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Headphone listening 
you can finally trust? 
AKI MAKIVIRTA and THOMAS LUND explain how Genelec’s new Aural ID is helping to 
create a headphone monitoring experience we can rely on
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 You are so familiar with this 
phenomenon: the world is all around 
you, at all times. You were born to this 
and you grew up with this reality. 

Nothing could be more natural.
In a room, sound is all around us. From just 

two months old, we automatically recognise the 
direction of sound, turning our eyes towards a 
source, and half a year later we start using 
movement to change the perspective as an 
integral part of hearing and seeing when 
interpreting the world. Active ‘reaching out’ 
using movement is a main element of most 
human sensing, and the ground rules for this 
are laid before the age of two.

Early in life we also start to make use of 
individual and unique outer ears with 
movement, to differentiate, for instance, 
between direct sound and reflections in a room. 
Like the imprint of a mother tongue, early 
sensory experience becomes a reference that 
we’re unable to ever fully escape, since it’s 
naturally rooted in our anatomy and conditions 
around the time of childhood.

In professional audio, this sense of space and 
direction has resulted in the universal reliance 
on good in-room loudspeaker systems for 
reference monitoring, since the purpose of 

monitoring is to evaluate audio in a neutral way, 
and to ensure good translation to other 
reproduction conditions. On-ear and in-ear 
headphones have not been relevant for this 
purpose because they exclude the influential 
external ear from our auditory system, thereby 
breaking the link to natural listening that we 
have acquired over a lifetime. Even when 
passing around the same set of headphones, 
what you hear can be quite different from what 
the next person hears, and it’s this lack of 
trustworthiness, reliability and personalisation 
in headphone monitoring that has led Genelec 

to the development of our Aural ID technology 
— a file that is derived from the unique 
characteristics of your head, outer ears and 
upper torso, that once integrated into your 
DAW or audio engine delivers a much more 
personal and reliable headphone experience.

The importance of HRTFs
Only recently have those who record and 
present audio mechanically, using microphones, 
loudspeakers and headphones, geared-up to 
approach the true realism of how we hear 
audio. Now, we talk about ‘immersive audio’, 
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meaning audio that actually tries to mimic what 
we experience in reality. For a wide seating 
area, we can introduce a dense grid of 
loudspeakers — real sources — that everyone in 
the audience can locate correctly. This allows 
audio to reach the listener from both horizontal 
and vertical directions and is the foundation for 
all modern loudspeaker-based immersive audio 
presentations.

The localisation of sound for humans is 
traditionally explained using the concepts of the 
Interaural Time Difference (ITD) and Interaural 
Level Difference (ILD). ILD is suggested to be 
the main localisation mechanism above the 
frequency where the human head becomes a 
significant shadow for sound (above 1.5kHz), 
while ITD comes into effect below that 
frequency. However, both of these are part of a 
more elaborate mechanism, that of the Head-
Related Transfer Function (HRTF).

HRTF acts as a filter for each ear separately, 
with a different value for each direction of arrival 
on the horizontal plane and vertical plane, 
incorporating all spectral and time-domain 
effects, including ILD and ITD. HRTF describes 
the total effect to the sound produced by the 
sound approaching an ear from a given 
orientation, and to create a complete 
understanding of the directional effects to sound 
we need measurements of a large number of 
HRTFs, for all the directions of arrival over a 
sphere surrounding the listener’s head.

When headphones are placed over the ears 
(or inside the ears), the human sound 
localisation system of the head size and 
external ear shape is completely removed from 
the equation — and this is the reason why 
headphone sound mostly seems to be ‘inside’ 
the listener’s head.  However, once a listener’s 
HRTF measurements are recorded, we then 

have the possibility to deliver sound to them 
properly via headphones. The process is 
relatively simple but requires an amount of 
signal processing and also additional 
information.

The key to enabling this process is access to 
the HRTF information. Scientists have found 
that, although we all share the same broad 
principles of how our HRTFs appear, we are all 
individual with slight differences in details. 
These details, they have concluded, do not 
successfully translate from one person to 
another — and borrowing someone else’s 
HRTFs for listening will not be successful. You 
need your own, personal HRTF information.

It’s all in your head
This HRTF information can be directly 
measured, but this needs to be done in an 
anechoic room — thus eliminating the sound of 
the room in the process — and by placing 
microphones in the two ears of the listener and 
positioning a loudspeaker in all the orientations 
needed. This is obviously a complicated, time 
consuming process that can still be prone to 
errors. However, after years of 
research, Genelec Aural ID now offers a more 
robust method of obtaining personal HRTFs, 
yielding anechoic HRTFs but without the 
requirement for an anechoic room.

