International Telecommunication Union

ITU-T H.871

TELECOMMUNICATION (07/2019)
STANDARDIZATION SECTOR
OF ITU

SERIES H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS

E-health multimedia systems, services and applications —
Safe listening

Safe listening guidelines for personal sound
amplifiers

Recommendation ITU-T H.871

Intsrnational
Telsocommunication
Unilon




ITU-T H-SERIES RECOMMENDATIONS
AUDIOVISUAL AND MULTIMEDIA SYSTEMS

CHARACTERISTICS OF VISUAL TELEPHONE SYSTEMS
INFRASTRUCTURE OF AUDIOVISUAL SERVICES
General
Transmission multiplexing and synchronization
Systems aspects
Communication procedures
Coding of moving video
Related systems aspects
Systems and terminal equipment for audiovisual services
Directory services architecture for audiovisual and multimedia services
Quality of service architecture for audiovisual and multimedia services
Telepresence, immersive environments, virtual and extended reality
Supplementary services for multimedia
MOBILITY AND COLLABORATION PROCEDURES
Overview of Mobility and Collaboration, definitions, protocols and procedures
Mobility for H-Series multimedia systems and services
Mobile multimedia collaboration applications and services
Security for mobile multimedia systems and services
Security for mobile multimedia collaboration applications and services
VEHICULAR GATEWAYS AND INTELLIGENT TRANSPORTATION SYSTEMS (ITS)
Acrchitecture for vehicular gateways
Vehicular gateway interfaces
BROADBAND, TRIPLE-PLAY AND ADVANCED MULTIMEDIA SERVICES
Broadband multimedia services over VDSL
Advanced multimedia services and applications
Ubiquitous sensor network applications and Internet of Things
IPTV MULTIMEDIA SERVICES AND APPLICATIONS FOR IPTV
General aspects
IPTV terminal devices
IPTV middleware
IPTV application event handling
IPTV metadata
IPTV multimedia application frameworks
IPTV service discovery up to consumption
Digital Signage
E-HEALTH MULTIMEDIA SYSTEMS, SERVICES AND APPLICATIONS
Personal health systems

Interog)erability compliance testing of personal health systems (HRN, PAN, LAN, TAN and
WAN

Multimedia e-health data exchange services
Safe listening

H.100-H.199

H.200-H.219
H.220-H.229
H.230-H.239
H.240-H.259
H.260-H.279
H.280-H.299
H.300-H.349
H.350-H.359
H.360—-H.369
H.420-H.439
H.450-H.499

H.500-H.509
H.510-H.519
H.520-H.529
H.530-H.539
H.540-H.549

H.550-H.559
H.560-H.569

H.610-H.619
H.620-H.629
H.640-H.649

H.700-H.719
H.720-H.729
H.730-H.739
H.740-H.749
H.750-H.759
H.760-H.769
H.770-H.779
H.780-H.789

H.810-H.819
H.820-H.859

H.860-H.869
H.870-H.879

For further details, please refer to the list of ITU-T Recommendations.




Recommendation ITU-T H.871

Safe listening guidelines for personal sound amplifiers

Summary

Recommendation ITU-T H.871 complements ITU-T H.870 "Guidelines for safe listening
devices/systems". Currently there is no international standard for personal sound amplifiers (PSAS).
These devices, which are freely available to anyone, require this standard to ensure that these devices
are safe for users and do not further damage users' hearing.

PSAs are non-medical devices, intended for people with normal hearing and a) can have a design
physically comparable to hearing aids, in which case they are called personal sound amplification
products (PSAPs) or b) can also simply be an application on any smartphone or other device, in which
case they are called personal sound amplification applications (PSAAS).

As defined in ITU-T H.870, the sound exposure should be limited to an accumulated dose
(100 % calculated sound dose (CSD)) over 7 days of in total 1.6 Pa*h which corresponds to 80 dBA
for 40 hours to prevent noise-induced hearing loss. When the 100% CSD is reached, the sound level
should suddenly drop, and the user will get a suggestion to lower the sound level, since the weekly
sound listening dose is exceeded.

When PSAPs and PSAAs do not have the capacity to measure CSD, the output level of the device
needs to be permanently limited to 95 dBA, so that a user is unlikely to use the device at a level higher
than 80 dBA, since the dynamic range of speech has a crest factor of 12 to 17 dB.

The U.S. Food and Drug Administration has carried out considerable work on these devices and their
work is referenced in this Recommendation.

