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Recommendation ITUT H.870

Guidelines for safe listeningdevices/systems

Summary

Recommendation ITT H.870 describeshe requirements on safiestening devices and systerr
called personal/portable audio systems, especially those for playing music, to protect peoy
hearing loss. It also givesgiossary for common understanding as well as background inform
on sound, hearing and hearing loss.

It recommendshe criteria for avoiding unsafe listening: one for adults and the other for chil
both based on the equal energy principle, the agsomthat equal amounts of sound energy \
cause equal amounts of sound induced permanent threshold shift regardless of the distributi
energy over time.

Importantly, this Recommendation provides guidelines on health communication fdisti@g
so that appropriate warning messages can be delivered effectively when necessary. Exampile
messages can be found in Appendix VII.

Finally, this Recommendation also gives information alibatimplementation of dosimetry an
related issues.

Communication devices and assistive devices are excluded from the scope of this Recomme
Gaming devices are also for future study.

This standard was developed collaboratively by the World Health Organization (WHO) an
under the 'Make Listening Safaitiative, and it is adopted by both organizations.

History

Edition Recommendatior Approval Study Group Unique IDf

1.0 ITU-T H.870 201808-29 16 11.1002/1000/1368!
Keywords

Dose, personal audio system, safe listening, sinshated hearing loss, sound pressure level.

* To accesshe Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser followed by the RecommendationisniquelD. For example http://handle.itu.int/11.1002/1000/11
830en
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
teleconmunicaions information and communication technologies (§TThe ITU Telecommunication
Standardization Sector (I'FU) is a permanent organ of ITU. ITU is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on aosdwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ¥Tlstudy groups which, in turn, produce Recommendations on
these topics.

The approval of ITUT Recommendadns is covered by the procedure laid down in WTSA Resoldtion

In some areas of information technology which fall within TW purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, thexpression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisios (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall* or some
other obligatory language such as "must" and the negative equivalentedte espress requirements. The

use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation ofRéd®@mmendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommdation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that thimay not represent the latest information and are therefore strongly urged to consult the
TSB patent databaselatp://www.itu.int/ITU-T/ipr/.

a ITU 2018

All rights reserved. No part of this publication mbag reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Introduction

There is growing concern about the rising exposure to loud sounds in recreational settings such as
nightclubs, discotheques, pubs, bars, cinemas, concerts, sporting events and even fithess classes
With the popularization of technology, devices such asqmed audio systems are often listened to

at unsafe volumes and for prolonged periods of time. Regular participation in such activities poses a
serious threat of irreversible hearing loss.

The World Health Organization (WHO) estimates tha¥t\[blO-2018]:

| Around 466 million people globally live with disabling hearing loss due to different causes.
This number is projected to rise in coming decades, unless action is taken to mitigate risk
factors for hearing loss.

| Over a billion young people worldwide coultk at risk of hearing loss due to unsafe
listening practices.

| Among teenagers and young adults 12 to 35 year olds in middle anidd¢oghe countries:

I Nearly 50% listen to unsafe levels of sound with the use of personal audio devices such
as MP3 playes and smartphones.

i Around 40% are exposed to potentially damaging sound levels at nightclubs,
discotheques and bars.

The increasing sales of smartphones, with 1.5 billion devices sold globally in 2016 alone, is another
indicator of potential risk. Thisncreased accessibility and use of personal audio systems for
listening to music is coupled with their use at high volume and for long durations. Such
risk-associated behaviours can permanently damage hearing capacity.

In consideration of these facts, WHaunched the 'Make Listening Safe' initiative in 2015. The
overall vision of this initiative is to ensure that people of all ages can enjoy listening with full
protection of their hearing.

Its aim is to reduce the risk of hearing loss posed by unsafe we®ptis sounds in recreational
settings. In order to achieve this, WHO has identified three specific objectives:

1) Regulate exposure to loud sounds through personal audio systems
2) Change listening behaviours among the target population
3) Limit sound &posure in recreational settings

This Recommendation is a result of the collaboration between WHO and ITU on the 'Make
Listening Safe' initiativeand is a common standard recognized by both organizations
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Recommendation ITUT H.870

Guidelines for safe listening devices/systems

1 Scope

This Recommendation describt#®e requirements on safestening devices and systems, especially
those for playing music, to protect pé® from hearing loss

For the purposes of this Recommendation, the following types of devices are excluded:
| two-way communication devices(ch asvalkie-talkies, etc.)

| rehabilitative and medical devices (e.pearing aids, FMsystems and other astve
listening devices (ALD) approved as part of hearing aid and cochlear implant systems
etc.)

| personal sound amplification deviges
| professionakudioequipmentind devices

NOTET There are concerns about the exposure to sound from portablecgaswdes, but this is for future
study.

2 References

The following ITUT Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions ndicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other referenaas istow. A list of the
currently valid ITUT Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stdode document, the status of a Recommendation.

[ITU-T G.100.1] RemmmendatioTU-T G.100.1 (2015)The use of the decibel and of
relative levels in speechband telecommunications

[ITU-T P.57] RecommendatioiTU-T P.57(2011) Artificial ears.

[ITU-T P.58] RecommendatiofifU-T P.58(2013) Head and torso simulator for
telephonometry

[ITU-T P.38Q RecommendatiohTU-T P.380 (2003)Electro-acoustic measurements on
headsets.

