Application Note

Improving Telephone Handset Performance

— On the Use of Ear Simulators ITU-T P.57 Type 1 and Type 3.2 for Telephonometric Measurements

by Seren Jensson, André Matthisson and Carsten Borg Briel & Kjger, Denmark

Bruel & Kjeer have, during rec%
years, introduced new ear simulator
types which provide realistic simula-
tions of the conditions when a tele-
phone handset is applied to a human
ear. These ear simulators, also referred
to as the Type 3.2 simplified pinna sim-
ulators (high- and low-leak version),
conforms to the ITU-T P.57 recommen-
dation. Standard acoustic receiving
path measurements on telephone
handsets have traditionally been per-
formed using a more simplified model
of the human ear; the IEC 318 coupler
(ITU-T P57 Type 1). When using the
new Type 3.2 ear simulators, the meas-
urement results obtained will in some
cases be different (more realistic) than
results obtained with the Type 1 ear
simulator.

This application note explains the
reason for these differences. It also
suggests some basic rules for designing
handsets which are less sensitive to
differences in ear simulators and hence
also less sensitive to the different con-
ditions under which the handsets are
used. Eventually, using the new ear
simulator types may lead to an im-
proved performance of the telephone
handset, in terms of a better perceived
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Introduction

Measurements on telephone hand-
sets are traditionally done using the
ITU-T P.57 Type 1 ear simulator. This
ear simulator includes the IEC 318
coupler, which was introduced to the
market more than two decades ago.
The Type 1 ear simulator is a rather
coarse simulation of the human ear,
and the conditions under which it is
designed to be used are not an accu-
rate representation of the normal use
of telephone handsets. Therefore,
some new ear simulators have been
specified by ITU (International Tele-
communication Union) which better
simulate the acoustical load of the
human ear when using modern tele-
phone handsets.

The introduction of these new ear
simulator types in telephone stand-
ards during the recent years, has
lead to some confusion among hand-
set designers. First of all, using the
new couplers leads to different meas-
urement results than those obtained
with the usual Type 1 ear simulator.
Furthermore, it is questioned wheth-
er tolerances in telephone standards
where the Type 1 ear simulator is
specified are still applicable when us-
ing the new ear simulators types.

The scope of this application note
is to describe how to use the different
ear simulators for measurements on
various telephone handsets, and in
particular how to select the most ap-
propriate simulator for a given hand-
set. It is also explained how
measurements made with different
ear simulators lead to different re-
sults for some handsets.

Definitions

When discussing measurements on
the human ear, several terms are
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Fig.1 Ear anatomy and definitions

used to describe the measurement
conditions. An overview of these
terms is presented in the following.
Fig.1 shows a sketch of a human ear.
When referring to the sound pressure
level in the ear, three relevant meas-
urement points are defined: the Ear
Reference Point (ERP), the Drum
Reference Point (DRP) and the Ear-
canal Entrance Point (EEP). The ex-
act location of these measuring points
are shown in Fig.1.

When measuring on earphones, the
shape of the earphone can also influ-
ence the measurements. Therefore,
some general earphone shapes have
been defined, as shown in Fig.2a-d
[1]. Most ear simulators are designed
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specifically for the use of one or more
of these different earphone shapes.
An overview is given in Table 1.

The physical properties of an ear-
phone may affect measurements on
ear simulators. If the ear is exposed
to an enclosure (e.g., in a headphone),
the sound field in the ear is much
different than when in a free sound
field. Two kind of earphones have
been defined: open and closed. Acous-
tically open earphones intentionally
provide an acoustic path between the
external environment and the ear ca-
nal. Acoustically closed earphones
are intended to prevent any acoustic
coupling between the external envi-
ronment and the ear canal. Normal
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Fig.2a Supra-aural earphone (open type)

Fig.2b Supra-concha earphone (open type)

ITU-T P.57 Earphone Types Meas_uring ERP-DRP c‘orrection Briiel & Kjeer
Ear Type point function Type No.
1 Supra-aural, supra-concha close to ERP Individually calibrated 4185/4153
2 Insert earphones DRP ITU-T P.57 table 2a/b 4157
3.1 Intra-concha earphones DRP ITU-T P.57 table 2a/b -
3.2 Supra-aural, supra-concha DRP Individually calibrated 4195
3.3 Supra-concha DRP ITU-T P.57 table 2a/b 4128 (with 4158/4159)
3.4 Supra-concha DRP ITU-T P.57 table 2a/b -

Tablel Overview of ear simulator types
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Fig.2c Intra-concha earphone (open type)
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Fig.2d Insert earphone (open type)

telephone handsets are always of the
open type.

Ear Simulator Types

An ear simulator is a device incorpo-
rating an acoustic coupler and a
measurement microphone. The cou-
pler simulates the physical properties
of the ear, while the microphone, like
the human eardrum, picks up the
sound pressure. For a given frequen-
cy range, the artificial ear should
simulate the physical acoustic imped-
ance of the average human ear.

