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(57) ABSTRACT

The present invention provides a sleep respiration monitoring
system for monitoring sleep quality of a user. The sleep res-
piration monitoring system has a sensing fabric, a detecting
circuit and a judging and analysis circuit. The electrical char-
acteristics of the sensing fabric vary with respiration status or
extent of body movement of a user. The detecting circuit
detects the electrical characteristics of the sensing fabric. The
judging and analysis circuit performs signal processing, sig-
nal collection, signal classification and signal determination
on output signals of the detecting circuit, so as to determine
whether the user lies on the sensing fabric and the sleep
quality of the user.
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RESPIRATION MONITORING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application Ser. No. 96108406, filed on Mar. 12, 2007.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF INVENTION
[0002] 1. Field of the Invention
[0003] The present invention relates to a sleep respiration

monitoring system.

[0004] 2. Description of Related Art

[0005] The present invention determines user’s sleep qual-
ity in bed, which helps knowing user’s sleep efficiency. In
addition, detecting user’s respiration status in bed also helps
to discover SIDS (Sudden Infant Death Syndrome) emer-
gency early, so that family members or rescue workers can be
informed earlier to take appropriate medical actions.

[0006] In term of present technology, some existing tech-
nology uses pressure-sensitive resistor to monitor sleep res-
piration, movements and SIDS. The shortcoming of using
pressure-sensitive resistor is that the forming material is too
hard, which results in poor body feel.

[0007] In addition, other prior arts use spiral flat inductor
strip to monitor respiration. However, such technologies need
to form electric field by using inductor and capacitor, so user
has to be exposed to electric field, which leads to low con-
sumer acceptance.

[0008] Or, other prior arts use complicated semi-conduc-
tive pressure sensor to sense use’s respiration movement.
However, mattress using such technology uses sealed airflow
as a monitoring method, mechanism thereof is too compli-
cated.

[0009] There further are other prior arts using combination
structure of elastic fabric and metal wires to measure the
volume change of chest and abdomen. In such technology,
extent of self-inductance generated by magnetic field is pro-
portional to cross-sectional area of coil. However, main short-
comings thereof are: 1. Elastic fabric with metal wires woven
in loses softness of texture; 2. Circuit measuring magnetic
field changes is too complicated, and the size thereof is too
large, which result in low product value-added.

[0010] Therefore, it’s preferable to have a sleep aspiration
monitoring system using softer material to increase feel with-
out exposing users to electric field, with simple structure,
small size and high product value-added.

SUMMERY OF THE INVENTION

[0011] Inthis regard, the present invention provides a sleep
respiration monitoring system which uses softer sensing fab-
ric to improve user’s body feel.

[0012] The present invention provides a sleep respiration
monitoring system for measuring sleep quality and respira-
tion status of a testee. The sleep respiration monitoring sys-
tem comprises: a sensing fabric, a detecting circuit and judg-
ing and analysis circuit. The electric characteristics of the
sensing fabric may vary with respiration status or extent of
body movement of the testee. The detecting circuit detects the
electric characteristic of the sensing fabric. The judging and
analysis circuit performs signal processing, signal collection,
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signal classification and estimation to output signals of the
detecting circuit, so as to estimate whether the testee is lying
on the sensing fabric and to estimate sleep quality of the
testee.

[0013] In order to the make the aforementioned and other
objects, features and advantages of the present invention
comprehensible, a preferred embodiment accompanied with
figures is described in detail below.

BRIEF DESCRIPTIONS OF DRAWINGS

[0014] FIG. 1 schematically illustrates a diagram of a sleep
respiration monitoring system according to an embodiment
of the present invention.

[0015] FIG. 2A schematically illustrates a circuit block
diagram of a detecting circuit according to the present
embodiment.

[0016] FIG. 2B schematically illustrates a circuit block dia-
gram of ajudging and analysis circuit according to the present
embodiment.

[0017] FIG. 3 schematically illustrates a diagram of a sens-
ing fabric according to the present embodiment.

[0018] FIG. 4A and FIG. 4B schematically illustrate a dia-
gram of a dual-wrapped conductive yarn.

[0019] FIG. 5A and FIG. 5B schematically illustrates a
diagram of a single-wrapped conductive yarn.

[0020] FIG. 6 schematically illustrates a diagram of weav-
ing wrapped conductive yarns with low resistance conductive
fibers into the sensing fabric.

[0021] FIG. 7 shows a signal distribution diagram.

[0022] FIGS. 8A and 8B respectively illustrate diagrams of
an even-pressed method and an uneven-pressed method ofthe
elastic structure.

