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(7) ABSTRACT

A position-detecting device includes a body pressure distri-
bution sensor including a plurality of pressure sensors that
outputs pressure signals corresponding to pressure values
respectively and are arranged in a matrix pattern, a specific
pattern storage unit storing a range that pressure sensors can
occupy and a condition of pressure values relating to the
pressure sensors within the range as a specific pattern by
sleeping posture and body part of a sleeper, a scanning unit
applying the specific pattern to body pressure distribution
information, which is a set of the pressure values, from a scan
starting position to an adjacent position in sequence and to
determine whether the condition is satisfied, and a body part
position determining unit determining the position of the
body part in the sleeping posture corresponding to the posi-
tion of the specific pattern in the body pressure distribution
information when the condition is satisfied.
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POSITION-DETECTING DEVICE,
RESPIRATION MEASUREMENT DEVICE
AND HEART RATE MEASUREMENT DEVICE

[0001] This application is a Continuation of International
Application No. PCT/JP2014/053032, filed on Feb. 10, 2014,
which claims the benefit of Japanese Patent Application
Number 2013-024181 filed on Feb. 12, 2013, the disclosures
of which are incorporated by reference herein in their entire-
ties.

BACKGROUND OF INVENTION
[0002] 1. Technical Field
[0003] The present invention relates to a position-detecting

device configured to detect positions of respective body parts
of a sleeper using a body pressure distribution sensor includ-
ing pressure sensors arranged in a matrix pattern. The present
invention also relates to a respiration measurement device and
a heart rate measurement device configured to detect a respi-
ration measurement position and a heart rate measurement
position of the sleeper using the position-detecting device to
measure states of respiration and heart rate.

[0004] 2. Background Art

[0005] There is known a sleeping apparatus configured to
detect abody movement or a position of a sleeper and control
reclining of a bed apparatus for a sit-up action of the sleeper
on the basis of a detection result (see Japanese Patent No.
3321942 given below).

[0006] In the disclosed sleeping apparatus, pressure sen-
sors arranged in a plane in the bed apparatus figure out a
pressure distribution (constant pressure lines) of an entire
body of the sleeper, then portions which receive large loads
and correspond to centers of a body trunk of the sleeper are
connected from a head portion to a leg portion, so that a shape
of a sleeper’s sleeping posture is determined.

[0007] Dependingon the sleeping posture, a portion receiv-
ing a highest pressure at both ends of a line connecting the
head portion and the leg portion respectively is determined to
be a lower back, and the reclining of the bed apparatus is
driven with the position of the lower back determined in this
manner as a supporting point (see [0017], [0019], FIG. 2 to
FIG. 4 of Japanese Patent No. 3321942).

[0008] Further, there is known a sleep monitoring appara-
tus configured to specify positions of respective body parts of
abody in order to determine whether itis REM sleep or not on
the basis of the number of body movement within a predeter-
mined time (see Japanese Patent Application Publication No.
2000-316832 given below).

[0009] In the sleep monitoring apparatus, a sensor sheet
having pressure-sensitive elements at a predetermined distri-
bution is set on a bed. Characteristicamounts of the respective
load distributions of the entire body in respective sleeping
postures are recorded in a memory of a controller. The con-
troller processes load signals from the respective pressure-
sensitive elements of the sensor sheet, binarizes the load
distributions of the whole, and obtains the characteristic
amounts.

[0010] The controller collates the characteristic amounts of
the respective load distributions in the memory and the char-
acteristic amount of the load distribution of the sensor seat to
detect a current sleeping posture of a user. The controller
specifies positions of respective body parts (head portion,
lower back portion, leg portion, both hands) on the basis of the
detected sleeping posture, and when the specified positions
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are changed, counts the number of the changes (see [0022] to
[0033] and FIG. 1 and FIG. 3 of Japanese Patent No.
3321942).

