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HEAD acoustics TrainingCenter
Know-how straight from the source
At the HEAD acoustics TrainingCenter, we offer you a comprehensive range of courses and seminars covering the entire 
measurement chain: From the basics of acoustic measurement technology and data acquisition to sound and vibration 
analysis with ArtemiS suite, and even detailed product training – taking part in our training courses will make you an expert, 
no matter whether you are a beginner or an advanced user.

In addition to our classic courses, such as “Basics of Psychoacoustics”, “Applied Psychoacoustics”, or “Automation with 
ArtemiS suite”, we have added new courses from of 2019:  For example, you can look forward to topics like sound intensity 
measurement or structural analysis, and to delving into the latest software tools of ArtemiS suite.

Training takes place either at our headquarters in Herzogenrath near Aachen, Germany or at HEAD acoustics Inc. in 
Michigan, USA. Upon request, we can also offer custom training courses at your location.

For more information, please visit www.head-acoustics.com/de/training_center (Germany) or 
www.head-acoustics.com/eng/training_center_dates_us.htm (USA) 
or contact us by email: trainingcenter@head-acoustics.de.
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Editorial

The next generation
Prof. Dr.-Ing. Klaus Genuit
Managing Director

In everyday life, at work, 
in traffic – people are 
surrounded by sound and 
noise wherever they go. 
To make the sounds that 
surround us more agreeable 

in the future, we at HEAD acoustics are working at full 
steam, and we can present you many new innovations.

Founded in 1986, the company has developed into a 
corporate group with seven subsidiaries. The latest of 
these is HEAD acoustics Italia located in Milan. Learn 
more about the youngest member of our family on 
page 3.

In September, version 10.0 of our software solution for 
sound and vibration analysis ArtemiS suite was brought 
to market. Many new features have been implemented 
for this major release: You can now perform sound 
intensity measurements directly in ArtemiS suite. Read 
more about this and other new features on pages 4 
and 5. Our new solution for professional jury tests is 
presented in detail on pages 8 and 9. 

Our popular handheld frontend SQuadriga was 
replaced by SQuadriga II in 2011. Now the time has 
come for the next generation: We proudly present 
SQuadriga III. In the familiar compact format, 
SQuadriga III offers mobility of the highest level. Find 
all important details on pages 6 and 7.

I hope you will enjoy reading this new issue of 
HEADlines. And you might also want to drop by our 
YouTube channel – we have uploaded a number of 
new, fascinating tutorials for you.
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HEAD News

The NVH research department has developed a new 
algorithm: a psychoacoustic analysis for tonality 
(hearing model). This new analysis, based on an 
improved hearing model according to Prof. Dr. Roland 
Sottek, is now part of the 15th edition of the ECMA-
74 standard (June 2018). Within the standardization 
process, the algorithm was tested and evaluated by an 
international panel of experts.
From the howling of an electric vehicle to the whistling of 

Now standardized: New psychoacoustic analysis for tonality (hearing model)

IT devices, almost every acoustics expert has to struggle 
with disturbing tonal noise components. If a product or 
machine generates tonal noise components, this has a 
negative impact on the perceived overall sound quality. 
The analysis determines whether a sound recording 
contains prominent tonal components and, if so, how 
strong they are. The results of this analysis show a better 
correlation with human perception of tonality than other 
available approaches.

HEAD acoustics keeps expanding in Europe, too: After 
Korea (2016) and China (2017), HEAD acoustics has 
now founded a subsidiary in Italy, thus expanding its 
presence in Southern Europe. Operational business 
commenced at the new office in Milan on July 1, 2018.

The managing director of the Italian subsidiary HEAD 
acoustics Italia Srl is Marco Di Giusto. To customers 
in Italy, he is already familiar as an experienced and 
reliable partner.
 

The HEAD acoustics family is growing: New subsidiary in Italy

Since July 2018, he and his team, 
which is gradually being expanded, 
have been assisting their customers 
with the customary HEAD acoustics 
expertise.

HEAD acoustics GmbH has followed a course of growth 
for many years. With HEAD acoustics Italy, the medium-
sized company located near Aachen, Germany, is now 
present with seven subsidiaries around the world.

Beyond dispute, environmental noise is a major problem 
for society as a whole, having a massive influence on 
overall public health. Conventional immission limits 
have been specified to avoid the negative impact on 
health. However, the unchanging high level of noise 
nuisance many people are affected by shows that the 
success of these statutory limits and associated measures 
has been limited. For this reason, environmental noise 
is increasingly analyzed and assessed by means of an 
integrated soundscape approach.