[ITU-T P.381] Recommendation ITO P.381 (207), Technical requirements and test

methods for the universal wired headset or headphone interface of digital
mobile teminals

[ITU-T P.3&] RecommendatiofifU-T P.3& (2016),Technical requirements and test
methods for mukimicrophone wired headset or headphone interfaces of
digital wireless terminals

[EN 503321] CENELEC EN503321 (2013),Sound system equipmehteadphones
and earphones associated with personal music players. Maximum sound
pressure level measurement methodology. General method for "one
package equipment”
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[EN 503322] CENELEC EN503322 (2013),Sound system equipment: Headphones
and earphones assm@ted with personal music players. Maximum sound
pressure level measurement methodology. Matching of sets with
headphones if either or both are offered separately, or are offered as one
package equipment but with standardised connectors between the two
allowing to combine components of different manufacturers or different
design

[EN 503323] CENELEC EN 503323 (2017),Sound system equipment: Headphones
and earphones associated with personal music pldystaximum sound
pressure level measurement methodgl Part 3: Measurement method
for sound dose management

[IEC 602681] IEC 602681:1985,Sound system equipménPartl: General

[IEC 61252] IEC 612521993 Electroacoustics Specifications for personal sound
exposure meteréncluding its AMD1:200and AMD2:2017.

[IEC 616721] IEC 616721:2013,Electroacoustic$ Sound level meteiisPart 1:
Specifications.

[IEC 623681] IEC 623681:2018,Audio/video, information and communication
technology equipmeiitPart 1: Safety requirements

[ISO 226] ISO 226:2003Acoustics Normal equalloudnesdevel contours

[ISO 119041] ISO 119041:2002 Acoustics Determination of sound immission from

sound sources placed close to theie&art 1: Technique using a
microphone in a real ear (MIRE technique)

3 Definitions

3.1 Terms defined elsewhere
This Recommendation uses the following terms defined elsewhere:

3.1.1 calculated sound dos€gIEC 623681]: One week rolling estimate of sound exposure
expressed in percent of the maximum regarded as safe

NOTE 17 See B.4 of [EN 50333] for additional information.

The value is based on the values mentioned in the EU Commission Decision 2009/490/EC, which
stipulated that sound is safe when below 80 dB(A) for a maximum of 40 hours per week. Therefore,
the value of 1006 CSD corresponds to 80 dB(A) for 40 hours.

3.12 diffuse field diffraction at MRP [ITU-T P.58} Difference, in dB, between the
third-octave spectrum level of the acoustic pressure at the mouth reference point (MRP) and the
third-octave spectrum level d¢iie acoustic pressure at the same point in a diffuse sound field with
the HATS absent.

3.1.3 diffuse field frequency response of HATS (sound pickip) [ITU-T P.58]: Difference, in

dB, between the thirdctave spectrum level of the acoustic pressure ataih@rem reference point
(DRP) and the thirabctave spectrum level of the acoustic pressure at the HATS reference point
(HRP) in a diffuse sound field with the HATS absent.

3.14 eardrum reference point [b-ITU-T P.10]: A point located at the end of the eanal,
corresponding to the eardrum position.

3.15 free sound field [ISO 3745]: A field in a homogenous, isotropic medium free of
boundaries.
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3.16 free-field frequency response of HATS (sound piclup) [ITU-T P.58]} Difference, in dB,
between the thirdbctave spectrum level of the acoustic pressure at thelrear reference point
(DRP) and the thirdctave spectrum level of the acoustic pressure at the HATS reference point
(HRP) in a free sound field with the HATS absent (test point).

3.17 free-field plane wave diffraction at MRP [ITU-T P.58]} Difference, in dB, between the
third-octave spectrum level of the acoustic pressure at the mouth reference point (MRP) and the
third-octave spectrum level of the acoustic pressure at the same point in a free slouwdHithe

HATS absent. The characteristic is measured for a frontal sound incidence, with a propagation
direction parallel to the reference axis.

3.18 head and torso simulator(HATS) [b-ITU-T P.10]: Manikin extending downward from

the top of the heatb the waist, designed to simulate the sound-pgkcharacteristics and the
acoustic diffraction produced by a median human adult and to reproduce the acoustic field
generated by the human mouth.

3.19 instructed person[IEC 623681]: Instructed persors a term applied to persons who have
been instructed and trained byskilled person or who are supervised by skilled person to

identify energy sources that may cause pain (see Table 1) and to take precautions to avoid
unintentional contact with or expore to those energy sources. Una@mal operating conditions
abnormal operating conditiorms single fault conditionsinstructed personshould not be exposed

to parts comprising energy sources capable of causing injury.

3.110 material hearing impairment [b-NIOSH]: An average of the hearing threshold levels for
both ears that exceeds 25 dBHL at 1000, 2000, 3000 and 4000 Hz.

3.1.11 microphone-in-real-ear [ISO 119041]: Refers to measurements carried out using
miniature or probe microphones insertedha ears of human subjects

3.112 momentary exposure leve[lEC 623681]: metric for estimating 4sound exposure level
from the HD 4831 S2 test signal applied to both channels, bas¢&Nr503321], clause 4.2.

NOTE 1i MEL is measured in dB
NOTE 2i See B.3 of [EN 50332] for additional information.

3.113 ordinary person [IEC 623681]: Ordinary persons the term applied to all persons other
than instructed persons&nd skilled persons Ordinary persondgnclude not only users of the
equipment, but ab all persons who may have access to the equipment or who may be in the
vicinity of the equipment. Undemormal operating conditionsr abnormal operating conditions
ordinary personshould not be exposed to parts comprising energy sources capablsing gaain

or injury. Under asingle fault condition ordinary personsshould not be exposed to parts
comprising energy sources capable of causing injury.

