a recording on 
another computer, to change 
the measurement range or to 
check the channel list.

• ... PROGNO[I]SE can be 
purchased both as a single-
user or network license? With 
the PROGNO[I]SE-N license, 

a network dongle allows the 
software to be used on several 
computers within a network.

• ... a Bug Report & Feature 
Request form is available 
in the Download Center? 
Registered customers can 
use the structured form to 
submit bug reports or feature 
suggestions for new versions 
of the ArtemiS suite and the 
HEAD Recorder. The content of 

the form is sent directly to the 
technical NVH Support team.

• ... remote control of the 
HMS IV is not only possible 
with the wireless Bluetooth® 

control unit RC VI, but now 
also with the HEAD Remote 
Control app? The app 
can be used with Android 
smartphones and tablets and 
is available in our Download 
Center free of charge.

Photo: Ms. Waltraud Hostettler