Experts from HEAD acoustics play a significant role in 
the international standardization of the “soundscape” 
concept. In the DIN ISO 12913-1 standard, a 
soundscape is defined as an “acoustic environment 
as perceived or experienced and/or understood by a 
person or people, in context”.
Now the second part of the ISO 12913 series has been 

Standardization in the field of soundscapes goes into the next round

completed. ISO TS-12913-2, “Data collection and 
reporting requirements”, was published in August 2018. 
This technical specification proposes various methods 
to examine the perception of an acoustic environment. 
It specifies how technical measurement procedures, 
questionnaires, and interviews can be applied while 
conducting soundwalks. 
For the first time, binaural measurement techniques and 
psychoacoustic analyses are normatively prescribed in a 
standard.

The third part of the ISO 12913 series is currently in 
work. This will focus on the detailed evaluation of the 
qualitative and quantitative data gathered with the 
survey methods described in ISO 12913-2. These 
standardization activities prove the increasing interest 
in new concepts for planning, designing, and managing 
(acoustic) environments.
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Software News

Sound intensity measurement now in ArtemiS suite 

As of September 2018, you can perform sound intensity 
measurements in ArtemiS suite. The new tool can be 
used both for troubleshooting tasks and for ISO-com-
pliant measurements (ISO 9614-1). No matter which 
measurement method you choose, a wizard guides you 
safely and efficiently through the measurement. In the 
analysis, you can either include the total area (all sides) 
to determine the overall sound power  or calculate the 
partial sound power  for individual sides or segments of 
the surface. Especially convenient: During the measure-
ment, a real-time 3D sound intensity map is displayed 
so you have the overview at all times.

Creating your own signals

With the Signal Generator, you can create test signals 
for determining transfer functions and replay them via 
loudspeakers or shakers, for example with labO2. It is 
also possible to simulate acoustic phenomena in your 
recording using artificial signals in order to find out more 
about the underlying sound generation mechanism. The 
Signal Generator is also useful for psychoacoustics and 
sound design: For basic psychoacoustic research, you 
can create artificial test signals in the Signal Generator. 
For sound design, you can mix generated signals with 
measured signals and perform jury tests on the results.

Jury tests in ArtemiS suite

In order to determine the best possible acoustic 
impression of a product or to perform benchmark tests, 
jury tests are an important basis. Jury tests are also 
useful for directly comparing and rating different sound 
alternatives or developing meaningful metrics for the 
instrumental assessment of sound quality. Our previous 
product for this purpose, SQuare, is now gradually 
being replaced by SQala.

ArtemiS suite 10.0 
Major release with many new and improved features
With version 10.0, our software for sound and vibration analysis comes with a new set of icons that gives the user 
interface an unmistakable look. Not only has the ease of use been improved, we have also implemented many new 
features and improved existing tools. Let us introduce a selection of the new features to you in the following.

SQala is fully integrated into ArtemiS suite and provides 
an easy approach to performing jury tests. This 
new module in ArtemiS suite comes with a modern, 
customizable user interface.
In the first version, three different types of tests are 
available: Category Judgment, Paired Comparison, 
and Semantic Differential tests . More test types will be 
added in future versions and there will be the option of 
creating your own test types. The seamless integration 
into ArtemiS suite makes it a breeze to work with SQala, 
as you benefit from all the processing tools of the 
software.

Improvements in the Sound Engineering Project

With the Sound Engineering Project, you can extensively 
edit and modify sound recordings using intuitive 
editing tools inspired by image processing software. All 
changes are immediately made visible in the diagram 
representation and audible in the playback of the 
sound. In ArtemiS suite 10.0, the familiar interactive 
workflow of the Sound Engineering Project has been 
enhanced even further. The filters can now be named 
individually, e.g. with the name of the sound source. It 
is now also possible to export additional channels to 
the results file and to display the diagrams for the left or 
right channel only. That way, the tool adapts even better 
to your personal working style.

Mark Analyzer
 
How can you quickly find out which orders of noise from 
a gearbox or an electric engine do people perceive to 
be annoying due to a high tonality?
The Mark Analyzer in ArtemiS suite 10.0 allows you to 
interactively view vertical or horizontal cuts through a 
3D analysis, such as FFT vs. Time or Tonality (Hearing 
Model) vs. RPM. At the same time, the corresponding 
binaural sound recording is replayed, which brings your 
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Decoder Project

Mark Analyzer

Transfer path function in Progno[i]se PTP 03

own hearing into the analysis. The example pictured 
here with noise from an electric vehicle shows the 
Tonality (Hearing Model) analysis at 2600 rpm, which 
exhibits a prominent (and therefore annoying) peak in 
the 23rd order at 1 kHz.