3.1.14 personal musi¢media player [IEC 623681]: A personal music player is a portable
equipment intaded for use by an ordinary person, that:
T Is designed to allow the user to listen to audio or audioal content / material; and

T Uses a listening device, such as headphones or earphones that can be worn in or on or
around the ears; and

T Has a playethat can be body worn (of a size suitable to be carried in a clothing pocket) and
is intended for the user to walk around while in continuous use (for example, on a street, in
a subway, at an airport, etc.).

NOTE 17 Examples are portable CD players, M&&lio players, mobile phones with MP3 type features,
PDAs or similar equipment.

3.115 skilled person [IEC 623681]: Skilled personis a term applied to persons who have
training or experience in the equipment technology, particularly in knowing the samrgies
and energy magnitudes used in the equipn&kilied personsre expected to use their training and
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experience to recognize energy sources capable of causing pain or injury and to take action for
protection from injury from those energieSkilled personsshould also be protected against
unintentional contact or exposure to energyrsesi capable of causing injury.

3.1.16 sound exposure [EN 503323]: A-weighted sound pressumg,, squared andntegrated
over a stated period of tinbetweert2 andtl:

O . n o A
3.117 sound pressure leve[b-ITU-R V.574]: the logarithm, generally expressed in decibels, of
the ratio of sound pressure and a reference pressure, oftéta20

YOOt | C—

3.2 Terms defined in thisRecommendation
This Recommendation defines the following terms:

3.21 acoustic reflex threshold The sound pressure levebFL) at which a sound stimulus
triggersstapedius muscle refleSKR).

3.2.2 acoustic trauma A single exposure to sound resulting in immediate injurthéauditory
system

3.2.3 damagerisk criteria : An archaic term referring to the risk nbise induced hearing loss
(NIHL) presented by various levels of noise exposure. In this Recommendatitanrthis replaced
with several preferred contemporary terrdsseresponse relationsHjfrisk’, or'exposure limit

3.24 dBA: Decibels of sound pressure level measured using theighting network; a level
intended to measure leimtensity noise (anand 40 phon loudness level) kbt hasalsobecome
commonly used for measuring occupational and environmental noise exposures.

3.25 dBFS: dB full scale is the signal level of a digital signal relative to its overload or
maximum level. Differentonventions existlt is common to assign a digital representation of a
full-scale sinusoidal the value odBFS RMS. The peak level can then reach +8BES. In other
cases, the RMS level of a digital fsitale square wave is assignedBFSRMS. The naximum

peak level is then alsodBFS. For the latter cases, dBFS is equivalent to dBov. (dBov: dB relative
to digital overload is the signal level of a digital signal relative to its overload or maximum level.
Se€[ITU-T G.100.1))

3.2.6 dBHL: Decibels ofhearing level at a certain frequency; a level used to measure
audiometric hearing threshold relative to the level defined as normal.
NOTE T It is the ear's sensitivity in a human with normal hearing, at different frequencies, that is the

reference[ISO 2249 is a mapping of phon against dB SPL and the two scales meet at 1 kHz. d&I$eH
is by definition referenced at the threshold of hearing at 1 kHzQiphon (and 0 dB SPL).

3.27 diffuse sound field A field where at any position in theedium, sound is incident from all
directions with equal intensities and random phase. The reverberant sound does not vary with
receiver position. (adapted from-{&r])

3.28 (sound) dose: The total quantity of sound received by the hureanduring a speified
period. In the context of this Recommendation, it is the same as sound ex(sesIl& 1.6).
Theunit of (sound) dose is Ba

3.29 dosimetry: The calculation and assessment of the dose received by the Baman

3.210 equal energy principle The assumption that equal amounts of sound energy will cause
equal amounts of sound induced permanent threshold shift regardless of the distribution of the
energy across time
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3.211 equivalent continuous Aweighted sound pressure level A continuoussoundpressure
level (SPL) in dBA which is considered to pose the same risk as avangng SPL, calculated
using a 3B exchange rate between level and time. Mathematically, it is represented as:

0 5 pmli€ n ORO 1 Q6O
where

Laeq T is the equivalent continuous-&iei ght ed sound pressur e
determined over a time integration interVat t2 1 t1

pa (t) is the instantaneous-Weighted sound pressure of the sound signal
pot) i s the reference .sound pressure of 20

3.212 equivalent continuous average sound level normalized continuousSPL in dBAwhich
is considered to pose the same risk as a certainviimegng SPL pattern measured using dB
exchange rate and normalized to rahour exposure periodzor examplethe value forn could
be8, in which case this may also be referred to asam br Lexsh', or n=40, Lexaon.

3.2.13 excess risk The risk of sound induced hearing losSIHL) associated with a specific
amount of exposure

3.2.14 exchange rate Thechange in average noise level (in dB) that corresponds to a doubling or
halving of allowable exposure time

3.2.15 frequency response In this context, frequency response is short ‘feensitivity vs.
frequency responsesometimes referred to as thwne curvé of an audio device, such as a
headphone, loudspeaker, microphone, amp)iéiter.

3.216 hearing threshold level Sound pressure levelSPL) at specific audiometric test
frequencies, measured in dBHL

3.2.I7 listening device A device used to transmit sound to the €uonsists of a transducer and
fitting to accommodate in the ear, on the ear or over the ear list&amples are headphones and
earphones.

3.2.18 media Audio or audievisual content for theurposes of entertainment whereby long term
exposure may result in hearing loEgamples arenusic, gaming and podcasts.

