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RECOMMENDATION 708*

DETERMINATION OF THE ELECTRO-ACOUSTICAL PROPERTIES
OF STUDIO MONITOR HEADPHONES

(Question 50/10, Study Programme 50F/10)

(1990)

The CCIR,

CONSIDERING
(a) that unified and closely specified reference listening conditions are an essential prerequisite for subjective
assessment and quality control;
(b) that there are great difficulties in harmonizing the acoustical characteristics of existing control rooms and
listening rooms;
(c) that some aspects of the audio signal are more clearly perceptible by using headphones than by using
loudspeakers;
(d) that the frequency response of studio monitor headphones should provide the same sound-colour neutrality
as required for loudspeaker monitoring in control rooms and high-quality listening rooms,

UNANIMOUSLY RECOMMENDS
1. that the frequency response curve measured in accordance with Annex II should be flat within the limits
specified in Annex I;
2, that the frequency response of studio monitor headphones should be measured in accordance with
Annex II;
3. that the difference of frequency response between left and right earphone should not exceed 1 dB in the

frequency range 100 Hz-8 kHz and 2 dB in the frequency range 10 kHz-16 kHz.

ANNEX 1
SPECIFICATION OF TOLERANCES
The frequency response requirement for studio monitor headphones is defined by Fig. 1. The tolerance

mask for the diffuse-field frequency response shown in Fig. 1 is based on measuring accuracy achievable by
means of 16 test subjects. :
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FIGURE 1 — Tolerance mask for the diffuse-field frequency response
of studio monitor headphones

Gpg: diffuse-field earphone response (dB(Pa/V))
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*  This Recommendation should be brought to the attention of the IEC and the Audio Engines ring Society (AES).
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ANNEX 11

DIFFUSE-FIELD FREQUENCY RESPONSE OF STUDIO MONITOR HEADPHONES

Measurement specification

1. General

The measurement procedure is used to determine the frequency response of the individual earphones of a
headphone as a function of the frequency by means of sound-pressure measurements in the auditory canals of test
subjects. In the direct measurement procedure the sound pressure in the auditory canal caused by the headphone
is compared with that caused by the reference sound field. In the indirect procedure, the sound field is replaced by
a reference headphone calibrated by means of the direct method. The reference sound field is the diffuse sound
field [CCIR, 1986-90a]. '

The measuring set-up consists of signal source and signal receiving equipment. The source comprises a
noise generator, third-octave filters, at least one loudspeaker or a reference headphone and the headphone to be
tested. It is also possible to use a real-time third-octave analyser to which a suitable wideband noise signal is
applied. The receiving equipment contains a miniature or probe-mounted microphone to measure the sound
pressure in the outer auditory canals of the test subjects and, if the direct procedure is used, a calibrated
microphone with a known diffuse-field frequency response to measure the unweighted sound-pressure level in the
reverberation chamber. The signal voltages of the microphones and loudspeakers should be determined by means
of an r.m.s.-reading voltmeter with a sufficient integration time.

2. Probe microphone

The following requirements apply to the probe-mounted microphone, which is called “probe” in this text:
— the sound pickup should take place within the auditory canal at least 4 mm away from its beginning;
— in the area of the auricle and the outer 4 mm of the auditory canal the probe should not have a cross-section
of more than 5 mm?;
— in the following part of the auditory canal the ratio between the probe cross-section and the auditory canal
section should be less than 0.6. (The average auditory canal cross section of an adult is approximately
45 mm?2) The probe volume including fixing elements should be smaller than 130 mm?;

— no special requirements are made for the transfer function of the probe. However, the response of the probe
should be free of resonances. It is sufficient that the response of neighbouring third octaves does not differ by
more than 3 dB;

— it should be guaranteed that, with an occluded ear, the probe output level is at least 15 dB below that"
obtained with an open ear;

— fixing elements are necessary to keep the probe at a central position in the auditory canal. The spring
suspension of these elements should be dimensioned such that the probe fits sufficiently well into audltory
canals with different cross-sections and can still be inserted and removed easily;

— the prpbe should be inspected and certified for use with regard to medical aspects by a physician.

3. Direct method of measurement

This method is based on a comparison of output voltage levels of a prob'e placed in the outer auditory
canal of a test subject when a noise signal is produced by alternating sources, namely the headphone under test
and a diffuse sound field of a reverberation chamber.

3.1 Test signals

* The preferred sound signals are filtered noise signals that are obtained from pink noise by means of
third-octave filters, specified in IEC Publication 225 (type b). The probe output has to be measured selectively in
third octave steps. This can be done successively or at the same time with a real-time third octave analyser. The
sound pressure levels of the test signals should be such that the input signals at the microphone amplifier are at
least 10 dB above the inherent electric noise level and the noise level ensuing from body noise in the auditory
canal. The sound pressure level at the reference point must not exceed 85 dB. The headphone voltage should be
adjusted such that, at a third octave centre frequency of 500 Hz, the output level of the probe mafchej¢teipyimnts
for the diffuse sound field within 3 dB.
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