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Abstract
Headsets providing Active Noise Cancellation (ANC) fea-
tures have become extremely popular in recent years.
While the first-generation devices were mainly larger and
wired over-ear headsets, modern wireless in-ear devices
are getting more common. Standardized testing of ANC
headsets typically evaluates measures like total, passive,
and active insertion loss to quantify the performance of
these devices.

For many years, the artificial ear of type 3.3 with
anatomic pinna and cylindric ear canal according to IEC
60318-4 was regarded as the state-of-the-art measure-
ment device for these tasks. Recently, new ear simulators
were introduced in ITU-T P.57. These type 4 ears spec-
ify both an anatomically shaped ear canal and a fullband
transfer impedance. However, their applicability for the
performance evaluation of ANC headsets has not been
investigated in detail so far.

This contribution assesses the ANC performance of com-
mercially available headsets based on a novel auditory
test design and on objective, head-and-torso simulator
(HATS)-based measurements. The listening test design
is based on auditory loudness assessment in conjunction
with a realistic ambient noise reproduction.

1 Introduction
Test methods based on HATS-mounted ear simulators for
performance evaluation of headphones and headsets have
been well-established. Over the past years, the standard-
ized artificial ear of type 3.3 according to ITU-T P.57 [1]
was successfully used in this domain and for various de-
vice types like e.g., intra-concha, supra-aural or circum-
aural. However, even though this ear simulator provides
a realistic and anatomically shaped pinna, two major
drawbacks could be observed over the past years:

• The cylindric ear canal according to IEC 60318-4 [2]
does not represent an average human ear canal. In
particular for in-ear devices, positioning is either un-
realistic or leads to leakage.

• The transfer impedance is specified only up to
10 kHz, which is insufficient for standardized and
repeatable testing of super-wideband and fullband
applications.

Based on comprehensive research work [3–5], a new gen-
eration of type 4 ear simulators were recently introduced
in ITU-T P.57 [1]. These include the same pinna from
the type 3.3 ear, and in addition an anatomically shaped
ear canal and a transfer impedance definition between
20 Hz and 20 kHz is provided. Figure 1 illustrates the
geometry of type 4.3 and type 4.4 ears.

(a) Type 4.3

(b) Type 4.4

Figure 1: Illustration of type 4 ears (from [1])

Especially for in-ear headsets that provide ANC func-
tionality, the cancellation performance as perceived by
the user highly depends on a realistic ear impedance as
well as an accurate fit and resulting low leakage in the ear
canal. In order to investigate the general applicability of
the new type 4 ear simulators in this case, an auditory
evaluation was designed and conducted.

2 Listening Test Design
For most test methods and requirements for head-
sets (e.g., [6, 7]), “traditional” electro-acoustical and/or
transmission-based parameters like frequency response,
loudness, distortion, idle noise, etc. are evaluated. For
the dedicated evaluation of ANC performance, specifica-
tions like ETSI TS 103 640 [8] provide a comprehensive
test suite, including the most commonly used insertion
losses vs. frequency:

• Passive loss (ANC=off vs no headset)
• Total loss (ANC=on vs no headset)
• Active loss (ANC=on vs ANC=off )

Thus, an auditory evaluation of noise cancellation per-
formance should also obtain a kind of level results versus
frequencies.

2.1 Test Design
In the current study, testing versus frequency was re-
alized by using noise bursts of approximately Bark-
bandwidth as stimuli. These types of signals were already
used in related studies ([9], [10]) and provide several ad-
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Table 1: Frequency bands used in evaluation

Frequency [Hz] Expected performance
300 high ANC
500 medium ANC
1000 low/no ANC
4000 only passive loss, no ANC at all

Table 2: Headset devices used in the experiment

ID Type Comment
H1 intra-concha
H2 intra-concha
H3 intra-concha
H4 intra-concha passive, no ANC functionality
H5 circum-aural

vantages regarding the assessment (similar loudness per-
ception as sine tones, but less tonal/annoying), the evalu-
ation setup (more robust for reproduction via loudspeak-
ers w.r.t. room modes) and headsets (more comparable
to e.g., pink noise).

Since typically the signal processing for ANC operates up
to 1-2 kHz, the centre frequencies according to Table 1
were chosen. In addition, 4 kHz was evaluated as well,
since no signal processing for noise cancellation is most
likely active here.

The playback of stimuli was realized via noise field simu-
lation according to ETSI TS 103 224 [11], which consists
of eight loudspeakers. The system was equalized at the
listener’s position with the symmetric 8-channel micro-
phone array mounted on a HATS. To address different
sizes of test subjects, multiple equalizations at different
heights were taken into account.

