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(57) ABSTRACT

Apparatus for use in controlling snoring, including: a sensor
system for sensing snoring by a person while sleeping, and a
stimulus device effective, when actuated by the sensor sys-
tem, to apply a stimulus to the person for producing a
response tending to interrupt the person’s snoring. The stimu-
lus device includes a vibrator and a band for enclosing a body
part of the person and for applying a vibration to the body
part. Also described is a force or displacement sensor, which
includes a housing filled with a liquid having high transmis-
sivity and low attenuation properties with respect to acousti-
cal waves, and an acoustical transmitter and an acoustical
receiver carried by opposed walls of the housing spaced from
each other to define between them an acoustical transmission
channel of the liquid. The housing is deformable by a force
such as to change the length of the acoustical transmission
channel in accordance with the applied force. A measuring
system measures the transit time of an acoustical wave
through the acoustical transmission channel to provide a mea-
surement of the applied force.

17 Claims, 6 Drawing Sheets
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APPARATUS FOR USE IN CONTROLLING
SNORING AND SENSOR UNIT
PARTICULARLY USEFUL THEREIN

RELATED APPLICATIONS

This Application claims the benefit of Israel Patent Appli-
cation No. 176025 filed on May 30, 2006, the contents of
which are hereby incorporated by reference.

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to apparatus for controlling
snoring, and also to a sensor unit particularly useful in such
apparatus.

It is generally recognized that snoring not only unduly
disturbs those in the immediate vicinity, but probably more
important, may be an indication of a serious sleep disorder
which can lead to strokes, heart diseases, hypertension, etc.
Many sound-type sensors have been developed for this pur-
pose, but such sensors are also sensitive to sounds other than
snoring sounds, and are therefore generally subject to a rela-
tively high rate of false alarms.

International Application No. PCT/IL.2005/000617, pub-
lished under International Publication No. W02005/120167,
assigned to the same assignee as the present application,
discloses apparatus for controlling snoring by a person uti-
lizing sensor units which sense mechanical vibrations of an
external part of the person’s body, and which, therefore, are
less sensitive to sounds other than snoring sounds.

OBIECTS AND BRIEF SUMMARY OF THE
PRESENT INVENTION

An object of the present invention is to provide apparatus
for controlling snoring having a number of advantages over
the apparatus described in the above-cited International
Application. Another object of the invention is to provide a
novel force or displacement sensor having a high level of
sensitivity especially in the presence of various ambient con-
ditions, and therefore particularly useful in apparatus for con-
trolling snoring.

According to one aspect of the present invention, there is
provided apparatus for use in controlling snoring, compris-
ing: a sensor system for sensing snoring by a person while
sleeping; and a stimulus device effective, when actuated by
the sensor system sensing snoring in the person, to apply a
stimulus to the person for producing a response tending to
interrupt the person’s snoring; the stimulus device including
a vibrator and a band for enclosing a body part of the person
and for applying a vibration to the body part.

In the described preferred embodiment, the vibrator
includes a battery-powered motor-driven eccentric weight.

As will be described more particularly below, the foregoing
features of the invention are particularly useful in apparatus
for controlling snoring of two persons, since the apparatus
can selectively sense snoring by either of the two persons and
selectively apply the stimulus to the one determined to be
snoring.

According to another aspect of the present invention, there
is provided a force or displacement sensor unit, particularly
useful in the above anti-snoring apparatus, which sensor unit
comprises: a housing filled with a liquid having high trans-
missivity and low attenuation properties with respect to
acoustical waves; an acoustical transmitter and an acoustical
receiver carried by opposed walls of the housing spaced from

20

25

30

35

40

45

50

55

60

65

2

each other so as to define between the transmitter and
receiver, an acoustical transmission channel of the liquid; the
housing being deformable by a force applied to it such as to
change the length of the acoustical transmission channel
between the transmitter and receiver in accordance with the
applied force; and a measuring system for measuring the
transit time of an acoustical wave from the transmitter to the
receiver via the acoustical transmission channel to provide a
measurement of the applied force.

As will also be described below, such a sensor is capable of
providing a very high degree of sensitivity in detecting snor-
ing, in determining the person doing the snoring, and in
applying the stimulus to such person, even in the presence of
ambient conditions.