SUMMARY OF INVENTION

[0011] With the conventional apparatuses, the pressure dis-
tribution of the entire body is obtained first, then, the entire
distribution is analyzed to detect the positions of the respec-
tive body parts. Therefore, when detecting the position of the
respective body parts, it is required to acquire the pressure
distribution in a wide range and analyze the distribution,
which results in increased information processing quantity.
[0012] Accordingly, the present invention is mainly
intended to provide a position-detecting device configured to
be capable of detecting positions of respective body parts of a
sleeper efficiently, and a respiration measurement device and
a heart rate measurement device utilizing the position-detect-
ing device.

[0013] In order to achieve the above-described object, a
first aspect of the invention is a position-detecting device
including a body pressure distribution sensor, a specific pat-
tern storage unit, a scanning unit and a body part position
determining unit. The body pressure distribution sensor
includes a plurality of pressure sensors that are capable of
outputting pressure signals corresponding to pressure values
respectively and are arranged in a matrix pattern having rows
and columns. The body pressure distribution sensor is placed
on bedclothes. The specific pattern storage unit is configured
to store a range that can be occupied by the pressure sensors
corresponding to a predetermined body part in a state in
which a user takes a sleeping posture on the bedclothes and a
condition of the pressure values of the pressure sensors within
the range, as a specific pattern relating to the sleeping posture
and the body part. The scanning unit is configured to apply the
specific patterns to body pressure distribution information,
which s a set of the plurality of pressure values in accordance
with the matrix arrangement from a predetermined scan start-
ing position to adjacent positions in a row direction or a
column direction in sequence, and to determine whether the
condition is satisfied in sequence. The body part position
determining unit is configured to determine the positionofthe
body part or a related body part in the corresponding sleeping
posture relating thereto on the basis of the position of the
specific pattern in the body pressure distribution information
in the case where the scanning unit determines that the con-
ditions are satisfied.

[0014] Inthe present invention, the pressure values may be
any value as long as they correspond to the applied pressure,
and may be converted into a value of a different form before
processing, during processing, or after processing by the
scanning unit or the like.

[0015] A second aspect of the invention is the above-de-
scribed invention wherein the body part includes individual
parts in pair of left part and right part or upper part and lower
part of the user, and the related body part includes body parts
relating to the pair of body parts. The scan starting position of
the individual parts is the left part or the right part, or theupper
part or the lower part in the body pressure distribution infor-
mation depending on a position of the body parts in pair. The
range of application of the specific patterns in sequence in the
body pressure distribution information is limited to the left
part or the right part, or the upper part or the lower part in the
body pressure distribution information depending on the
position of the individual body parts in pair.
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[0016] A third aspect of the invention is the above-de-
scribed invention wherein the condition is that the given pres-
sure values corresponding to the number of the pressure sen-
sors smaller than the number of the pressure sensors within a
range which can be occupied by the pressure sensors are not
smaller than a predetermined threshold value.

[0017] A fourth aspect of the invention is a respiration
measurement device wherein at least one of the body part and
the related body part is subjected to measurement of a chest
respiration measurement value relating to chest respiration of
the user on the basis of a chest position detected by the
position-detecting device, which is a chest of the user.
[0018] A fifth aspect of the invention is the respiration
measurement device characterized in that at least one of the
body part and the related body part is subjected to measure-
ment of an abdominal respiration measurement value relating
to abdominal respiration by an abdominal part of the user on
the basis of a lower-back position detected by the position-
detecting device, which is a position of the lower back of the
user.

[0019] A sixth aspect of the invention is the above-de-
scribed invention further including a measurement value
group autocorrelation securing unit that is configured to store
a measurement value group in which the plurality of mea-
surement values are accumulated for at least one of the chest
respiration measurement value and the abdominal respiration
measurement value. Further, the measurement value group
autocorrelation securing unit is configured to exclude at least
one of the chest respiration measurement value and the
abdominal respiration measurement value, which has no
autocorrelation with the measurement value group, from the
measurement value group.

[0020] A seventh aspect of the invention is the above-de-
scribed invention wherein pressure values are weighted
depending on the arrangement of the pressure values at the
detected chest position or lower-back position to measure the
chest respiration measurement value or the abdominal respi-
ration measurement value.

