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ACOUSTIC SAFETY 101: A TECHNICAL GUIDE FOR EVERYONE

An overview of the Plantronics role in shaping global acoustic safety standards and building
products to meet them.

by Allen Woo

I. Introduction: Sorting through a world of requlations

Like many aspects of the working world, a significant number of regulations govern the type and
amount of noise we are exposed to. It is important to understand key government regulations in
order to protect affected employees, and to best judge the efficacy of the technology chosen to do
so. This white paper provides a simple, easy-to-understand explanation of the major acoustic safety
regulations in force around the world, and an overview of technology developed by Plantronics to
comply, or help users to comply, with regulations to safeguard auditory health.

As a Principal Engineer at Plantronics, | not only get to work with a team of outstanding engineers
in developing solutions for high-quality communication devices; | also get to lead a number of
committees at global standards organizations.! Through my committee work | am privileged to
interact with industry peers, authoring standards that manufacturers rely on to make safe
products and protect users' hearing.

A QUICK WORD ON MEASURING SOUND LEVELS

Most people are familiar with the word "decibel” (dB), the measure for sound pressure levels.
The mathematic formula for sound pressure level is:

dBSPL = 20log ( L )
Pref

P is the effective pressure in Pascal
Prefis the reference effective pressure in Pascal

Allen Woo's current service on standards committees includes ITU-T SG12, ETSI STQ, TIA TR41, BT SIG eAudio, IEEE
WGCE, IEC TC108 and CENELEC TC108x.
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The reference effective pressure is a threshold of hearing. It is the RMS (root mean square) sound
pressure of the lowest audible sound of a 1,000 Hz tone, at 20*10°® Pascal. As the equation shows,
doubling the pressure, meaning two times P, increases 6 dBSPL. Figure 1 shows the decibel levels
of some common sounds.
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II. An overview of key acoustic safety regulations and
industry standards

Most countries have acoustic safety regulations that govern how much noise the workers in their
country or region can safely be exposed to. The regulations are more or less similar, but with subtle
and notable differences. As an example, below is a comparison of the US and EU regulations:

US REGULATIONS: OSHA MANDATED NOISE MAXIMUMS

The Occupational Safety and Health Administration (OSHA) regulates employers' responsibilities to

employees. OSHA Regulations 29 CFR 1910.95, Occupational Noise Exposure require employers to

ensure that employee noise exposure does not exceed specified limits for three different noise mea-
surements. These regulations pertain to:

* Impulse noise: The highest maximum noise level permitted relates to noise of very short
duration. These noises are described in the regulations as “impact” or “impulsive” noise.
Examples include gunshots and line noises such as clicks or pops. OSHA regulations limit
impulse noise to 140 dBSPL, which can be measured with a sound meter equipped with a
peak detector.

+  Continuous noise: The regulations set a lower limit for noises that last longer than impulse
noise (i.e., 500 milliseconds? or longer in duration) and may extend over seconds, minutes or
hours. Continuous noise must not exceed 115 dBA.?

+  Time-weighted average (TWA): OSHA also requires employers to limit the average of all levels of
impulsive and continuous noise that employees are exposed to during an eight-hour workday.

— Action level is 85 dBA. When noise exposure exceeds this level, OSHA requires employers
to administer a hearing conservation program that includes annual hearing tests.

— The exposure limit is 90 dBA. Employees shall not be exposed to average noise above
this level.
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IN EUROPEAN UNION: THE NOISE AT WORK DIRECTIVE

The EU's Noise at Work Directive establishes its rules for protecting hearing in the workplace. It
addresses two sources of noise-induced hearing damage: acoustic shock and excessive noise
exposure throughout a working day.

+  Protection against acoustic shock from peak sound pressure: The Directive sets limits to
three levels, summarized in Table 1.

— The lower exposure action level of peak sound pressure is 135 dB. When noise exposure
exceeds this level, employers are required to assess the risk to workers' health, provide
employees information and training, and make hearing protection device available
to them.

— The upper exposure action value is 137 dB. When noise exposure exceeds this level,
employees are required to wear hearing protection devices.

— The exposure limit value is 140 dB. Employees shall not be exposed to noise at or
above this level.