Decoder Project

In your everyday measurements, it can happen that in 
spite of careful instrumentation, missing pulses lead to 
unusable rpm information. The analysis in the second 
screenshot shows that due to a suboptimal signal-to-
noise ratio of the inductive rpm sensor, individual pulses 
are missing.
In the Decoder Project, missing pulses like these are 
now detected and compensated for while decoding. 
This robust decoding of pulse data ensures clean rpm 
signals that are suitable for accurate order analyses.

Transfer function matrix in Progno[I]se PTP 03

The visualization of the transfer function matrix in 
Progno[I]se PTP 03 provides you with a deeper insight 
into the transfer characteristics of a system in a transfer 
path analysis (TPA). This allows you to draw conclusions 
about crosstalk within the structure and examine the 
coupling between the transfer paths.

This can serve as a basis for deciding which subsystems 
can be calculated independently of one another. The 
diagram in the third screenshot shows a strong coupling 
of the y direction of the two connection points of the left 
and right engine mountings at 123 Hz. This means that 
in the further course of the TPA calculations, the engine 
mountings must be regarded together and not as inde-
pendent subsystems.

Did we arouse your curiosity? As a maintenance 
customer, you can download ArtemiS suite 10.0 free of 
additional charge in our Download Center.

If you have no maintenance contract, please contact us 
at sales@head-acoustics.de, and we will make you an 
individual offer.



SQuadriga III:
a new standard in mobile measurement technology
SQuadriga III redefines mobile measurement technology. In the familiar compact format, the latest generation offers 
an unprecedented range of functions, usability, and flexibility, while maintaining proven features.

For the first time, everything necessary for making 
measurements is combined in a single, compact device: 
No more additional adapters are required. The mobile 
measurement system acquires signals from up to eight 
analog channels. Sensors – such as microphones or 
acceleration sensors – can be connected directly via 
ICP®.

With binaural sensors, such as the BHS II headset or 
an artificial head, binaural recordings can be made 
anywhere. An equalized headphone output allows for 
aurally accurate playback of your on-site recordings.

This provides recording, monitoring, and real-time 
filtering in the field, in a measurement lab, or at a 

Hardware News

test site – anytime and anywhere, without additional 
equipment. In stand-alone mode, analyses can be 
performed directly on site.

Everything in one package

The built-in FlexRay interface as well as two CAN FD 
connectors are electrically isolated just like the two 
pulse inputs. The pulse inputs allow rpm sensors of any 
kind to be connected to SQuadriga III. With sensitive 
signal conditioning and adjustable trigger thresholds, 
connecting a wide range of pulse sources is more 
convenient than ever. Thanks to HEADlink interfaces, 
the system can also be seamlessly integrated into a 
HEADlab system. Vice versa, SQuadriga III can be 
extended with a HEADlab module. 

6
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For mobile operation, it is powered by a high-
performance rechargeable battery. Adding a second 
SQuadriga III unit results in a mobile system with up to 
16 analog channels.

The system also features three USB ports, for example 
for documenting measurement situations with an 
external USB camera for video recording or still images.

Data can be recorded either to the internal 64 GB 
memory or to an external USB stick. A satellite receiver 
for GPS, Glonass, and Galileo provides the exact time, 
position, and speed. A special feature: Recordings 
from spatially separated devices can be synchronized 
retroactively.

The large 7” display with capacitive multitouch 
functionality and intuitive operation completes the user-

oriented look & feel. The powerful processor not only 
handles the time-domain signal and the FFT analysis, 
but also calculates the third-octave spectrum.

In future versions, tool packs will also add support for 
psychoacoustic analyses, such as sharpness or loudness.

Versatile in any area of application

By integrating all peripheral adapters, the mobile 
measurement system is suited for almost any acoustic 
challenge. SQuadriga III is ideal for troubleshooting 
tasks and it also excels in benchmarking tests. 

Furthermore, the compact system is valuable wherever 
sound quality is an issue – not just in the automotive 
industry, but also for environmental measurements, in 
the aviation industry, or for end-of-line tests.
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SQala – the ideal solution 
for benchmarking and target sound definition

Jury tests are an essential basis for determining the best 
possible acoustic impression of a product or to perform 
benchmarks. In addition, jury tests also allow different 
sound alternatives to be compared and rated and 
meaningful metrics for the instrumental assessment of 
sound quality to be developed.