History

Edition Recommendation  Approval  Study Group Unique ID*
1.0 ITU-T H.871 2019-07-29 16 11.1002/1000/13967

Keywords

Hearing aid, hearing assistive technology, hearing enhancer, noise induced hearing loss, personal
sound amplifier, personal sound amplifier app, personal sound amplifier product, safe listening, safe
sound output, wearable personal amplifiers.

* To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser, followed by the Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11
830-en.
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FOREWORD

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

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

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "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 provisions (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 equivalents are used to express 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 of this Recommendation 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 Recommendation 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 this may not represent the latest information and are therefore strongly urged to consult the TSB
patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2019

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Recommendation ITU-T H.871

Safe listening guidelines for personal sound amplifiers

1 Scope

This Recommendation describes safety requirements for personal sound amplifiers (PSASs), including
both personal sound amplification products (PSAPs) and personal sound amplification apps (PSAAS)
types, to protect people from further hearing loss.

Currently there is no international standard for PSAs; a standard is needed to ensure that these devices,
which are freely available to anyone, are safe for users and do not further damage users' hearing.

[ITU-T H.870] provides safe listening standards but excludes PSAs. Therefore, this Recommendation
follows the logic and concept of [ITU-T H.870] but is specifically intended for PSAs.

This Recommendation provides characteristics of PSAs and suggests ways of informing consumers
about the potential unacceptable noise levels when using these devices for prolonged periods of time.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated 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 references listed below. A list of the currently
valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T H.870] Recommendation ITU-T H.870 (2018), Guidelines for safe listening
devices/systems.

[EN 50332-3] EN 50332-3: 2017, Sound system equipment: headphones and earphones
associated with personal music players - Maximum sound pressure level
measurement methodology - Part 3: Measurement method for sound dose
management.

3 Definitions

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

3.1.1 calculated sound dose [b-IEC 62368-1]: One week rolling estimate of sound exposure
expressed in percent of the maximum considered safe.

3.1.2 hearing aid — hearing instrument [b-IEC 60601-2-66]: Medical electrical equipment which
picks up sound and delivers processed sound to the ear canal through air-conduction. A hearing
instrument includes all detachable parts that are essential for the performance of its intended use.

3.1.3 personal audio system (PAS) [ITU-T H.870]: A system of a personal audio device and a
listening device.

3.1.4 sound dose [ITU-T H.870]: The total quantity of sound received by the human ear during a
specified period. The unit of (sound) dose is Pah.
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3.2 Terms defined in this Recommendation
This Recommendation defines the following terms:

3.2.1 hearing assistive device: Any wearable instrument or device designed for assisting a
person's hearing ability.

3.2.2  personal sound amplifier (PSA): A non-medical electronic device or software amplifying
sounds picked up by a microphone, intended for people with normal hearing which can have a design
physically comparable to a hearing aid or it can be an app on any smartphone or other device.

3.2.3 personal sound amplification app (PSAA): A non-medical software amplifying sounds
picked up by a microphone, intended for people with normal hearing designed as an app on any
smartphone or other device.

3.24 personal sound amplification product (PSAP): A non-medical electronic device
amplifying sounds picked up by a microphone, intended for people with normal hearing with a design
physically comparable to a hearing aid.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:
ALD  Assistive Listening Device

App  Application

BTE Behind the Ear

CSD  Calculated Sound Dose

DAC Digital to Analogue Conversion

dBA  A-Weighted Decibels

dBSPL Decibel Sound Pressure Level

FDA U.S. Food and Drug Administration

HA Hearing Aid

HAD Hearing Assistive Device

ITE In the Ear

PSA  Personal Sound Amplifier

PSAA Personal Sound Amplification Application
PSAP Personal Sound Amplification Product
RMS Root Mean Square

5 Conventions
None.
6 Introduction

At the World Health Assembly held on 30 May 2017, delegates of World Health Organization agreed
to intensify action to prevent deafness and hearing loss. Some 360 million people across the world
live with disabling hearing loss, a total that includes 32 million children and nearly 180 million older
adults. Nearly 90% of people with hearing loss live in low- and middle-income countries which often
lack resources and strategies to address hearing loss [b-WHA].
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Personal sound amplifiers are non-medical devices which amplify sounds picked up by a microphone.
This device is intended for people with normal hearing and can: a) have a design physically
comparable to a hearing aid, in which case it is called personal sound amplification product (PSAP)
or b) simply be an application (app) on any smartphone or other device, in which case it is called a
personal sound amplification application (PSAA). In practice, it is frequently seen that people with
(mild) hearing loss buy and use these devices as an alternative to hearing aids.