Aural ID is able to achieve this by using 
numerical modelling of the acoustic field at the 
head instead of direct acoustic measurement 
with microphones. This method requires a video 
to be taken of the listener, which captures the 
head and upper torso (shoulders) of the listener 
while the camera circles them, showing these 
details at all angles. After this, the Aural ID 
calculation process analyses the video and builds 
a three-dimensional model of the listener using 
photogrammetric methods, by looking at the 
differences that occur between different images 
in the video. This model is then used in 
calculating the impact that sound experiences 

Playlist

resolution 13 horizontal.indd   1 14.08.19   17:28

/ Example of the direction-dependent filtering of 
head-related transfer function in the external ear, 
sound arriving from left and sound arriving from 
above — our brain automatically decodes the ‘colour’ 
given by the external ear as the direction of arrival 
for audio

/ Examples of the direction-dependent level variations 
for the Left ear located at about 80°, seen on the 
horizontal plane going around the head; straight 
forward direction is at 0°, straight back is at 180°, 
and the rotation with increasing angle value occurs 
rotating to the left
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when it arrives at the two ears from different 
orientations. Using this information, finally, the 
HRTF filters can be obtained in almost a 
thousand different orientations. This method is 
advantageous because it eliminates the 
uncertainty related to placing microphones in 
the listeners ears, and any listener movements 
do not play a role in the quality of the final result.

At the moment, there are many companies 
working on HRTF-related solutions using a 
method of matching to some anatomic features 
in the listener. Then, based on some criteria, the 
best match for their real HRTFs is selected in a 
pre-existing HRTF data base. These methods 
are fast, but are unable to include sufficient 
anatomic detail about the person’s actual 
physical characteristics. The library-chosen 
HRTFs may not render audio very well — 
because they are not actually the listener’s. 
Genelec’s Aural ID measurement method is 
aimed at audio professionals, opening new 
possibilities to the whole audio industry. It does 
this at a totally personal level, maintaining 
complete accuracy and full personal detail, with 
the robustness and convenience needed to 
bring HRTFs to all professional applications.

The challenges of headphone 
monitoring
The outer ear together with movement is what 
provides us with the wonderful feature of 
‘spherical hearing’, which is used regardless of 
whether a production is stereo or immersive. In 
the case of stereo, we receive direct sound in 
the 60° angle in a distinct way, like we receive 
cross-talk and all room reflections. Each of us 
have substantial and characteristic reception-
resonances, depending on the angle (azimuth 
and elevation) by which sound arrives. Our 
personal physical properties are not 
compensated for with traditional on-ear or 
in-ear headphones; and for practical reasons 
are not included in any measures to standardise 
headphone listening (such as efforts to prevent 

hearing damage from over-exposure).
In monitoring, however, such uncertainty 

spells a problem. Using traditional headphones, 
important sources like the human voice or tonal 
instruments are difficult to equalise, pan and 
adjust for level because midrange frequencies 
translate randomly between people when using 
them. Many professionals have learned this the 
hard way and therefore use headphones only 
when necessary or for other reasons, such as 
checking for artefacts. How the headphones 
are seated in or on the listener’s ears is another 
systemic issue with headphone monitoring, 
adding frequency response and level changes 
(of sometimes 10dB or more) between each 
seating. In headphone standardisation, 
averaging over at least five ‘seatings’ is 
therefore advised.

Finally, our sensation of very low frequency 
sound needs mentioning in this context. At low 
frequency, we cross-over from aural sensation 
dominating to haptic sensation (i.e. sound 
which we tend to experience through ‘touch’) 
dominating. Haptic reception is driven by what 
are called Pacinian receptors in the abdomen 
and in the skin, and even allows accurate 
(outdoor) detection of the direction of VLF 
sound. The cross-over frequency between aural 
and haptic domination is individual but happens 
below 50Hz.

Traditional headphones build on a general 
assumption of the listeners’ ears, such as how 
the 60° stereo angle is averagely received. 
Manufacturers submit to different headphone 
target curves, typically based on free field or 
diffuse field anchoring to the real world, and 
thereby end up with different secret sauce 
recipes for ‘their’ frequency response. However, 
every such response is a one-size-fits-all 
compromise incompatible with professional 
listening.

In addition to good transducer and 
mechanical design, the professional use of 
headphones for actual monitoring needs to 

include at least these elements:
1. compensation for headphone-type pre-

emphasis
2. addition of personalisation for direct sound 

per channel
3. addition of virtual room reflections for each 

channel
4. all of the above performed dynamically with 

movement and low latency
5. consideration for haptic sensation
6. attention to headphone seating-variation
Genelec’s new Aural ID technology signifies a 
step away from random, generalised 
headphone listening to systematic 
personalisation, and should not be confused 
with processing plug-ins that merely modify the 
‘secret sauce’ frequency response, based on 
headphone type. By describing how sound 
from all different angles is modified during 
normal arrival, and how this affects you 
personally, Aural ID enables a rendering plug-in 
to offer natural (or supernatural!) hearing, when 
using headphones. It supports open standards 
such as the Spatially Oriented Format for 
Acoustics (SOFA), and also provides a path to 
immersive headphone-monitoring.

So, who is Genelec Aural ID aimed at? In 
reality, anyone who relies on information about 
the direction of arrival for sound will benefit, 
including users of Virtual Reality and 
Augmented Reality systems, game engines 
calculating the audio presentations dynamically 
as part of the gaming process, and researchers 
working with 3D audio. Ultimately, we can all 
benefit, once the method of presenting 
immersive audio develops to include 
information about the direction of sound arrival, 
and the processing needed to plug in the 
personal HRTF information to obtain the 
correct presentation over headphones. This will 
elevate headphone listening to be a much more 
reliable experience. 
Follow this link to view a video of the Aural ID scan 
process: http://bit.ly/Genelec-Video-CaptureDante-Resolution-Dante-ad-Aug19.qxp_Layout 1  27/08/2019  13:34  Page 1