[0021] An eighth aspect of the invention is a heart rate
measurement device wherein at least one of the body part and
the related body part is subjected to measurement of a heart
rate measurement value relating to heart rate of the user on the
basis of the chest position detected by the position-detecting
device, which is the chest of the user.

[0022] A ninth aspect of the invention is the above-de-
scribed invention further including a heart rate measurement
value group autocorrelation securing unit that is configured to
store a heart rate measurement value group in which the
plurality of heart rate measurement values are accumulated
for the heart rate measurement value. Further, the heart rate
measurement value group autocorrelation securing unit is
configured to exclude the heart rate measurement value,
which has no autocorrelation with the heart rate measurement
value group, from the heart rate measurement value group.
[0023] A tenth aspect of the invention is the above-de-
scribed invention wherein pressure values are weighted
depending on the arrangement of the pressure values at the
detected chest position to measure the heart rate measurement
value.

[0024] According to the first aspect of the invention, posi-
tion detection providing a high processing speed and an accu-
rate processing result can be performed.

[0025] According to the second aspect of the invention,
accurate detection with a scanning range meeting general

Dec. 10, 2015

arrangement relating to the user is achieved, and a processing
quantity relating to scanning can be reduced adequately, so
that position detection providing a higher processing speed
and a more accurate processing result can be performed.
[0026] According to the third aspect of the invention, while
characteristics of an outline of the body part is captured,
individual differences, which are minute differences within
the outline, can be absorbed, and further accurate position
detection can be performed with little increase in the process-
ing quantity.

[0027] According to the fourth and fifth aspects of inven-
tion, a respiration measurement device providing a high pro-
cessing speed and an accurate processing result is provided.
[0028] According to the sixth aspect of the invention, the
pressure values which have a tenuous connection with respi-
ration can be discriminated, so that further accurate respira-
tion measurement value group can be provided.

[0029] According to the seventh aspect of the invention,
further accurate respiration measurement value based on an
actual state of general users can be obtained.

[0030] According to the eighth aspect of the invention, a
heart rate measurement device providing a high processing
speed and an accurate processing result is provided.

[0031] According to the ninth aspect of the invention, the
pressure values which have a tenuous connection with heart
rate can be discriminated, so that further accurate heart rate
measurement value group can be provided.

[0032] According to tenth aspect of the invention, further
accurate heart rate measurement value based on an actual
state of general users can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1isaschematic drawing illustrating a position-
detecting device according to a first embodiment of the
present invention.

[0034] FIG. 2 is a schematic drawing of a body pressure
distribution sensor in FIG. 1.

[0035] FIGS. 3A to 3D illustrate schematic drawings, in
which FIG. 3A illustrates a supine shoulder specific pattern,
FIG. 3B illustrates a supine lower-back specific pattern, FIG.
3C illustrates a lateral chest specific pattern, and FIG. 3D
illustrates a lateral lower-back specific pattern in FIG. 1.
[0036] FIG. 4 is a flowchart of a process executed by the
position-detecting device in FIG. 1.

[0037] FIG. 5 is a flowchart illustrating details of a body
pressure distribution scanning process in FIG. 4.

[0038] FIGS. 6A to 6D illustrates schematic drawings of
processing for detecting a right shoulder in supine position
during the body pressure distribution scanning process in
FIG. 4.

[0039] FIGS. 7A to 7D illustrate schematic drawings of
processing for detecting a left shoulder in supine position
during the body pressure distribution scanning process in
FIG. 4.

[0040] FIGS. 8A and 8B are flowcharts illustrating details
of a supine shoulder scanning process in FIG. 5.

[0041] FIG. 9 is a flowchart illustrating details of a mea-
surement position determination process in FIG. 4.

[0042] FIG. 10 is a schematic drawing illustrating process-
ing for detecting a chest position from a right shoulder posi-
tion and a left shoulder position during the processing in FIG.
9.

[0043] FIG. 11 is a flowchart illustrating details of a mea-
surement process S5 in FIG. 4.
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[0044] FIGS. 12A and 12B are schematic drawings of pro-
cessing obtaining abdominal respiration measurement infor-
mation from the respective pressure values during the pro-
cessing in FIG. 11.