Personal sound amplifiers are intended to be introduced in the ear to amplify environmental sounds
for people with no hearing impairment. Examples of situations in which personal sound amplifiers
are typically suggested for use include bird watching, listening to lectures, listening to a distant
speaker or listening to soft sounds that would be difficult for normal hearing individuals to hear
(e.g., distant conversations, conversations in noisy environments, theatre performances).

Until recently, these devices consisted of portable amplifying systems, but with the advent of
downloadable amplifying software, this category has broadened to include mobile and body-worn
devices with amplifier apps.

NOTE - As the original definition by the U.S. Food and Drug Administration (FDA) does not specify software
as a PSAP, the definition in clause 3.2.4 is adopted in this Recommendation.

The latest developments of these products, coupled with personal music players, are used to listen to
sounds without any safety levels. For further information see Appendix 1.

6.1 Characteristics of personal sound amplifiers

A PSA is typically a device with two transducers, one for audio input (microphone) and the other for
audio output (loudspeaker), and which typically modifies, e.g., amplifies, the input sound.

The main difference between personal audio systems, the topic of [ITU-T H.870], and PSAs, as
illustrated in Figures 1 and 2, is that for the latter the input is not a pre-recorded audio file, but rather
any live input signal in the environment that is picked up by the microphone(s) of the PSAs. Further,
the majority of the currently available PSAs do not have the capacity to measure the weekly sound
exposure dose. In Figure 2, the interface (IF) between the PSA device and the listening device may
be within the same hardware.

~ ~
Personal audio device ) Listening device
Effect
Yolume DAC IE 4 Transducer
control
Effect /
J/ —
\_ Personal audio system Yy,
H.871(19)_F01

Figure 1 — Graphic presentation of a personal audio system
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. . TR
Personal amplifier device A Listening device

Volume IF

DAC P Transducer
control
Effect /
J —
\_ Personal sound amplifier Yy,

H.871(19)_F02

Figure 2 — Graphic presentation of a personal sound amplifier

6.2 Physical characteristics of personal sound amplifiers
PSAPs are typically worn around the ear, the organ for hearing.

While there are other possible designs, two typical types include the behind the ear (BTE) type or the
in the ear (ITE) type, as illustrated in Figures 3 and 4, respectively.

Microphone

- 44— Hook (on top of the ear shell)

Cable (between hook and loudspeaker)
Behind the ear

housing Eartip (silicone — fits in the ear canal)

Battery compartment Loudspeaker

| H.871(19)_F03

Figure 3 — Example of a BTE-type PSAP

4— Eartip (silicone — fits in the ear canal)
Volume control

Housing (in the earshell
Microphone gl )
H.871(19)_F04

Figure 4 — Example of an ITE-type PSAP

A PSAA is typically an app stored on a smart device, such as a smartphone, which provides sound
amplification. Figure 5 illustrates a typical setup of a PSAA.
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7

Amplifier
App

Microphone

7

Analogue Digital Digital
to digital signal to analogue
converter processor converter

Wired or wireless

Binary (Digital) Analogue connected headphones

. Analogue
Acoustic =

H.871(19)_F05

Figure 5 — Diagram of an app in smart device-type PSAA

Requirements for safe listening for personal sound amplifiers

It is recommended that PSAs follow the requirements listed below:

R1:

R2:

R3:

It is required that weekly maximum sound dose needs to be less than 1.6 Pa?h, which
corresponds to 80 dBA for 40 hours. For example, at 89 dBA, the exposure time shall be
limited to 5 hours/week. For other exposure levels, a linear intrapolation and extrapolation
applies. Measurements taken of the dynamic range of sound should be accounted for and the
reasonably foreseeable use of the products. [ITU-T H.870].

When these devices do not have the capacity to measure weekly sound dose, the maximum
output of the device needs to be permanently limited to 95 dBA; a user then is unlikely to
use the device at a level higher than 80 dBA since the dynamic range of speech has a crest
factor of 12 to 17 dB.

personal sound amplifiers need to provide adequate warnings in advertisements, user guides
and packaging detailing the risks of further damaging the user's hearing as a result of using
the device, and provide information to users showing how to avoid these risks.

[EN 50332-3] defines 1.6 Pa%h (equivalent to 80 dBA Leqao) as the weekly sound allowance, i.e., a
100% calculated sound dose (CSD) acquired over a period of 7 days.

In line with [ITU-T H.870], a PSA shall provide the user with warnings and cues for action when the
user exceeds 100% of the weekly allowance. The requirements are provided in [ITU-T H.870]
clause 11.2.1.2:

The user shall receive first a "warning" expressed through text, visuals, or other means
indicating that a threshold has been reached and that from this point on, further listening at
the same volume will pose a risk to their hearing.