ITU-T P57 recommendation [1]
specifies several ear simulator types.
In Table 1 an overview is given. In
this application note we will concen-
trate on the Type 1 and Type 3.2 ear
simulators and their use for measure-
ments on telephone handsets, but a
brief overview of the various types is
given in the following.

Type 1

The coupler in the Type 1 ear simu-
lator is further specified in IEC Pub-
lication 318 [2]. It is recommended
that the Type 1 ear simulator should

be used for measurements on supra-
aural and supra-concha earphones,
sealed, intended for normal telephone
bandwidth (100 Hz to 4 kHz) applica-
tions. The acoustic input impedance
and frequency sensitivity response of
the Type 1 artificial ear are referred
directly to the Ear Reference Point
(ERP) using an individual calibration
curve as described in the appendix.
The Type 1 ear simulates the acoustic
load of the human ear under no leak-
age conditions, and is therefore only
applicable when the telephone hand-
set is held completely sealed to the
ear. This is not a very realistic situ-
ation for normal use of handsets.
Therefore, a correction curve Lg is
used for Loudness Rating calcula-
tions according to ITU-T P.79 [3] to
simulate a leak condition. However,
this correction factor has been de-
rived for old telephone handsets
where the leak was rather small. The
leak obtained with modern handsets
is often very different from the nom-
inal Lg correction curve.

Type 2

The Type 2, also referred to as the
IEC 711 [4] ear simulator, is used for
measurements on insert earphones,
both sealed and unsealed, such as
hearing aids and headsets. The sound
pressure measured by the Type 2 ear
simulator is referred to the ear-drum
reference point (DRP). Therefore a
correction function (ITU-T P.57 table
2a/b) is used for converting data to
the ear reference point (ERP) when
it is required to calculate loudness
ratings or check results against spec-
ifications based on measurements re-
ferred to ERP.

Type 3

All Type 3 artificial ears consists of
the Type 2 IEC 711 occluded-ear sim-
ulator, to which an ear canal exten-
sion terminated with a pinna
simulation device is added.

The Type 3.2 ear simulator uses
a simplified pinna simulator. In this
simulator, a well-defined leak
(available in two grades) from the
cavity to the exterior simulates the
average real ear loss for telephone
handsets which are held either com-
fortably (low-leak version) or loosely
(high-leak version) against the hu-
man ear. Type 3.2 ear simulator is
recommended for measurements on
supra-aural and supra-concha ear-
phones, sealed and unsealed, and of
both high and low impedance (prac-
tically covering all kinds of ear-

phone design). It can be used in the
wide frequency range from 100 Hz
to 8 kHz. The Type 3.2 ear simulator
was made with the anatomically
shaped Type 3.3 ear simulator as a
reference. The acoustical behaviour
of the Type 3.2 ear simulator is
therefore very close to that of the
Type 3.3. Measurements with Type
3.2 ear simulator are done at the
ear drum position (DRP). By using
the individually calibrated frequen-
cy response supplied with the ear
simulator (described in the appen-
dix) the measurements can be re-
ferred to ERP, when it is required
to calculate loudness ratings or
check results against specifications
based on measurements referred to
ERP.

The Type 3.3 ear simulator is a
very close simulation of a real human
ear realised by terminating the ear
canal extension with an anatomically
shaped pinna simulator as described
in IEC959 [5]. The pinna simulator
is made of a high-quality elastomer
with a well specified shore-A hard-
ness. It is recommended that the
Type 3.3 ear simulator be used for
measurements on supra concha ear-
phones, sealed and unsealed which
due to their peculiar shape, do not fit
the circular rims of Type 1 or Type
3.2 ear simulators, whichever is ap-
plicable. The sound pressure meas-
ured by the Type 3.3 ear simulator is
referred to DRP. Therefore a correc-
tion curve (same as for Type 2) is
used to convert data to the ERP when
it is required to calculate loudness
ratings or check results against spec-
ifications based on measurements re-
ferred to the ERP.

The pinna simulation is realised in
Type 3.4 ear simulator by terminat-
ing the drum reference plane of the
Type 2 ear simulator with an ear ca-
nal extension and a simplified pinna
made of an elastomer with a well de-
fined shore-A hardness. It is suggest-
ed that Type 3.4 can be used as a
simplified alternative to Type 3.3 for
measurements on supra-concha and
supra-aural earphones, where the
pressure dependent characterization
of recieving performance is consid-
ered important. The sound pressure
measured by the Type 3.4 ear simu-
lator is also referred to DRP and
therefore the DRP-ERP correction
curve (the same as for Type 2 and
Type 3.3) must be used when compar-
ing data with measurements ob-
tained in ERP.