[0045] FIG. 13A is a schematic drawing of a supine chest
specified pattern according to a second embodiment of the
present invention, and FIG. 13B is a schematic drawing of a
modification thereof.

DETAILED DESCRIPTION OF EMBODIMENTS

[0046] Examples of the embodiments of the present inven-
tion and modifications will be described below with reference
to the drawings as needed. The embodiments are not limited
to the examples given below.

[0047] FIG. 1is a schematic drawing of a position-detect-
ing device 1 according to a first embodiment of the present
invention. The position-detecting device 1 includes bed-
clothes 2, a body pressure distribution sensor 4 placed on the
bedclothes 2, and a computer 6.

[0048] Thebedclothes 2 are equipment thatallows a sleeper
A as auser of the position-detecting device 1 to sleep thereon,
and here, is a bed. However, mattress or Japanese-style bed-
ding is also applicable.

[0049] Thebody pressure distribution sensor 4 is a mat-like
sensor having a plurality of pressure sensors 41, 41 . . . as
illustrated in FIG. 2.

[0050] The pressure sensors 41, 41 . . . are arranged in a
matrix pattern having rows and columns, and are arranged,
for example, to have sixteen rows and sixteen columns. How-
ever, the numbers of the rows and the columns may be
increased or decreased. The sizes of sensible ranges of the
respective pressure sensors 41 may be set variously. In addi-
tion, even though the pressure sensors 41, 41 . . . are arranged
in a zigzag pattern in a given column (or a given row), if the
column (the row) can be set, it is considered to be arrange-
ment of the matrix pattern.

[0051] Thepressure sensors 41, 41 . . . are arranged over the
entire body pressure distribution sensor 4. The pressure sen-
sors 41,41 . .. may be arranged only on part (center part or the
like) of the body pressure distribution sensor 4.

[0052] The respective pressure sensors 41 are capable of
outputting a pressure signal corresponding to a pressure value
42 relating to the pressure applied to the sensible area. The
respective pressure sensors 41 may output the pressure signal
in a form of the pressure value 42 as it in a predetermined unit,
or may be output in another form corresponding to the pres-
sure value 42 in the predetermined unit. That is, the pressure
value 42 and the pressure signal may be set to any unit or
form.

[0053] The body pressure distribution sensor 4 is placed on
the surface of a portion of the bedclothes 2 where the sleeper
A sleeps. The body pressure distribution sensor 4 has a length
which covers from a neck portion to a femoral region of the
sleeper A having a general adult body habitus, and has a width
which is the same as the length. The body pressure distribu-
tion sensor 4 may be installed in the interior of the bedclothes
2. The length and the width of the body pressure distribution
sensor 4 may by modified as needed such as a length which
covers the entire sleeper A or a width smaller than the length.
[0054] Thebody pressure distribution sensor 4 is capable of
outputting a set of the pressure values 42,42 . . . detected by
all of the pressure sensors 41 in the order corresponding to the
positions of the pressure sensors 41, 41 . . . . Output of the set
of the pressure values 42, 42 . . . is performed within a
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predetermined very short time (for example, approximately
several tens of milliseconds). Further, the body pressure dis-
tribution sensor 4 is capable of outputting one set of the
pressure values 42, 42 . . . and then outputting another set of
the pressure values 42,42 . . . at predetermined intervals (for
example, approximately one second) and, in addition, is
capable of outputting the set of the pressure values 42,42 . ..
repeatedly as needed. The very short time during which one
set of the pressure values 42, 42 . . . are obtained may be
changed, for example, from the interval of several millisec-
onds to the interval of one second, or from the interval of
several seconds to the interval of dozen seconds, or to the
interval of several tens of seconds. However, the shorter the
time, the more processing performance is required, and the
result becomes more accurate. The interval from the time
when one set of the pressure values 42, 42 . . . are obtained to
the time when the next pressure values 42,42 . .. are obtained
may be changed as needed.