Further features and advantages of the invention will be
apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only,
with reference to the accompanying drawings, wherein:

FIG. 11is a block diagram illustrating the main components
in one form of apparatus constructed in accordance with the
present invention for controlling snoring by two persons;

FIG. 2 is an exploded view of one of the two sensor assem-
blies in the apparatus of FIG. 1;

FIG. 3 is an exploded view of one of the two stimulus
devices in the apparatus of FIG. 1;

FIG. 4 is a plan view illustrating one form of sensor con-
structed in accordance with the present invention for use in
the sensor assembly of FIG. 2;

FIG.5is an enlarged sectional view along lines V-V of FIG.
4;

FIG. 6 illustrates a measuring system for using the sensor
of FIGS. 4 and 5 in order to measure mechanical vibrations, or
other forms of force or displacement in a highly sensitive
manner;

FIG. 7 is a view similar to that of FIG. 5 but illustrating a
modification in the construction of the sensor; and

FIG. 8 is a view similar to that of FIG. 5 but illustrating the
inclusion of a coiled spring in order to reduce the response
time of the sensor.

It is to be understood that the foregoing drawings, and the
description below, are provided primarily for purposes of
facilitating understanding the conceptual aspects of the
invention and possible embodiments thereof, including what
is presently considered to be a preferred embodiment. In the
interest of clarity and brevity, no attempt is made to provide
more details than necessary to enable one skilled in the art,
using routine skill and design, to understand and practice the
described invention. It is to be further understood that the
embodiments described are for purposes of example only, and
that the invention is capable of being embodied in other forms
and applications than described herein.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference is first made to FIG. 1 illustrating, in block
diagram form, the main components of one form of apparatus
constructed in accordance with the present invention for con-
trolling snoring, in this case for controlling snoring by two
persons.

The illustrated apparatus includes two sensor assemblies
2a, 2b, each for sensing a snoring condition by a respective
person. Sensor assembly 2a is a master assembly and includes
a processor unit 3 for receiving the outputs of the two sensor
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assemblies 2a, 2b and for determining whether either indi-
cates a snoring condition. The illustrated apparatus further
includes two stimulus devices 4a, 4b, one worn by each of the
two persons and activated by the processor unit 3 when deter-
mining that a snoring condition is present in the respective
person. The two sensor assemblies 2a, 25 are constructed as
separate units for introduction over, under or within the mat-
tress or mattresses of the respective persons; whereas the two
stimulus devices 4a, 4b are constructed to be worn on the
wrist or foot of the respective person.

FIG. 2 more particularly illustrates the construction of each
of the two sensor assemblies 2a, 2b; whereas FIG. 3 more
particularly illustrates the construction of each of the stimulus
devices 4a, 4b. As will be described more particularly below,
each of the stimulus devices 4a, 45, when activated upon
sensing a snoring condition, produces a stimulus which is
applied to the person such as to produce a response in the
person tending to interrupt the person’s snoring.

The apparatus illustrated in FIG. 1 further includes a
charger device 5 having two sockets 6a, 65 for recording
information from the two stimulus devices 4a, 46 when not
worn by the respective person, and for charging the batteries.
The charger device also includes an indicator or display 7a,
7b for each person, which displays information as to the
number of snoring episodes determined by the apparatus to
have been experienced by each person during a particular
sleeping period, e.g., night of sleep. Displays 7a, 75 may each
be in the form of vertically-aligned light bars, for providing
information as to the number of snoring episodes experienced
by the respective user. Charger device 5 receives this infor-
mation from its respective stimulus device 4a, 46 when
inserted in the respective socket 6a, 65.

The construction of each of the sensor assemblies 2a, 25 is
illustrated in FIG. 2, and therein generally designated 2. It
includes a sensor unit 20 mounted centrally of and between a
lower circular plate 21 and an upper circular plate 22, such
that any force applied to the upper plate 22 is transferred to the
sensor unit 20. The two plates 21, 22 are in turn covered by a
lower cover 23 and an upper cover 24. As indicated earlier,
sensor assembly 2a is the master unit and also includes the
processor 3.

Each sensor assembly 2a and 25 further includes a plurality
of resilient pads 25 alternating with a plurality of elastic
springs 26 located between the sensor unit and the outer
periphery of the two circular plates 21, 22. The resilient pads
25 are preferably of a material having high damping charac-
teristics with respect to mechanical vibrations. Examples of
such materials suitable for the resilient pads are soft sponge
rubber and a soft silicon elastomer.

The upper plate 22 is supported on the sensor unit 20, as
well as on the resilient pads 25 and springs 26, such that any
force applied to the upper plate is transmitted to the sensor
unit. The upper plate 22 is thus free to move vertically with
respect to the lower plate 21. The upper plate 22 is guided in
its movements by a plurality of screws 27 fixed to the lower
plate 21. Screws 27 freely pass through openings 27a in the
upper plate 22 and have enlarged heads engageable with the
upper surfaces of the upper plate 22.

