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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The invention pertains to the field of measure-
ment of sound levels. More particularly, the invention per-
tains to an in-ear noise dosimeter.

DESCRIPTION OF RELATED ART

[0002] US 2014/177863 proposes a magnetic field an-
tenna that provides high efficiency and a compact form
factor. WO2012071650 proposes an earpiece device
and a method of operating the earpiece device.
[0003] Hearing loss accounted for at least 14% of oc-
cupational illness in 2007, and approximately $242M is
spent annually on worker’s compensation for hearing
loss disability. According to the CDC, four million workers
go to work each day in damaging noise, while ten million
in the U.S. suffer noise-related hearing loss. Approxi-
mately 82% of the occupational noise-induced hearing
loss (NIHL) was reported in the manufacturing sector.
Occupational NIHL is an outsized problem considering
our capability to virtually eliminate it.
[0004] Sound Pressure Level is measured in decibels
(dB), and for the purposes of indicating the effect on hu-
man beings of sound pressure level in air, can be fre-
quency-weighted to compensate for the sensitivity of the
human ear. The most commonly used of such scales is
"A" frequency weighting, so sound levels for occupational
exposure are usually expressed in dBA units, meaning
sound pressure in air measured in decibels and weighted
by the "A" frequency weighting system. The decibel is a
base-10 logarithmic unit, so that a difference of 6dB in-
dicates a doubling in sound pressure level, 20dB indi-
cates a factor of ten times, 40dB an increase of 100 times,
and so on. Thus, a sound level of 100dBA is 10 times a
sound level of 80dBA, and what might appear to be a
numerically small difference in dBA is actually a very
large difference noise exposure. The standard for sound
level meters is set out in ANSI specification S1.4, which
is incorporated herein by reference.
[0005] The National Institute for Occupational Safety
and Health (NIOSH), a part of the Centers for Disease
Control (CDC), recommends that employees should not
be exposed to sound at a level of 85 dBA for eight hours
or more.
[0006] The OSHA Occupational Noise Exposure
standard states that an employee must not receive sound
at a time-weighted average (TWA) level of over 90 dBA
of over an eight-hour period, and if an employee is ex-
posed to 85 dB TWA, or above, over an eight-hour period,
the employer shall administer a continuing, effective
hearing conservation program. The standard also states
that the employer shall establish and maintain an audi-
ometric testing program by making audiometric testing

available to all employees whose exposures equal or ex-
ceed an eight-hour TWA of 85 dB. Audiometric tests shall
be conducted by a trained professional. If hearing thresh-
olds shifts are measured in an employee, over time, hear-
ing protectors and training of their use are required.
[0007] According to OSHA regulations, an employee
may be exposed to 85 dBA TWA over a 16 hour period,
compared to 90 dBA TWA for 8 hours. The change in
decibels required for doubling the allowed exposure time
is called the "exchange rate." For the OSHA regulation,
the exchange rate is 5 dB.
[0008] Employees who are exposed to a TWA of 85
dB over eight hours, and do not have an audiogram base-
line measurement, are required by the regulations to
wear hearing protecting devices (HPDs) at no cost to the
employee. Employers are required to provide training re-
garding use of the HPD and to ensure proper initial use.
[0009] Although, legally, employees may be exposed
to 90 dBA for eight hours, a review of research by NIOSH
shows that significant NIHL can occur at levels above 85
dBA for eight hours. NIOSH recommends a more restric-
tive maximum of 85 dB TWA exposure with a 3 dB ex-
change rate. Hence, even a 3 dB change in noise level
is very significant.
[0010] Compliance with this standard is complicated
and expensive regarding record retention, equipment
and the involvement of professionals when a hearing
conservation program is required.
[0011] In-ear personal noise dosimeters (iPNDs), like
the one shown in prior art figures 1 through 3, have been
developed to address noise exposure in the workplace.
The system in figures 1 through 3 comprises in-ear
dosimetry earplugs 2 (herein referred to as "earplugs" for
brevity) that communicate with an electronics unit using
electrical cables 4. As seen in figure 2, the earplugs 2
worn in an ear 11 have a microphone 6 within an earplug
shell 8, and the shell is attached to an eartip 10. The
earplug shell 8 is generally cylindrically shaped, in this
example. The eartip 10 is also generally cylindrical in
shape and has a sound delivery channel (SDC) 12 that
allows sound in an ear canal 14 to be acoustically coupled
from the ear canal 14 to the microphone 6. In this way,
the microphone 6 can monitor the sound in the ear canal
14.
[0012] The eartip 10 and earplug shell 8 provide a bar-
rier to the acoustic noise from the user’s environment to
reduce the noise exposure of the user. Eartips 10 may
be constructed using foam, silicone, rubber or other ma-
terials that can form an acoustic seal with the walls of an
ear canal 14, and can be custom fitting or universal fitting.
Eartips 10 may be removable, as in the case with foam
eartips, or permanently attached to the earplug shell 8,
as is the case with custom-molded silicone earplugs, as
known in the art.
[0013] The noise that reaches the ear canal 14, due to
earplug 2 vibration and flanking acoustic transmission
paths, is sensed by the earplug microphone 6. The mi-
crophone output is transmitted via electrical cables 4 to
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an electronics unit (not shown) that determines noise ex-
posure, continuously. In this way, the user is protected
from ambient noise in the environment, and the noise
exposure of the user is monitored.
[0014] If the user needs to remove the earplugs 2, the
electrical cables 4 may be draped behind the neck and
over the shoulders so that the earplugs 2 lay on the chest,
as seen in figure 3. The microphones 6 will then monitor
the noise at the chest location, as an alternative for mon-
itoring the noise at the center-head location, which is a
preferred monitoring location.
[0015] In this way, if the user removes the earplugs 2
to talk to a co-worker during face-to-face communica-
tions, a higher noise exposure is measured by the elec-
tronics unit because the noise level at the unprotected
chest location is higher than the noise level in a protected
ear canal 14. The chest measurement is an alternative
position compared to the measurement at the center
head; however, the shoulder is a more common location
to measure unprotected noise due to sound reflection
from the chest and closer location of the shoulder to the
head.
[0016] A problem with this technique of monitoring
noise exposure in the ear canal 14, when the user is
wearing the earplugs 2, as well as outside of the ear 11,
when the user is not, is that the microphones 6 in the
earplugs 2 are not measuring the correct acoustic trans-
fer functions. The chest location is not as desirable as
the shoulder location. Moreover, when the earplugs 2 are
worn in the ear 11, the microphone 6 response should
be compensated by the diffuse field response of the hu-
man ear, at least to some degree; otherwise, the in-ear
measurements are too high and overestimate the expo-
sure..
[0017] The noise dose measured assumes an unoc-
cluded ear canal, which has a diffuse field response that
significantly amplifies sound in the region of 2,000 Hz to
5,000 Hz due to acoustical resonances of the ear as seen
in the ITU-T P.58 specification (Head and Torso Simu-
lator For Telephonometry) table 3/P.58. A 14 dB boost
can be seen at 2,500 Hz. When an iPND is used, the
pressure measured in the ear canal is the actual pressure
in the ear canal, assuming negligible occluded ear res-
onance.
[0018] This means that the iPND noise dose measure-
ments are significantly too high. They should be com-
pensated by the diffuse field response of the ear, by at
least some degree, but are not, at this time. However, if
they were compensated using an electrical filter, then
when the earplugs were draped over the shoulder, the
earplug microphone measurement would be incorrect
because the microphone signal would be compensated
by the in-ear compensation filter, but the earplugs would
not be occluding the ear canal, and the filter shouldn’t be
used. That is, it would be beneficial to have two frequency
responses for the system: one when the earplug is worn
in the ear, and another when the earplug is not. Currently,
iPNDs do not have this important feature.

[0019] Moreover, although wired iPNDs are effective,
the wires connecting the earplugs to the dosimeter are
problematic to many workers. The wires conduct vibra-
tion to the earplug causing earplug vibration and sub-
stantial sound generation. Moreover, when wired ear-
plugs are used with earmuffs for double hearing protec-
tion, the wires create gaps that deteriorate attenuation
provided by the earmuffs. Wires also tend to get caught
on machinery or other objects causing a significant safety
hazard. When moving the head, there is tugging on the
earplugs that may cause an annoyance, and if wearing
earmuffs over the earplugs, the wires put force on the
earplugs also causing discomfort. Wires also reduce re-
liability, due to breakage, and the connectors needed are
costly and can also fail. If the user is wearing hazardous
materials headgear or other headgear that needs to cre-
ate a gas-tight seal around the head, wires are also a
problem as they break the gas-tight barrier.

SUMMARY OF THE INVENTION

[0020] The present invention provides a noise dosim-
etry system according to claim 1.
[0021] The invention presents an in-ear noise dosim-
eter in the form of an earplug comprising an earplug shell,
or body, that contains earplug components. An eartip,
which has a sound delivery channel that acoustically cou-
ples sound at the proximal end of the eartip (closest to
the eardrum when worn in an ear) to an earplug micro-
phone, is attached to the earplug shell.
[0022] When the earplug is worn in a human ear, the
microphone senses sound in the ear canal. The micro-
phone communicates electrically with earplug electron-
ics, located within the earplug. A battery, preferably re-
chargeable, is used in one embodiment to provide power
for the earplug electronics and microphone. An earplug
transceiver is used to communicate with a remote data
collection and processing system.
[0023] In one wire-free embodiment, the earplug in this
embodiment is free of external electrical cables and con-
nectors. The earplug, in one embodiment, incorporates
a switch that modifies the response of an audio signal
derived from the microphone output depending on wheth-
er the earplug is in the ear or not in the ear. The invention
also may make use of a temperature sensor for sensing
human body temperature and remotely-located wireless
light emitting diodes (LEDs) used to alert the user of high
noise dosage.
[0024] The invention also presents a dock unit for stor-
ing the earplugs when not worn in the ear. In one em-
bodiment of the invention, the dock unit compensates for
differences in unoccluded-ear versus occluded-ear re-
sponses for measuring the unprotected and protected
noise dose by incorporating an acoustic compensator.
[0025] The invention also presents a reader unit for
downloading data from the earplug, charging an earplug
battery and calibrating the earplug.
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BRIEF DESCRIPTION OF THE DRAWING

[0026]

Figs. 1-3 show prior art in-ear dosimeters.
Fig. 4 shows an embodiment incorporating in-ear

dosimetry earplugs and a dock unit.
Fig. 5a shows a cross section of an embodiment of

an in-ear dosimetry earplug.
Fig. 5b shows a top view of the earplug from figure

5a.
Fig. 6 shows how the earplugs can be stored in or

on a dock unit.
Fig. 7 shows a block diagram of an embodiment

of the earplug electronics from figures 4
through 6.