Modular software for jury testing

SQala is a jury testing software in ArtemiS suite. Its 
intuitive operating concept allows both simple and 
complex jury tests to be set up easily. The listening tests 
can be customized, saved, and used for various jury 
testing scenarios as needed. 

With SQala Basic, jury tests can be performed and 
tested in local mode. Various options for the quick 
configuration of the tests are available. The clear 
and modern design conforms to the latest standards. 
A special feature: The layout can be customized. The 
local mode also allows listening tests to be performed 
successively with multiple subjects.

If several persons in a listening studio are supposed to 
participate in a jury test, SQala Net in combination with 
the SQala Server is the solution of choice. Using the 
SQala Session Administration, the test supervisor has 
full control over the course of the jury test. 

A graphical interface shows the progress of the 
individual subjects and the end of a jury test. The 
results of the jury tests are easily exported to Excel for 
further processing. SQala Server saves and manages 
the projects. Installation of the SQala Client on the 
computers of subjects requires neither a dongle nor a 
license.

Product sounds inevitably convey an impression of quality – which may be positive, but can also be negative: 
The engine of a sports car is expected to have a deep, full-throated sound, whereas a washing machine should 
be confined to a discreet hum. The acoustic characteristics of a product have a significant influence on customer 
satisfaction and, consequently, on their buying decisions and brand loyalty.

Jury testing with SQala

Jury tests present a series of individual sections of the 
sounds to be assessed to the subjects, who are asked to 
rate them based on a number of criteria.

At the beginning of the test series, the subjects are 
instructed to imagine a realistic judgment situation 
(example: “Imagine you need to concentrate on your 
office work, and a co-worker is using the bean-to-cup 
coffee machine. How do you feel about the sound it 
makes?” or “Imagine you are driving a car and you 
accelerate. How does the sound feel to you?”).

The products to be assessed can be classified based 
on the ratings and the statistical evaluations regarding 
sound quality (e.g. good, medium, bad).

Depending on the task, users can choose between 
various types of tests: Category Judgment, Paired 
Comparison, or Semantic Differential.
 

 

Software News



NVH HEADlines - December 2018 9

Jury tests gather product-specific information. For 
example, it is possible to use the semantic differential, 
where several scales are presented simultaneously 
(see figure 1). This information goes beyond a simple 
pleasant/unpleasant decision and can provide, for 
example, detailed hints regarding the causes of a low 
product quality.

What if …?

It is also possible to test whether customer acceptance 
could be improved by altering the sound of the tested 
product. Specific sound modifications are presented to 
the subjects for this purpose. These modifications can 
either be achieved by actually altering the hardware of 
the device, or virtually in ArtemiS suite using filters or 
extensive manipulations with the Sound Engineering 
Tool.

In the jury test, either the manipulated sounds – basically 
variants of the original sound of the tested product 
– are observed directly, or an additional jury test is 
performed. In the latter case, gradual changes to the 
original sound are presented in multiple steps, and the 
effects of each change are quantified. This allows for an 
effective estimation of the effort necessary to achieve 
the desired goal.

In order to discover correlations, it is also possible to 
analyze the individual opinions provided by the subjects.
This makes it possible, for example, to find out whether 
there are differences in the ratings between different 
age groups. The goal is always to determine the optimal 
sound for the actual target audience.

In SQala, this can be achieved by means of a 
comprehensive interview after the listening tests 
(see figure 2). Based on the various manipulations, 
it is possible not only to determine the ideal sound, 
also called the target sound, but also the minimum 
requirements and acoustic target corridors for new 
products.

Fig. 1: Semantic differential in SQala

Fig. 2: Interview at the end of a jury test
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Current NVH challenges in the market
Interview with engineers from NVH Consulting Herzogenrath

What are the main challenges currently facing the 
market?

Jürgens: Electromobility is currently a big topic in the 
automotive industry, which brings a fresh wind into old-
established patterns of thought and expectation.

Not just the global players, but also small companies 
and startups are dealing with questions like how the 
electric vehicle of tomorrow is supposed to sound, 
whether customers expect acoustic feedback and, if so, 
which sound is perceived as agreeable.

Bauer: There is no generic answer to these questions. 
For us “classic” NVH engineers, it’s a good opportunity: 
We benefit from the entire scope of methods we have 
established over the last two decades.

Can you give us a concrete example?

Beljan: The hybrid drive train combines two fundamentally 
different worlds: Both the classic combustion engine 
and the electric engine have a broad influence on the 
drivability and on the acoustics. Understanding the way 
both engine types work together is therefore essential –
particularly when it comes to evaluating and answering 
the questions mentioned earlier.

