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ABSTRACT
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HARMAN TARGET CURVE (2013)

. ° AUDIO Audio Engineering Society
In this paper we reported experiments 1) Convention Paper
where trained listeners evaluated two R
different headphones (Sennheiser HD

518 and Audeze LCD-2) unequalized and

Listener Preference For Different

equalized to different target curves Headphone Target Response Curves
(diffuse, modified diffuse, free-field) and e s o
two Harman target curves based on the
equalized in-room response of a o V
Ioudspeaker
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HARMAN TARGET CURVE (2013)

One of the Harman headphone
target curves was based on a
preferred in-room loudspeaker
target curve (RR1) that came
from a study (see next slide) on N

room correction products s —

Listeners preferred this room
correction over other room

corrections and target curves e -
Figure 1 The standard RR (solid line) and modified

RRI1 (dotted line) in-room target response of the
loudspeaker system in the Harman Reference Listening
Room [9].

©2016 HARMAN INTERNATIONAL INDUSTRIES, INCORPORATED 4
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IN-ROOM MEASUREMENTS OF SPEAKER AFTER DIFFERENT ROOM CORRECTIONS ARE APPLIED

Room Correction based on Harman Target Curve
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ABSTRACT

A panel of eight trained listeners gave comparative ratings for five different room correction products based on
overall preference and spectral balance. The room corrections were applied to a single loudspeaker/subwoofer in a
typical semi-reflective listening room, and evaluated using three different music programs. The same
loudspeaker/subwoofer without correction was included as a hidden anchor. The results found significant
differences in sound quality among the room correction products based on listeners® preferences and spectral
balance ratings. These differences can be largely explained by examining the steady state, spatially averaged
frequency response measurements of the room corrections measured at the listening location.




LISTENING RESULTS

Listeners preferred the Audeze LCD-2 equalized to match Harman Target Curve 2 (RR1) compared to the

unequalized Audeze or any of the different DF and FF target curves

Preference Rat

Harman Target 2 Harman Target | DF_M No EQ

Headphone Target Response
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ABSTRACT
There is litle among b Il on the preferred headphone target frequency response
required to produce optimal sound quality for reproduction of sterco recordings. To explore this topic further, we
conducted two double blind list tests in which trained listeners rated preferences for 8 differeat
headphone target frequen produced using two differeat models of headphones. The target curves
included the diffuse-! i 0 11904-2, a modified diffuse-field target recommend by
Lorho, the une ne, and a new target response based on acoustical measurements of & cal ed
loudspeak room. For both headphones, the new target based on the in-room loudspeaker
response was the most p




HEADPHONE TARGET CURVE MEASUREMENTS

Test Two:Audeze LCD-2
Red = Average response of all 6 target responses

~—

o

......

Preference Rating
N

N
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HARMAN

ADJUSTING HEADPHONE AND IN_ROOM LOUDSPEAKER TARGET CURVES

In this paper we had 6 trained and 3 e Ao Engineerng Sty
untrained listeners adjust the bass and treble g Convention Paper
levels of a headphone (Senn. HD 800) S T
equalized at the DRP to match a
“flattened” (not ideal) in-room response of

an accurate IOUdSpeaker in the Hal"man Listener Preferences for In-Room
Refe rence Room; Loudspeaker;zil:;:l::edsphone Target

Sean E. Olive’, Todd Welti’, and Elisabeth McMullin’

' Harman International Industries Inc., Nerlhridge, CA, 91329, USA

sean.clive@harman.com

?locd welti@harman.com

Listeners repeated the same test in the
Harman Reference Room using an accurate -
stereo loudspeaker (Revel F208)

through a high quali
repeated using @ high qual

response. There were significant variations in the preferred bass and treble levels due to differences in individeal
taste and listener training.
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MEAN PREFERRED BASS AND TREBLE LEVELS

On average, listeners preferred the
headphone target response after
adjusted to 4.8 dB bass gain (2nd
order LF shelf at 105 Hz) and -4.4 dB
treble cut (2nd order HF shelf at 2.5

kHz)

For the loudspeaker playback
condition they preferred about 2 dB
more bass and treble than the
headphone condition
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RESULTS

This measurement shows the
headphone adjusted to the target
response based on listeners bass
and level preferences

The green dotted curve is
response of the loudspeaker
equalized to a flat in-room curve.
Listeners did not like this
baseline curve and adjusted the
bass 6.6 dB higher and the treble
-2.4 dB lower. More evidence that
the in-room loudspeaker target

should have a 9-10 dB downward
slope from 20-20 kHz
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Figure 17 The preferred headphone target response

measured at DRP (black) based on this study. Also

shown is the measured response of the loudspeaker

equalized to a flat in-room target response.



HARMAN

PREFERRED IN-ROOM TARGET FOR LOUDSPEAKER

A flat in-room target curve (green curve) is not Based on listening results, the Revel requires some bass

preferred; to achieve the preferred target (the black boost in this room but no treble adjustment to its flat on-

curve).The preferred in-room target has a response axis response/ Also the original RR1I target curve (red

with a ~10 dB downward slope from 20 Hz- 20 kHz. curve ) is close to what listeners preferred in this study
(black curve)

200

1004

2004

00 i T

i

-10.0

g,g_; N2t

Sound Pressure Level (dB ref 20uPa)
—

Sound Pressure Level (dB ref 20uPa)

=

-20.0

-10.0 4
-30.0 T T T
20 100 1000 10000 20000
Frequency (Hz) -200 T T T
20 100 1000 10000 20000

Figure 18 The measured in-room response of the Revel —
F208 (solid line) equalized to the preferred target Figure 19 The measured in-room response of the Revel
response curve. Also shown is the measured response of F208 loudspeaker equalized to the preferred in-room
the loudspeaker equalized to a flat target response target curve (black), the predicted in-room response of
(dotted). the loudspeaker (cyan) based on anechoic measurements

(see Fig. 1), and the modified in-room loudspeaker

©2016 HARMAN INTERNATIONAL INDUSTRIES, INCORPORATED
target curve, RR1 (red dotted) from [6].