Fig. 8 shows a block diagram of a prior art RFID
chip.

Fig. 9 shows a cross section of the embodiment of
a dock unit from figure 4.

Fig. 10 shows a block diagram of the dock unit elec-
tronics and other dock unit components.

Fig. 11 shows an in-ear dosimetry system employ-
ing a neckloop as a transceiver antenna.

Fig. 12 shows a cross section of an earplug and
dock unit for this embodiment.

Fig. 13 shows a block diagram of the earplugs from
figure 11.

Fig. 14 shows a block diagram of the dock unit elec-
tronics and other components from figure
12.

Fig. 15 shows another embodiment of a dock unit
with earplugs.

Fig. 16 shows another embodiment of the earplug
of the invention.

Fig. 17 shows a block diagram of a dosimeter sys-
tem using the earplug of figure 16.

Fig. 18 shows the earplugs from figure 16 along with
two dock units.

Fig. 19 shows a cross-sectional view of another em-
bodiment of an earplug and dock unit of the
invention.

Fig. 20 shows a cross section of a passive dock unit
in that it incorporates no active electronics.

Fig. 21 shows a schematic of an A-weighted filter
with a compensation filter that is a bridged-
T filter.

Fig. 22 shows an embodiment of an in-ear dosime-
ter earplug of the invention incorporating a
proximity switch.

Fig. 23 shows an embodiment of the current inven-
tion with a separate dock unit for each ear-
plug that can be worn on the shoulders for
storing earplugs.

Fig. 24 shows the earplug electronics and other
supporting components of the earplug em-
bodiment from Fig. 22.

Fig. 25 shows an embodiment of equalization circuit

from Fig. 24.
Fig. 26 shows the earplug embodiment from Fig. 22

in the dock unit from Fig. 23.
Fig. 27 shows the earplug incorporating an addi-

tional temperature sensor for sensing tem-
peratures of the external ambient environ-
ment.

Fig. 28 shows in-ear dosimetry earplugs incorporat-
ing wireless links to remotely-located LEDs.

Fig. 29 shows a noise dosimetry system incorporat-
ing a noise dosimetry earplug, an earplug
reader unit, a dock unit, remotely-located in-
dicators and a computer.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The in-ear dosimetry system of the invention
provides improved functionality and performance and ad-
dresses the problems of wires, the difference in occluded
versus unoccluded ear responses, earplug storage and
proper location of noise dose monitoring when the ear-
plugs are not in the ears. The system also provides im-
proved feedback to the user concerning overexposure,
and monitors the health of the worker by monitoring body
temperature, which is also used to determine if the user
is wearing the earplugs.
[0028] Wires are eliminated using novel wireless tech-
niques. Occluded ear responses are accounted for by
using a novel electronic filter, so that the difference be-
tween occluded and unoccluded ear responses when the
earplugs are worn and not worn is also addressed using
novel electronic filters and acoustic compensation devic-
es. A novel storage device for the earplugs creates a
simple and sanitary storage solution that also functions
to locate the earplugs in the correct location for noise
monitoring when the earplugs are not worn.
[0029] The user does not need to remember to switch
in electronic filtering using the current invention to ac-
count for unoccluded and occluded ear responses. The
transfer functions are automatically modified to their cor-
rect responses just by storing the earplugs in a dock unit
or by monitoring a temperature sensor that measures the
temperature of the external ambient environment.
[0030] The dock unit is worn on the shoulder, in a pre-
ferred embodiment, providing the correct location for the
noise dose measurement when the earplugs are not worn
in the ear and the correct response is achieved at both
the shoulder and in-ear locations using novel techniques.
[0031] A preferred embodiment of the system can be
seen in Figure 4. This embodiment incorporates wireless
in-ear dosimetry earplugs 16 and a dock unit 18. The
dock unit 18 comprises an ambient microphone 20, a
vibration transducer 22 and associated dock unit elec-
tronics (not shown). These earplugs 16 can be worn ef-
fectively and comfortably under earmuffs, not shown, to
achieve "double hearing protection."
[0032] A cross section of an embodiment of the in-ear
dosimetry earplugs 16 of the current invention can be
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seen in figure 5a. The earplugs comprise an earplug shell
8, or body, that contains earplug components. An eartip
10 is attached to the earplug shell 8 and has a sound
delivery channel 12 that acoustically couples sound at
the proximal end (closest to the eardrum when worn in
an ear) of the eartip 10 to an earplug microphone 6.
[0033] When the earplug 16 is worn in an ear 11, similar
to how the earplug in figure 2 is worn in an ear 11, the
microphone 6 senses sound in a human ear canal 14.
The microphone 6 communicates electrically with ear-
plug electronics 23, located within the earplug shell 8. A
battery 24, preferably rechargeable, is used in this em-
bodiment to provide power for the earplug electronics 23
and microphone 6.
[0034] An earplug antenna 26 is used to communicate
with a remote data collection and processing system (not
shown). This wire-free embodiment eliminates the prob-
lems previously mentioned regarding wires. The earplug
16 in this embodiment is free of external electrical cables
and connectors. A top view of the earplug 16 from figure
5a can be seen in figure 5b.
[0035] In this embodiment, when the earplugs 16 are
removed from the ears, they can be stored in or on a
dock unit 18, as seen in figure 6. While the earplugs 16
are stored, they can continue to collect ambient noise
data. The dock unit 18 has an ambient microphone 20
that can be used to collect ambient noise data. When the
earplugs 16 are worn in the ear, time-stamped data col-
lected by the earplugs 16 can be compared to time-
stamped data collected by the dock unit 18 to determine
actual noise attenuation provided by the earplugs 16.
This information can be used to determine if a user wears
his/her earplugs 16 properly. If the data indicate that a
user is not wearing the earplugs 16 to achieve proper
attenuation, a supervisor may intervene and work with
the user to improve the earplug fit, preventing problems
of hearing damage in the future.
[0036] A vibration transducer 22 in the dock unit can
be used to provide tactile feedback to the user, such as
when maximum noise dosage has been reached or if the
earplugs 16 are not providing adequate protection, for
example. The dock unit 18 of the current invention can
be used with both wired and wireless iPNDs.
[0037] Figure 7 shows a block diagram of an embodi-
ment of the earplug electronics 23 and other earplug com-
ponents from figures 4 through 6. A battery 24 provides
electrical power for earplug 16 components in this em-
bodiment.
[0038] The earplug microphone 6 is connected to a
microphone bias circuit 28 which provides power to the
microphone 6 and processes the microphone audio sig-
nal 30. The microphone bias circuit 28 is connected to
an equalization circuit 32 which can provide filtering, such
as A-weighted filtering, known in the art and used in noise
dosimeters. A specification for an A-weighted filter can
be found in ANSI S1.42 Design Response of Weighting
Networks for Acoustical Measurements, table 2.
[0039] The output of the equalization circuit 32 is proc-

essed, at least by squaring and averaging, in a process-
ing function which provides data processing for calcula-
tion of the noise dose. In figure 7, this is shown as a
squaring circuit 34 and averaging circuit 36. However,
the processing function could also be performed by a
root-mean-square (RMS) circuit as will be discussed be-
low, which provides squaring and averaging with the ad-
dition of taking the square root of the result.
[0040] In this embodiment, the noise dose is not cal-
culated using earplug electronics. The actual noise dose,
which is a more complicated calculation, is calculated
remotely in the dock unit 18 or other remote device. The
noise dose calculation requires more electrical power,
which would require a larger battery in an earplug.
[0041] The earplug processed signal 38, from the av-
eraging circuit 36, is input to a sensor port of an RFID
chip 40. In this way, the processed signal 38 from the
microphone 6 can be sampled by the RFID chip 40.
[0042] A schematic of an RFID chip can be seen in
figure 8 (prior art). This RFID chip schematic was derived
from the specification of a commercially available chip,
the AMS SL13A RFID sensor tag and data logger IC man-
ufactured by the Austrian company ams AG, but it will be
understood that this is for example only and other chips
may be used within the teaching of the invention. The
chip 40 can be powered using an external battery, but
can also be powered using a coil and an external mag-
netic field. The chip 40 has an output voltage that can be
used to power external electrical components. The chip
40 may be controlled using external digital logic through
an SPI controller. The chip 40 also has an external sensor
input. Internally, the chip 40 has EEPROM program
memory, a data logging circuit for storing data with a time
stamp created by a time circuit, an analog to digital con-
verter (A/D) with sampling capability, an internal proces-
sor and the ability to use a coil for wireless communica-
tions, among other functions. A temperature sensor is
also built into this chip. The internal processor of the RFID
chip 40 can be used for calculating noise dosage.
[0043] The RFID chip 40 in the earplug 16 can com-
municate with an RFID transceiver remotely located us-
ing an earplug antenna 42. The earplug antenna 42 from
figure 7, in this embodiment, is the coil from figure 8 (prior
art).
[0044] While the term "RFID chip" and "RFID trans-
ceiver" is used herein, it will be understood that this term
is intended to mean a radio-frequency transmitter or
transceiver circuit capable of transmitting the data from
the earplug to the remote circuit or dock described below.
It is not intended to limit the invention to specific chips
intended solely for RFID purposes.
[0045] The noise dose can thus be determined remote-
ly using an integrator and calculations described in ANSI
S1.25 (Specification for Noise Dosimeters), for example.
This has significant benefits because the noise dose cal-
culation requires additional electrical power. This novel
process of splitting the noise dose calculation into two
separated calculations in two separate physical systems,
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one done in the earplug and one outside of the earplug,
enables the use of a smaller battery in the earplug, which
means a smaller, better-fitting and more comfortable ear-
plug can be employed in this embodiment. This is impor-
tant because earplugs need to be very small so they can
fit comfortably in the ear.
[0046] In this embodiment, the filtered, squared and
averaged earplug microphone data are exported to an-
other device that calculates the noise dose using an in-
tegrator. The earplug processing may also contain a
square root circuit so that filtered root mean squared data
are exported. The external device can be a smart phone
or other handheld device that can be used to spot check
the user’s noise dose. The device only needs to be held
in the vicinity of the earplug in question. The data are
then downloaded and the noise dose is calculated in the
remote device. In other embodiments of the invention,
the RFID chip or a separate chip within the earplug 16
calculates the noise dose.
[0047] There are some electronic chips, such as "all-
in-one" digital audio processing chips, that can provide
the microphone bias, equalization, squaring and averag-
ing functions in one single chip if programmed properly.
An earplug microphone may be connected directly to an
"all-in-one" audio chip and its output, in digital or analog
form, may be directly connected to an RFID chip. How-
ever, these "all-in-one" chips typically require more elec-
trical power compared to analog solutions and typically
require a larger battery.
[0048] A cross section of the embodiment of a dock
unit 18 from figure 4 of the current invention is shown in
figure 9. The dock unit has several novel features. The
dock unit has recesses 44 that the earplugs 16 can fit
into for storage. To secure the earplugs 16 in place in
this embodiment, dock magnets 46 are used to create a
retention force due to attraction to components in the
earplugs 16, such as the earplug battery 24. The dock
unit 18 has switches 48 that are activated when the ear-
plugs 16 are stored in the dock unit 18.
[0049] The dock unit 18 in this embodiment includes a
spring 50 and clothes clip 52 that can be used to attach
the dock unit 18 to the user’s clothing, preferably at the
shoulder location. Another convenient location to clip the
dock unit 18 would be to a shirt pocket. An ambient mi-
crophone 20 mounted to the dock unit 18 is used to mon-
itor ambient sound. A vibration transducer 22 in the dock
unit 18 can be used to alert the user of events such as
reaching maximum noise dose.
[0050] The switches 48, ambient microphone 20 and
vibration transducer 22 communicate with dock unit elec-
tronics 54. A battery 56 provides power for dock unit elec-
tronics 54.
[0051] Dock unit transceiver antennas 58 are used to
communicate with the transceiver antennas 42 of each
earplug 16. Magnetic fields are used in this embodiment
for wireless communications.
[0052] Processed earplug microphone data may be
communicated to dock unit electronics 54 for further