The construction of sensor unit 20 is more particularly
described below with respect to FIGS. 4-7.

Each sensor assembly 2 further includes a measuring cir-
cuit 28 carried by a printed circuit board 28a for receiving the
output of the respective sensor unit, and for transmitting it to
the processor 3 via conductors 29a, 295 (FIG. 1). Processor
unit 3 thus receives the outputs of the two sensor assemblies
2a, 2b and processes them in order to determine whether
either output indicates a snoring condition existing in the
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person being monitored by the respective sensor assembly. If
snoring is indicated, processor 3 activates, preferably in a
wireless manner, the respective stimulus device 4a, 4b, of the
person whose sensor assembly indicates a snoring condition.

Each stimulus device 4a, 4b, to be worn by the respective
person, is more particularly shown in FIG. 3 wherein the
stimulus device is generally designated 4. Each stimulus
device includes a wrist band 40 to be worn by the respective
person, and a small electrical motor 41 powered by a battery
42 for rotating an eccentric weight 43 when the battery is
energized. The motor 41 is mounted for rotation on a printed
circuit board 44 which includes a presettable control 45 for
presetting the rotary speed of the motor, and thereby the
intensity of the stimulus produced by the eccentric weight 43
when rotated by the motor.

The motor and eccentric-weight are mounted on a base 46
by fasteners 46a, which base is insertable into a socket 6a, 65
in charger device 5 (FIG. 1). The upper side of each stimulator
device 4 is closed by a cover plate 47, and the lower side by a
cover plate 48. The assembly including motor 41, battery 42
eccentric weight 43 and base 46 are attachable to wrist band
40, and are removable therefrom for charging the battery
when the device is not worn, by insertion into a socket 6a, 65
of charger device 5. For this purpose, the printed circuit the
board 44 includes contacts 49 engageable with contacts in the
charger device when inserted into the respective socket of the
charger device.

FIGS. 4-7 illustrate preferred constructions of sensor unit
20 which may be used in each sensor assembly 2a, 25 in the
apparatus of FIGS. 1-3.

The sensor unit illustrated in FIGS. 4 and 5 is generally
designated 200. It includes a housing 202 filled with a liquid
203 having high transmissivity and low attenuation properties
with respect to acoustical waves. Preferably, liquid 203 is a
silicone oil having high viscosity properties, similar to honey.

The illustrated sensor further includes an acoustical trans-
mitter 204 and an acoustical receiver 205 carried on opposed
walls of housing 202, spaced from each other so as to define,
between transmitter 204 and receiver 205, an acoustical trans-
mission channel 206 constituted of the liquid 203. As will be
described more particularly below, housing 202 is deform-
able by a force applied to it such as to change the length of
acoustical transmission channel 206 in accordance with the
applied force. Thus, a precise measurement of the transit time
of an acoustical wave from transmitter 204 to receiver 206
provides an accurate measurement of the applied force.

As shown in FIG. 5, housing 202 is constituted of a main
section 211 in the configuration of a hollow button open at one
end (its lower end), and a closure section 212 closing the open
end of the main section 211. As shown particularly in FIG. 4,
the main section 211 is of circular configuration in cross-
section, and closure section 212 is also of circular configura-
tion but of larger diameter than that of the main section. Main
section 211 of housing 202 is formed with an outwardly-
extending peripheral flange 213 (FIG. 5) circumscribing its
open end; and closure section 212 is formed with an annular
recess 214 for receiving the peripheral flange 213.

Section 211 of housing 202 is preferably made of a mate-
rial, such as rubber, which has high attenuation properties
with respect to acoustical waves, whereas housing section
212 is made of metal and has no direct contact with acoustical
waves.

Mainsection 211 ofhousing 202 is formed with a relatively
thick end wall 2114, and with a much thinner side wall 21154
between end wall 211a and its peripheral flange 213. Side
wall 2115 of the housing is sufficiently thin so as to be easily
deformable by a force applied to end wall 2114, such that the
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displacement of transmitter 204 carried by end wall 211a of
housing 202 towards receiver 205 carried by the opposed end
wall 212 of housing 202, provides a measurement of the
applied force.

In the embodiment illustrated in FIG. 5, the transmitter 204
and receiver 205 are mounted on damper members 215 and
216, respectively, fixed to the opposite ends of housing 202.
Damper members 215, 216 are also made of a material, such
as rubber, having high attenuation properties with respect to
acoustical waves. Such damper members thus minimize
reflections of the acoustical waves outside of the acoustical
transmission channel 206.