Measurement Examples

To illustrate the differences when

measuring on one handset with the

different types of ear simulators, four

different “receive transducers” have

been tested:

1. Sennheiser HD 414 headphone (low
acoustic impedance)

2. Bang & Olufsen, BeoCom
telephone

3. Telekom Signo telephone

4. 1/2" condenser microphone used as
sound source (high acoustic imped-
ance).

For each transducer the receive char-

acteristic was measured with:

1. Type 1 artificial ear (IEC 318),
Briel & Kjer Type 4185.

2. Type 3.2 artificial ear (simplified
pinna simulator, low leak version),
Briel & Kjeer Type 4195 - low
leak.

3. Type 3.2 artificial ear (simplified
pinna simulator, high leak ver-
sion), Briel & Kjeer Type 4195 —
high leak.

4. Type 3.3 artificial ear (pinna sim-
ulator), Briuel & Kjeer Type 4128.
Force applied to the handset dur-
ing measurement: 10 N.

The different test objects required
different excitation conditions (differ-
ent feeding conditions, different gen-
erator impedance and level). Hence,
for each test object, generator condi-
tions were selected to generate a
sound pressure in the artificial ear
which was typical for testing receive
responses. This is acceptable as the
focus is on the differences between
measurements on the same test ob-
ject with different artificial ears, and
the generator conditions were held
constant for each test object.

In order to be able to compare
measurement results, they must re-
fer to the same measurement point.
Therefore, the receive frequency re-
sponse measurements for the Type 1,
Type 3.2 (low leak) and Type 3.2 (high
leak) artificial ears must be corrected
to refer to the equivalent sound pres-
sure level at the ERP. This is done
by dividing the measured responses
open ear with the open ear frequency
sensitivity responses of the ear sim-
ulators (found on the calibration
chart or disk delivered with the prod-
uct, as described in the appendix).
For the Type 3.3 artificial ear, the
measurements are corrected with the
DRP to ERP transfer function, as giv-
en in ITU-T P57, Table 2. From the
measured responses the receive loud-

ness rating (RLR) values are calcu-
lated according to the following
formula [3]

N s )
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where

m = a constant (in order of 0.2)

W; = weighting coefficient (different
for the various Loudness Rat-
ings).

S; = the sensitivity at frequency F;
of the electroacoustic path un-
der examination.

The summation is to be performed at

frequencies F;, spaced 1/3 octave

apart.

For the responses measured with the
Type 1 artificial ear, the Lg correction
is included. For the other artificial
ears no Lg correction is used (Lg = 0).

Sennheiser Headphone

Fig.3 shows the receive responses
and the RLR values of the Sennheiser
HD 414 headphone. This headphone
was used to show the behaviour of a
transducer with a very low acoustic
output impedance, that is, a constant
sound pressure source. It is seen that
this transducer is roughly independ-
ent of the type of artificial ear. Only
in the frequency range around
3.5kHz is some interaction with the
load observed.

BeoCom Handset

Fig.4 shows the receive responses
and the RLR values of the BeoCom
handset. This telephone handset is
usually regarded as an example of a
low acoustic output impedance de-
sign. The response for the Type 3.2
(low leak) is slightly lower (except
from a peak around 1.3kHz) than
for the Type 1 artificial ear at low
frequencies. The RLR value is corre-
spondingly 1.75dB higher. The low-
frequency roll off does not change
(except from the slightly lower lev-
el). The responses for the Type 3.2
(high leak) and the Type 3.3 artifi-
cial ear are very similar, but below
1.5kHz the responses are signifi-
cantly lower (approximately 8dB)
than the two first responses. This
results in an RLR value about 7dB
higher than for the Type 1 artificial
ear indicating that the acoustical
output impedance of the handset is
relatively low when compared with
the load of the Type 3.2 (low leak),

but not when compared with the
Type 3.2 (high leak) and Type 3.3
artificial ear. Note that below
1.5kHz the shape of the responses
remain the same with the different
ear simulators, although shifted in
level. This indicates that the acous-
tic output impedance is constructed
not only to be relatively low, but also
to match the impedance of a leakage.

Telekom Signo Handset

Fig.5 shows the receive responses
and the RLR values of the Telekom
Signo. This telephone was chosen,
with respect to acoustic impedance,
as a representative of a standard tel-
ephone. The response for the Type 3.2
(low leak) shows a roll-off at both low
and high frequencies compared to the
response for the Type 1 artificial ear,
and the RLR value is correspondingly
2.43 dB higher. The responses for the
Type 3.2 (high leak) and the Type 3.3
artificial ear show a significant roll-
off towards lower frequencies, start-
ing at 1.5kHz, resulting in RLR val-
ues about 8-13dB higher than for
the Type 1 artificial ear. This indi-
cates that the acoustic output imped-
ance of the handset must be regarded
as being relatively high when com-
pared with the load of the Type 3.2
(low leak), and high when compared
with the Type 3.2 (high leak) and
Type 3.3 artificial ear.