processing. For example, the earplug microphone signal
38 that has been equalized, squared and averaged may
be downloaded to the dock unit 18 where these data are
used to calculate noise dosage using an integrator and
other processors. The wireless magnetic communication
between the dock unit transceiver antennas 58 and ear-
plugs 16 may also be used to recharge the earplug bat-
teries 24.
[0053] A dock unit 18 may be used for each earplug
16 and worn on each shoulder. The dock unit 18 may
also be attached to items such as hard hats. LED lights
may be used on the dock unit 18 to indicate when the
earplugs 16 are docked and not docked. This would be
useful for a supervisor in quickly determining if the ear-
plugs 16 are being worn, as a red LED is easily seen at
a distance.
[0054] Figure 10 is a block diagram of the dock unit 18
electronics 54 and other dock unit 18 components. The
ambient microphone 20 constantly monitors the noise
level at the dock unit location, on the user’s shoulder in
the preferred embodiment. A microphone bias circuit 60
provides power and filtering to the ambient microphone
output signal, and the microphone bias signal is input to
a digital signal processor (DSP) 61, in this preferred em-
bodiment. The DSP 61 calculates the noise dose at the
ambient microphone 20 location. Data may be stored in
a memory chip 62. The DSP 61 can communicate to other
devices, including the earplugs 16, using an RFID chip
64 and dock unit transceiver antenna 58.
[0055] At least one switch 48, in this embodiment, is
used to detect when an earplug 16 is stored in the dock
unit 18. This information is important because the dock
unit 18 can time stamp when the user’s ear is unprotect-
ed. A switch 48 for each earplug 16 is preferred. The
dock unit electronics 54 can communicate with a vibration
transducer 22 to alert the user of various problems, such
as high noise dose. The filtered, squared and averaged
data are downloaded from the earplugs 16 using the dock
unit transceiver antennas 58. An integrator 66 is used to
calculate the noise dose from each earplug 16. The in-
tegrator 66 may be incorporated within the DSP 61 or
may be a separate circuit.
[0056] Figure 11 shows an in-ear dosimetry system
employing a neckloop 70 as a transceiver antenna. The
neckloop 70 consists of at least one turn of electrical wire.
A dock unit 72 in this embodiment communicates with
the earplugs 16, wirelessly, using the neckloop 70 by
generating magnetic fields. (The figure shows magnetic
fields for only one of two channels to improve clarity.)
The dock unit 72 is clipped to the clothing of the user, in
this embodiment, so that the dock unit 72 rests on the
shoulder. The neckloop 70 may also be worn like a neck-
lace with the dock unit 72 hanging against the chest or
other locations in other embodiments.
[0057] The cross section of an earplug 16 and dock
unit 18 for this embodiment can be seen in Figure 12.
Note that only one earplug 16 is shown, for clarity, but a
second earplug can be stored in the dock unit 18 in a
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similar way. In this embodiment, the earplug 16 is stored
with the majority of the eartip 10 housed within cavity 74
in the dock unit 18. The cavity 74 is acoustically coupled
to the acoustic noise environment through an acoustic
port 76 and an acoustic network 78 that may consist of
tubes, chambers, screens and other acoustical ele-
ments.
[0058] In this embodiment, when the earplug 16 is
stored in the dock unit 18, the earplug microphone 6 is
acoustically coupled to the acoustic noise environment.
The acoustical network 78 can be used to tailor the re-
sponse of the earplug microphone 6 output when docked
to compensate for a change in acoustic response in the
dock unit 18 compared to the acoustic response in an
ear canal 14.
[0059] The dock unit 18 of the preferred embodiment
provides a hygienic place to store the earplugs 16, in-
stead of a pants pocket, for example that could soil an
eartip 10. The eartip 10 remains clean when stored in
the dock units 18, and the earplugs 16 are easily acces-
sible. Moreover, the eartips 10 are out of view, so that
co-workers do not see the ear wax deposits of another
co-worker, and this creates an aesthetically pleasing sit-
uation and prevents embarrassment.
[0060] In this embodiment, a proximity switch 79 is in-
corporated into the earplug 16 and switches state when
in the presence of the magnetic field from dock magnet
46. The dock magnet 46 holds the earplug 16 in the dock
unit 18. In this way, when the earplug 16 is stored in the
dock unit 18 the earplug electronics 23 can be alerted by
the proximity switch 79. In this way, a time stamp may
be used, within the earplug electronics 23, to keep track
of when the earplug 16 is stored in the dock unit 18. This
indicates an unprotected ear.
[0061] A neckloop connector 80 serves to connect the
neckloop 70 to the dock unit 18 electronics 54. If the
neckloop 70 were to catch on an object, the connector
80 would release as a safety precaution. If the dock unit
18 becomes unclipped from the user’s clothing, the neck-
loop 70 will prevent the dock unit 18 from falling to the
floor. The dock unit 18 may also incorporate a transceiver
antenna 58 that can be used to communicate with the
earplugs 16 for battery charging purposes, for example,
and may also include an ambient microphone 20 as was
explained in other embodiments, above.
[0062] Figure 13 shows a block diagram of the earplug
16 electronics 23 and other components from figure 11.
This block diagram includes the proximity switch 79 from
figure 12. No battery is used in this embodiment because
electrical power is provided wirelessly using an earplug
antenna 42. In this embodiment, a square root circuit 82
is incorporated in the signal path between averaging cir-
cuit 36 and the sensor input of the RFID chip 40. The
square root function 82 may be incorporated in the ear-
plug electronics 23 or the dock unit electronics 54 and is
used in calculating the noise dose. The RFID chip 40
incorporates an analog to digital converter, but a sepa-
rate dedicated converter may be employed.

[0063] Figure 14 shows a block diagram of the dock
unit 18 electronics 54 and other components from figure
12. This embodiment shows components shown in figure
10, as well as new components. A neckloop 70 is now
used as the dock unit transceiver antenna. Magnetic
fields produced by the neckloop 70 provide communica-
tions with the earplug 16 transceiver antenna 42 and ear-
plug RFID chip 40 and provide wireless power for the
earplug 16 electronics 23. In this embodiment, the output
from the square root circuit 82 is digitized by the RFID
chip 40, and this data is sent to the dock unit 18 using
the earplug transceiver antenna 42 and dock transceiver
antenna 70. The RFID chip 64 in the dock unit 18 receives
the data and sends this to the dock unit DSP 61 where
the noise exposure is calculated using equation 1 from
ANSI S1.25-1991: 

Where:

D(Q) = percentage criterion exposure for exchange
rate Q;

Tc = criterion sound duration = 8 hours

T = measurement duration in hours;

t = time in hours;

L = SLOW (or FAST) A-weighted sound level, a func-
tion of time, when the sound level is greater than or
equal to L, or equals -infinity when the A-weighted
sound level is less than Lt;

Lt = threshold sound level specified by the manufac-
turer;

Lc = criterion sound level specified by the manufac-
turer;

Q = exchange rate in decibels; and

q = 10 for a 3 dB exchange rate.