[0055] Since the position-detecting device 1 discriminate
the sets that the pressure values 42,42 . . . belong to, a clock
time within the very short time during which one set of the
pressure values 42, 42 . . . are output (for example, the time of
day when the very short time starts) is determined as an index
clock time 43, and the respective sets of the pressure values
42,42 . .. andthe index clock time 43 are associated with each
other. The sets of the pressure values 42, 42 . . . may be
discriminated by assigning indexes different from each other
such as assigning sequence number or assigning identifica-
tion signs different from each other on the pressure values 42,
42 ... at the time of output.

[0056] One set of the pressure values 42 at a certain index
clock time 43 indicates a body pressure distribution relating
to the index clock time 43, and information indicating the
body pressure distribution associated with the index clock
time 43 corresponds to body pressure distribution informa-
tion 44. In other words, the body pressure distribution infor-
mation 44 is a set of the pressure values 42,42 . . . in which the
pressure values 42, 42 . . . at the index clock time 43 are
arranged in the order in accordance with the arrangement of
the pressure sensors 41, 41 . . . in the body pressure distribu-
tion sensor 4.

[0057] Thebody pressure distribution sensor 4 may change
into a configuration which outputs the pressure values 42, 42
... in a state of attaching information indicating the positions
of the pressure sensors 41 showing the corresponding pres-
sure values 42 to the respective pressure values. A configu-
ration in which the body pressure distribution information 44
is obtained via computation on the body pressure distribution
information 44 such as synchronizing the body pressure dis-
tribution information 44 relating to the plurality of index
clock times 43 by averaging or the like. In this case, the index
clock time 43 may be obtained by computation.

[0058] The computer 6 includes an interface 61 with
respect to the body pressure distribution sensor 4, a storage
unit 62 of information, a display unit 63, an operation input
unit 64, and a control unit 69 for controlling the same.

[0059] Specific examples of the interface 61 include vari-
ous terminals.
[0060] Specific examples of the storage unit 62 include a

hard disk, a volatile or non-volatile memory, a memory disk
and a drive therefor, and a combination of these members.
[0061] Specific examples of the display unit 63 include a
flat display, a 7 segment display or a combination of these
members.
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[0062] Specific examples of the operation input unit 64
include a keyboard, a pointing device, and a combination
thereof.

[0063] Specific examples of the control unit 69 include a
CPU.
[0064] A supine shoulder specific pattern 71 used for

detecting the position of the shoulder (blade bone) of the
sleeper A in a supine position by scanning is stored in the
storage unit 62.
[0065] The supine shoulder specific pattern 71 includes
supine shoulder cell information 72 and supine shoulder
determination condition information 73 as illustrated in FIG.
3A.
[0066] The supine shoulder cell information 72 is informa-
tion indicating a range for confirming cells C corresponding
to the arbitrary pressure sensors 41 in sequence at the time of
scanning the shoulder in the supine position, and includes
cells C, C . . . arranged in three rows and three columns and
adjacentto each other. In other words, the supine shoulder cell
information 72 indicates that the range which can be occupied
by the pressure sensors 41, 41 . . . corresponding to the
shoulder in a state in which the general sleeper A takes a
supine posture is determined to be the range of the cells C, C
... arranged in three rows and three columns and adjacent to
each other. The number of rows and columns in the supine
shoulder cell information 72 may be increased and decreased.
[0067] The supine shoulder determination condition infor-
mation 73 is information indicating conditions relating to the
pressure values 42, 42 . . . at the cells C, C . . . in the supine
shoulder cell information 72, and indicates a condition that
the pressure values 42,42 . . . atany threecells C, C.. .. exceed
a predetermined threshold value (supine shoulder contact
threshold value 73a) out of nine cells C, C . . . indicated by the
supine shoulder cell information 72 (then itis determined that
the shoulder in the supine position is detected). In other
words, the supine shoulder determination condition informa-
tion 73 indicates that any three of the pressure values 42, 42 .
. are determined to exceed the supine shoulder contact
threshold value 734 as the condition of the pressure values 42,
42 . .. within a range indicated by the supine shoulder cell
information 72 which corresponds to the shoulder in the state
in which the sleeper A takes the supine posture. The number
of the cells C, C .. . which exceed the threshold value,
presence or absence of limitation of positions of the cells C, C
.. . exceeding the threshold value with respect to each other,
and the number of types of the threshold values in the supine
shoulder determination condition information 73 may be
changed in a various manner.
[0068] The supine shoulder specific pattern 71 is used com-
monly when detecting the right shoulder and detecting the left
shoulder as described later. The right shoulder and the left
shoulder are various body parts of the sleeper A, paired on the
left and right sides.
[0069] A supine lower-back specific pattern 74 used for
detecting the position of the lower-back in a supine position
of the sleeper A by scanning is stored in the storage unit 62.
[0070] The supine lower-back specific pattern 74 includes
supine lower-back cell information 75 and supine lower back
determination condition information 76 as illustrated in FIG.
3B.
[0071] The supine lower-back cell information 75 is infor-
mation indicating a range of the cells C, C, . . . for confirming
cells in sequence at the time of scanning the lower-back in the
supine position, and includes cells C, C . . . adjacent to each
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other and arranged in one row and three columns. That is, the
supine lower-back cell information 75 indicates that the range
that can be occupied by the pressure sensors 41, 41 . . .
corresponding to the lower back in a state in which the sleeper
A takes a supine posture is determined to be arranged in one
row and three columns and adjacent to each other.