3.2.19 personal audio device A portabledevice designed to be worn on the body or fit in the
clothing pocketlt is designed to allowhe user to listen to various forms of media.exampleof a
personal audio devide a personal media playd?P).

3.220 personal audio systen{PAS): A system ofa personal audidevice and a listening device.

3.221 safe listening device A personal audio device/system that mnseée requirements and
criteria to minimeze the usefsrisk of acquiring hearing loss, (as a consequence of its use) can
possibly be termed as a safe listening device. It could include music players (MP3 players,
smartphones and personal music playeisjether with a transductirat convert the electric signal

into audio (e.g.earphoneandheadphongs

3.222 sound allowance A dose estimate of sound exposure over a certdling period of time
(e.g., daily orweekly), commonly expressesk apercentage of the maximum regarded as safe.
A weekly sound allowance is equivalent to 10@¥culated sound dos€$D).

3.223 soundinduced: Refersto a state or a quality resulting from exposure to solihd.sound
may be (part of) music dnoisé€’, which implies the sound is not dedite

3.224 soundinduced permanent threshold shift: Synonymous with permanesbund induced
hearing loss{IHL).
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3.225 soundinducedtemporary threshold shift: Soundinduced hearing los$S(HL) that results
from exposure to sound but recovers after a sufficient time spent in low sound conditions

3.226 soundinduced tinnitus: Perception of phantom sound in the ears or head that are either
temporary or permanent, folldng excessive sound exposure.

3.227 stapedius muscle reflexTheprocess in which the stapedius and tensor tympani muscles of
the ossicles contract when the ear is exposed to high intensity sound. This is also called auditory
reflex.

3.228 transducer: An electronic device that converts energy from one form to another.

4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:

ALD Assistive Listening Devices

ANR Active NoiseReduction

ART Acoustic Reflex Threshold

CLL Chosen Listening Level

CSD Calculated Sound Dose

DAC Digital to Analogue Conversion

dBA Decibels of sound pressure level measured usingteighting network
dBFS Decibel Full Scale

dBHL Decibels of Hearing Level

DRP Eardrum ReferencePoint

ER ExchangeRrate

HATS Head And Torso Simulator

HTL Hearing Threshold Level

Leg Equivalent continuous average sound level
Lex Equivalent continuous average sound level normalized
MIRE Microphoneln-RealEar

MRP Mouth Reference Point

NIHL Noise Induced Hearing Loss

NIPTS Noise Induced Permanent Threshold Shift
PAD Personal Audio Device

PAS Personal Audio System

PLD PersonalListening Device

PMP Personal Media Player

RMS Root Mean Squared

SEL Sound Exposure Level

SIHL Sound Induced Hearing Loss

SLD Safe Listening Dece
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SMR Stapedius Muscle Reflex

SPL Sound Pressure Level
TTS Temporary Threshold Shift
VR Virtual Reality

5 Conventions

None.

6 Safe listening Introduction

Temporary and permanent hearing threshold shifts from exposuseuled andnoise is an
increasing public health problem, particularly in children and adolescents. Irsdacdinduced
hearing losqSIHL) is the leading cause of preventable hearing loss in the world. From the early
1990s to 2000, it was estimated that the nunadfgroung people wittSIHL has increased from

6.7% to 18.8%. Some of this can be attributed to the fact that in this day and age, young people are
utilizing their leisure time with activities that expose them to high levels of music using personal
audio sgtens (PAS) or attendingcommunalevents such as concerts, bars, clubs, etc. Despite this
emerging epidemic, there are currenimost no standards set to limisound exposurein
nortoccupational settingespecially for PASThis Recommendatioaddressethis standardzation

gap.

It may be considered that prevention of hearing loss through safe listening practices is the
responsibility of the individual.However, the onus of raising awareness and creating an

environment for safe listening lies with tbemmunity, manufacturers of devices, governments and
other stakeholders.

Hearing loss can occur as a consequence of listenimghdevelsof sound over prolonged periods
of time. The unsafe use of personal audio deyied®s)poses a threat to thearing of millions.

Such hearing loss is permanent but it can largely be prevented through safe listening practices.
Appropriate technology can help to reduce the risk of unsafe listening. A personal audio
device/system in compliance with standards wlsehve to minimize the users' risk of acquiring
hearing loss, (as a consequence of its use) can possibly be termed as a safe listenisystiaice

The term safe listening refers to listening behaviour that does ngqeppteshearing at riskA

persors risk of losinghis/herhearing depends on how loud, for how long and how dfterperson

is exposed to loud sounds. Such exposure may be through personal audio devices or in
entertainment venues as well as in$heroundingenvironment, such as in tfaf, in the workplace

or at home.

The term sound allowancefers tothe acceptable level of sound energy an individual can receive
without putting his/her hearing at risk. Sound allowance is used interchangeably with the term
‘calculated sound dose' It is recommended to use the tersound allowance' for health
communication purpose, rather thdase.

6.1 Background
This clause gives background information for safe listening.

6.1.1 Soundand waves

Sound is a wavéen a medium, such as ajproduced bya vibrating bog. Waves transmit energy
without transmitting matteA sound wave is a longitudinal wave, i.e., the direction of motion that
creates the wave is the same as the wave madfi@ves propagate in a medium by displacing
differences in force or rpssure from one place to anothér particular, the transmission or
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propagawn of energy irthe souneconducting medium is in the form of alternate compressiods an
rarefactions of the mediunft a certain pointin time, there are interleaving compresss and
rarefactions in the medium, which in turn produce variations in pressure. When air is compressed,
the pressure is higher than the atmospheric pressure and when it is rarefied, the pressure is lowe

The magnitude of compression and rarefactiorhengropagating medium determines the intensity

of the sound, while how often the compressions and rarefactions alternate detéreninequency

of the soundEnergy from the motion of sound waves flows through the eardrums and into the inner
ear, wheretiregisters as sound. Intensitis the energye per unit of timet that is flowing across a
surface of unit area, or | is power flowing across the surface of aaea

A pure tone is a simple sound whose pressure variations are sinusoidal ,invfochnis called in
acoustics as the sine wavde sine waves are periodic.