[0064] The noise exposure may also be calculated
within the earplug 16, in another embodiment, using the
capabilities of the RFID chip 40 processor or other proc-
essor chip located within the earplug 16.
[0065] Figure 15 shows another embodiment of the in-
vention depicting a dock unit 18 with earplugs 16. In this
embodiment, dock magnets 46 and earplug magnets 84
are used that are of opposite polarity. The earplugs 16a
and 16b use magnets 84a and 84b that are reversed
polarity from each other. In this way, if, for example, ear-
plug 16a is placed in the correct dock unit recess 44a,
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opposite polarities of the earplug magnet 84a and dock
unit magnet 46a will attract, and the earplug 16a will re-
main secured. If an earplug 16a is placed in the incorrect
recess 44b, the earplug 16a will not attach to the dock
unit 18 because the magnets 84a in the earplug 16a and
magnet 46b in the dock unit 18 will provide a repelling
force.
[0066] Used in conjunction with dock unit switches 48,
the dock unit 18 will know which earplugs 16a and 16b
have been stored and which are not protecting the user’s
ear. The earplugs 16a and 16b are preferably color-cod-
ed or differentiated from each other in another way, for
instance red for the right earplug 16b and blue for the left
earplug 16a, so that the user uses a specific earplug in
a specific ear at all times. In this way the dock unit 18 will
know which ear is unprotected, and this information can
be stored using the dock unit electronics 54.
[0067] Figure 16 shows another embodiment of the
earplug 16 of the invention. This embodiment is similar
to the embodiment shown in figure 5a, but includes an
earplug ambient microphone 86. The earplug ambient
microphone 86 is acoustically coupled to the acoustic
noise environment and electrically connected to the ear-
plug electronics 23. This microphone 86 senses the un-
protected noise level of the user.
[0068] An earplug canal microphone 6 is used to mon-
itor the acoustic noise levels in the ear canal 14 when
the earplug 16 is inserted in the ear 11. Comparing the
data for the two microphones 6 and 86 can indicate the
acoustic noise attenuation provided by the earplug 16
when worn in the ear. If the two microphones 6 and 86
indicate similar levels, this indicates that the earplug is
not being worn in the ear canal.
[0069] If an additional speaker 13 is used within the
earplug 16, a talk-through feature can be incorporated
where the ambient microphone 86 signal is coupled to
the speaker 13 and the speaker 13 is coupled to the ear
canal 14 through a sound delivery channel 12. The ear
canal microphone 6 would still be used for measuring
noise dose exposure which would include sound levels
generated by the speaker 13.
[0070] In this embodiment, as shown in figure 17, data
from both microphones 6 and 86 are processed inde-
pendently in a similar way to that shown in figure 7. Using
two microphones 6 and 86 in the earplug 16 in this em-
bodiment allows for useful information when noise dose
levels are collected. The microphone signals are each
processed by a microphone bias circuit 28, equalization
circuit 32, squaring circuit 34 and averaging circuit 36,
as discussed above with reference to figure 7. The ear-
plug processed signal from both of the averaging circuits
36, is input to an RFID chip 40. An RMS circuit may also
be used. These data are exported wirelessly for further
processing using magnetic induction and an earplug an-
tenna 42.
[0071] The earplugs 16a and 16b from figure 16 are
shown in figure 18 along with two dock units 18a and
18b, secured to the user at the shoulder location using

a clothes clip or other retaining device. In this embodi-
ment, the dock units 18a and 18b are passive systems,
to reduce cost. That is, there are no electronics in the
dock units 18a and 18b in this embodiment. In the figure,
the left earplug 16a is worn in the user’s ear while the
right earplug 16b is being stored in a dock unit 18b. Such
a scenario might exist if the worker is having face-to-face
communications with a co-worker and the worker uses
one ear to hear communications while the other ear re-
mains protected. However, both earplugs 16a and 16b
may be worn in the ear, and both 16a and 16b may be
stored in their respective dock units 18a and 18b, as de-
sired.
[0072] The dock units 18a and 18b have an internal
acoustic network similar to the one shown in figure 12
with an acoustic port 76, in this embodiment. In this way,
the earplug microphones 6 monitor the noise levels at
the left and right shoulder locations. Because the earplug
microphones 6 monitor the unprotected noise levels at
each shoulder location, compared to a single location,
this configuration is more accurate compared to a single
dock at a single shoulder location because each dock is
closer to its respective ear, and the acoustic head shad-
owing problem, known in the art, is mitigated.
[0073] In another embodiment of the invention, one
dock unit 18 is shown in figure 19 in a cross-sectional
view. The dock unit 18 has at least one dock unit trans-
ceiver antenna 58 in the form of coils that can commu-
nicate with each earplug 16. In figure 19, the dock unit
transceiver antenna 58 in this embodiment has three
turns and is shown in cross section. However, coils of
more or less turns may also be incorporated.
[0074] Each dock unit 18 is relatively close, within ten
inches, to its respective earplug when the earplugs 16
are worn in the ear and the dock units 18 are preferably
worn on the shoulder. Thus, a low power electromagnetic
signal can be used for communications between the dock
unit 18 and earplugs 16, and this will require less power
compared to clipping the dock unit 18 to a pants pocket,
for example. The earplugs 16 can incorporate batteries,
or as shown in figure 19, they can be battery-free and
harvest power generated by dock unit transceiver anten-
nas 58 in the dock units 18.
[0075] The dock unit 18 in this embodiment would have
an overall shape like a hockey puck, but smaller in size,
where the dock unit transceiver antenna coil 58 is located
at the outer perimeter of the dock unit 18 for maximum
transceiver antenna loop radius. Other dock unit ge-
ometries would also work, such as rectangular. A magnet
46 holds the earplug to the dock unit 18. The earplug
microphone 6 is acoustically coupled to the ambient
noise environment through an acoustic port 76.
[0076] Another embodiment of the invention is shown
in figure 20. The figure depicts a cross section of a pas-
sive dock unit 18 which incorporates no active electron-
ics. Details, such as a clothes clip for attaching the dock
unit to clothes, are not included in the drawing for clarity.
When the eartip 10 of the earplug 16 is inserted into the
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dock unit 18, the eartip 10 creates a least a partial acous-
tical seal with the dock unit 18 and an acoustic path is
created from an acoustic port 76 on the dock unit 18 to
the earplug microphone 6.
[0077] The dock unit 18 incorporates an acoustic com-
pensator 93 that includes an acoustic port 76, a dock unit
channel 94 and an acoustic damper 92 in this embodi-
ment. The acoustic compensator 93 is acoustically cou-
pled to the ambient acoustic noise environment through
the acoustic port 76, and acoustically coupled to the ear-
plug microphone 6 through the earplug sound delivery
channel 12 and dock unit channel 94. Therefore, an
acoustic path is created from the acoustic noise environ-
ment, through the dock unit 18, to the earplug microphone
6. The acoustic compensator 93 modifies the acoustic
transfer function from the acoustic noise environment to
the earplug microphone 6 by incorporating at least one
acoustical element, such as a port, tube, damper, Helm-
holtz resonator, volume chamber, vent or other acousti-
cal element.
[0078] The additional length of the acoustic path due
to the dock unit channel 94 combined with the sound
delivery channel 12 of the earplug to the microphone 6
creates a boosting of the frequency response at the mi-
crophone 6 between 2,000 Hz and 5,000 Hz to simulate
the resonance and boosting of sound in an average un-
occluded human ear. In a preferred embodiment, the
acoustic compensator 93 amplifies the pressure at the
earplug microphone 6 by at least 3 dB in the 2,000 Hz to
5,000 Hz region, compared to pressure sensed by the
earplug microphone 6 when the earplug 16 is not in the
dock unit 18. This amplification is considered to be sig-
nificant.
[0079] An acoustic damper 90 in the dock unit 18
dampens this acoustic resonance, in this embodiment.
The acoustic damper 90 is chosen so that the boost in
earplug microphone response is at least 9 dB SPL but
not greater than 18 dB compared to if the earplug micro-
phone 6 were outside of the earplug and suspended with
a string. A boost of between 11 dB and 16 dB at 2,500
Hz is desirable in this embodiment and mimics the re-
sponse of a head-and-torso simulator (HATS) when sub-
jected to a diffuse field.
[0080] An example of an HATS can be found in ITU-T
P.58 specification: Head and Torso Simulator For Tel-
ephonometry. Another specification for an HATS is the
ANSI S3.36 Specification for a Manikin for Simulated in-
situ Airborne Acoustic Measurements, where Table III is
relevant. The response of an HATS when subjected to a
diffuse field, from the free field to the HATS eardrum mi-
crophone is the desired response from the acoustic noise
environment to the earplug microphone in this embodi-
ment. A suitable free-field response can be found in ITU-
T P.58, table 3/P.58 Sound Pick-up Diffuse Field Fre-
quency Response of HATS.
[0081] That is, it is desirable for the docked earplug
acoustic response to mimic the free field response of an
HATS. A 2,000 Hz to 5,000 Hz range for the boosting

