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Background
 For people who have damage to their
outer and middle ears, a sense of hearing
can be achieved by attaching a vibratory
device to the skull, usually to the mastoid
process bone behind the ear, through
which vibrations travel to the cochlea.

 An artificial mastoid
 simulates the mechanical
impedance of the mastoid process
bone
 is used to calibrate boneconduction vibrators
 presents a specified mechanical
impedance to the vibrator (at a
specified static force)
 gives an output voltage which has
a (calibrated) relationship to the
applied vibratory force.

Traceability
 The mechanical impedance of an artificial
mastoid is measured using an impedance
head which measures force and velocity
(hence (F/v)) simultaneously.
 Traceability of the impedance measurement is
provided through the calibration of the
impedance head.

At NMIA this is done by primary means.

Only the Force reference surface can be
accessed on the B&K 8000 and B&K 8001
heads.

Calibration for both Force and
Acceleration varies with frequency and
load mass.

Acceleration integrated to calculate
velocity.

Commercially available systems
 Brüel and Kjæ r
 Type 4930 artificial mastoid
 Type 9738 software to run on
Pulse system
 Larson Davis
 Model AMC493B artificial
mastoid
 AEC100 coupler or AEC201-A
ear simulator
 Model 824 sound level meter
 824-AUD software
 AUDit PC software
 Still need signal generator, power
amplifier, shaker, data collection
hardware and software, calibrated
capacitor, impedance head,
calibrated weights.

Brüel and Kjæ r

Larson Davis

Brüel and Kjæ r Type 9738
 Based on physical „reproduction‟ of
human mastoid: a visco-elastic
mass bonded to a 3.5 kg mass with
a force transducer embedded
within.
 Software for calibration of Type
4930.
 Uses white noise, band-limited to
12.8 kHz.
 Measures 1/3-octave bands, not
narrow frequency.
 Incorporates mass compensation at
each frequency.
 Two different static forces.
 Errors in early versions of this
software.
 Still needs validation if used in
national metrology laboratory.

Larson Davis
 AUDit software is a modular software/hardware system for
calibration of various audiometric instruments: supra-aural and
circum-aural earphones, and artificial mastoids.
 Artificial mastoid is based on a diaphragm with a rubber seal
onto an artificial ear; the applied force causes a displacement
which changes the enclosed pressure which is measured by a
microphone.
 Very different force sensitivity
vs frequency.
 meets impedance specifications
of IEC 60318-6:2007.

Larson Davis (cont.)
 Excellent portability, equilibrates quickly, but corrections for T
and RH must be made.
 Corrections depend on frequency, but up to 1 dB/C and
3 dB/10%RH.
 Need to calibrate the microphone used in the artificial ear.
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Larson Davis (cont.)

Sound-proof enclosure

LD artificial mastoid
and B&K impedance head

NMIA‟s system
 Impedance head is calibrated by primary methods.
 LabVIEW program operating on a NI 6366 data acquisition
system.
 Samples at 1 Ms/second, records 500k points.
 Can generate single-frequency or noise signals, but a
dedicated signal generator is better.

Features of NMIA‟s system
 Calibration of impedance heads across full frequency range.
 These data used directly in new NMIA software to give mechanical
impedance (dB re 1 N/(ms-1)) and force sensitivity (dB re 1V/N) of
artificial mastoids from 80 Hz to 8000 Hz.
 The calibration method follows the relevant sections of IEC 603186:2007.
 NIMA‟s system is not restricted to any particular mastoid type.
 Validation is direct, through measurement of voltage and well-verified
commercial software rather than relying on proprietary software.
 Can choose to use frequency-dependent or fixed sensitivities.
 The calibration of the artificial mastoid is traceable to primary standards
through the calibration of the impedance head.

Impedance head calibration
 Set-up for both acceleration and force
calibrations.
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 Other configurations found to be
unsatisfactory

Impedance head calibration (cont.)
 Acceleration
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Impedance head calibration (cont.)


Force

Apply F=ma
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Model of Hof and Zwahlen
(Meas. Sci. Technol. 23 (2012) 125102 (6pp))

Equation of motion of the combined mass md+ml =md+l wrt a fixed point
in space when the motion of mc is given by xc=xc,0 cost :
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Impedance head calibration (cont.)
 Acceleration

Results
 Only small differences between NMIA‟s method and
B&K‟s.
 NMIA still evaluating white-noise excitation.
 Mechanical impedance

 Force sensitivity

Results
 Preliminary results on the effect of having fixed values of
sensitivity for the A and F channels of the impedance
head vs having frequency-dependent values.
 Comparison with B&K Type 9738 program.
 Differences remain: effect of constant percentage
bandwidth?
 Mechanical impedance

 Force sensitivity

Summary
 NMIA has developed programs to validate commercially
available software for calibration of artificial mastoids.
 Single-frequency tone program (results shown here)
and white noise program (under development).
 In general, good agreement with B&K program.
 More widely applicable than B&K program.
 Has been carefully validated rather than reliance on
commercial “black-box” software.
 Have established the importance of calibration of the
impedance head.
 Effects of frequency-dependent sensitivities.
 Provides traceability to primary standards.
 Some questions remain, such as the effect of bandwidth
of excitation and of detection.
 Protocol should cover these issues prior to a comparison
being performed.
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