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Metrology for a universal ear simulator and the perception of nonaudible sound
Background
Hearing is one of our most vital senses and impairment can lead to severe degradation in quality of life.
Consequently national healthcare programmes invest heavily in both hearing diagnostics (through screening
programmes) and rehabilitation (hearing aids). Aside from disease and inherent disability, hearing is put at
risk, most commonly, from excessive noise exposure. Noise induced hearing loss is one of the most
prevalent occupational diseases, and the cost of untreated hearing loss in the EU is estimated at over €200
billion per year. Aside from any ethical perspectives, the high economic burden of both treatment and nontreatment approaches give strong favour to preventative approaches to hearing conservation. This joint
research project (JRP) considers two separate aspects of human hearing and hearing assessment; the
perception thresholds for non-audible sound, and the development of a universal ear simulator.
Need for the project
The frequency range of human hearing has long been regarded as extending from 20 Hz to 20 kHz (though
16 kHz is a more realistic upper limit). However concerns exist that non-audible sound outside of this range
still presents a hazard to hearing or creates annoyance. Evidence for this is difficult to establish, but there is
strong and growing support that there is a real problem to be solved and an urgent need for mitigating safety
criteria and a risk assessment protocol. New technologies and industrial processes emit infrasound or airborne ultrasound either intentionally or as a by-product of their operation. Examples include wind turbines,
heat pumps, sonochemical reactors, ultrasonic cleaning, and dentistry. Producers of such machinery require
noise emission regulations to be well founded and not unnecessarily restrictive, while those responsible for
workplace safety also need reliable safety criteria and risk assessment processes. However, primary
standards do not yet exist in this frequency range. Only when the metrology infrastructure of primary
standards and methods of calibrating measuring devices have been established can any damaging effect of
airborne ultrasound and infrasound be quantified and legislation to limit exposure and protect the population
be put in place.
Ear simulators are reference devices which underpin quantitative hearing assessment by enabling
audiometric equipment to be calibrated. However, established standards and practices currently relate
primarily to pure tone audiometry for adults. As a result of initiatives to capitalise on the benefits of early
diagnosis and treatment of hearing disorders in neonates and children, alternative objective audiometric
methods (e.g. evoked brainstem responses and oto-acoustic emissions) using non-sinusoidal stimuli are
now mainstream. The greater focus on testing neonates and children, and the expanded range of
methodologies used, has created new user requirements for ear simulators. However the range of existing
devices and protocols for their use is already complex, and further provision demands a new approach. A
device that can be applied universally for all age groups, earphone types and test stimuli, will have enormous
advantages to hearing assessment practitioners.
Scientific and technical objectives
This JRP started in May 2012, and aims to support preventative strategies for hearing conservation through
two major interdisciplinary research and development activities. The first is to establish new understanding of
human perception of non-audible sound based on novel neural imaging assessment of perception
thresholds, and to provide the metrology infrastructure necessary to put in place effective safety criteria. The
second is to develop a new universal ear simulator which is intended to be more appropriate for modern
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audiological practices, thereby bringing about improved quality and reliability of results, and streamlined
practices and procedures.
Expected results and potential impact
The project is developing new methods and technology for the determination of neural responses in the brain
to non-audible sound, using magnetoencephalography (MEG) and functional magnetic resonance imaging
(fMRI). Viability of the proposed MEG measurement techniques is being assessed using specially produced
phantoms simulating deep sources, and good results have been achieved so far. Sensitivity profiles have
been determined along with the positions and the source strengths of the dipoles with sufficient accuracy.
New transducers have also been developed appropriate for delivering and measuring infrasound and
ultrasound stimuli without perturbing the magnetic environment in MEG, and which are immune to the
extreme magnetic environment of fMRI. Novel micro-electromechanical systems (MEMS) technology has
been used for construction of the ultrasound source using silicon materials. The infrasound device is based
on a specially selected loudspeaker where the sound stimulus is delivered by a particular non-magnetic tube.
The devices have already been manufactured and will now be evaluated in the intended test environments.
A new primary standard for the free-field calibration of microphones up to 150 kHz has been established,
and becomes the world’s first reliable calibration facility providing traceability for airborne sound in this
frequency range. This is a first step for a solid metrological underpinning of airborne ultrasound
measurement and will underpin new measurement methods and calibration techniques. The first
microphones have been successfully calibrated and these have been used to determine typical sound
pressure levels produced by some examples of equipment and machinery generating non-audible sound.
The three developments described above will now come together to enable the first neuro-imaging
experiments to be conducted, leading ultimately to a new understanding of the perception mechanisms of
non-audible sound. Perception thresholds arising from these experiments will then underpin the specification
of safe exposure limits. Alternative techniques for the determination of the hearing thresholds at infrasound
frequencies are under development by an additional collaborator, the Ear Institute of University College
London.
In a separate project development, a new universal ear simulator is under design and development and
prototypes will eventually be manufactured. As a first step, a wide range of stakeholders and users have
been consulted, and the findings collected and used to develop a set of technical specifications for the
universal ear simulator. Responses to a questionnaire from over 15 audiologists, and findings from the most
comprehensive review of existing literature on oto-physiology known to this consortium, have enabled an
extensive report to be compiled. This report summarised all of the findings and extrapolates these to a
working specification for the universal ear simulator. The ear simulator design process, which is currently in
progress, has also been documented for the first time. Once prototype devices are available, new calibration
methods will be developed and reference equivalent threshold sound pressure level values will be
determined for the universal ear simulator. A selection of clinical users will then be engaged to evaluate the
new device in audiological practice and provide valuable feedback on its usability. Finally the standardization
process of the new ear simulator will be initiated by a proposal to IEC TC 29.
The JRP-Consortium has developed a dissemination strategy to ensure that the scientific activity of the
project translates into benefits for stakeholders and that the expected impact is created.
The proposed JRP will have impact on a wide range of stakeholders including:
 health and safety bodies, equipment and plant manufacturers, workers in industry, and environmental
pressure groups – by providing the scientific basis upon which future safety and environmental
regulations can be built,
 audiologists, healthcare policy formulators, the general public, and every newborn child – by simplifying
practices, and enhancing reliability in hearing assessment data, reducing uncertainty in decision
making.
The knowledge transfer activities will directly inform standardisation bodies in the areas of hearing
thresholds and ear simulators (ISO TC43 WG1 and IEC TC29 WG21 respectively) through the provision of
new recommendations and will produce new guidance on best practice leading to regulations on health
hazards in daily life and at working places posed by non-audible sounds. Using a questionnaire distributed
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to working group members, requirements of standardisation were included into the ear simulator
specifications during the first six months of the project.

JRP start date and duration:
JRP-Coordinator:
Dr Christian Koch, PTB
JRP website address:

01 May 2012 and 36 months
Tel: +49 531 592 1600
www.ears-project.eu

E-mail: christian.koch@ptb.de
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JRP-Partner 1 BKSV-DPLA, Denmark
JRP-Partner 2 DFM, Denmark
JRP-Partner 3 LNE, France
JRP-Partner 4 NPL, UK
JRP-Partner 5 TÜBİTAK, Turkey

The EMRP is jointly funded by the EMRP participating countries within EURAMET and the
European Union
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