corresponds to boosting seen in table 3/P.58 of ITU-
TP.58, while a boost level of between 9 dB and 18 dB
falls within the boosting levels seen in table 3/P.58 of
ITU-TP.58 for this frequency range. The free field re-
sponse of a HATS specification may also be used instead
of the diffuse field response in designing the dock unit
acoustics.
[0082] When the earplug is placed in the dock unit, the
combination of acoustic response of the earplug sound
delivery channel 12 with the acoustic response of the
dock unit 18 creates an acoustic response at the earplug
microphone 6 that is similar to the response of a human
eardrum to diffuse sounds outside of the ear. Helmholtz
resonators, acoustic dampers and other acoustic ele-
ments and acoustical branches in the dock unit can also
be used to shape the acoustic response, similar to an
IEC711 canal simulator or Zwislocki coupler, so that
when the earplug is docked the response from the acous-
tic noise environment to the earplug microphone simulate
that of a human’s ear.
[0083] One possible location in this embodiment for a
side branch 95 is indicated in figure 20. This branch 95
could be a damped Helmhotz resonator, for example.
This embodiment assumes that when the earplug is in a
human ear, the earplug microphone pressure is a rea-
sonably accurate representation of the eardrum pres-
sure. An earplug acoustic damper 90 placed within the
earplug 16 helps to achieve this by damping resonances
of the earplug-canal acoustics.
[0084] In this embodiment, the earplug electronics 23
shown in figure 7 are incorporated in the earplug 16,
where the equalization circuit 32 in this embodiment is
shaped such that when the earplug 16 is stored in the
dock unit 18 in figure 20, the combined response of the
docked earplug acoustic response cascaded with the re-
sponse of the equalization circuit 32 creates an A-weight-
ed filter shape.
[0085] That is, when the earplug 16 is placed in the
dock unit 18 and subjected to a diffuse white noise acous-
tic field, the power spectrum measured at the output of
the equalization filter 32 will have the A-weighted re-
sponse shape. In this way, when the earplug 16 is stored
in the dock unit 18, and the dock unit 18 is hung by a
string and placed in a diffuse acoustic field, the output
from the equalization circuit 32 of the current invention
will produce a similar or same output compared to the
output of the A-weighted filter of a typical noise dosimeter
with overall gain selected to be suitable for the specific
circuits used.
[0086] When the earplug 16 is removed from the dock
unit 18 and placed in a human ear 11, the acoustic re-
sponse to the earplug microphone 6 will change due to
the acoustics of the earplug sound channel 12 being cou-
pled to an ear canal 14 instead of the dock unit acoustical
circuit 93, but the equalization circuit 32 response will
remain the same. In this embodiment of the invention
seen in figure 20, an earplug acoustic damper 90 is used
to dampen the resonance of the earplug sound delivery
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channel 12. This damper 90 controls unwanted sound
amplification due to resonance.
[0087] When the earplug 16 is worn in an ear 11, the
sound pressure at the earplug microphone 6 is similar to
the sound pressure at the eardrum 15, except for the
acoustic response due to the occluded ear canal and
sound delivery channel 12. In this way, when the earplug
16 is stored in the dock unit 18 on the shoulder of a user,
the response is very similar to the response of a typical
noise dosimeter worn on the shoulder and will give ac-
curate noise dose measurements.
[0088] When the earplug 16 is worn in the ear 11, the
response will change and the measurement will de-em-
phasize the response in the 2,000 Hz to 5,000 Hz by at
least 3 dB. This is desirable because noise dose meas-
urements taken in the occluded ear canal should com-
pensate for the change in acoustics in this way for more
accurate noise dose measurements. This results in a
more accurate noise dose measurement for in-ear noise
dosimeters that are used to determine both the noise
dose in the ear as well as outside the ear.
[0089] One way to create a simple version of this novel
equalization circuit 32, as shown in the embodiment of
figure 21, is to cascade an A-weighted filter 96 with a
compensation filter 97 that is a bridged-T filter. This will
approximate the desired response. An electronic signal
flows from the input to the A-weighted filter 96 and then
to a bridged-T compensation filter 97. The bridged-T filter
97 comprises four elements in this embodiment: resistors
R1 and R2 and capacitors C1 and C2.
[0090] The bridged-T filter 97 may also be implement-
ed by including inductors and other components in the
circuit. The values of R1, R2, C1 and C2 are chosen to
create a notch in the 2,000 Hz to 5,000 Hz range with a
dip of between 9 dB and 18 dB in this embodiment, de-
pendent on the acoustic response achieved with the ear-
plug 16 in the dock unit 18. More complicated versions
of the bridged-T circuit 97 incorporating additional com-
ponents and active amplifiers can be used for higher ac-
curacy.
[0091] Additionally, the bridged-T filter can be integrat-
ed within the A-weighted filter 96 to create a single filter
with fewer components. Values of R1=9,000 Ohm,
R2=2,000 Ohm, C1=6 nF and C2=30 nF provide a dip in
response of 14 dB at approximately 2,500 kHz, which is
within the range of 11 dB to 16 dB at 2,500 Hz.
[0092] To the extent that when the earplug 16 is in the
ear canal 14 and damped resonances affect the frequen-
cy response from the eardrum 15 to the earplug micro-
phone 6, these effects can be compensated for with the
acoustical design of the dock unit 18 and earplug equal-
ization circuit 32.
[0093] In a preferred embodiment, the earplug equal-
ization circuit 32 modifies the microphone 6 signal such
that when the earplug 16 is in the dock unit 18 and the
dock unit18 is suspended by a string in a diffuse sound
field, the power spectrum output of the equalization circuit
32 compared to the power spectrum of the diffuse sound

field pressure exhibits an A-weighted curve shape. In the
presence of ambient acoustic noise and the earplug 16
is in an ear 11, the output of the power spectrum of the
equalization circuit 32 compared to the power spectrum
of the pressure at the eardrum 15 exhibits a response
curve that equals the inverse of the diffuse field response
of an un-occluded ear compensated by the acoustic re-
sponse of the occluded ear canal with earplug.
[0094] For example, the diffuse field response of the
human ear adds 14 dB boosting to the acoustic spectrum
at 2,500 Hz. If the pressure at the human ear canal is 3
dB higher when wearing the earplug compared to the
pressure at the earplug microphone, 3 dB is subtracted
from 14 dB to yield an earplug filter circuit response of
-11 dB, instead of -14 dB for the proper design in this
embodiment. This compensation technique is used at all
frequencies in the preferred embodiment.
[0095] Whatever the compensation needs to be, the
earplug equalization circuit 32 modifies the microphone
signal 6 such that when the earplug 16 is in the dock unit
18 and the dock unit 18 is suspended by a string in a
diffuse sound field, the power spectrum output of the
equalization circuit 32 compared to the power spectrum
of the diffuse sound field pressure exhibits an A-weighted
curve shape. If a dock unit 18 is not used, the earplug
equalization circuit 32 modifies the microphone 6 signal
such that when the earplug 16 is suspended by a string
in a diffuse sound field, the power spectrum output of the
equalization circuit 32 compared to the power spectrum
of the diffuse sound field pressure exhibits an A-weighted
curve shape. The dock acoustics must also be modified,
compared to a dock 18 unit that mimics the human ear
diffuse field response, to account for occluded ear
damped resonances to maintain an A-weighted re-
sponse.
[0096] If the occluded ear response from eardrum 15
to earplug microphone 6 is not appreciably flat, due to a
given earplug acoustic design, the designer can begin
the design process by determining the proper earplug
equalization circuit 32 response first. In this embodiment,
the proper equalization filter 32 characteristics would be
equivalent to the diffuse field unoccluded ear response
compensated by the occluded ear response. This is
equal to Heq = -(Puec/Pa - Poec/Pm), where Puec equals
the unoccluded spectrum, Pa is the diffuse ambient field
spectrum, Poec is the occluded spectrum at the ear canal,
Pm is the occluded spectrum at the earplug microphone
and Heq is the frequency response of the compensation
filter 97, when a diffuse ambient sound field is used as a
source. The transfer functions are in units of dB.
[0097] Once the Heq transfer function has been deter-
mined, it is combined with an A-weighted filter 96 to form
the earplug equalization circuit 32 filter.
[0098] Then, the dock acoustical design must be de-
termined. Acoustical elements, such as tubes, cavities
and dampers are used to couple to the earplug sound
delivery channel so that the output spectrum of the ear-
plug equalization filter has the shape of an A-weighted
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filter when the earplug is in the dock unit, and the dock
unit suspended by a string and placed in a diffuse sound
field. Mathematically, this means that Ha=Peq/Pa, where
Ha is the frequency response of an A-weighted filter and
Peq is the spectrum at the output of the earplug equali-
zation circuit due to a diffuse ambient pressure field of
spectrum Pa.
[0099] Also, Ha=Pm/Pa + Heq +Heqm, where Heqm is the
response of a microphone electronic filter that compen-
sates for a microphone with non-flat inherent response
to achieve a flat microphone response when the micro-
phone is outside the earplug and suspended in free
space.
[0100] In another embodiment of the invention, one
can take acoustic measurements of the earplug micro-
phone 6 in the dock unit 18, when worn on the shoulder
of a HATS, to a diffuse field, and compare this result with
the HATS ear canal microphone. The designer modifies
the length of the dock unit channel 94 and tunes any side
branches 95 in the dock unit 18 to achieve the HATS
response.
[0101] Once this acoustic design has been deter-
mined, the dock unit 18 with earplug 16 is suspended by
a string and subjected to a diffuse acoustic field. The
response of the earplug equalization circuit 32 is then
designed and modified to produce an A-weighted re-
sponse when comparing the diffuse field pressure, meas-
ured with a microphone with flat diffuse field response,
to the equalization circuit 32 output. This technique works
well when the microphone to eardrum transfer function
is relatively flat when the earplug 16 is worn in the ear 11.
[0102] In another embodiment of the invention, an
acoustic response from the ambient environment to the
earplug microphone 6 location when in the dock unit 18
and suspended by a string in the field is given by Hdua.
The acoustic response from the ambient environment to
an unoccluded human eardrum 15 (ratio of eardrum pres-
sure over ambient pressure) is given by Hua. The average
acoustic response of the earplug microphone 6 to a hu-
man eardrum 15 (ratio of pressure at the eardrum 15
over pressure at the earplug microphone 6) when the
earplug 16 is worn in the ear (occluded ear) and subjected
to ambient noise is given by Hom.
[0103] The relationship between these transfer func-
tions in the preferred embodiment is Hdua=Hua ⎯ Hom,
where the transfer functions are magnitudes and ex-
pressed in decibels. Hdua is the target acoustic response
of the earplug 16 in the dock unit 18. The designer uses
acoustic elements, such as tubing, volumes, Helmhotz
resonators, dampers and other acoustic elements to
achieve this transfer function.
[0104] The magnitude response of Hdua is determined
by using the magnitude of the acoustic response of the
human ear or suitable HATS, taken at the eardrum or
simulated eardrum, subject to ambient noise. This is pro-
vided in specifications such as ITU-T P.58 or ANSI S3.36.
The transfer function from input to output of an earplug
compensation filter 97 is given by Hcf; Hef is the transfer