FIG. 6 more particularly illustrates a preferred circuit, gen-
erally designated 220, according to U.S. Pat. No. 6,621,278
and International Patent Application PCT/IL0O5/000617,
which is preferably used with the force sensor of FIGS. 4 and
5 to produce a very precise measurement of the force applied
to end wall 211a of sensor housing 202. Briefly, such a system
operates by: (a) transmitting from transmitter 204 a cycli-
cally-repeating energy wave through the transmission chan-
nel 206 defined with receiver 205; (b) changing the frequency
of'the transmission while maintaining the number of waves in
the loop including the acoustical transmission channel as a
whole integer; and (c) utilizing the changes in frequency of
the transmission to provide an indication of the deformation
of the force applied.

In the described preferred embodiment, operation (b)
includes: detecting a predetermined fiducial point in each
cyclically-repeating energy wave received by receiver 205;
and continuously changing the frequency of the transmission
in accordance with the detected fiducial point of each
received energy wave such that the number of energy waves in
the loop of the transmission channel is a whole integer.

More particularly, the system illustrated in FIG. 6 operates
as follows: Initially, oscillator 221 is energized while switch
222 is closed so as to cause transmitter 204 to transmit a
succession of sonic pulses until such pulses are received by
receiver 205. Once the pulses are received by receiver 205,
switch 222 is opened so that the pulses received by receiver
205 are thereafter used for controlling the transmitter 204.

As shown in FIG. 6, the sonic signals received by receiver
205 are fed to a comparator 223 via its input 223a. Compara-
tor 223 includes a second input 2235 connected to a prede-
termined bias so as to detect a predetermined fiducial or
reference point in the received signal. In the example illus-
trated in FIG. 6, this predetermined fiducial point is the “zero”
cross-over point of the received signal; therefore, input 2235
of comparator 223 is at a zero bias.

The output of comparator 223 is fed to an amplifier 224,
e.g., a monostable oscillator, which is triggered to produce an
output signal at each fiducial point (zero cross-over point) in
the signals received by receiver 205. The outputs from ampli-
fier 224 are fed via an OR-gate 225 to trigger the transmitter
204 for the next sonic pulse. Since switch 222 is open, trans-
mitter 204 will thus be triggered by each signal received by
the receiver 205 to transmit the next sonic pulse in the suc-
cession of pulses.

It will thus be seen that the frequency of the output pulses
or signals from transmitter 205 will change with a change in
the spacing between the transmitter 204 and receiver 205. It
will also be seen that the number of wavelengths or pulses in
the loop including transmitter 204 and receiver 205 will be a
whole integer. This change in frequency by the transmitter 4,
while maintaining the number of waves between the trans-
mitter and receiver 205 as a whole integer, enables a precise
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6

determination to be made of the distance between the trans-
mitter and receiver, and thereby of the deformation of mem-
brane 211.

A summing circuit, including counter 226, counter 227,
clock 228 and microprocessor 229, enables the detected fre-
quency difference, and thereby the measurement precision, to
be increased by a factor “N”. Thus, the precision of the
measurement can be preset, almost without limitation, by the
selection of the appropriate frequency, clock rate for clock
228, and summation factor “N” for counter 227.

As further shown in FIG. 6, the output from microproces-
sor 229 of the control and processor circuit 220 may be used
for display, alarm and/or control purposes, as schematically
shown at 229a, 2295 and 229¢. In this case, the outputs of the
two sensor assemblies 2a, 25 (FIG. 1) are applied to processor
3, which processes them to determine whether a snoring
condition was found to exist. The processing may be done
according to the above-cited International Patent Application
No. PCT/IL2005/000617.

Further details of the construction and operation of such
measuring and processing circuits are described in U.S. Pat.
No. 6,621,278 and International Patent Application PCT/
1L05/000617, the contents of which are incorporated herein
by reference.

FIG. 7 illustrates a modification wherein damper member
215 is omitted, and the transmitter 204 is directly mounted to
the inner face of end wall 211a of housing 202. In all other
respects, the construction illustrated in FIG. 7 is the same and
operates in the same manner as described above.

FIG. 8 illustrates a further variation, wherein a coiled
spring 230 is interposed between the opposed walls of hous-
ing 202 effective to bias the opposed walls apart. The provi-
sion of such a spring adds a specific resonance to the sensor;
and by applying a constant positive pressure between the
opposed walls of the housing, the spring reduces the response
time of the sensor.