High Impedance Sound Source
Fig.6 shows the receive responses
and the RLR values for the 1/2" con-
denser microphone used as a sound
source. This transducer was included
to show the behaviour of a transducer
with a very high acoustic output im-
pedance. As this transducer is not
suitable for fitting to the Type 3.3
artificial ear mounted on the Head
and Torso Simulator, it was not meas-
ured with the Type 3.3 artificial ear.
A significant roll-off at lower frequen-
cies is introduced when a leakage is
applied by the Type 3.2 ears, com-
pared to the Type 1 ear. The RLR
values are 3dB and 9dB higher for
the Type 3.2 ears, low leak and high
leak respectively. The acoustic output
impedance of this transducer is
known to be very high (that is, a con-
stant volume velocity source), and
the effect when exposed to a leak is
as expected.
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Fig.3 Frequency characteristics of the Sennheiser 414 headphone
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Fig.4 Frequency characteristics of the BeoCom handset




Test object: Telekom Signo handset
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Fig.5 Frequency characteristics of the Telekom Signo handset
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Fig.6 Frequency characteristics of the high impedance source



Selecting the Correct Ear
Simulator for a Given
Handset

The above examples show that for all
the transducers designed for tele-
phone handsets, the receive frequen-
cy response and the RLR value
depend on the artificial ear used for
the measurement. The effect of a
leakage is usually a stronger low-fre-
quency roll off. However, with a spe-
cial handset design (BeoCom) the
effect on the response can appear as
a frequency independent decrease in
level, which may be compensated for
by a receive volume control (RVC) on
the telephone.

The reason for obtaining different
results on different ear simulators
can be explained by looking at a sim-
plified electrical equivalent circuit for
the situation where the handset
transducer is applied to an ear. The
acoustic input impedance of the ear
is Z, ¢, Which is also the load imped-
ance of the transducer when applied
to the ear. The acoustic output im-
pedance of the handset transducer
(the sound source), is called Z, ;. Us-
ing an impedance analogy for the
electrical equivalent circuit, the
sound pressure, p [Pa], will corre-
spond to an electrical voltage, v
[volts], and the volume velocity, q
[m?3/s], will correspond to an electrical
current i [A].

For a low impedance handset, Z,
is much smaller than Z,,, and the
transducer will act as a constant
sound pressure source, equivalent to
a constant voltage source (see Fig.7).
This implies that the sound pressure,
p in the ear will be independent of
the acoustic input impedance, Z, ,, of
the ear. This illustrated in Fig. 3 with
the measuring example of the Senn-
heiser headphone.

For a high-impedance handset, Z,
will be much larger than Z, ¢, and the
earphone transducer will act as a
constant volume velocity source,
equivalent to a constant current
source (see Fig.7). This implies that
the sound pressure, p, in the ear will
not be constant but dependent on the
acoustic input impedance, Z, , of the
ear. This is illustrated in Fig.6 with
the measuring example of the high
impedance sound source.

To summarise, the sound pressure
generated by telephone handsets
with low acoustic output impedance
is generally not sensitive to the
acoustic input impedance of the ear

simulator (or a human ear), whereas
the sound pressure generated by
handsets with high acoustical output
impedance is very sensitive to the
acoustic input impedance of the ear
simulator or to any changes in this
impedance, for example as intro-
duced by a leak.

When holding a telephone handset
to the ear, it will normally not be held
completely tight (sealed) to the ear.

] Za,e

Zas<< Zae p = constant

Zas>> Z,0 q = constant

960587/2e

Fig.7 Simplified equivalent circuit of a
low or high acoustical impedance handset
applied to an ear simulator or a human
ear

Often there will be a small path (leak)
from the surroundings to the ear ca-
nal, as the handset is held more loose-
ly. Furthermore, with the design of
modern telephones it is often impos-
sible to obtain a sealed situation. This
is especially the case for mobile hand-
sets. Therefore, the acoustical load
impedance of an ear simulator should
simulate either sealed, low-leakage or
high-leakage conditions, depending
on how the handset will be applied to
a real ear when in | use.

Conclusions

The Type 1 artificial ear is intended
for measurements in the frequency
range from 100Hz to 4kHz, where
the measured sound pressure is al-
most identical to the equivalent
sound pressure at the ERP. However,
since the sound pressure is picked up
at a position that does not correspond
to DRP, the influence of the presence
of a telephone handset is not correctly
reflected in all cases. The size of the
error depends on the type of trans-
ducer used in the handset.