The warning shall be followed by a "cue for action™ in which the user is offered the choice
to either accept the risk of continued listening or protect their hearing. The "cue for action”
should be linked to active options on the device such as:

« automatic safe volume option, by which the device automatically changes the volume to
a safe volume level;

+ direct access to volume settings;
« setup of default volume limits;
« remind later option;
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« ignore and continue option.

— If the user fails to take any action, the volume will automatically be reduced to below the
standard level (80 or 75 dBA as selected).

The details are for further study.

8 Consumer information

All personal sound amplifiers advertising, user guides and packaging shall carry consumer
information. The information is required to contain:

— a description of the product as a PSA;

— a list and description of the safety features are built into the product;
- consumer advice related to hearing loss prevention;

— all of the information on packaging indicated in [ITU-T H.870].
The details are for further study.
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Appendix |

Further information from practical testing
(This appendix does not form an integral part of this Recommendation.)

The position paper issued jointly by the European Association of Hearing Aid Professionals (AEA)
and the European Federation of Hard of Hearing People (EFHOH) in 2015 [b-AEA/EFHOH PSAP]
raises the question of safety levels for PSAP products that were tested; some that were tested
presented 130.0 dB SPL maximum output level. This level is much louder than the 80 dBA at which
the exposure time shall be limited to 40 hours/week according to the European Commission Decision
(EC) No 490/2009 [b- EC/490/2009].

A total of the 27 devices were analysed according to the test specification in [b-IEC 60118-7].
They were measured to have a maximum power level (OSPL 90) of more than 120 dB SPL
(significantly higher than the 85 dBSPL maximum safety level), with 23 of them showing a maximum
power level of 125 dBSPL or more (8 devices had a maximum power level of 130 dB SPL or more).

None of the products tested had a limitation on the maximum power output or the capacity to measure
weekly sound exposure dose.
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Appendix 11

Maximum Sound Output Level for Personal Sound Amplifiers
(This appendix does not form an integral part of this Recommendation.)

Personal sound amplifiers include both PSAAs and PSAPs.

PSAPs are defined by the FDA as "wearable electronic products that are intended to amplify sounds
for people who are not hearing impaired" [b-FDA-PSAP].

For PSAs, there is no known available international recommendation at this time.

According to this Recommendation, the maximum output of PSAs should be set to 95 dBA, when
these devices do not have the capacity to measure weekly sound dose.

Hearing aids are typically limited in maximum output level, which is done by the hearing aid
professional after a full assessment of a user's hearing functionality, to prevent further hearing loss
[b-Safe Max Output].

As seen in Figure 11.1, Johnson [b-Safe Max Output] recommends that the maximum sound output
be limited to 90 dBSPL root mean square (RMS) level for persons with normal hearing.

An algebraic restatement of the regression equations
holding expected PTS constant at 3.5 dB HL to show safe
output SPLas a function of hearing loss. (source:
Johnson 2017, table1)

The relationship between 4FA dB HL threshold and the safe output SPL output expected
from hearing aids fit to prescriptive settings alongside safe output SPL. (source: Johnson
2017, table 2)

4FAdB HL treshold Safe Output SPL (overall dB) 4FAdB HL treshold | Output SPL (RMS level)* prescription | Safe Output SPL (RMS level)**
0 90 0 83 90
5 92 5 85 92
10 94 10 88 94
15 95 15 90 95
20 97 20 92 97
25 99 25 94 99

*for an 80 dB input level for compressive hearing aid amplification at prescription
recommendations
** for 3.5 dB HL Permanent Treshold Shift for an exposure of at least 8 hours

Figure 11.1 — Tables presenting maximum sound output limit

Since personal sound amplifiers, when not used for recreation use, will mostly be used to understand
speech in quiet and in background noise, the dynamic range or crest factor (the difference in dB
between the instantaneous peak of a signal and its RMS value) of speech is essential. According to
Chasin [b-CREST FACTOR 12], the crest factor for speech is 12 dB. [b-Safe Max Output],
[b-1EC 60118-0]

In section 7.4.3 of [b-IEC 60118-0], the reference test gain is set to 17 dB under the average maximum
output of the hearing aid, to ensure that speech will not be distorted, which is also based on the
dynamic range (or crest factor) of speech.

Based on these findings, for PSAs that do not have the capacity to measure weekly sound dose, the
maximum output of the device needs to be limited to 95 dBA.