+  Protection against daily noise exposure: Similar to OSHA's time-weighted-average, the
Directive also defines three levels of noise that an employee may typically be exposed to
during an average day or week .

— The lower exposure action level is 80 dBA. See the preceding section for lower and
upper exposure action levels.

— The upper exposure action level is 85 dBA.

— The exposure limit value of daily noise exposure is 87 dBA.

2 Approximately half a second. By comparison, the blink of an eye is about 300 milliseconds.

*dBA stands for dB A-weighted sound pressure level. Its formal expression is dBSPL(A). The A-weighting relates to how
human respond to noise, both from the viewpoint of hearing damage and annoyance.
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DIFFERENCES BETWEEN US AND EU REGULATIONS

Table 1 summarizes the differences between the US OSHA and EU Noise at Work regulations.

REGULATION US OSHA EU NOISE AT WORK DIRECTIVE
Impulse noise/peak 140 dB 140 dB exposure limit
sound pressure 137 dB upper action value

135 dB lower action value

CONTINUOUS NOISE 115 dBA NONE

TWA/daily noise exposure 90 dBA exposure limit 87 dBA exposure limit
85 dBA upper action 85 dBA upper action value
value 80 dBA lower action value

Table 1: Comparing US and EU regulations

Note 1: Australian Communications Industry Forum (ACIF) published a recommendation guide, G616, intended to reduce
acoustic startle from headset. It requires headset receive output to be <102 dBSPL at DRP. All Plantronics products with
SoundGuard Digital comply with G616, see the Plantronics product sheet on page 14 and 15 for detail.

Note 2: IEC 62368-1 and EN 50332 specify acoustic safety requirement for personal music player (PMP). It requires
headphone or multimedia headset recieve output to be <100 dBA with 150 mV input for analog or -10 dBFS input for
digital. All Plantronics multimedia products comply with PMP acoustic safety requirement, see the Plantronics product
sheet on page 14 and 15 for detail.

There are two measurement differences between the US and EU requirements:

»  Trading relation. By which reducing the duration of the daily noise exposure allows an increase
in the exposure limit. In other words, reducing the exposure /imit allows an increase in the
exposure duration. The trading relation in the USis 5 dB and in EU is 3 dB. For instance:

— Inthe US, the action level is 85 dBA for eight hours, which is equivalent to 80 dBA for
16 hours or 90 dBA for four hours.

— Inthe EU, the upper action value is 85 dBA for eight hours, which is equivalent to
82 dBA for 16 hours or 88 dBA for four hours.

«  Threshold of measurement. In the US, only the continuous, intermittent and impulsive noise
levels equal or higher than 80 dBA are integrated into the TWA calculation, but in the EU,
there is no threshold. All noises with any levels are integrated into the daily noise exposure
calculation.

Separately and together, the acoustic safety regulations outlined by the US, EU, as well as other
countries and regions present a significant obligation for many types of employers. However,
these regulations are based on so-called “open-field” noise* in workplaces such as factories,
construction sites and other inherently loud locations. No government regulations specifically
address sound that is emitted on or in the ear by headsets. The section below discusses how
acoustic safety regulations can be interpreted by employers to protect workers who wear
headsets on a daily or occasional basis.

“For more information, refer to ITU-T P.360, “Efficiency of devices for preventing the occurrence of excessive acoustic
pressure by telephone receivers and assessment of daily noise exposure of telephone users.”
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INTERPRETING INDUSTRY STANDARDS FOR HEADSET USE

Telecom industry standards interpret “open field" requlatory requirements for headset use. The
best-known standards are ITU-T P.360, UL 60950-1 and ETSI EG 202 518. These industry standards
define the test methods and noise limit requirements as they relate to US and EU regulations.

HEADSET TESTING EQUIPMENT AND METHODOLOGIES

Among the many noise sources that are encountered in the workplace, telephone headsets
is in a unique category. They generate sounds at or in the user's ear rather than externally, as is
the case with "open field” noise.

Through the years, few techniques were developed to measure noise exposure from headsets.
The noise level of a headset is measured on a head and torso simulator (HATS). HATS simulates
the human auditory system with synthetic soft pinna, ear canal and eardrum. The measurement
microphone in HATS measures the sound signal that would exist at a real persons’ eardrum
location, called the eardrum reference point, or DRP>.