function of an equalization circuit 32; and Haf is the trans-
fer function of an A-Weighted filter 96. Then Hef= Haf+Hcf,
where Hcf= -Hdua.
[0105] In this way, when the earplug 16 is suspended
on a string and subject to ambient acoustic noise, the
transfer function from the ambient noise to the output of
the earplug equalization circuit 32 will look like an A-
weighted filter, with appropriate scaling gain for process-
ing the electrical signal to determine the noise dose.
When the earplug 16 is worn by a user, the earplug equal-
ization circuit 97 compensates for the unoccluded and
occluded ear responses. When the earplug is placed in
the dock unit 18, the dock unit acoustical elements serve
to alter the acoustic response from the ambient acoustic
environment to the earplug microphone 6 to compensate
for the change in acoustical response of an earplug 16
in free space compared to in a human ear. The earplug
compensation filter 97 has the same shape, but inverted
and with appropriate overall gain, as the acoustic re-
sponse of the earplug 16 in the dock unit 18.
[0106] The sum of the transfer functions Hdua+Hom
should preferably have a gain of between 9 dB and 18
dB, and at least 3 dB, at at least one frequency between
2,000 Hz and 5,000 Hz, when suspended from a string
in a diffuse acoustic field in a preferred embodiment,
based on ITU-T P.58, table 3/P.58 Sound Pick-up Diffuse
Field Frequency Response of HATS. The sum of the
transfer functions Hdua+Hom should have a gain of be-
tween 11 dB and 16 dB, and at least 3 dB, at the third
octave frequency of 2,500 Hz when the dock unit 18 is
suspended from a string in a diffuse field, in another em-
bodiment, based on ITU-T P.58, table 3/P.58 Sound Pick-
up Diffuse Field Frequency Response of HATS. A gain
of at least 3 dB is considered a significant change in noise
dosimetry as described earlier.
[0107] Figure 22 shows an embodiment of an earplug
16 of the invention incorporating a switch 98. In the pre-
ferred embodiment, the switch 98 is a proximity switch
and is sensitive to magnetic fields and is activated in the
presence of a magnet in the dock unit 18. However, me-
chanical proximity switches could also be used that are
activated when the earplug is placed in a dock unit 18.
The earplug electronics 23 are powered using an elec-
trical power source. In this embodiment, the electrical
power source is a battery 24. However, other electrical
power sources could be used, such as a charged capac-
itor or other device known in the art of electronics design.
An earplug antenna 42 is used to communicate data col-
lected in the earplug to a data processor remotely located
(not shown). The earplug shell 8 of the earplug, in this
embodiment, incorporates a microphone 6 as a sensor
for measuring sound acoustically coupled from the am-
bient noise environment through a sound delivery chan-
nel 12. This embodiment also incorporates and eartip 10
for acoustically sealing the ear canal 14 to provide hear-
ing protection from ambient noise.
[0108] In a preferred embodiment of the invention,
shown in Fig. 23, each left and right earplug 16a and 16b
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can be stored in its own dock unit 18a and 18b. In this
preferred embodiment, the dock units 18a and 18b are
small and can be clipped to the user’s clothing at the
preferred location on the shoulder. This can be achieved
by using a clothes clip attached to each dock 18a and
18b which clips to the collar of a shirt, as shown in Fig.
23. The shoulder location is preferred because that lo-
cation is close to the ear of the user. With two dock units
18a and 18b, each earplug 16a and 16b can be located
close to its corresponding ear. In Fig. 23, only one of the
earplugs, the left earplug 16a, is docked in dock 18a. The
user may want to dock only one earplug 16a when en-
gaged in face-to-face communications with a co-worker.
When docked on the left shoulder, the left earplug 16a
microphone 6 measures the noise levels close to the left
ear. In typical noise dosimeters, one microphone is used
at the shoulder location. However, this is less accurate
for measuring the unprotected exposure of both ears
compared to using locations on each shoulder near each
ear which can be achieved with the invention.
[0109] Figure 24 shows the preferred embodiment of
the earplug electronics 23 and other supporting compo-
nents of the earplug 16. The earplug electronics 23 are
similar to those shown in Fig. 13, except that a battery
24 is used as a power source instead of harvesting a
magnetic field using the earplug antenna 42. Moreover,
a different equalization circuit 32 is used and the proximity
switch 98 communicates with the RFID chip 40. Similar
to the embodiment shown in Fig. 13, the proximity switch
98 also communicates with the equalization circuit 32.
[0110] A description of squaring and averaging, in par-
ticular, exponential averaging, a signal for noise dosim-
etry can be found in ANSI S1.25 (Specification for Noise
Dosimeters), Fig. 1 and supporting text throughout the
document. The squaring, averaging and square root cir-
cuits can be incorporated into a single chip, called an
RMS detector 31, shown in figure 24. An example of this
would be using the Linear Technology LTC1967 chip,
with supporting capacitors and resistors necessary for
proper operation, as seen in the LTC1967 specification.
In particular, an averaging capacitor is required at the
chip output. This example of an RMS circuit uses a sigma-
delta converter, but other types of RMS converters are
available and known in the art. Digital signal processors
(DSPs) can also be used to create squaring-averaging
circuits and RMS circuits.
[0111] Some squaring-averaging circuits do not direct-
ly calculate the square of a signal and then average the
signal, but effectively provide the squaring and averaging
function. One example would be a circuit that measures
the temperature of a resistor due to a signal applied
across its terminals. A positive heat measurement is re-
corded even if the signal across the resistor is alternating
between positive and negative potential because power
is dissipated in the resistor regardless of signal polarity.
Averaging is achieved because of the thermal mass of
the resistor. The measured temperature of the resistor
can be used to determine the average squared input sig-

nal to the resistor but this technique does not require a
circuit that specifically calculates the square of a signal,
but effectively it can provide the squared signal average
value if proper scaling of the result is used.
[0112] Exponential averaging the squared signal in
noise dosimeters can yield a slowly varying electronic
signal, below the audio spectrum that can be sampled at
much slower sampling rates compared to sampling the
squared signal, itself, or other signals in the audio spec-
trum. The audio spectrum is considered to be between
20Hz and 20,000Hz.
[0113] To properly sample a time-varying signal, the
sampling rate must be greater than double the highest
frequency of the signal. For an audio signal, this would
be sampling at least 40,000 times per second. Signals
having a spectrum below the audio spectrum can be sam-
pled at frequencies of less than 40 (2x20) times per sec-
ond.
[0114] The exponentially averaged squared signal, or
RMS signal, used for a noise dose calculation can be
sampled at rates of less than 40 times per second, and
even once per second in some applications. Sampling
the squared and exponentially averaged, or RMS, audio
signal can result in 39,960 fewer samples per second in
the invention due to the novel technique of sampling the
averaged squared signal, or RMS signal, within the ear-
plug instead of the audio spectrum signal derived from
the microphone, which results in significant power sav-
ings.
[0115] This is critical because minimizing the battery
size results in a more comfortable earplug. Moreover, in
another embodiment of the invention, this reduction of
power of the invention enables the operation of the ear-
plug using wireless power transfer because of the limited
capacity of wireless power systems using small earplug
antennas.
[0116] Figure 25 shows details of the equalization cir-
cuit 32 shown in the embodiment of Fig. 24. This equal-
ization circuit 32 is similar to the circuit shown in Fig. 21,
except that the location of a proximity switch 98 is shown
for this embodiment. The proximity switch 98 is activated
when the earplug is placed in a magnetic field, for exam-
ple, near a magnet in a dock unit 18. In this way, two
equalization circuit responses are achieved depending
on the state of the switch, and the state of the switch
depends on whether the earplug 16 is in the dock 18 or
not in the dock 18. The equalization circuits 32 can be
analog, as shown in Fig. 25, or can be digital. In a pre-
ferred embodiment, there is at least a 3 dB difference in
the response of the two filters at at least one frequency
between 2 kHz and 5 kHz.
[0117] A single dock unit 18 from Fig. 23 is shown in
Fig. 26. In this embodiment of the invention, the dock unit
18 is passive, in that it does not require electrical power
to function and can therefore be made very inexpensive-
ly, small in size and doesn’t require a battery. The interior
of the earplug 16 is not shown in Fig. 26 for simplicity
and clarity. This dock unit 18 incorporates a magnet 46
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to hold the earplug 16 in place, due to magnetic attraction
to a battery in the earplug (not shown), and to activate
the proximity switch 98 within the earplug 16.
[0118] In the preferred embodiment, the proximity 98
switch modifies the compensation filter 97 frequency re-
sponse. The proximity switch 98 is in the open circuit
state when activated in this embodiment. This occurs
when the earplug is in the dock unit, and the compensa-
tion filter 97 functions to filter the output of the A-weight
filter 96. When the earplug 16 is removed from the dock
18, the proximity switch 98 is no longer in a magnetic
field and the switch 98 is deactivated and in the short
circuit state, and the compensation filter 97 is bypassed
in the equalization circuit 32. In this way, the earplug 16
can have two equalization settings: one when the earplug
16 is in a dock 18 and another when it isn’t, such as when
it is in the ear.
[0119] In this embodiment, the proximity switch 98 also
communicates with the RFID chip 40 to communicate to
the RFID chip 40 that the earplug 16 is in the presence
of a magnetic field, such as when it is docked. The RFID
chip 40 can time stamp this data to indicate when the
earplug 16 is in the dock 18 and when it isn’t. The RFID
chip 40 also time stamps the digitized output of the square
root circuit 82.
[0120] In this preferred embodiment, when the earplug
is suspended from a string, with no rigid structures in
close proximity that would significantly influence the
acoustic response, and subject to ambient acoustic noise
and a magnetic field, the transfer function from the am-
bient noise to the output of the earplug equalization circuit
32 will have the relative response of an A-weighting filter
96, with appropriate gain for processing the electrical sig-
nal.
[0121] When the earplug is in the ear 11, the compen-
sation filter 98 is bypassed and a second response cho-
sen by the designer can be achieved. The response of
the microphone 6 when the earplug 16 is in the ear 11
can compensate for changes in the ear canal 14 acous-
tics due to a blocked canal, when the earplug 16 is worn
in the ear 11, compared to an unblocked canal, when the
earplug 16 is not worn, for example.
[0122] There may be additional filtering between the
A-weighted filter 96 and the compensation filter 97 or
prior to the A-weighted filter 96 or in other locations as
determined by the designer for such purposes, for exam-
ple, of equalizing the microphone 6 response. The mi-
crophone 6 output may be coupled directly through the
microphone bias circuit 28 to the equalization circuit 32,
or the microphone 6 output may be coupled through ad-
ditional circuits to the equalization circuit 32, through for
example, additional filters. In this embodiment of the in-
vention, when the earplug 16 is subject to diffuse ambient
acoustic noise and a magnetic field of sufficient strength
to activate the proximity switch 98, the transfer function
from the ambient noise to the input of the squaring circuit
34 will have the relative response of an A-weighting filter.
[0123] A transfer function that has the relative re-