The speed o sound wave depends on the natur¢hefsoundconducting mediumThe speed of
sound waves depends somewhat on the temperature of the air. At room temperature (20°C) the
speed is344 meters per second /@) corresponding to 1238 km/h.

6.1.2 Mechanism of hearing and hearing loss

As shown in Figure 1, the earaemprised of three parts: the outer ear, the middle ear and the inner
ear.The middle ear consists of the tympamiembrangalso calleceardrum)that terminates the ear
canal and three small bones (collectively catbedicle$. the malleus, incus and stap&svo small
muscles, the tensor tympani muscle and stapedius muscle are also in the middile iearer ears

the innermost part of the ear amtbnsiss of the cochlea, the vestibular apparatus and the
vestibulocochlear nervé'Sound" can be considered as a series of vibrations. These vibrations
arrive at an ear and are captured by the pinna. Sound travelwage into the ear canal down to
the eardrum, which vibrates and converts the wave into mechanical ehbeggar canal has a
length of approximately 2.5 cm and a diameter of approximately 0.6To®.sound (or its
mechanical energy) then passes throtighthree bonegollectively calledossicle$, the malleus,
incus and stapes the middle ear cavity

Outer Middle Inner

1 ear | ear | ear
I | |

Vestibular
apparatus

Auditory Incus
ossicles  (anvil)~
Temporal bone )

Malleus
(hammer)

/
Concha [

==~ External Tympanic Eustachian tube
auditory  membrane
canal
(meatus)

H.870(18)_F01

Figure 17 lllustration of the human ear
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Thesebonesamplify the mechanical energy which is transferred to the inner ear through the oval
window ofthe cochlear inner ear. The stapes taps on the oval window causing vibration of the fluid

in the inner ear and this movement passes through thdfiflaaicochlea.

Ossicles

Auditory nerve

Ear canal

Cochlea

Ear drum

Eustachian tube

H.870(18)_F02

Figure 271 Ear canal
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Air —p ) Air “""“lllllu):uf)ulll
Ear canal : Tectorial
Round window membrane
Eustachian tube
|
Middle ear | Inner ear
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Figure 371 lllustration of the cochlea

As can be seen in Figure 2 and Figure 3,abehlea is a snail shapedyan In the cochleathere
are millions of hair cells called basilar haifs the sound goes through the cochlea, it moves the
fluid which moves the hair cells, sending thousandslettrical impulses up the auditory nerve to

the brain. These electrical signals are then interpreted as sound.

Rec. ITU-T H.870(08/2018) 9



When overexpageto soundoccurs, the hair cells in an ear become overstimul@adethe hair
cells areoverstimulatedthey become fatigued anstop responding to soundhis may result in
temporary threshold shift (TTS), a temporary hearing loss folloa@ugdexposure, whiclecan last
a few minutes to a few dayAfter a period of quiet, the hair cells will recover.

However,repeated exposure to excesssarindover time will kill these hair cells, and they lose
their ability to recover. This can result ipermanent threshold shift (PTS$pundinduced
permanent loss of hearing sensitivity associated with irreversible cobllea@ell damage.

Figure 4 shows the cochlea and the hair cells.

D @ s“ '.
LR

H.870(18)_F04

Figure 47 lllustration of the cochlea and the hair cells

In Figureb, the hair cells of the cochlea on the left are of a person with normal hearing, and the one
on the right shows the paanent damage overexposuretmndcan cause.

H.870(18)_F05

Figure 51 lllustration of soundinduced damage in hair cells
6.1.3 Measurement ofsoundenergy

6.1.3.1 Pressure

Because of earth's gravity, the weight of the atmosphere exerts a pressure in all dicgctions
everything, called atmospheric pressure. Its valueisN&iton/nt; that is, 18 Pascal (Pa)
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Displacement of a wave is the amount of disturbance from equilibrium produced by the wave.

Peakto-peakrefers to the change between minimum and maximum sabfie@sinusoidal wave or
signal Figure 6 shows the concept of paalpeak.

Amplitude Peak to peak

H.870(18)_F06

Figure 617 Concepts of signal amplitude and peak to peak value

Amplitude of a sound wave is often calcula@slroot mean square (RMSjalues.Root mean
sguareis the square root of the mean (average) value of the squared function of the instantaneous
values.The RMS value is computed by first squiag the waveform instantaneous values (s), then
finding the mean over a cycle (m) and finatly taking the square rodt).

6.1.3.2 Decibels

The'bel (symbol B) expresses the ratio of twaluesby the decimal logarithm of this ratio. This
unit is not often used, having been replaced by the decibel (symbol dB) whichtentmef a bel.