The Type 1 artificial ear provides a
sealed condition, and although leak-
age is known to be present in most
real situations, the frequency re-
sponse is not corrected. For RLR cal-
culations, Lg is usually applied to

include the effect of a leakage on the
RLR value, which may only be a
coarse approximation. This gives an
inconsistency, since the frequency re-
sponse is treated as if sealed condi-
tions appear in real use, while the
RLR calculation assumes a certain
leakage with no dependency of the
positioning and type of handset.

The Type 3.2 artificial ear is in-
tended for measurements in the fre-
quency range from 100Hz to 8kHz.
The sound pressure is picked up at
the DRP, which is in accordance with
the definition of an ear simulator.
Furthermore, correct calibration and
a correction curve transfer the sound
pressure measured with a Type 3.2
artificial ear directly to the equiva-
lent sound pressure at the ERP un-
der open ear conditions. This is
convenient as most telephone stand-
ards refer to this measurement point.

The artificial ear physically pro-
vides a leakage, enabling the meas-
ured response to correspond to the
actual leakage present in real use.
Hence the calculation of RLR does
not include any Lg correction. To pro-
vide realistic test results, the leakage
of the artificial ear should be similar
to that occurring with the handset in
real use. Consequently, the Type 3.2
artificial ear is defined in both low-
leakage and high-leakage versions in
order to cover comfortably held and
loosely held conditions respectively.

Only an earphone transducer with
a very low acoustic output impedance
(such as the Sennheiser HD414
headphone) can be expected to meet
the receive requirements of various
telephone standards measured with
more than one type of artificial ear,
as it will to a high degree be insen-
sitive to the acoustical load. Most tel-
ephone handset transducers in
practice tend to approach the oppo-
site condition (moderate to high out-
put impedance). This emphasises the
general importance of selecting the
relevant artificial ear according to
the actual acoustic load of the hand-
set appearing in real use, both in the
design phase as well as for the ap-
proval testing.

Most telephone standards are in-
tended for measurements using the
Type 1 ear simulator and do not re-
flect how the handset performs in
real use when a leakage is intro-
duced. Furthermore, as the require-
ments for frequency responses reflect
a sealed situation and the require-
ments for loudness ratings reflects a
situation with a leak, it gives no



meaning to apply the same tolerances
when using a Type 3.2 simulator, as
it always incorporates a leak.

However, this paper has shown
that it is anyway possible to design
telephone handsets (like the Beo-
Com) which are quite insensitive to
the applied leak, and therefore are
able to pass the receive requirements
of the telephone standards with the
new and more realistic ear simula-
tors. Thereby the way is shown for
manufacturers to develop handsets
which offer the user a better per-
ceived sound quality.
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Appendix: Calibration of
Ear Simulators

During manufacture at Briel & Kjeer,
Denmark, the Type 4185 (ITU-T Type
1) and Type 4195 (ITU-T Type 3.2)
ear simulators are calibrated accord-
ing to ITU-T P.57 [1]. Both the acous-
tic input impedance and the
frequency sensitivity response are in-
dividually measured. All calibration
data are shown on the calibration
chart and supplied as ASCII data on
a floppy disk.

Acoustical Impedance

The acoustic impedance is defined as
the acoustical input impedance seen
from the ear reference point (ERP) of
the ear simulator. It is measured us-
ing a specially designed impedance
probe containing a built-in high
acoustic impedance sound source and
a calibrated probe microphone. When
the impedance probe is mounted on
the ear simulator, the tip of the probe
microphone will be positioned exactly
at the ERP. By measuring the sound
pressure at the ERP from the high
acoustic impedance sound source, the
acoustic input impedance of the ear

Ear Simulator Type e s
Type 1 93.8dB 93.3dB
Type 3.2 low-leak 98.2dB 98.0dB
Type 3.2 high-leak 84.7dB 85.4dB

Table 2 Calibration levels using Sound Level Calibrator Type 4231 for calibration of Ear
Simulators Type 1 and Type 3.2 low and high leak

simulator can be calculated. The im-
pedance is displayed in dB relative
to 1 acoustical ohm. See Figs.9 to 11.

Frequency Sensitivity Response
The frequency sensitivity response
(also referred to as the DRP to the
ERP transfer function) is defined as
the normalised ratio of output volt-
age of the ear simulator to input
sound pressure at ERP. The normal-
isation is 0dB at 1 kHz. The response
is measured under “Open ear condi-
tions” by mounting the artificial ear
in a large plane baffle and exposing
it to a plane incident wave perpen-
dicular to the baffle. The sound pres-
sure at the ERP is then measured
with a calibrated probe microphone
together with the output voltage of
the ear simulator, both as a function
of frequency. The frequency sensitiv-
ity response is calculated as the ratio
of the measured output voltage of the
ear simulator to the measured input
sound pressure at the ERP.