While the invention has been described with respect to
several preferred embodiments, it will be appreciated that
these are set forth merely for purposes of example, and that
many other variations, modifications and applications of the
invention may be made.

What is claimed is:

1. A force or displacement sensor, comprising:

a housing enclosure filled with a liquid having high trans-
missivity and low attenuation properties with respect to
acoustical waves;

an acoustical transmitter and an acoustical receiver carried
by opposed walls of said housing spaced from each other
so as to define between said transmitter and receiver, an
acoustical transmission channel of said liquid;

said housing being deformable by a force applied to it such
as to change the length of said acoustical transmission
channel between said transmitter and receiver in accor-
dance with the applied force;

and a measuring system for measuring the transit time of an
acoustical wave from said transmitter to said receiver via
said acoustical transmission channel to provide a mea-
surement of said applied force.

2. The sensor according to claim 1, wherein said liquid has

high viscosity properties similar to honey.

3. The sensor according to claim 1, wherein said liquid is a
silicone oil.

4. The sensor according to claim 1, wherein said housing is
made of a deformable material.

5. The sensor according to claim 1, wherein said transmit-
ter and receiver are each mounted on a damper member hav-
ing high damping properties to acoustical waves.
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6. The sensor according to claim 1, wherein said housing is
constituted of a main section in the configuration of a hollow
button open at one end, and a closure section closing the open
end of said main section.

7. The sensor according to claim 6, wherein the open end of
said main section is formed with an outwardly-extending
peripheral flange, and said closure section includes an annular
recess receiving said peripheral flange.

8. The sensor according to claim 6, wherein said main
section of the housing is of circular configuration in cross-
section, and said closure section of the housing is of circular
configuration of larger diameter than the diameter of said
main section.

9. The sensor according to claim 1, wherein said housing
includes a coiled spring interposed between said opposed
walls of the housing effective to bias said opposed walls apart.

10. The sensor according to claim 1, wherein said measur-
ing system comprises a processor for changing the frequency
of'the acoustical waves transmitted by said transmitter to said
receiver via said acoustical transmission channel, while
maintaining the number of waves in a loop including said
acoustical transmission channel as a whole integer irrespec-
tive of changes in said applied force; and for utilizing the
changes in frequency to produce a measurement of said tran-
sit time, and thereby of said applied force.

11. Apparatus including a sensor according to claim 1,
wherein said sensor is in a sensor assembly which further
includes a pair of plates of larger size than said sensor and
physically contacting the opposite sides of said sensor hous-
ing.

12. The apparatus according to claim 11, wherein said
sensor assembly also includes a plurality of resilient pads
alternating with a plurality of elastic springs located between
said sensor and the outer peripheries of said pair of plates.

13. Apparatus for use in controlling a sleep event, compris-
ing:

a sensor system including a sensor according to claim 1 for

sensing the sleep event by a person while sleeping;

a stimulus device effective, when actuated by the sensor

system sensing the sleep event in the person, to apply a
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stimulus to the person for producing a response tending
to interrupt said sleep event;

and a processor for processing the output of said sensor

assembly and for activating said stimulus device when
the output indicates said sleep event;

said stimulus device including a vibrator and a band for

enclosing a body part of the person and for applying a
vibration to said body part.

14. The apparatus according to claim 13, wherein said
stimulus device further includes a battery for powering said
motor, and said sensor system communicates with said stimu-
lus device via a wireless transmitter and receiver.

15. The apparatus according to claim 14, wherein said
system further includes a charger device constructed to
receive the stimulus device when not worn by the person in
order to recharge the battery therein, said charger device also
including a display for displaying information indicating the
number of times said sleep event was sensed during a prede-
termined time period.

16. The apparatus according to claim 15, wherein said
sensor system further comprises a second, battery-powered
sensor assembly communicating with said processor via a
second wireless transmitter and receiver for sensing a said
sleep event by a second person; and a second stimulus device
to be worn by the second person for applying a stimulus to the
second person when a said sleep event is indicated to be
present in the second person; said charger device being con-
structed to receive also the second stimulus device for charg-
ing its battery when not worn by the second person, and also
for displaying information indicating the number of times a
sleep event by the second person was sensed during a prede-
termined time period.

17. The apparatus according to claim 16, wherein the two
sensor assemblies are constituted of two separate units each
constructed to be received under, over or within a mattress of
the respective person; and wherein said processor is included
in one of said sensor assemblies.