Figure 2: A head and torso simulator (HATS). Photo courtesy of Briiel and Kjaer.

°For more information on reference point, refer to ITU-T P.58, “Head and torso simulator for telephonometry".
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INTERPRETING NOISE REGULATIONS INTO HEADSET LIMITS

The human ear amplifies certain sounds more than others, making us more sensitive to hearing
the human voice. So, for a particular sound, a measurement in the “open field" is very different
than a measurement inside of a human ear, at DRP. The difference is called Head Related Transfer
Function, or HRTF® . To compare an acoustic measurement on HATS, at DRP, to an “open field"
regulatory acoustic safety requirement, the measurement result has to be translated to the
‘open field" equivalent by correcting with the HRTF.

However, for simplicity and convenience, telecom industry standards have historically specified a
long duration disturbance acoustic limit (similar to the continuous noise in OSHA) such as ITU-T
P.360, UL 60950-1and ETSI EG 202 518. The requirement is 118 dBA’ at about the opening to
the ear canal, called the Ear Reference Point, or ERP.

Acoustic startle is another sensitive and important concern for headset user, especially for contact
centers agents. Startle signals may not be high enough to cause hearing damages, yet they startle
users. They are annoying, stressful and certainly reduce headset listening comfort. Australian
Communications Industry Forum (ACIF) published a recommendation guide, G616, intended

to reduce acoustic startle incidence from headset. It requires headset receive output to be

<102 dBSPL at DRP. All Plantronics products with SoundGurad Digital comply with G616, see

the Plantronics product sheet on page 14 and 15 for detail.

WHO (World Health Organization) estimates that 1.1 billion young people worldwide could be at
risk of hearing loss due to unsafe listening practice. Regularly listening to music at high volume
and for long duration poses a serious threat to one's hearing. IEC 62368-1 and EN 50332 specify
acoustic safety requirements for personal music player (PMP). The requirements are in two parts:
the player, e.g. mobile phones, and the listening device, e.g. multimedia headsets. The require-
ments limit the maximum electrical output from players and limit the maximum acoustic output
from listening devices with the maximum signal from players. There are two levels of maximum
output requirements from analog player, the level for an ordinary user is 27 mV, and the level for
instructed user is 150 mV. There is only one maximum acoustic output requirement from listening
device, itis <100 dBA with 150 mV input for analog or -10 dBFS input for digital. The test signal
is the “program simulation noise” specified by EN 60268-1. All Plantronics multimedia products
comply with PMP acoustic safety requirement, see the Plantronics product sheet on page 14 and
15 for detail.

THE BOTTOM LINE

A complex mix of HRTF, ERP and DRP based measurements explains the difference in the maximum
‘open field" noise levels noted in the US and EU regulations, and the lower maximum volumes
incorporated into the Plantronics acoustic protection technologies described in Section Ill.

®For more information on HRTF, refer to ITU-T P.57, “Artificial ears” ITU-T P.58 and IEEE Std 1652, "Free field acoustic

reference to telephony measurements”.

" There are some old European standards demand to meet 118 dBSPL without A-weighting.
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[ll. Plantronics technology for acoustic safety

Since the company's founding in 1961, Plantronics has been a strong leader, participant and
supporter of various global industry standards, particularly those pertaining to acoustic safety.
For example, Plantronics has:

* lLedanddrafted ITU-T P.360 and ETSI EG 202 518, and is currently revising ETSI EG 202 518
to include an anti-startle requirement and test method

+  Helped create ISO 11904-1 and -2, IEC 62368-1, UL 60950-1 and UL 62368-1, and is
creating EN 50332-3

+  Participated in the World Health Organization's "“Make Listening Safe" campaign

Plantronics has a rich history in designing and manufacturing telecommunications headsets at
the leading edge of listening comfort and safety. Plantronics products offer solutions that limit
impulse and continuous noise exposure, TWA daily noise exposure and PMP acoustic safety.
These products not only comply with acoustic safety regulations, but also surpass standards with
additional measures that bring greater acoustic comfort to the user, such as anti-acoustic startle.