Binaural transfer path analysis (BTPA) and binaural 
transfer path synthesis (BTPS) are good tools for 
identifying and characterizing the really important 

influencing factors of both drive types.

What exactly is binaural transfer path analysis (BTPA) 
and binaural transfer path synthesis (BTPS)?

Jürgens: BTPA is an analysis method for characterizing 
the individual sound sources and transfer paths in the 
vehicle. The result is a model of the sound paths of the 
vehicle, such as the drive train.

By means of BTPS, variations of the overall sound can be 
auralized at component level and assessed afterwards. 
Subsequently, we modify the most influential parameters 
to determine the expectations of car drivers regarding 
the vehicle acoustics.

Electromobility is a topic of the future. What are the 
biggest challenges in the area of sound quality?

Beljan: The biggest challenge is actually the absence 
of the combustion engine, which causes other sounds 
to become audible that were previously masked by 
engine noise. Compared to the combustion engine, the 
excitation frequencies of an electric drive are higher. 

Despite the lightweight construction, this must not lead 
to complaints about the acoustics. Essentially, we are 
using the same tools and methods as for combustion 
engines, of course taking the different boundary 
conditions into account. In addition, we apply analyses 
specifically tailored to the new challenges.

HEAD News
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Is there an acoustic evaluation that, in the age of 
electromobility, is gaining significance?

Bauer: Yes, tonality analysis. Compared to a combustion 
engine, an electric drive generates higher frequencies 
and more tonal noise, which – in the worst case – can 
remind you of a trolley-car. This typical trolley-car sound 
leads to acceptance problems for an electric vehicle. 
The new Tonality (Hearing Model) analysis developed 
by our colleagues in the research department is suited 
better than previous methods to identify the tonal noise 
components perceived as annoying by human listeners.

What else must be taken into account?

Jürgens: For many NVH applications, such as the 
evaluation of order levels or torsional vibration, exact 
rpm information is essential. Often the CAN bus is 
used for this if the resolution is sufficient and the delay 
can be neglected for the application. When it comes 
to higher revolution speeds and faster changes, we 
use an inductive or optical sensor. That is the only to 
achieve the necessary resolution and quality of the rpm 
information.

Regarding sound quality, where do you see the border 
between good and bad?

Beljan: Clearly at 3.5 on a 10 scale—that’s how we 
always did it. [… laughs …] No, just kidding. Without 
a context, specifying a fixed border makes no sense. 
There are too many influencing factors, such as the 
positioning of the product in the market, the target 
group, and the overall context.

Bauer: This is where test drives are so useful. For 
example, we let potential customers drive the vehicles in 
everyday traffic and have them assess their experiences 
in their own words. At the same time, we record the 
interior sound of the vehicle, the essential driving 
parameters, and the positions. The accumulation 
of specific driving impressions points to the most 
important situations that need to be improved for the 
end customer. This often involves the assessment of 
the entire scope of parameters: from the feeling of the 
clutch and the feedback of the accelerator pedal to the 
annoying howling of the gearbox.

For the relevant operating conditions, we perform 
jury listening tests. The results of these tests are used 
in the next step to translate the sound characteristics 
into sound quality metrics by means of psychoacoustic 

Denis Beljan (l.), Frank Jürgens, Dominik Bauer (r.)

analyses, such as Tonality or Relative Approach.

Beljan: And this is exactly the combination of tools and 
methods then takes us to the 3.5 [… loughs again …]

If we sparked your interest or you have questions about 
our services, feel free to contact us: info@head-acoustics.de

FOR YOUR PROJECT
CUSTOM-TAILORED SOLUTIONS
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Save the date 2019
Meet us here:

Events

Event Location Date

SIAT Expo Pune, India January 16-18

A&T Automation & Testing Turin, Italy February 13-15

KSNVE Pyoeongchang, Korea February 20-22

DAGA Rostock, Germany March 18-21

Stuttgarter Symposium Stuttgart, Germany March 19-20

Messtec + Sensor Masters Stuttgart, Germany March 26-27

Instrumentation, Analysis & Testing Expo Silverstone Race Track, UK April 2

AERO  Friedrichshafen, Germany April 10-13

ASA Meeting  Louisville, Kentuky, USA May 13-17

Automotive Testing Expo Europe   Stuttgart, Germany May 21-23

EuroBrake  Dresden, Germany May 21-23

Automotive Engineering Exposition  Yokohama, Japan May 22-24

SAE Noise & Vibration Conference  Grand Rapids, Michigan, USA June 10-13

inter.noise  Madrid, Spain June 16-19

JISFA Le Mans, France June 25-26