sponse, or shape, of an A-weighting filter has a sensitivity
at each frequency, relative to the sensitivity of the transfer
function at 1,000Hz, such as the one shown in ANSI
S1.42 (Design Response of Weighting Networks for
Acoustical Measurements, Tables 1 and 2) within accept-
able tolerances. The appropriate A-weighting filter de-
pends on the standards used by a particular country or
jurisdiction and may be referred to as a "target response"
or other name. Another example of a target response,
depending on the intended application of the invention,
could be the relative response of a C-weighting filter,
where the C-weighting filter characteristics can be found
in ANSI 1.42.
[0124] An example of an acceptable tolerance of the
target response would be the tolerance specified by a
standards committee concerning noise dosimeters, such
as ANSI S1.25 (Specification for Noise Dosimeters, Ta-
ble 1), or other reputable standard concerning noise
dosimetry relevant to the country or jurisdiction the in-
vention is to be used. Other target responses, other than
the A-weighted relative response, may be specified in
different countries. Moreover, the specified A-weighting
response in ANSI S1.42 and tolerances in ANSI S1.25
may be modified in the future or new standards may be
issued that supersede these standards.
[0125] The target response, in the preferred embodi-
ment of the invention, is the target transfer function, or
frequency characteristics, measured from the acoustic
noise environment to the input of the squaring or other
non-linear processing circuitry specified for a noise
dosimeter in a reputable standard that governs noise
dosimetry for a given country or jurisdiction. For the Unit-
ed States, at this time, a target response of the preferred
embodiment is the A-weighting response and tolerances
specified in section 4.2 and Table 1 of ANSI S1.25. An-
other target response of another preferred embodiment
would be the C-weighting response and tolerances spec-
ified in section 4.2 and Table 1 of ANSI S1.25.
[0126] ANSI Specifications S1.25 and S1.42 are incor-
porated herein by reference.
[0127] Figure 27 shows another embodiment of the in-
vention where the earplug 16 houses a temperature sen-
sor 100 in addition to the earplug microphone 6. In this
embodiment, the temperature sensor 100 is coupled to
an external ambient environment via an air path, provided
by a channel 102 through an eartip 10. The external en-
vironment is a human ear canal when the earplug 16 is
worn in the ear, and is the room environment when the
earplug 16 is outside of the ear.
[0128] A temperature sensor 100 output can be input
to a logging circuit and other electrical circuits. When
worn in the ear, the temperature sensor 100 measures
the temperature of the ear canal 14, which is an indication
of the human core temperature and can be used to de-
termine if the user has a fever. The temperature sensor
100 can also be used to determine if the earplug 16 is
placed in the ear canal 14 or not, when using logging,
because the temperature sensor 100 will be reading two
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different temperatures if the room temperature is not 98.6
degrees. Typically, the temperature of the room of a work
environment is below 98.6 degrees.
[0129] In this preferred environment, when the temper-
ature sensor 100 output indicates a temperature consist-
ent with the earplug 16 being worn in the ear, an appro-
priate filter is coupled to the earplug microphone 6. When
the temperature sensor 100 output indicates a tempera-
ture consistent with the earplug 16 being worn outside
of the ear, a second appropriate filter is coupled to the
earplug microphone 6. That is, the temperature sensor
100 output is used to select one of two filter settings that
are coupled to the microphone 6, similar to the way that
the proximity switch 98 was used to modify the equaliza-
tion circuit 32 response shown in Fig. 24 and Fig. 25. In
this way, two equalization circuit responses are achieved
depending on the output of the temperature sensor 100,
which correspond to whether the earplug is in the ear or
not in the ear.
[0130] In a preferred embodiment, there is at least a 3
dB difference in the response of the two filters at at least
one frequency between 2 kHz and 5 kHz. This corre-
sponds to a significant change in the noise exposure cal-
culation because a 3 dB shift can enable a worker to work
twice as long when using NIOSH guidelines.
[0131] . Indicators are useful in dosimetry systems to
alert the user when he/she is approaching overexposure
limits. LEDs located on the earplugs 16 would be difficult
to see, and wired indicators would be impractical.
[0132] Figure 28 shows another embodiment in which
in-ear dosimetry earplugs 16 have wireless links 104 to
remotely-located indicators 106, which could be LEDs or
other light emitting devices, which can be used to alert
the user when they are approaching and/or have re-
ceived maximum noise dose, or other information. The
indicators 106, in this embodiment, are powered using
batteries and have a receiver to receive signals from the
earplugs. The indicators 106 can be attached to conven-
ient places within the line of sight of the user, such as on
the brim of a hat 108 or attached to a piece of equipment
that the user operates.
[0133] Figure 29 shows an embodiment of the noise
dosimetry system incorporating a noise dosimetry ear-
plug 16, a dock unit 18, remotely-located indicators 16
attached to a hat 108, an earplug reader unit 110 and a
computer 120. In this embodiment, an earplug is placed
in the reader unit 110 for the purposes of storing the ear-
plug, calibrating the microphone 6 and earplug electron-
ics 23, recharging the earplug battery 24 and download-
ing data from the earplug 16. A reader transceiver an-
tenna 116 communicates with the earplug transceiver
antenna 42 for charging the battery 24 and downloading
data. An acoustic transducer, such as a speaker 112 in
this embodiment, is used to generate signals for calibrat-
ing the earplug 16. The acoustic signal generated by the
speaker 112 is acoustically coupled to the microphone 6
of the earplug 16 through a reader sound duct 122. Read-
er electronics 114 are connected to the speaker 112 and

reader transceiver antenna 116. The reader electronics
114 communicate with a computer 120 via a connector
118 on the reader 110. The computer 120, in this em-
bodiment, is used to control the functions of the reader
110 and to store downloaded data from the earplug 16.
[0134] In another embodiment of the invention, the
dock 18 can hold two earplugs 16 and can be clipped to
a shirt pocket or other location on a user’s clothing. The
dock 18 may also be attached to a hat or suspended from
a necklace.
[0135] Accordingly, it is to be understood that the em-
bodiments of the invention herein described are merely
illustrative of the application of the principles of the in-
vention. Reference herein to details of the illustrated em-
bodiments is not intended to limit the scope of the claims,
which themselves recite those features regarded as es-
sential to the invention.

Claims

1. A noise dosimetry system, comprising:
an earplug (16) comprising:

an eartip (10) for insertion into an ear canal (14)
of a human, the eartip having a proximal end
closest to an eardrum (15) of the human when
the eartip is inserted in the ear canal, a distal
end, and a sound delivery channel (12) leading
from the proximal end to the distal end;
a microphone (6), acoustically coupled to the
sound delivery channel at the distal end of the
eartip, having a microphone electrical output;
a processing function having an input and an
output; and
at least one equalization circuit (32) having an
input coupled to the microphone electrical out-
put and an output coupled to the processing
function input, wherein
the earplug further comprises a switch (79, 98)
coupled to the at least one equalization circuit,
the switch configured to be in an activated state
when a first set of predetermined conditions is
met and configured to be in a non-activated state
when a second set of predetermined conditions
is met,
the at least one equalization circuit configured
to exhibit a first electrical response when the
switch is in the non-activated state and exhibit
a second electrical response when the switch is
in the activated state.

2. The noise dosimetry system of claim 1, further com-
prising a sensor (100) coupled to the switch, the sen-
sor configured to detect the first set of predetermined
conditions and the second set of predetermined con-
ditions.
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3. The noise dosimetry system of claim 1, wherein the
first response differs from the second response by
greater than 3 dB at a frequency between 2 kHz and
5 kHz.

4. The noise dosimetry system of claim 1, wherein the
first set of predetermined conditions includes the ear-
plug being exposed to a magnetic field and the sec-
ond set of predetermined conditions includes the
earplug not having exposure to the magnetic field.

5. The noise dosimetry system of claim 1, wherein the
earplug further comprises a temperature sensor
(100) coupled to the switch, the switch configured to
change between the non-activated state and the ac-
tivated state based on temperature sensed by the
temperature sensor.

6. The noise dosimetry system of claim 5, wherein the
first set of predetermined conditions is indicative of
the eartip being outside the ear canal and the second
set of predetermined conditions is indicative of the
eartip being in the ear canal.

7. The noise dosimetry system of claim 1, wherein the
at least one equalization circuit is configured such
that the first electrical response compensates for the
ambient sound amplification in the human ear due
to acoustical resonances of the human ear.

8. The noise dosimetry system of claim 1, wherein the
processing function comprises:
a squaring circuit (34) having an input coupled to the
microphone electrical output and an output.

9. The noise dosimetry system of claim 1, in which the
earplug further comprises an ambient microphone
(20).

10. The noise dosimetry system of claim 1, further com-
prising a dock unit (18) for storing the earplug.

11. The noise dosimetry system of claim 10, wherein the
dock unit comprises an acoustical network (78)
acoustically coupled to the earplug microphone
when the earplug is stored in the dock unit.

12. The noise dosimetry system of claim 10, wherein the
dock unit comprises at least one magnet (46) for re-
taining the earplug, the at least one magnet having
a magnetic field, the magnetic field configured to
cause the switch (79, 98) in the earplug to be in the
activated state as a result of the earplug being stored
in the dock unit.

13. The noise dosimetry system of claim 10, wherein the
dock unit provides an acoustic path from the earplug
sound delivery channel to the ambient environment.

14. The noise dosimetry system of claim 1, wherein the
change from the non-activated state to the activated
state is automatic.

15. The noise dosimetry system of claim 10, wherein the
first set of predetermined conditions is indicative of
the earplug being docked in the dock unit, and the
second set of predetermined conditions is indicative
of the earplug not being docked in the dock unit.