A logarithmic unit used te@xpress the ratio of two values of a physical quantity. One of these
values is often a standard reference value, in which case the decibel is used to express the level

6.1.3.2.1 dB

This scale isprimarily a ratio scale, whereby the intensity is comparedatreference. The
mathematical statement of this idea is

0 0 pulC-

The verbal translation is that the difference in levels, measurdddcibels (dB), between sounds

2and 1 is given by the common (base 10) logarithm of the ratioeointnsities. The factor of

10is included to expand the scale. A review of the log function makes a few features of the level
(decibel) scale apparent. Because log(1) = O, if sounds 1 and 2 have the same intensity then the
difference in their levels is 0. THenction of the log scale is to transform ratios into differences. If

0 is twiced thend 0O oA no matter what the actual value (o) might be. That is
because log(2) = 0[®-Hartmann]

6.1.3.2.2 dB SPL

Although the decibel scale is a ragoale in which a quantity is always compared with another
guantity, it is common for individual sound levels to be expressed in decibels as though the measure
were absoluteSound pressure level ke logarithm, generally expressed in decibels, of the od

sound pressuneand a reference pressyog often 20nPa.

YOOqm T C—
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6.1.3.2.3 dBA

dBA is decibels of sound pressure level measured using tveighting network; a level intended
to measure lovintensity sound(around 40 phon loudness level) but has become commonly used
also for measuring occupational and environmesdahdexposures.

Figure 7 shows a conceptual view of the roles of the different corrections used in measurements, to
give certain weightings toavious frequencies.

DRP to diffuse-field
correction

Sound Body and
—» Room —P» Y
sources outer ear

| A-weighting >

H.870(18)_F07

—» Eardrum [—» Middle ear —»{ Inner ear

Figure 717 Conceptual view of the roles of the different corrections used in measurements, to
give certain weightings to various frequencies

6.1.3.2.4 dBFS

dB full scaleis the signal level of a digital signal relative to its overlaadmaximum level.
Different conventions existt is common to assign a digital representation of adcéile sinusoidal
the value of @BFS RMS. The peak level can then reach +8BES. In other cases, the RMS level
of a digital fullscale square wavs assigned dBFSRMS. The maximum peak level is then also
0 dBFS. For the latter cases, dBFS is equivalent to dBov.

NOTET Also known agiBov, dB relative to digital overload is the signal level of a digital signal relative to
its overload or maximum leV. SedITU-T G.100.1]

6.1.3.2.5 dBHL

dBHL is decibels of hearing level at a certain frequency; a level used to measure audiometric
hearing threshold relative to a defined normal.

As described in [ISO 226]the sensitivity of the human ear varies greatgpending on the
frequency of the incoming sound and if the volume is turned up in order to obtain enough volume at
the low frequency range necessary for music, it is inevitable that the volume becomes excessively
high in the higher frequency range, whistespecially sensitive.

Figure 8 shows acoustics normal egloaldnesdevel contours.
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Figure 81 Acousticsnormal equakloudnesslevel contours
6.1.4 Equal energy principle

The equal Bergyprinciple is the assumption thtite total effect of sound @roportional to the total
amount of sound energy received by the ear, irrespective of the distribution of that energy in time.

According to this principle, equal amounts of sound enarggxpected to cause equal amounts of
sound induced permanent threkhshiftregardless of the distribution of the energy across time.

Based on this principleg dose of soundenergymay be defined as the squareeva@ighted sound
pressurer] , integrated over the exposure tiffe 0 0.

Mathematically, this iexpressed as:
QeiQ n o Qo
wheren is the Aweighted and diffuséield corrected sound pressure.

The unit of this value is Pascal squared hours, &hPa

6.2 Personalaudio system

A personal audio syster(PAS) is defined in clause3.220 and Figure 9showsthe general
architecture of a PAS.
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Figure 91 Architecture of a personal audio system (PAS)

In this diagram, "sourcetan be either stored or retrieved remotely, e.g., streaming from a local
server or the Internet.

A PASis interded foruse by an ordinary persamd

T is designed to allow the user to listen to audio or audioal content/material; and

| uses a listening device, such as headphones or earphones that can be worn in or on or
around the ears; and

| has a player thatan be body worn (of a size suitable to be carried in a clothing pocket) and
is intended for the user to walk around with while in continuous use (for example, on a
street, in a subway, at an airport, etc.).

Examples: portable CD players, MP3 audio playersbile phones with MP3 type features, PDAs
or similar equipment.

The requirements do not apply to:

| professional equipment;

| hearing aid equipment and other devices for assistive listening;

T the following type of analogue personal music players:

i long distance radio receiver (for example, a multiband radio receiver or world band
radio receiver, an AM radio receiver), and

i cassette player/recorder;

NOTE 11 This exemption has been allowed because this technology is falling out of use and it is
expectd that within a few years it will no longer exist. This exemption will not be extended to other
technologies.

T a player while connected to an external amplifier that does not allow the user to walk
around while in use.
NOTE 27 In addition to the above,ocnmunication devices are excluded from the scope of this
Recommendation.

NOTE 37 In the meantime, the immediate focus is on music, but gaming and VR is for future
study.

6.2.1 Consideration ofheadphones and earphones

The situation of headphones/earphorissening using portable equipment is different from
domestic loudspeaker reproduction. Studieshaf habits of headphone listening with portable
music players indicate that the listening level varies greatly from person to perS@ENIHR].
With someportable players and headphoitieis possible to play at high levels. The portability of
the equipment also increases the risk of reaching high exposure times.
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When exposed to a highvel soundfield suchas in a concert or club, there mig perceivable
body vibrationin addition tostimuli via the ears. In the case of earphones/headphones, the vibration
part is missing.

Figure 10contains an example ttie relationship between headphone t{gerbuds and supsaural
or isolatorsland chosen listeningvels (CLLS) depending on the surroundings (airplane, bus, quiet,
etc.)