Using the open ear frequency sen-
sitivity response as a correction func-
tion, measurements made on any
telephone handset can be referred to
the equivalent sound pressure which
would be present at the ERP (on a
human being) if no handset were
present. By this means a realistic sit-
uation is created comparable to the
reference situation when two human
beings are having a normal conver-
sation (without telephones). The Ear
Reference Point is used in most tele-
phone standards as the reference
point for telephone measurements.

For the Type 4185, the frequency
sensitivity response under open ear
conditions is practically independent
of frequency up to 3kHz and the cor-
rection is less than 1dB up to 4 kHz.
See Fig.8. Hence, the frequency de-
pendency is often ignored for the
Type 4185 (the ear simulator is con-
sidered as measuring at the ERP re-
quiring no further correction).

For Type 4195 the frequency sen-
sitivity responses as shown in Fig.9
and Fig.10 show a stronger depend-
ence on frequency. To refer measure-

ments made with this ear simulator
to ERP, the measured data must
therefore be corrected by the frequen-
cy dependent sensitivity. The correc-
tion can be obtained using an
equalising filter or as a post process-
ing operation on the measurement
data (by a simple division).

For practical reasons the closed ear
frequency sensitivity response is also
measured. This can be useful for in-
stance when comparing measure-
ments on high impedance handsets
made with the Type 1 and Type 3.2
ear simulators.

Absolute Sensitivity

The absolute sensitivity at 1kHz in
[V/Pa] is defined as the absolute out-
put voltage of the ear simulator to
input sound pressure at ERP. The
sensitivity is stated on the calibration
chart for both open and closed ear
conditions. The sensitivities can be
verified using an acoustic calibrator,
Briel & Kjeer Type 4231.

Normally the calibration level,
P4231 produced by Sound Level Cali-
brator Type 4231 mounted on a 1/2"
microphone is 94dB SPL. If an extra
volume is added, caused for instance
by the presence of a coupler unit or
an adapter used for the calibration,
the sound pressure produced by the
calibrator will be affected.

In addition, the required measure-
ment conditions will influence the
calibration. When using the calibra-
tor, the ear simulator is exposed to
closed ear conditions. When calibrat-
ing, the sensitivity according to
closed ear conditions is therefore
found. As it is the open ear sensitivity
which is of interest, the calibration
data must be transformed to refer to
this situation.

The required sensitivities therefore
can be found if the calibration level
of the sound level calibrator is cor-
rected. The calibration level must be
corrected by a factor P,y caused by
any added volume and, furthermore,
to obtain the open ear sensitivity by
a factor Papen-closed) to take into ac-
count the change in sensitivity when



going from closed ear to open ear con-
ditions.

The corrected calibration level to
obtain the open ear sensitivity is then
given by

P4231, corrected(0pen ear)
= Py4231 + Pav + Pagopen-closed)

and the corrected level to obtain the
closed ear sensitivity by

P4231, corrected(dosed ear)
= Py231 + Pay)

The practical calibration procedures
and the corresponding corrected cal-

ibration levels are described in the
following.

Type 1 Ear Simulator

The absolute sensitivity at 1kHz in
[V/Pa] of Type 4185 as stated on the
calibration chart is verified by apply-
ing the calibrator to the 1/2" micro-
phone of the coupler (after
dismantling the microphone from the
coupler). By using the corrected cali-
bration levels as given in Table 2, the
open or closed ear sensitivity of the
(assembled) ear simulator is ob-
tained.

Type 3.2 Ear Simulator

The absolute sensitivities at 1 kHz
in [V/Pa] of Type 4195 as stated on
the calibration charts are verified by
means of adapter DP 0939 which is
mounted in the calibrator and ap-
plied to the ear simulator. The cal-
ibration levels to obtain the open
and closed ear sensitivities are giv-
en in Table 2.



Calibration Chart for

Acoustical Impedance, re 1Pa - s/m?