Patentansprüche

1. Lärmdosimetriesystem, umfassend:

einen Ohrstöpsel (16), der Folgendes umfasst:
ein Ohrpassstück (10) zum Einführen in einen
Gehörgang (14) eines Menschen, wobei das
Ohrpassstück ein proximales Ende, das dem
Trommelfell (15) des Menschen am nächsten
ist, wenn das Ohrpassstück in den Gehörgang
eingeführt ist, ein distales Ende und einen
Schallzufuhrkanal (12) aufweist, der vom proxi-
malen zum distalen Ende verläuft;
ein Mikrofon (6), das am distalen Ende des Ohr-
passstücks akustisch mit dem Schallzufuhrka-
nal gekoppelt ist, das einen elektrischen Mikro-
fonausgang aufweist;
eine Verarbeitungsfunktion, die einen Eingang
und einen Ausgang aufweist; und
zumindest eine Equalizerschaltung (32), die ei-
nen Eingang, der mit dem elektrischen Mikro-
fonausgang gekoppelt ist, und einen Ausgang
aufweist, der mit dem Eingang der Verarbei-
tungsfunktion gekoppelt ist,
wobei der Ohrstöpsel ferner einen Schalter (79,
98) umfasst, der mit der zumindest einen Equa-
lizerschaltung gekoppelt ist, wobei der Schalter
ausgelegt ist, um in einem aktivierten Zustand
zu sein, wenn ein erster Satz von vorbestimmten
Bedingungen erfüllt wird, und ausgelegt ist, um
in einem nichtaktivierten Zustand zu sein, wenn
ein zweiter Satz von vorbestimmten Bedingun-
gen erfüllt wird,
wobei die zumindest eine Equalizerschaltung
ausgelegt ist, um eine erste elektrische Charak-
teristik aufzuweisen, wenn sich der Schalter im
nichtaktivierten Zustand befindet, und eine
zweite elektrische Charakteristik aufzuweisen,
wenn sich der Schalter im aktivierten Zustand
befindet.

2. Lärmdosimetriesystem nach Anspruch 1, ferner um-
fassend einen Sensor (100), der mit dem Schalter
gekoppelt ist, wobei der Sensor ausgelegt ist, um
den ersten Satz von vorbestimmten Bedingungen
und den zweiten Satz von vorbestimmten Bedingun-
gen zu detektieren.
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3. Lärmdosimetriesystem nach Anspruch 1, wobei sich
die erste Charakteristik um mehr als 3 dB bei einer
Frequenz von zwischen 2 kHz und 5 kHz von der
zweiten Charakteristik unterscheidet.

4. Lärmdosimetriesystem nach Anspruch 1, wobei der
erste Satz von vorbestimmten Bedingungen um-
fasst, dass der Ohrstöpsel einem Magnetfeld aus-
gesetzt ist, und der zweite Satz von vorbestimmten
Bedingungen umfasst, dass der Ohrstöpsel dem
Magnetfeld nicht ausgesetzt ist.

5. Lärmdosimetriesystem nach Anspruch 1, wobei der
Ohrstöpsel ferner einen Temperatursensor (100)
umfasst, der mit dem Schalter gekoppelt ist, wobei
der Schalter ausgelegt ist, um zwischen dem nicht-
aktivierten Zustand und dem aktivierten Zustand ba-
sierend auf der Temperatur zu wechseln, die durch
den Temperatursensor abgefühlt wird.

6. Lärmdosimetriesystem nach Anspruch 5, wobei der
erste Satz von vorbestimmten Bedingungen angibt,
dass sich das Ohrpassstück außerhalb des Gehör-
gangs befindet, und der zweite Satz von vorbe-
stimmten Bedingungen angibt, dass sich das Ohr-
passstück in dem Gehörgang befindet.

7. Lärmdosimetriesystem nach Anspruch 1, wobei die
zumindest eine Equalizerschaltung so ausgelegt ist,
dass die erste elektrische Charakteristik die Umge-
bungsschallverstärkung im menschlichen Ohr auf-
grund von akustischen Resonanzen des menschli-
chen Ohrs kompensiert.

8. Lärmdosimetriesystem nach Anspruch 1, wobei die
Verarbeitungsfunktion Folgendes umfasst:
eine Quadrierungsschaltung (34), die einen Eingang
aufweist, der mit dem elektrischen Ausgang des Mi-
krofons gekoppelt ist, und einen Ausgang aufweist.

9. Lärmdosimetriesystem nach Anspruch 1, in dem der
Ohrstöpsel ferner ein Umgebungsmikrofon (20) um-
fasst.

10. Lärmdosimetriesystem nach Anspruch 1, ferner um-
fassend eine Docking-Einheit (18) zum Lagern des
Ohrstöpsels.

11. Lärmdosimetriesystem nach Anspruch 10, wobei die
Docking-Einheit ein akustisches Netzwerk (78) um-
fasst, das akustisch mit dem Ohrstöpselmikrofon ge-
koppelt ist, wenn der Ohrstöpsel in der Docking-Ein-
heit gelagert ist.

12. Lärmdosimetriesystem nach Anspruch 10, wobei die
Docking-Einheit zumindest einen Magneten (46)
zum Zurückhalten des Ohrstöpsels umfasst, wobei
der zumindest eine Magnet ein Magnetfeld aufweist,

wobei das Magnetfeld ausgelegt ist, um zu bewirken,
dass der Schalter (79, 98) in dem Ohrstöpsel als
Reaktion darauf, dass der Ohrstöpsel in der Do-
cking-Einheit gelagert wird, in den aktivierten Zu-
stand versetzt wird.

13. Lärmdosimetriesystem nach Anspruch 10, wobei die
Docking-Einheit einen akustischen Pfad von dem
Ohrstöpsel-Schallzufuhrkanal an die Umgebung be-
reitstellt.

14. Lärmdosimetriesystem nach Anspruch 1, wobei der
Wechsel von dem nichtaktivierten Zustand in den
aktivierten Zustand automatisch erfolgt.

15. Lärmdosimetriesystem nach Anspruch 10, wobei
der erste Satz von vorbestimmten Bedingungen an-
zeigt, dass der Ohrstöpsel in der Docking-Einheit an-
gedockt ist, und der zweite Satz von vorbestimmten
Bedingungen anzeigt, dass der Ohrstöpsel nicht in
der Docking-Einheit angedockt ist.

Revendications

1. Système de dosimétrie de bruit, comprenant :
une oreillette (16) comprenant :

un embout auriculaire (10) destiné à être inséré
dans un conduit auditif (14) d’un être humain,
l’embout auriculaire présentant une extrémité
proximale la plus proche d’un tympan (15) de
l’être humain lorsque l’embout auriculaire est in-
séré dans le conduit auditif, une extrémité dis-
tale, et un canal de distribution de son (12) con-
duisant de l’extrémité proximale à l’extrémité
distale ;
un microphone (6), couplé acoustiquement au
canal de distribution de son au niveau de l’ex-
trémité distale de l’embout auriculaire, présen-
tant une sortie électrique de microphone ;
une fonction de traitement présentant une en-
trée et une sortie ; et
au moins un circuit d’égalisation (32) présentant
une entrée couplée à la sortie électrique de mi-
crophone et une sortie couplée à l’entrée de
fonction de traitement,
dans lequel
l’oreillette comprend en outre un commutateur
(79, 98) couplé au au moins un circuit d’égali-
sation, le commutateur étant configuré pour être
dans un état activé lorsqu’un premier ensemble
de conditions prédéterminées est satisfait et
configuré pour être dans un état non activé lors-
qu’un second ensemble de conditions prédéter-
minées est satisfait,
le au moins un circuit d’égalisation étant confi-
guré pour présenter une première réponse élec-
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trique lorsque le commutateur est dans l’état non
activé et présenter une seconde réponse élec-
trique lorsque le commutateur est dans l’état ac-
tivé.

2. Système de dosimétrie de bruit selon la revendica-
tion 1, comprenant en outre un capteur (100) couplé
au commutateur, le capteur étant configuré pour dé-
tecter le premier ensemble de conditions prédéter-
minées et le second ensemble de conditions prédé-
terminées.

3. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel la première réponse diffère de la
seconde réponse de plus de 3 dB à une fréquence
comprise entre 2 kHz et 5 kHz.

4. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel le premier ensemble de conditions
prédéterminées comprend l’oreillette exposée à un
champ magnétique et le second ensemble de con-
ditions prédéterminées comprend l’oreillette n’étant
pas exposée au champ magnétique.

5. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel l’oreillette comprend en outre un
capteur de température (100) couplé au commuta-
teur, le commutateur étant configuré pour passer de
l’état non activé à l’état activé sur la base de la tem-
pérature détectée par le capteur de température.

6. Système de dosimétrie de bruit selon la revendica-
tion 5, dans lequel le premier ensemble de conditions
prédéterminées indique que l’embout auriculaire est
à l’extérieur du canal auditif et le second ensemble
de conditions prédéterminées indique que l’embout
auriculaire est dans le canal auditif.

7. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel le au moins un circuit d’égalisation
est configuré de telle sorte que la première réponse
électrique compense l’amplification de son ambiant
dans l’oreille humaine du fait de résonances acous-
tiques de l’oreille humaine.

8. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel la fonction de traitement
comprend :
un circuit de mise au carré (34) présentant une en-
trée couplée à la sortie électrique de microphone et
une sortie.

9. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel l’oreillette comprend en outre un
microphone ambiant (20).

10. Système de dosimétrie de bruit selon la revendica-
tion 1, comprenant en outre une unité d’accueil (18)

pour stocker l’oreillette.

11. Système de dosimétrie de bruit selon la revendica-
tion 10, dans lequel l’unité d’accueil comprend un
réseau acoustique (78) couplé acoustiquement au
microphone d’oreillette lorsque l’oreillette est stoc-
kée dans l’unité d’accueil.

12. Système de dosimétrie de bruit selon la revendica-
tion 10, dans lequel l’unité d’accueil comprend au
moins un aimant (46) pour retenir l’oreillette, le au
moins un aimant présentant un champ magnétique,
le champ magnétique étant configuré pour amener
le commutateur (79, 98) dans l’oreillette à être dans
l’état activé en conséquence du fait que l’oreillette
est stockée dans l’unité d’accueil.

13. Système de dosimétrie de bruit selon la revendica-
tion 10, dans lequel l’unité d’accueil fournit un trajet
acoustique depuis le canal de distribution de son
d’oreillette vers l’environnement ambiant.

14. Système de dosimétrie de bruit selon la revendica-
tion 1, dans lequel le passage de l’état non activé à
l’état activé est automatique.

15. Système de dosimétrie de bruit selon la revendica-
tion 10, dans lequel le premier ensemble de condi-
tions prédéterminées indique que l’oreillette est ac-
cueillie dans l’unité d’accueil, et le second ensemble
de conditions prédéterminées indique que l’oreillette
n’est pas accueillie dans l’unité d’accueil.
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