For the auditory assessment of levels, the absolute cate-
gory rating scale for loudness according to ISO 16832 [12]
was used with seven categories between (1) (inaudible)
and (7) (too loud). The levels of the noise bursts were cal-
ibrated at the eight equalization microphones to a loud-
ness level range of 45-90 phon.

Five commercially available headsets according to Ta-
ble 2 were used in the experiment. All of these provide
ANC functionality, except H4, which is used for reference
and cross-checking (see section 2.2).

2.2 Test Phase: Without headset
The auditory test is conducted in two phases of loudness
assessment. In the first phase, all 24 test subjects (self-
reported normal hearing) were located in the sweet spot
of the noise simulation and performed 25 trials without
wearing a headset. A loudness level range of 45-80 phon
at frequencies as per Table 1 (plus 2 kHz) was presented.

This procedure was chosen to provide a suitable an-
choring of the subjects, whereas the selection of lev-
els/frequencies targeted at covering the whole possible
range of loudness. On the other hand, results of this
phase were used at a later stage to map between audi-
tory loudness and levels in dBSPL(A).

Table 3: Different HATS / ES used in the comparison

ID Type
ES1 4.4 pinna / ear canal
ES2 4.3 pinna / ear canal
ES3 proprietary pinna / ear canal

2.3 Test Phase: With headset
In the second phase of the experiment, each headset was
handed over by the operator to the test subject, who
were instructed to wear each headset “as comfortable as
possible”.

Within each per-device trial, the headset was either con-
figured to ANC=on or ANC=off , whereas subjects were
unaware about the actual ANC status, when it was
handed over by the test operator. The order of devices
and current ANC status was pseudo-randomized and the
same for all subjects. For sake of consistency, headset
H4 (see Table 2) was also evaluated twice, even though
it was completely passive in both device-trials.

In each of these ten device-trials, noise bursts at frequen-
cies as per Table 1 were used, but this time only loudness
levels of 80 phon and 90 phon were presented as stimuli.
In conjunction with the active and/or passive attenuation
of the headsets, again a wide range of loudness should be
covered with these ten per-stimuli trials.

3 Measurements
For the comparison to auditory results, it was intended to
perform HATS-based measurements (all devices in both
ANC modes) as similar as possible to the auditory eval-
uation, as illustrated in Figure 2. The same stimuli were
played back and the noise field simulation was equalized
for each HATS individually.

The Ear Simulators (ES) according to Table 3 from
three different measurement equipment manufacturers
were considered. Besides the already introduced type
4 ears, also a non-standardized ear simulator is included,
which is widely used in the industry as well.

When conducting tests according to specifications (e.g.,
[7, 8]), typically the best-possible fit is evaluated prior to
the actual performance measurement. To minimize the
risk of outliers, it is additionally often mandated that
positioning of the headset and measurements have to be
repeated at least five times.

However, in the auditory experiment, test subjects were
instructed to wear each headset in the most comfort-
able way, which may not be an optimum regarding ANC
performance. Thus, the positioning on HATS was more
cumbersome, since the goal here was to mimic the user
behaviour. To apply a fair method for each of the three
different ES, each headset was positioned at least ten
times, including various fits (best-possible leakage, loose
fit, realistic look, different test operators, etc.). Then
the most representative level measurements (median and
neighbouring) were averaged, leading to the results used
for the comparison with the auditory data.
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(a) Test subject (b) HATS

Figure 2: Human and HATS in test position

Figure 3: Non-linear loudness function determined from
no headset test phase

4 Loudness function
The test results obtained by section 2.2 can be used to
transform loudness Mean opinion score (MOS) into “au-
ditory levels” in dBSPL(A). For this purpose, the coef-
ficients of a multi-variate regression according to equa-
tion 1 was fitted by minimizing least-mean-square error.

L̂ = a0 +

2∑
i=1

bi ·F i
B +

2∑
i=1

ci ·MOSi
L +d0 ·MOSL ·FB (1)

Here L̂ denotes the estimated level in dBSPL(A), FB the
logarithm of the noise burst frequency, and MOSL the au-
ditory loudness result averaged across all test subjects.
The target level values for the regression were deter-
mined by measuring the sound pressure level at the drum
reference-point (DRP) of HATS (in dBSPL(A)), includ-
ing correction for diffuse-field (DF) and linear average
between left and right ear. Resulting loudness functions
for different frequencies are illustrated in Figure 3.