60

504 | Earbuds and supra-aural
] Isolators

40

30 A

*
* *
20 4
10 I
1 n I,III i H [ [ |

Quiet PN 50 PN60 PN70  Bus 70 Airplane 75 PN 80
H.870(18)_F10

Percentage of subjects with CLLs 85 dBA and greater

Figure 107 Headphone type andchosen istening level [b-Portnuff]

This aspect is for further study.

6.2.2 Note a individuality

Individual differences arbecausehe dimensionsof the ear canadeterminethe frequency of the
maximum amplitude of the ear canal resonance.

That consideration of factors such as height and gender differences as well as the head
circumference of an individual or even the measurement of the resarteareeteristics of the ear

canal of an individual will lead to alleviating the individual differences is strongly suggested by the
hitherto medical practices.

6.2.3 Guidance on measurement

If measuring the analogue electrical output level of a PAS, theegunesdescribedn clauser.2.2

of [ITU-T P.381]using the relevant specified test-apt should be used. This includes playback of

a certain programme simulation signal at a defined digital level, simulation of the headphones using
a resistive load andppropriate measurement of the output voltage of the player.

If measuring the overall electaxoustic sensitivity of headphones/earphones, the procedures
describedn clause 8.2.2f [ITU-T P.381]using therelevantspecified test saip, should be used.

If measuring the electracoustic sensitivity of headphones/earphones as a function of frequency,
the proceduredescribedn clause 8.1.%f [ITU-T P.381]using therelevantspecified test satp,
should be used. This may be usedexamplefor a dose stimator, as described Appendix Il of

this Recommendation.

These headphone measurements include playback of a certain programme simulation signal at a
defined electrical level, a head and torso simulator (HATS), appropriate measurement gbuhe out

Rec. ITU-T H.870(08/2018) 15



sownd pressure for a certain input voltage, including averaging over seresehtingsof the
headphones on the HATS.

These ITUT Recommendations partly refer to the CENELEC 1832 series of specifications,
for harmonization purposes. For digitalterfaces, guidance is also found in the CENELEC
specifications.

NOTET [ITU-T P.38] refers to the commonly usedp®le or 4pole 3.5mm or 2.5mm diameter jack/plug.
For 5pole connectors, guidance is foundlinJ-T P.383.

If measuring the overall aostic output level of a portable music player including headphones/
earphones, the procedurg EN 503321] should be used.

7 Damage risk criteria

7.1 Operational modes

It is recommended that each device includes a system that tracks tlseenpesureime and
estimates sound level and % used of a reference exposure (sound allowance). This includes all
media playback through the device (isored locally or streamed) during times when the user is
using ear/headphones. Voice calls may be excluded egs dte specifiecseparatelyby other
standards.

It is also recommended that the device afithe user to select their reference exposure as one of
two modes:

| Mode 1: (WHO) standard level for adults: this will apply 1.6hPper 7 days as the
reference eposure.

T Mode 2: (WHO) standard level feensitive users (e,ghildren) this will apply 0.51 P%n
per 7 days as the reference exposure.

NOTE 17 Reference exposures are derived from 80 dBA (Model) and 75 dBA (Mode 2) SPL for 40 hours
per week (whichn turn is derived from 8 hours per day, 5 days/week)

NOTE 2i An alternative to expressing exposure in terms of % used, is to expréissaheftuntil reaching
a certain exposure (e,gemaining playback time at the current playback level until reaching 100%).

Mode choice is given when using the player for the first time (or when the device is reset to factory
settings). Mode choice can be changed at any later timgyia.g.device onfiguration menu.

Examples of weekly listening timdurationbased on sound allowance for thedes abovean be
found in Table 1 and Table 2.

Table 17 Example ofweekly listening timefor Mode 1

dB(A) SPL Weekly (1.6 P&h)
107 4.5 min
104 9.5 min
101 19 min
98 37.5 min
95 75 min
92 25h
89 5h
86 10 h
83 20 h
80 40 h
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Table 217 Example ofweekly listening timefor Mode 2

dB(A) SPL Weekly (0.51 P&h)
107 1.5 min
104 3 min
101 6 min
98 12 min
95 24 min
92 48 min
89 1 h 36 min
86 3 h 15min
83 6 h 24 min
80 12 h 30 min
77 25h
75 40 h

7.2 Uncertainty in doseestimate

In estimating sound dose there is some uncerteéitme sources for uncertainties are:

T sound source

| variation in headphone characteristics of a single modelododuction tolerances
| variation due to unknown headphone type

T manufacturing tolerange

T errors due to incorrect manual selection of headphone type

T variations in fit to the artificial ear during characterization

| imperfect relation betweentdicial ears and real ears

| imperfect relation between a standardized diffisdd correction and a variety of human
headrelated transfer functions

) variations in fit to the human ears

| uncertainties in characterization of player characteristics, especially due tinean
processing in the alternative implementation showFignirell .5;

T errors in calculations
T users' individual susceptibility to sound exposure
T exposure fronother sources

Since some of these uncertainties are typically severaghmiBan error of 3 dB constitutes a 100%

dose error, uncertainties of dose estimation can be expected to be hundreds of percent. It is therefore
suggestedo refrain from signalling'safe” and "green" to the user based on dose readings below a
certain limit.

The dose estimation is however relevant in accounting for the general trends:
T higher signalevel means higher risk

T longer exposure means higher risk

T the spectral content ¢he music is accounted for

Further detail®nthis subjectemainfor future study.
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8 Measurement methods

8.1 Dosimetry

8.1.1 Main related standards

[EN 503321], [EN 503322] and [EN503323] describe a dose measurement system in a PMP.
[IEC 61252] desdbes acoustic dosimeters to be worn on the body.