Here are a few highlights of the many Plantronics’ innovations in acoustic safety and comfort:

SoundGuard technology delivers a virtually instantaneous attack time to remove impulse and long
duration disturbance noise levels that would exceed 118 dBA. Below is an example comparing the
effect a loud tone-like noise in a normal speech with and without SoundGuard technology. The
diagram shows the loud noise is clipped to below 118 dBA while the speech signals remain intact.

No Limiting Plantronics SoundGuard®

Exceeding 118dB Sound Limited to 118dB

118dB 118dB

Normal
Speech

Normal
Speech

Figure 3: Plantronics’ SoundGuard technology keeps speech signals intact while
limiting abrupt loud noises to below 118 dBA

To ensure 100 percent compliance while considering safety margins, product variations and
measurement variations, the actual acoustic safety limits of most Plantronics headset products
that contain SoundGuard technology are well below 118 dBA.

©2017 Plantronics, Inc. All rights reserved. 2.17 6826
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One example of Plantronics headsets protected with SoundGuard technology is EncorePro HW720,
shown at left. For the full list of Plantronics headsets featuring SoundGuard technology, see the
product sheet at the end of this paper.

SoundGuard Plus features multistage limiting technology. A Peak Limiter clips high unwanted
impulsive signals, such as pops and clicks, as well as long-duration disturbance with a virtually
instantaneous attack time of less than one millionth of a second. The clipping level varies from
product to product due to the variation of the sensitivity of the headset driver. However, in all
Plantronics headset products with SoundGuard Plus technology, the highest clip level ever
measured is 106 dBSPL, which is much lower than the 140 dBSPL impulse and 118 dBA
long-duration disturbance limit set by regulatory and industry standards.

EncorePro HW720 If the incoming loud signal continues, a Linear Limiter further reduces the system gain to maintain
a linear signal that is approximately 6 dB below (twice as quiet) the instantaneous clip level within
a few milliseconds. If the incoming loud signal still persists, a Dynamic Level Adjust algorithm will
continue to drop the signal level to 22 dB below the clipped level in less than 350 milliseconds.

Below is a comparison with SoundGuard Plus vs without SoundGuard Plus technology on a very
loud signal in normal speech. The output shows that without SoundGuard Plus, the loud noise is
clipped by SoundGuard technology to below 115 dB. With SoundGuard Plus, the loud signal is first
clipped by the Peak Limiter algorithm to about 106 dBSPL instantaneously. When the loud signal
continues, the Linear Limiter algorithm cuts the noise to 100 dBSPL in about 10 milliseconds.
When the loud signal still continuous, the Dynamic Level Adjust algorithm further attenuates
the noise level to about 87 dBSPL.

Simply put, SoundGuard Plus is an adaptive technology that quickly attenuates the loud
noise while allowing the natural voice to remain unchanged, thus ensuring continuous clarity
of communication.

Headset with SoundGuard Plus [/,
Headset without SoundGuard Plus |,/

120
115-
110-
105-

dBSPL

045 0.50 0.55 0.60 0.65 0.70
seconds
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One example of Plantronics products feature SoundGuard Plus is Vista™ M22 as shown at left. For
the full list of Plantronics products featuring SoundGuard Plus technology, see the product sheet at
the end of this paper.

SoundGuard Digital’s sophisticated algorithms provide additional acoustic protection above and
beyond the impulse and long duration disturbance protection that Sound Guard and SoundGuard
Plus provide. SoundGuard Digital constantly monitors signal levels, making subtle adjustments
when needed to prevent average daily noise exposure (TWA) from exceeding 85 dBA or 80 dBA
(per the user's choice). Again, to ensure 100 percent compliance, and considering safety margin and
products and measurements variations, the actual acoustic safety limits of most Plantronics headset
products that contains SoundGuard Digital technology are well below the 85 dBA or 80 dBA limit.

Vista M22 L ., .
st SoundGuard Digital incorporates Plantronics' anti-startle technology that not only guarantees

compliance to G616, noise level to be below 102 dBSPL at DRP both for impulse and continuous
noises, it detects and controls one, the delta between the previous listen level and the startle
noise level, two, the raising time of the startle noise, and three, the duration of the startle noise.
So SoundGuard Digital is designed to protect users’ hearing and improve listening comfort while
maintaining natural sounding speech.