[0023] FIGS. 9A and 9B schematically show two design
methods of the uneven-pressed elastic structure.

[0024] FIGS. 10A and 10B schematically shows diagrams
of relative locations between the elastic structure and the
sensing fabric.

DESCRIPTION OF EMBODIMENTS

[0025] 1In order to make the contents of the present inven-
tion more apparent, the following embodiments are provided
as practical examples of embodiment of the present invention.
[0026] With reference to FIG. 1, FIG. 1 schematically
shows a sleep respiration monitoring system 10 according to
an embodiment ofthe present invention. The sleep respiration
monitoring system 10 is suitable for measuring sleep quality
of the testee U. The sleep respiration monitoring system 10
comprises: the sensing fabric 11, the detecting circuit 12, the
judging and analysis circuit 13 and a wireless/wired signal
outputting circuit 14.

[0027] The electric characteristics (for example equivalent
resistance) of the sensing fabric 11 may change in response to
respiration status or extent of body movement of the testee U.
In the present embodiment, the sensing fabric 11 is zoned into
two areas: the sensing fabric area 1 which is 11a and the
sensing fabric area 2 which is 115. Of cause the numbers of
the zoned area on the sensing fabric 11 are not limited to the
above example.

[0028] The detecting circuit 12 is coupled to the sensing
fabric 11. The detecting circuit 12 is suitable for detecting the
change of the electric characteristics (for example resistance)
of the sensing fabric.
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[0029] Thejudging and analysis circuit 13 is coupled to the
detecting circuit 12. The judging and analysis circuit 13 pet-
forms signal processing, signal collection, signal classifica-
tion and estimation to the output signals of the detecting
circuit 12, so as to estimate whether the testee Uis lying on the
sensing fabric and to estimate sleep quality of the testee U.
The output signal of the judging and analysis circuit 13 may
also be displayed on man-machine interface. The output sig-
nal of'the judging and analysis circuit 13 may further be used
to drive external devices (such as sound system, light and
etc.). For example, if any abnormality is detected by the
judging and analysis circuit 13, the judging and analysis
circuit 13 instructs the external devices to make sound or light
signals to inform other people or rescue team.

[0030] The wireless/wired signal outputting circuit 14 may
transmits result acquired by the judging and analysis circuit
13 through wireless/wired transmission, for example trans-
mits to hospital/physician, and etc.

[0031] With reference to FIG. 2A, the FIG. 2A schemati-
cally illustrates a circuit block diagram of the detecting circuit
12 according to the present embodiment. As shown in FIG.
2A, the detecting circuit 12 comprises: a bridge circuit 122
and an operation amplifier 123.

[0032] The bridge circuit 122 may detects the resistance
change amount of the equivalent resistance Reql (which is
the equivalent resistance of the sensing fabric area 1 which is
11a) and an equivalent resistance Req2 (which is the equiva-
lent resistance of the sensing fabric area 2 which is 115).
[0033] The operation amplifier 123 is coupled to the bridge
circuit 122. The operation amplifier 123 amplifies the output
signal of the bridge circuit 122 and transmits the same to the
judging and analysis circuit 13.

[0034] With reference to FIG. 2B, the FIG. 2B schemati-
cally illustrates a circuit block diagram of the judging and
analysis circuit 13 according to the present embodiment. As
shown in FIG. 2B, the judging and analysis circuit 13 com-
prises a noise filtering circuit 131 and a signal classifying and
judging circuit 132.

[0035] The noise filtering circuit 131 eliminates high fre-
quency noise signal of the output signal of the detecting
circuit 12. For example noise above 50 Hz may be eliminated.
[0036] The signal classifying and judging circuit 132 deter-
mines whether the testee turns over, the total sleep time and
sleep efficiency according to the output signal of the detecting
circuit 12. Moreover, the signal classifying and judging cir-
cuit 132 may determine the in-bed time and out-bed time,
extent of body movement (extent of over-turn) and respiration
rate, and etc. The signal classifying and judging circuit 132
also records daily and weekly sleeping habits of the testee.
[0037] With reference to FIG. 3, the FIG. 3 schematically
illustrates a diagram of the sensing fabric 11 according to the
present embodiment. As shown in FIG. 3, the sensing fabric
11 comprises: a main body 31, wrapped conductive yarns 32,
an elastic structure 33 and a temperature sensing element 34.
[0038] The main body 31 combines and supports the
wrapped conductive yarns 32, the elastic structure 33 and the
temperature sensing element 34. The main body 31 for
example may be combined in mattress, sheet, seat cushion,
back cushion, and etc.