8 Rec. ITU-T H.871 (07/2019)



[b-IEC 60118-0]

[b-1EC 60118-7]

[b-1EC 60601-2-66]

[b-IEC 62368-1]

[b-AEA/EFHOH PSAP]

[b-CREST FACTOR 12]

[b-EC/490/2009]

[b-FDA-PSAP]

[b-Safe Max Output]

[0-WHA]

Bibliography

IEC 60118-0:2015, Electroacoustics — Hearing aids — Part 0:
Measurement of the performance characteristics of hearing aids.

IEC 60118-7:2005, Electroacoustics — Hearing aids — Part 7:
Measurement of the performance characteristics of hearing aids for
production, supply and delivery quality assurance purposes.

IEC 60601-2-66: 2015, Medical electrical equipment — Part 2-66:
Particular requirements for the basic safety and essential
performance of hearing instruments and hearing instrument systems.

IEC 62368-1:2018, Audio/video, information and communication
technology equipment — Part 1: Safety requirements.

AEA, EFHOH, Paper on the potential risk of using "Personal Sound

Amplification Products"”, December 2015.
<https://efhoh.org/wp-content/uploads/2017/04/EFHOH-AEA-Joint-Report-on-Personal-Sound-
Application-Products-PSAPs.pdf>

Marshall Chasin, (2012), Music and Hearing Aids — An Introduction,
Trends in Amplification, 16(3), pp. 136-139.

EC/490/2009, Commission Decision of 23 June 2009 on the safety
requirements to be met by European standards for personal music
players pursuant to Directive 2001/95/EC of the European Parliament
and of the Council (Text with EEA relevance).
<https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:32009D0490>

FDA (2013), Regulatory Requirements for Hearing Aid Devices and
Personal Sound Amplification Products — Draft Guidance for Industry

and Food and Drug Administration Staff.
<https://www.fda.gov/media/87330/download>

Earl E. Johnson (2017), Safety limit warning levels for the avoidance
of excessive sound amplification to protect against further hearing
loss, International Journal of Audiology, 56:11, pp. 829-836.

World Health Assembly, Resolution on Hearing loss and Deafness.
<http://apps.who.int/gb/ebwha/pdf files’WHA70/A70_R13-en.pdf?ua=1&ua=1>

Rec. ITU-T H.871 (07/2019) 9


https://efhoh.org/wp-content/uploads/2017/04/%E2%80%8BEFHOH-AEA-Joint-Report-on-Personal-Sound-Application-Products-PSAPs.pdf
https://efhoh.org/wp-content/uploads/2017/04/%E2%80%8BEFHOH-AEA-Joint-Report-on-Personal-Sound-Application-Products-PSAPs.pdf
https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:32009D0490
https://www.fda.gov/media/87330/download
http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R13-en.pdf?ua=1&ua=1







SERIES OF ITU-T RECOMMENDATIONS

Series A Organization of the work of ITU-T

Series D Tariff and accounting principles and international telecommunication/ICT economic and
policy issues

Series E Overall network operation, telephone service, service operation and human factors

Series F Non-telephone telecommunication services

Series G Transmission systems and media, digital systems and networks

Series H Audiovisual and multimedia systems

Series | Integrated services digital network

Series J Cable networks and transmission of television, sound programme and other multimedia signals
Series K Protection against interference

Series L Environment and ICTs, climate change, e-waste, energy efficiency; construction, installation
and protection of cables and other elements of outside plant

Series M Telecommunication management, including TMN and network maintenance
Series N Maintenance: international sound programme and television transmission circuits
Series O Specifications of measuring equipment

Series P Telephone transmission quality, telephone installations, local line networks
Series Q Switching and signalling, and associated measurements and tests

Series R Telegraph transmission

Series S Telegraph services terminal equipment

Series T Terminals for telematic services

Series U Telegraph switching

Series V Data communication over the telephone network

Series X Data networks, open system communications and security

Series Y Global information infrastructure, Internet protocol aspects, next-generation networks,
Internet of Things and smart cities

Series Z Languages and general software aspects for telecommunication systems

Printed in Switzerland
Geneva, 2019



	1 Scope
	2 References
	3 Definitions
	3.1 Terms defined elsewhere
	3.2 Terms defined in this Recommendation

	4 Abbreviations and acronyms
	5 Conventions
	6 Introduction
	6.1 Characteristics of personal sound amplifiers
	6.2 Physical characteristics of personal sound amplifiers

	7 Requirements for safe listening for personal sound amplifiers
	8 Consumer information
	Appendix I  Further information from practical testing
	Appendix II  Maximum Sound Output Level for Personal Sound Amplifiers
	Bibliography