. ) 0
) Brilel & Kjeer = Q
Ear Simulator Type 4185 DK-2850 Neerum =
Denmark U)
Serial No.: 2007974 Calibrated with Preamplifier Type 2669: 2003374 0 =
Acoustical Impedance 3
The curve shows the modulus of the acoustical input impedance at the Ear Reference Point (ERP), a8 N <
in dB relative to 1 Pa:s/m’ (20-log [Z/(1Pa-s/im?)]). Q
130
Frequency Sensitivity Response 8
The curve shows the modulus of the ratio of output voltage of Type 4185 to input sound pressure at =
the ERP measured under two different load conditions. The full-drawn line shows the Open Ear
Frequency Sensitivity Response and the dotted line the Closed Ear Frequency Sensitivity 120 —
Response. The results are displayed in dB normalised to 0.0 dB at 1 kHz. <
\
Absolute Sensitivity at 1 kHz: -8
Open Ear Sensitivity 1KHZ ....................cocoiiiiii.. -38.4 dB re 1ViPa
Equivalentto: ... 121 mviPa o e
Closed Ear Sensitivity 1kHz . ..................................... -37.9 dBre 1V/Pa / g
Equivalentto: . 12.8 mviPa (8)]
Uncertainty, 95 % confidence level: ... ... ................. ... 02d8 100, 7 200 500 ) 2% Hz 5k 10k
Traceable to: DPLA — Danish Primary Laboratories of Acoustics
NIST - National Institute of Standards and Technology, USA
Sound Pressure Level of built-in sound source: 40 (Freduency Sensitvity Response, re 1tz
SPL i closed coupler for 3.16 V 315 Hz at input terminals .............. 96.0 dB SPL AN I -
Open Ear Frequency
Sensitivity Calibration using Sound Level Calibrator Type 4231 Sensitivity Response
Calibration output level from Calibrator Type 4231 to obtain 20 | === Closed Ear Frequency
Open Ear Sensitivity at LkHz .. ............. ... 93.8 dB Sensitivity Response 7
1
Calibration output level from Calibrator Type 4231 to obtain dB 4
Closed Ear Sensitivity at 1kHZ .................................. 933d8
10 7’
Measurements
The Acoustical Impedance and Closed Ear Frequency Sensitivity Response measurements are N A
performed using an impedance probe attached concentrically to the Soft Seal of the Ear Simulator ’,
Type 4185 - see fig. 1. A 1/2° microphone acts as a high acoustical-impedance constant volume-
velocity source and Probe Microphone Type 4182 measures the input sound pressure to the 0 ==
concha volume at the ERP. The Open Ear Frequency Sensitivity Response is measured mounting
the Ear Simulator Type 4185 in a large plane baffle exposing the artificial ear to a plane incident
wave perpendicular to the baffle — see fig. 2. A Probe Microphone Type 4182 is used to measure »
the input sound pressure to the concha volume at the ERP. Brilel & Kjzer Mouth Simulator Type 1 &
4227 is used as sound source. All calibration data is also available on the disk BC 5003. - =
Environmental Calibration Conditions: 2
Static Pressure: ... ... 101.3 +3.0kPa g
TeMPErAe: ... ... 23£3°C T 200 500 I T R Tok b
Relative Humidity: .. ........................ 60 + 20% 8
S
Procedure: 704665 Ver: 11 % 3
Date: 17. June 1997 Signature: ... ST 8
BCozs4-11 970333 &
Fig.8 Calibration Chart of a Type 1 ear simulator
) . " :
Calibration Chart for Wideband . ) 150 fcoustical Inpedance, re 1P Sy E
Ear Simulator Type 4195 low-leak Bruel & Kjeer 5_
DK-2850 Naerum
Denmark @
Serial No.: 1833037 Calibrated with Preamplifier Type 2669: 1948864 140 g
Acoustical Impedance N =]
The curve shows the modulus of the acoustical input impedance at the Ear Reference Point (ERP), @ o
in dB relative to 1 Pa-s/m? (20-log [2/(1Pa-s/im?)]).
130 m
Frequency Sensitivity Response AN o)
The curves show the modulus of the ratio of output voltage of Type 4195 low-leak to input sound =
pressure at the ERP measured under two different load conditions. The full-drawn line shows the
Open Ear Frequency Sensitivity Response and the dotted line the Closed Ear Frequency Sensitivity 120 wn
Response. The results are displayed in dB normalised to 0.0 dB at 1 kHz. =
Absolute Sensitivity at 1 kHz: 3
Open Ear Sensitivity 1KHZ .. ....... ... -37.7 dBre 1 V/Pa 0 T E
Equivalent to: R 13.1 mv/Pa QD
Closed Ear Sensitivity 1KHZ ...................................... -37.5 dBre 1ViPa 8’
Equivalentto: ... ... 13.3 mviPa =
Uncertainty, 95 % confidence level: ... ... ... ... .. 0248 100, 5 200 500 M 2 hz K Tok —
Traceable to: DPLA — Danish Primary Laboratories of Acoustics <
NIST - National Institute of Standards and Technology, USA o
Sensitivity Calibration using Sound Level Calibrator Type 4231: 20 F'eq”e“‘y Se"?"“’"y‘ Re‘s”""se' e kHz ®
Calibration output level from Calibrator Type 4231 with Adapter DP 0939 Open Ear Frequens N
to obtain Open Ear Sensitivity at 1KHz ... ... ... 98.2 dB Sansiivity Respansy =
Calibration output level from Calibrator Type 4231 with Adapter DP 0939 _—— ©
10 obtain Closed Ear Sensitivity at LkHz ... ... 98.0dB 20 231?&?;’{;:5‘::!? a
i _
Measurements dB P \ (@]
The Acoustical Impedance and Closed Ear Frequency Sensitivity Response measurements are \ E
performed using an impedance probe attached concentrically to the Soft Seal of the Wideband Ear 10 h
Simulator Type 4195 — see fig. 1. A 1/2” mi acts as a high tical constant _—
volume-velocity source and Probe Microphone Type 4182 measures the input sound pressure to \ o)
the concha volume at the ERP. The Open Ear Frequency Sensitivity Response is measured by 3 )
mounting the Wideband Ear Simulator Type 4195 in a large plane baffle exposing the artificial ear =
to a plane incident wave perpendicular to the baffle - see fig. 2. A Probe Microphone Type 4182 is 0 =
used to measure the input sound pressure to the concha volume at the ERP. The Briiel & Kjeer === ===
Mouth Simulator Type 4227 is used as sound source. \
Al calibration data is also available on the disk BC 5001. . =
-1
Environmental Calibration Conditions I EE EEREERE
Static PESSUIE: ... ... 1013 +3.0kPa
TemPerature: ... . 23+3°C 2
60 + 20% ““100 200 500 1k 2k Hz 5k 10k