[0039] The elastic structure 33 may be through-hole mate-
rial (such as PU foam) or fabric structure (such as multi-layer
buffer fabric)to increase the testee’s feel. The elastic structure
33 may be disposed on the substrate layer or top layer of the
main body 31. The temperature sensing element 34 may be
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used to monitor the testee U’s body temperature, and is more
helpful for determining whether the testee U is lying on the
sensing fabric 11.

[0040] There are two types of structures of the wrapped
conductive yarns 32, one is dual-wrapped, and one is signal-
wrapped. FIG. 4A and FIG. 4B schematically illustrate a
diagram of the dual-wrapped conductive yarn. F1IG. 5A and
FIG. 5B schematically illustrate a diagram of the single-
wrapped conductive yarn.

[0041] FIG. 4A and FIG. 4B respectively illustrate a dia-
gram of the dual-wrapped conductive yarn with and without
force applied. With reference to FIGS. 4A and 4B, the dual-
wrapped conductive yarn comprises conductive fibers 420,
430, and a non-conductive elastic yarn 410. The conductive
fibers 420 and 430 are wrapped on the elastic yarn 410. When
no force is applied, the conductive fibers 420 and 430 do not
tightly wrapped around the elastic yarn 410, and the conduc-
tive fibers 420 and 430 do not contact with each other. The
conductive fiber for example is carbon black fiber, copperion
fiber or silver-plated fiber. The resistance rate of the conduc-
tive fiber is between 10°~10° Q/cm.

[0042] When dual-wrapped conductive yarn is stretched or
pressed by the testee, the resistance of the sensing fabric
changes accordingly. With reference to FI1G. 4B, when force
is applied, the conductive fibers 420 and 430 tightly close to
the elastic yarn 410. As a result, the conductive fibers 420 and
430 contact to each other and a plurality of contact points are
formed between the conductive fibers 420 and 430. The con-
tact points change conductive path of current in the conduc-
tive fiber, as a result, the resistance of the dual-wrapped
conductive yarn is decreased or increased.

[0043] FIG. 5A and FIG. 5B respectively illustrate a dia-
gram of the single-wrapped conductive yarn with and without
force applied. With reference to FIG. 5B, the single-wrapped
conductive yarn 32 comprises two groups of wrapped con-
ductive yarns. One group of the wrapped conductive yarns is
formed through wrapping the conductive fiber 530 around the
elastic yarn 510. Another group of the wrapped conductive
varns is formed through wrapping the conductive fiber 540
around the elastic yarn 520. When the wrapped conductive
varns are stretched or pressed by the testee, the resistance of
the sensing fabric changes accordingly.

[0044] In addition, if area of the sensing fabric 11 is very
big, the current signal on the sensing fabric 11 is easily to
attenuate. Therefore, low resistance conductive fabric may be
woven into the sensing fabric alternately. As shown in FIG. 6,
the low resistance conductive fabric 620 intersects the
wrapped conductive yarn 610 on the sensing fabric 600. The
low resistance conductive fabric 620 for example vertically
intersects the wrapped conductive yarn 610; however the
present embodiment is not limited to vertical intersection
thereof. With FIG. 6 structure, current signals may be
detected according to different equivalent impedances and
locations. The structure of the wrapped conductive yarn 610
may be as shown in FIG. 4A or FIG. 5B.

[0045] Withreference to FIG. 7, FIG. 7 schematically illus-
trates a signal distribution diagram measured by the present
embodiment. Working with database, the system of the
present embodiment can determine which signals relate to
“lie down”, “aspiration signal” and “leave the bed” and the
body movements alike according to the signal distribution
diagram.

[0046] The elastic structure 33 in FIG. 3 may be classified
into even-pressed force method and uneven-pressed force
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method according to forms of being subjected to force. FIGS.
8A and 8B respectively illustrate diagrams of the method of
even-pressed and the method of uneven-pressed. In FIG. 8B,
81 represents support points.

[0047] The uneven-pressed elastic structure has a plurality
of design methods. FIGS. 9A and 9B show two different
design methods. In FIG. 9A, the elastic structure 33 and the
support points 81 may be the same material, or may be dif-
ferent materials. In FIG. 9A, the support points 81 are pro-
trusive, while in another embodiment, the support points 81
may be not protrusive, but the material thereof is harder. In
FIG. 9B, the surface of the elastic structure 33 is flat; the
sewing line 93 zones the elastic structure 33. The designs of
FIGS. 9A and 9B can further promote signal detecting sen-
sitivity.