One example of Plantronics products featuring SoundGuard Digital is the DA8O as shown at left.
For the full list of Plantronics products featuring SoundGuard Digital, see the product sheet at the
end of this paper.

DA8O
Plantronics' multimedia headset products that provide high-fidelity stereo listening experiences,

including gaming headsets, are designed to meet IEC 62368-1, UL 62368-1 and EN 50332-1, -2 and
-3 PMP acoustic safety requirements.

All Plantronics’ multimedia and gaming headsets feature PMP acoustic safety technology. One
example is Backbeat Fit as shown at left. For the full list of Plantronics headsets featuring PMP
acoustic safety technology, see the product sheet at the end of this paper.

BackBeat FIT
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IV. Summary

The acoustic safety regulations implemented by the US, EU and other countries all aim to protect
workers from noise exposure despite subtle yet important differences in their definitions. These
regulations are designed to address “open field" noise, which is distinctly different from sound
that is emitted on or in the ear by headsets.

The telecom industry has interpreted “open field" requlatory requirements for headset use, defined
test methods and noise limit requirements as they relate to regulations.

For more than 50 years Plantronics has been a strong leader, participant, and supporter of global
acoustic safety. Plantronics is a leader in the global industry committees that create standards,
and an active participant in acoustic health initiatives. Correspondingly, Plantronics products
incorporate leading-edge technologies that can instantaneously protect against impulsive noise,
continuous noise and long-term daily noise exposures. These products meet acoustic safety reg-
ulations, and surpass them with additional measures that bring greater listening comfort to the
user. Key Plantronics innovations include:

SoundGuard technology removes impulse and continuous noise levels that would exceed 118 dBA,
clipping the noises to below 118 dBA.

SoundGuard Plus is an adaptive technology that removes high unwanted impulsive noise, such
as pops and clicks, as well as continuous noise, with an attack time of less than one millionth of
a second while keeping the speech signals intact.

SoundGuard Digital’s sophisticated algorithms provide additional acoustic protection above and
beyond SoundGuard and SoundGuard Plus by constantly monitoring signal levels and, making
subtle adjustments when needed to prevent average daily noise exposure (TWA) from exceeding
user-specified limits. SoundGuard Digital also contains anti-startle algorithms that provides
additional listening comfort.

For more information, visit www.plantronics.com

©2017 Plantronics, Inc. All rights reserved. 2.17 6826
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\/. About the author

After earning a Master of Science degree from the University of Utah, Allen Woo joined Plantronics as an
Acoustic Engineer in 1990 and later became a Principal Engineer in 2000. Through the years, he has led
and served on many industry standard committees worldwide, drafting and maintaining standards to
protect users' acoustic health as well as high performance of headset products. Woo's service includes:

ISO (International Standards Organization) Standards Group TC43: Actively involved in drafting ISO
11904-1 and -2, Determination of sound emission from sound sources placed close to the ear.

ITU-T (International Telecommunication Union — Telecommunication Sector), Study Group 12: Led
and drafted ITU-T P.360, Efficiency of devices for preventing the occurrence of excessive acoustic
pressure by telephone receivers and assessment of daily noise exposure of telephone users.

ETSI (European Telecommunications Standards Institute) STQ (Speech Processing, Transmission
and Quality) subcommittee: Led and drafted ETSI EG 202 518, Maximum levels and test
methodology for various applications.

TIA (Telecommunications Industry Association) Standards Committee TR41 (Transmitters
Requirements): Vice Chair of TR41.3 and Chair of TR41.3.3, Led and drafted TIA-920.130,
Transmission requirements for wideband digital wireline telephones with headsets.

IEC (International Electro-technical Commission) TC108 (technical committee) and USTAG (US
Technical Advisory Group): Ad-hoc lead in drafting 62368-1 on acoustic safety for PMP (personal
music player) equipment.

CENELEC (European Committee for Electrotechnical Standardization): Actively involved in
drafting EN (European Norm) 50332-1, -2 & -3, Headphones and earphones associated with
personal music players — maximum sound pressure level measurement methodology.

IEEE (Institute of Electrical and Electronics Engineers) WGCE (working group communication
electroacoustic): Actively involved in drafting IEEE Std 269, Standard for measuring
electroacoustic performance of communication devices. IEEE Std 1652, Free field acoustic
reference to telephony measurements.