Relative Humidity:

Procedure: 704195 Ver: 13 %
Date: 17. June 1997 Signature: .,

BC 0238-11

9703320

LEOEEST 'ON [el8S

Fig.9 Calibration Chart of a Type 3.2 (low-leak) ear simulator
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Acoustical Impedance, re 1Pa - s/m*

Calibration Chart for Wideband

i B 150
" N Briel & Kjeer
Ear Simulator Type 4195 high-leak DK-2850 Nasrum
Denmark
Serial No.: 1833037 Calibrated with Preamplifier Type 2669: 1948864 140
Acoustical Impedance
The curve shows the modulus of the acoustical input impedance at the Ear Reference Point (ERP), a®
in dB relative to 1 Pa-s/m’ (20-log [Z/(1Pa-s/m?)])
130
Frequency Sensitivity Response 7
The curves show the modulus of the ratio of output voltage of Type 4195 high-leak to input sound
pressure at the ERP measured under two different load conditions. The full-drawn line shows the
Open Ear Frequency Sensitivity Response and the dotted line the Closed Ear Frequency Sensitivity 120
Response. The results are displayed in dB normalised to 0.0 dB at 1 kHz. \‘
Absolute Sensitivity at 1 kHz:
Open Ear Sensitivity 1kHz ... .......... ... . -37.7dBre1V/Pa 110 \i
EQUIVAIBNELO: e 13.1 mv/Pa
Closed Ear Sensitivity LKHZ ... ..ot -36.6 dB re 1 VIPa
Equivalent to: 11.2 mviPa
Uncertainty, 95 % confidence leve 02dp 100,55 200 500 I 2 iz ok Tok
Traceable to: DPLA — Danish Primary Laboratories of Acoustics
NIST - National Institute of Standards and Technology, USA
Sensitivity Calibration using Sound Level Calibrator Type 4231: 20 F'e““e"c‘y Se"?"‘"‘y‘ RGTWTSG“ e ktz
Calibration output level from Calibrator Type 4231 with Adapter DP 0939
to obtain Open Ear Sensitivity at 1kHz ... ... ... .......... 84.7 dB Open Ear Frequency
Sensitivity Response
Calibration output level from Calibrator Type 4231 with Adapter DP 0939
i ivi 20 | === Closed Ear Frequency
to obtain Closed Ear Sensitivity at 1 kHz . 85.4 dB Sensitivity Response .
Measurements dB ,
The Acoustical Impedance and Closed Ear Frequency Sensitivity Response measurements are =
performed using an impedance probe attached concentrically to the Soft Seal of the Wideband Ear 10 e
Simulator Type 4195 — see fig. 1. A 1/2” acts as a high ! constant 7 y
volume-velocity source and Probe Microphone Type 4182 measures the input sound pressure to
the concha volume at the ERP. The Open Ear Frequency Sensitivity Response is measured by
mounting the Wideband Ear Simulator Type 4195 in a large plane baffle exposing the artificial ear
to a plane incident wave perpendicular to the baffle - see fig. 2. A Probe Microphone Type 4182 is 0 —
used to measure the input sound pressure to the concha volume at the ERP. The Brilel & Kjeer =
Mouth Simulator Type 4227 is used as sound source.
Al calibration data is also available on the disk BC 5001. "
Environmental Calibration Conditions
SHalic PIeSSUME: .. ... 101.3 £3.0kPa
Temperature: L 23+3°C 2
Relative Humidity: ............................................ 60 + 20% ~ 100 200 500 1k 2k Hz 5k 10k
Procedure: 704195 Ver: 13 @_
Date: 17. June 1997 Signature: ., &N
BC 0255-11 9703340
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Fig.10 Calibration Chart of a Type 3.2 (high-leak) ear simulator
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