[0048] Inaddition, relative locations of the elastic structure
33 and the sensing fabric are shown in FIGS. 10A and 10B. As
shown in FIG. 10A, the elastic structure 33 may be disposed
under the sensing fabric 11. As shown in FIG. 10A, the elastic
structures 33A and 33B may be respectively disposed above
and under the sensing fabric 11. The elastic structures 33A
and 33B may be the same material, may also be different
materials. In addition, the elastic structure 33B is harder than
the elastic structure 33A.

[0049] In addition, when the present system is used to
detect human respiration, the sensing fabric may surround the
chest or abdomen of the user, the portion of body which
moves up and down with one’s respiration.

[0050] The sensing fabric of the present embodiment has
the following advantages: breathable, soft, elastic, stretch-
able, washable, bendable, and etc.

[0051] To summarize the above descriptions, the present
sleep aspiration monitoring system monitors aspiration of
user while user almost doesn’t feel bound. In addition, the
present sleep aspiration monitoring system monitors through
sensing fabric’s deformation, which is more advanced than
prior arts.

[0052] Thepresent sleep aspiration monitoring system may
be combined into home use sheets, mattresses and seat cush-
ions and other textiles. In addition, the sensing fabric may be
disposed on or in mattresses, sheets, and seat cushions, so that
sleep aspiration monitoring can be performed at home instan-
taneously.

[0053] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed:

1. A sleep respiration monitoring system for measuring

sleep quality of a testee, comprising:

a sensing fabric, an electric characteristic of the sensing
fabric varying with a respiration status or an extent of
body movement of the testee.

a detecting circuit, coupled to the sensing fabric, detecting
the electric characteristic of the sensing fabric; and

a judging and analysis circuit, coupled to the detecting
circuit, performing signal processing, signal collection,
signal classification and judging to an output signal of
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the detecting circuit, so as to determine whether the
testee being lying on the sensing fabric and to judge
sleep quality of the testee.

2. The sleep respiration monitoring system of claim 1,
wherein the detecting circuit comprises:

a bridge circuit, coupled to the sensing fabric; and

an operation amplifier, coupled to the bridge circuit.

3. The sleep respiration monitoring system of claim 1,
wherein the sensing fabric comprises at least a wrapped con-
ductive yarn formed by wrapping at least a first conductive
fiber around an elastic yarn; and when the wrapped conduc-
tiveyarn is stretched or pressed by the testee, the resistance of
the sensing fabric changes accordingly.

4. The sleep respiration monitoring system of claim 3,
wherein the sensing fabric comprises at least a second con-
ductive fiber wrapped around the elastic yarn.

5. The sleep respiration monitoring system of claim 1,
wherein the sensing fabric comprises at least two wrapped
conductive yarns, each of the wrapped conductive yarns is
formed by wrapping a third conductive fiber around an elastic
yarn; and when the wrapped conductive yarns are stretched or
pressed by the testee, the resistance of the sensing fabric
changes accordingly.

6. The sleep respiration monitoring system of claim 1,
wherein the judging and analysis circuit comprises:

a noise filtering circuit, for eliminating high frequency

noise signal of the output signal of the detecting circuit.

7. The sleep respiration monitoring system of claim 1,
wherein the judging and analysis circuit comprises:

a signal classifying and judging circuit, determining
whether the testee turning over, the testee’s total sleep
time and sleep efficiency according to the output signal
of the detecting circuit.

8. The sleep respiration monitoring system of claim 1,
wherein the sensing fabric further comprises an elastic struc-
ture.

9. The sleep respiration monitoring system of claim 1,
wherein the sensing fabric further comprises a temperature
sensing element.

10. The sleep respiration monitoring system of claim 1,
wherein the sensing fabric may be disposed on or in mattress,
sheet, seat cushion.

11. The sleep respiration monitoring system of claim 8,
wherein the elastic structure comprises a through-hole mate-
rial.

12. The sleep respiration monitoring system of claim 8,
wherein the elastic structure comprises a plurality of layers of
buffer fabrics.

13. The sleep respiration monitoring system of claim 8,
wherein the elastic structure further comprises a plurality of
local support points, the local support points protrude or do
not protrude out of surface of the elastic structure; and the
material of the local support points is the same as or different
from the material of the elastic structure.

14. The sleep respiration monitoring system of claim 8,
wherein the elastic structure further comprises a plurality of
sewing lines zoning the elastic structure.

15. The sleep respiration monitoring system of claim 8,
wherein the elastic structure is disposed on one side or two
opposite sides of the sensing fabric.
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