2014 PAPER

In this paper we had 238 listeners from four countries

give preference ratings for 4 virtualized headphones

including one equalized to the Harman Target Curve §i} Ao Engnearing Sociy
(top left graph).The other three were Sennheiser w Convention Paper

Presented at the 137th Convention

HD800,Audeze LCD-2 and Beats Studio.

This paper was peer-reviewed as a complete manuscript for presentation at this Convention. Additional papers may be obtained
by sending request and remittance to Audio Engineering Society, 60 East 42nd Street, New York, New York 10165-2520, USA;
also see www.aes.org. All rights reserved. Reproduction of this paper, or any portion thereof, is not permitted without direct
permission from the Journal of the Audio Engineering Society.
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The Influence of Listeners’ Experience, Age,

and Culture on Headphone Sound Quality
YNNIV INN] Headphone iPad Test Software Preferences

Trial 1 of 6 Sean E. Olive!, Todd Welti?, and Elisabeth McMullin®

Harman International, Northridge, CA, 91329, USA

B C D 1 Sean.Olive@harman.com

10 2Todd.Welti@harman.com
9-Strong Like

° 8 3 Elisabeth.McMullin@harman.com
7-Like
6 ABSTRACT
5- Ok
4 Double-blind headphone listening tests were conducted in four different countries (Canada, USA, China and

- Germany) involving 238 listeners of different ages, gender and listening Listeners gave i

3-Distke preference ratings for three popular headphones and a new reference headphone that were virtually presented
2 through a common replicator headphone equalized to match their measured frequency responses. In this way, biases
1-Strong Dislike related to headphone brand, price, visual appearance and comfort were removed from listeners’ judgment of sound
0 quality. On average, listeners preferred the reference headphone that was based on the in-room frequency response

of an accurate loudspeaker calibrated in a reference listening room. This was generally true regardless of the
listener's experience, age, gender and culture. This new evidence suggests a headphone standard based on this new
3.4 5.5 8.5 0.0 target response would satisfy the tastes of most listeners.

Next Trial

\
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RESULTS

Subjective Results Objective Results

Harman Target Curve (201 3)
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In this paper, we had 249 listeners from 4
countries adjust the bass and treble level
of a headphone according to preference
after it was equalized to match the flat in-
response of the loudspeaker

HARMAN Audio Test System
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Factors that Influence Listeners’ Preferred
Bass and Treble Balance in Headphones

Sean E. Olive' and Todd Welti®

Harman International, Northridge, CA, 91329, USA
"sean.olive@harman.com  ?todd.welti@harman.com

ABSTRACT

A listening experiment was conducted to study factors that influence listeners” preferred bass and treble balance in
headphone sound reproduction. Using a method of adjustment a total of 249 listeners adjusted the relative treble and
bass levels of a headphone that was first equalized at the eardrum reference point (DRP) to match the in-room
steady-state response of a reference loudspeaker in a reference listening room. Listeners repeated the adjustment five
times using three stereo music programs. The listeners included males and females from different age groups,
listening experiences, and nationalities. The results provide evidence that the preferred bass and treble balances in
headphones was influenced by several factors including program, and the listeners’ age, gender and prior listening
experience. The younger and less experienced listeners on average preferred more bass and treble in their
headphones compared to the older, more experienced listeners. Female listeners on average preferred less bass and
treble than their male counterparts.

1. INTRODUCTION to whether the bass and treble levels of the headphone
Recent  scientific investigations into alternative ~target response were optimized for best sound quality.
headphone target curves have found that listeners prefer

them when compared to the standard diffuse and free-  To address this question, a follow up experiment was
field headphone calibrations [1]-[4]. Olive et al. showed ~ recently conducted wherein listeners directly adjusted
evidence that trained listeners preferred a headphone  the relative bass and treble levels of the headphone after

USRI it wac ammalizad at tha NBD tn mateh tha inrnam




RESULTS

PREFERRED BASS AND TREBLE LEVELS

Averaged across all programs and all listeners (n=249)

8
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4

Relative Level (dB)

Bass Treble
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HARMAN

EFFECT OF LISTENING EXPERIENCE ON PREFERRED BASS AND TREBLE LEVELS
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EFFECT OF AGE OF LISTENER

B Bass Treble
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RESULTS

300

Olive et al. Headphone Target Curve from [4]

20.0 H

[4] S.E. Olive, T. Welti and E. McMullin, “Listener
Preferences for In-Room Loudspeaker and
Headphone Target Responses,” presented at the
135Convention, Audio Eng., Soc., preprint 8994,

10.0 4 (2013 October).
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CONCLUSIONS

The preferred Harma nheadphone target response closely matches the preferred

in-room response of an accurate loudspeaker in a reference listening room having
about a 10 dB downward slope from 20 Hz-20 kHz

The preferred headphone target shape may vary depending on several factors:

the spectrum and balance of the recording (circle of confusion issues)

listeners’ age, listening experience: younger, less experienced listeners tend to
prefer more bass and treble; older listeners may prefer more treble to
compensate for hearing loss

individual taste
bass loss due to leakage/fit (closed headphones and IE types)

masking of bass/mids from background noise

©2016 HARMAN INTERNATIONAL INDUSTRIES, INCORPORATED 19
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