8.1.2 Definition of dose in the context of acoustic dosimetry

A dose in the context of acoustic dosimetry is calculated as follows:
QETQ N o Qp

wheren is the Aweighted and diffuséield corrected sound pressure.

For example, the dose acquired when being subjected to 80 dBSPL(A) during an expagime du
of 40 h is calculated as follows:

| The root mean square (RMSpund pressure s T 3—— 1& 0 @WConsequently, the
doseis® O ™ pHL OQ

Sucha specific dose may be defined as a reference dose and the measured exposure estimation
during a certain period may be expressed as a percentage of this reference dose.

p® 0 WQconstitutesl00% weeklysoundallowance, corresponding to 1008lculated sound dose
(CSD) as defined ifEN 50332-3].

For an example of dosimetry implementation, see Appeihdix

8.1.3 Testing of dosimeter functionality

The dosimeter functionality is tested by playing the programme simulationdaccording to

[EN 503321] and [IEC602681] and measuringthe time until the dose estimate reaches
100%CSD, using interpolation and tolerances as described irb[l8823]. Swch testing may be
performed in the acoustic domain (when a certain headset is used) or in the electrical domain using
a 32q resistive load (when the headset characterisgtresunknown). See measurement-gpt
information in [ITUT P.381].

NOTET Testingmethods for digital signal should also be considered and are for further study.

It is recommended twerify that the dose grows at twice the rate for every 3 dB increase in output
level when varying content levels fron28 toi 4 dBFS (see dBFS definitiomi[EN 503321]) and
similarly when varying volume control settings.

It is recommended to test the-wkeighting filter and other detailed dosimeter characteristics as
described in [IEC 61252].

9 Sensitivity rangeand frequency response of headphones
For future study.

10 Profiles
The use of profiles for different categories of P&8for further study.

11 Health communication

The'Make Listening Safestrategy(see Appendix laims to reduce the risk of hearing loss through
promotion of safe listening among its target group (users of personal audio devices). In view of this,
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the standards for safe listening devices propose a tool that will allow people to monitor their own
personal sound exposure. Such a tool shall serve the purpose of giving the choice of safe listening to
the users, while maintaining good quality sound output. Along with this tool, it is important that
users of devices be empowered to make the right listasfinoge through greater awareness and
information.

For this purpose, this clause outlines health communication aspects that shall be applied for
complete implementation of standards for safe listening devices.

This clause aims at informing manufacturerspefsonal audio devices on how to promote safe
listening practices among users/consumers. Specifically, it presents eviceseck
recommendations on how to communicate the risks of unsafe listening and support users/consumers
in the adoption of appropriatdehaviour in this field. The recommendations are informed by
evidence available in peer reviewed literature or gained thrthegtudy of listening habits of the

target group i.e. users of personal audio devices.

11.1 Purpose of including health communiation as part of the standards for safe listening
personal audio systems

The intent is to provide users with information and guidance to enable them to make safe listening
choices. These include providing:

| 'Personal usage informatiom order for the ser to know:
i their own listening habitguse of daily and weekly sound allowance)
i how to use safe listening features of the specific devices

T 'Personalized recommendations and cues for atfmmsafe listening, customized based on
each user's listening profile

T ‘General informatioron
i safe listening and ways to practice it
i the risk associated witlnsafe listening

I the risk of hearing loss due to loud sounds from sources other thpergwnal audio
system

This information and guidance shall be shared by default with users via their mobile devices
order to reduce the risk of hearing loss.

11.2 Key recommendations for communication as part of standards for safe listening
devices

Information and messages on safe listening shall be provided through
T the device interfadeg(wherever an appropriate visual interface is available)
T instruction manuals

T when possible, information about the safe listening features of the device should be
included on or in the packaging.

11.2.1 Device interfaceuser information

Clauses 11.2.1.1 and 11.2.1.2 outline information that shall be available to the user through the
device interface.

1 Refers to thénardware componenfsuch as screethat allow auserto interact with an electronic device.

Rec. ITU-T H.870(08/2018) 19



11.2.1.1 Personal usage information

Information regarding varioudstening parameters defining the users' listening habits shall be
accessible to users in order to allow them to keep track of their exposure to sound through the
device. In caseof devices with a screen, this could be through an icon on the s@teend the

icon, the user shall be able to see their use of daily/weekly sound allowance in an easy to
understand presentation, e.the person may be able to view how much of the weekly sound
allowance has been used and to see how their listening behaviour has been over the past seven days

In devices withouaiscreen, the information should be made available through alternate swezns,
as audio cues.

The device (when capable) should display:
a) the average sound level for the day and week
b) the time for which the user has listened in hours and minutes over the day and the week.

Figure 111 gives a nomormative example of informan provided on a smartphone visual
interface for safe listening

Figure 11-17 Examples of information provided on a smarphone visual interface
for safelistening

11.2.1.2 Messages

The device shall provide the user witAnings and cues for action

a) The device shall give relevant warnings and cues for actidmsn the user exceeds
100%o0f the weekly allowance. Suggestions for the development of such messages are
provided inAppendix VIL.

A The user shall receive first a "warning" expressed througfhated visualgnforming
that a threshold has been reached and that from this poifiirtrer listening at the
same volume will pose a risk for his/her hearing.

A The warning shall be followed by a "cue for action" in which the user is offbeed
choiceto either accept the risk of continued listening or protect his/her hearing. The
"cue for action" should be linked to active options on the device such as:

I automatic safe volume option, by which the device automatically changes the
volume to a safeolume leve]
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