Bluetooth Special Interest Group (BT SIG): Chair of eAudio group, lead and drafting audio
performance requirements for Bluetooth devices including headsets.

UL (Underwriters Laboratory): UL 60950-1, provide acoustic safety advisory.
WHO (World Health Organization): Actively involving in the WHO's Make Listening Safe campaign.

OSHA (Organizational Safety and Health Agency): Masters of Science Degree thesis project
sponsored by OSHA in 1988, developed a system to monitor the noise exposure of persons
wearing a headset.

In addition, Mr. Woo is a frequent keynote speaker and presenter on the topic of acoustic safety
and listening comfort. He has addressed audiences worldwide, ranging from the World Health
Organization, Occupational and Environmental Hygiene, American Society of Acoustics, Audio
Engineering Society, as well as Asia Pacific Contact Center Association Leaders, just to name a few.
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About Plantronics

Plantronics is a global leader in audio communications for businesses and consumers. \We have pioneered
new trends in audio technology, creating innovative products that allow people to simply communicate.
From unified communication to Bluetooth® headsets to gaming solutions, we deliver uncompromising
quality, an ideal experience, and extraordinary service. Plantronics is used by every company in the
Fortune 100™, as well as 911 dispatch, air traffic control and various mission critical applications for
those on the frontline.

For more information, please visit www.plantronics.com or call (800) 544-4660.
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SoundGuard SoundGuard SoundGuard Digital PMP Acoustic
Plus Safety
Acoustic Safety and BT
Listening Comfort Noise 616
<118 dBA <106 dB Exposure PLT Limiting <100 dBA
@ ERP @ ERP <80 or 85 Anti-Startle <102 dB @ @ FF or DF
dBA per user DRP
choice

H/HW/D Contact Center
Headset Series [ o' e’ e’ e’
Quick Disconnect and USB corded

BlackWire C3xx/C5xx/C7xx Series
USB Corded

Voyager Bluetooth Mono
Premium Series

Explorer Bluetooth Mono
Mid-tier Series

M Bluetooth Mono
Entry-level Series

M12/M22/P10/E10/DA55/DA60
Corded audio processor

AL10
Corded audio processor

DA70/DA80/DA90°/DM15/AP15

Corded digital audio processor

T When using with M12/M22/P10/E10/DAS55/DA60 audio processor

2 HW and D series when using with DA70/DA80/DAS0/DM15/AP15 audio processor
3 Blackwire 710/720 only

4 Voyager Focus UC only

5 When using with Plantronics contact center grade headsets

6 DA9O IDs each individual Plantronics headset, thus it provides more precise control

7 Rig 500 series only
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SoundGuard SoundGuard SoundGuard Digital
Plus
Acoustic Safety and TWA/Daily
i i Noise
LIStenlng Comfort <118 dBA <106 dB Exposure
@ ERP @ ERP <80o0r85 Anti-Startle

dBA per user
choice

CS510/CS520/W410/W420/
W710/W?720 Series L ®
DECT Wireless system

CS500/CS530/CS540/W430/
W440/W730/W740 Series [
DECT Wireless system

BackBeat Pro Series

Bluetooth Stereo Immersive g
BackBeat FIT Series
Bluetooth Stereo Active L
BackBeat GO Series
Bluetooth Stereo Discreet L
BackBeat 100 Series
Bluetooth Stereo Entry level L
RIG 4VR/400/500/600/800 Series ®

Gaming headsets

T When using with M12/M22/P10/E10/DAS55/DA60 audio processor

2 HW and D series when using with DA70/DA80/DAS0/DM15/AP15 audio processor
3 Blackwire 710/720 only

4 Voyager Focus UC only

5 When using with Plantronics contact center grade headsets

6 DA9O0 IDs each individual Plantronics headset, thus it provides more precise control

7 Rig 500 series only

Phone: 204-233-6100
Toll-free: 866-233-6100

Vv TelecomOptions

CLEARLY YOUR BEST CHOICE

G616
Limiting <100 dBA
<102 dB @ @ FF or DF
DRP
[ J

Email: esales@telecomoptions.com
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