‘It Is assumed that the ideal to be aimed at in the design

of a sound reproducing system is
realism

l.e. that

the listener should be able to imagine himself to be in

the presence of the original source of sound.”

"The Development of High-Quality Monitoring Loudspeakers: A Review of Progress" (Expanded Version of I.EoE.

Paper Read on 23 April 1958). Report No. L-041 (1958/31), The British Broadcasting Corporation


Presenter-Notizen
Präsentationsnotizen
Sennheiser HD 580 (1993). Unfortunately, on the instructions of the product manager at the time, I had to use an acoustically less than optimal cover, as the more open caps were reserved for the HE60, the baby Orpheus. This was corrected after the overwhelming success of the HD580 with the 
Sennheiser HD 580 Jubilee (1995) 
Sennheiser HD 600 (1996). They got the open shell of the HE60, production of the HE60 was discontinued.
Sennheiser HD 5XX line (2002). A Line of 3 open headphones with a transducer shifted to the front.
Sennheiser HD 650 (2003). It has a little less distortion, a little more sound pressure in the lows, but stayed with the same basic design. I knew I had to make something completely different. The result:
Sennheiser HD 800 (2009). The most open dynamic headphone built as far as I know(except the AKG K1000 but that's a nearphone). And with a large effective diaphragm area. The HD800S (2013) was a version with less high mids. 
Sennheiser HE1 (2015). Electrostatic headphones with very large sound radiating area
Neumann NDH 30 (2022). Open top class studio headphones with a transducer shifted to the front. 
HEAVYS H1H (2023).
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Headphone Target Curves
A new approach

Axel Grell



Factors that influence the perceived
sound of headphones

grell

Frequency response (amplitude
/ phase)

Sound pressure

Harmonic Distortion responses
Acoustic Impedance Response

Angle of sound incidence

Lifelong learning of how
natural sound sources
sound at a certain

Acoustical openness
Caliper pressure
Size of the pinna and head
surface touched by the device

Utilization time of that
special headphone

Socialization
Music Genre
Influencers
Current Mood

Decay Time (Cumulative volume Color . . .
S Listening Environment
pectral Decay)
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Filter caused by other
Sound “Anatomical” Filter . . . . . .
Inverse Anatomical Filter > effects of the > Habituation Filter > Taste & Mood Filter
Source (HRTF)
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Acoustic parameters that can be measured
with a coupler with pinna or with a probe

headphones

Perceived
Sound

microphone in the ear of a test subject
-> Free Field and Diffuse Field Target
Curves
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Acoustical and perceptual parameters that can be determined in total by subjective tests with non-
music signals that are carried out with as many test subjects as possible, about whom as many of the
parameters influencing perception as possible should be known.

-> Loudness Diffuse-Field Method
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Acoustical and Perceptual parameters that can be determined in total by subjective tests with music that are carried out with as many test subjects as possible,
about whom as many of the parameters influencing perception as possible should be known.

-> Harman Target Curve



Some Target Curves for the gre“
Frequency Response .

* Free Field Response Curve

(HATS / Probe Microphone Measurement)

* Diffuse Field Response Curve

(HATS / Probe Microphone Measurement)

* Loudness Diffuse Field Response

(Subjective Comparison of a flat Diffuse Sound Field and Headphones using 1/3 Octave Noise.)

¢ H arman Ta rget Cu r'ves (Subjective Sound Preference Curves



Free field sound transmission:
All frequencies are transferred from the source to the
sink with the same intensity

50 100 200 HSEHI} 1k



Diffuse sound field:

In a perfect room in which all frequencies are reflected equally
by the walls, all frequencies are transmitted from one point to
another with the same intensity.

The sound field contains no directional information.

50 100 200 Hﬂl}l} 1k



Free Field and Diffuse Field Target Curves for

Headphones on a B&K 4128 HATS
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Loudness Diffuse Field Target Curves for
Headphones

dBr
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Harman Listening Room:
This room has a slight roll off tothe high
frequencies from the speakers to the listening place
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A New Target Curve? :: grell

The Harman Target Curve does not contain allocatable information about the
contribution of other factors such as:

* Harmonic distortion responses

e Acoustic impedance response

* Angle of sound incidence

e Decay time (Cumulative Spectral Decay)

to the perceived sound of headphones.



A New Target Curve? grell

Therefore, the Harman Target Curve is strictly speaking only valid for the
headphones, the test subjects and the measuring coupler with which it
was determined.
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Individual Head related Transfer Functions cecccse gre“
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Frequency Response of the Source |
Frequency Response Heard |
Frequency Response (diffuse field) measured at the ear canal entrance of 40 individuals
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Measurement of the open Ear Canal Diffuse Field Response taken from:
Mgller, H., Jensen, C. B., Hommershgi, D., & Sgrensen, M. F. (1995).
Design criteria for headphones. Journal of the Audio Engineering Society, 43(4), 218-232



A new Way to specify the Sound of Headphones oo

i grell

Since the Harman target curve does not contain any assignable information about the contribution of
other factors to the perceived sound of headOFhones, these factors must be specified and their
influence on the sound Ferception quantified. Once this is done, they can be determined for the
headphones used to define the Harman curve and subtracted from the Harman curve. Then the
specific factors of one of the headphones to be specified can be added to create the specific target
curve. The deviations from this target curve then show the sound character of this headphone.

Research on the factors is in progress or will be started soon.

Harmonic distortion responses -> (not started yet)

Acoustic impedance response -> Roman Schlieper et al (to be continued)
Angle of sound incidence -> Roman Kilian et al (in progress) -> PIAF
Decay time (Cumulative Spectral Decay) -> (not started yet)



A new Way to specify the Sound of Headphones LS E er OTO I |
Pina Interaction Factor (PIAF) o g

With the PIAF, | would like to introduce a new measure for determining
the quality of headphones. It indicates the extent to which the pinna
(and the other ERTF factors) contributes to the influence of the sound
pressure above the frequency at the eardrum. At a value of 100, the
influence of the pinna is equivalent to that at the sweet spot of an LEDE
studio. A PIAF of 0 means no match. This is the case with in-ear
headphones due to their design.


Presenter-Notizen
Präsentationsnotizen
Acoustic impedance is similar to electrical impedance. It is the complex frequency-dependent resistance of a part or a medium. �Or the other way around: It describes the permeability for sound. 
If there is nothing between a sound source and a sound sink, the acoustic impedance is 0 Ns/m5
(I neglect the influence of the acoustic impedance of the air here).
When a massive part is in between a sound source and a sound sink the acoustical impedance infinite.
Unit: Ns/m5



Thank You!



Questions?



Good Bye Munich!
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