5 Comparison of Auditory Results
The absolute levels as obtained by HATS measurement
and by the non-linear loudness function derived from the
listening test (LT) are shown in Figure 4 for loudness
level (LL) of 80 phon. Results for LL = 90 phon provide
similar trends across all devices/ear simulators and are
therefore left out for sake of brevity.

For each evaluated headset (H1-H5), a separate level vs
frequency diagram is provided. In each diagram, the lev-
els estimated via the loudness function (section 4) are

given in blue colour. Levels obtained by HATS measure-
ments are colour-coded in orange (ES1), green (ES2) and
red (ES3).

Results for no headset conditions are shown as solid
lines/circle markers and obtain the highest levels across
all devices, as expected. Note that the almost perfect
correlation between LT and the three ES is not a sur-
prising result, since the loudness function was fitted by
means of no headset level results.

Conditions evaluated with ANC=Off are shown with
dashed lines/square markers. As expected, the pure pas-
sive attenuation leads to a level reduction that is highly
frequency-dependent. For example at 300 Hz and device
H3, there is almost no difference between no headset and
ANC=Off , i.e., measured and auditory levels are approx-
imately the same. Vice versa, the highest passive atten-
uation for all devices is reached at 4 kHz and ranges from
at least 15 dB (H1) up to 25 dB (H5).

Conditions evaluated with ANC=On are shown with dot-
ted lines/triangle markers. As already assumed in Ta-
ble 1, the highest active attenuation is inserted at 300 Hz
(e.g., for H3/LT up to 30 dB), but also at 500 Hz still a
considerable amount of level reduction can be observed.
For all devices, noise cancellation at 1 kHz is either not
present at all or can only be hardly identified, since audi-
tory as well as measured levels are almost identical here.

Note that for the (non-ANC) device H4, ANC=On and
ANC=Off are actually identical (see Table 2) conditions,
i.e., can be considered as a “hidden repetition”. Never-
theless, a slight bias between the two per-device trials
could be observed, which may be due to training and/or
fatigue of test subjects.

6 Conclusion
Auditory testing of five commercially available ANC
headsets was conducted to evaluate passive and active
noise cancellation performance. Noise burst signals at
different frequencies were evaluated in two phases, with-
out and with worn headsets. A non-linear loudness func-
tion was introduced and results of the no headset phase
were used for fitting, which allowed to determine “audi-
tory levels” for ANC=Off/On.

In general, a high correlation is provided between the ab-
solute levels derived from the non-linear loudness func-
tion and the ones measured with different HATS/ES. The
two type 4 ears (ES1 and ES2) best match the results
from the listening test and also perform very similar to
each other. This is not a surprising result, since both
ear types provide almost identical geometry and transfer
impedance.

Measured levels for ES3 with ANC=Off are correlating
slightly worse with the auditory results. However, a clear
over-estimate can be observed for most conditions with
ANC=On and frequencies 300/500 Hz. This could pos-
sibly be explained by the different ear canal geometry
and transfer impedance, since both were designed in a
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Figure 4: Comparison of listening test (LT) results to measured data for devices H1 to H5

completely different way than ES1 and ES2 for this ear
simulator type.

Nevertheless, besides the differences regarding the ES,
also some ear-independent shifts/offsets can still be ob-
served for some devices. Several explanations are possible
that could have an impact on the results:

• The loudness perception between the first and sec-
ond phase of the test (with/without headset) may
differ between occluded and open ears. This could
be addressed in future work by evaluating the loud-
ness function with calibrated headphone equipment
instead.

• HATS recordings were conducted including A-
weighting and correction for DF, which is com-
monly used to assess level and/or loudness of sounds.
However, in this case, also a different frequency-
dependent weighting might lead to improved align-
ment with the auditory results.

• Improved consideration of human factors: due to
the same presentation order of devices and ANC
modes, systematic over-/underestimation in certain
cases cannot be excluded. Typically this issue is
minimized with additional repetitions, which could
not be implemented in this design due to time con-
straints. In addition, listeners may also get trained
and/or fatigue with increasing test duration, which
sometimes leads to different results for same play-
back levels (see device H4 in Figure 4).
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[4] Brüel & Kjær Sound & Vibration A/S, “Wideband
acoustical input impedance measurements and finite el-
ement simulations of small complex cavities such as ear
simulators and the human ear canal. part 2: Real ear
measurements,” Tech. Rep. T17-SG12-C-0182, ITU-T
Study Group 12, May 2018.
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