[0072] The supine lower-back determination condition
information 76 is information relating to a condition that all of
the pressure values 42,42 . . . of thethree cells C, C . . . of the
supine lower-back cell information 75 exceed a predeter-
mined threshold value (supine lower-back contact threshold
value 76a) (then it is treated as detection of the lower back in
the supine position). That is, the supine lower-back determi-
nation condition information 76 indicates that any of the
pressure values 42, 42 . . . are also determined to exceed the
supine lower-back contact threshold value 764 as the condi-
tion of the pressure values 42, 42 . . . within a range indicated
by the supine lower-back cell information 75 which corre-
sponds to the lower back in the state in which the sleeper A
takes the supine posture.

[0073] The supine lower-back specific pattern 74 may be
changed in the same manner as the modification of the supine
shoulder specific pattern 71.

[0074] In addition, a lateral chest specific pattern 77 used
for detecting the chest position of the sleeper A in a lateral
position by scanning is stored in the storage unit 62.

[0075] The lateral chest specific pattern 77 includes lateral
chest cell information 78 and lateral chest determination con-
dition information 79 as illustrated in FIG. 3C.

[0076] The lateral chest cell information 78 is information
indicating a range of the cells C, C, . . . to be confirmed in
sequence at the time of scanning the chest in the lateral
position, and includes cells C,C .. . adjacent to each other and
arranged in four rows and two columns. That is, the lateral
chest cell information 78 indicates that the range that can be
occupied by the pressure sensors 41, 41 . . . corresponding to
the chest in a state in which the sleeper A takes a lateral
posture is determined to be arranged in four rows and two
columns and adjacent to each other.

[0077] The lateral chest determination condition informa-
tion 79 is information relating to a condition that the pressure
values 42,42 ... of the eight cells C, C .. . . of the lateral chest
cell information 78 exceed a predetermined threshold value
(lateral chest contact threshold value 794) (then it is treated as
detection of the chest in the lateral position). That is, the
lateral chest determination condition information 79 indi-
cates that any of the pressure values 42, 42 . . . are also
determined to exceed the lateral chest contact threshold value
79a as the condition of the pressure values 42, 42 . . . within
a range indicated by the lateral chest cell information 78
which corresponds to the chest in the state in which the
sleeper A takes the lateral posture.

[0078] Thelateral chest specific pattern 77 may be changed
in the same manner as the modification of the supine shoulder
specific pattern 71.

[0079] In addition, a lateral lower-back specific pattern 80
used for detecting the lower-back position of the sleeper A in
a lateral position by scanning is stored in the storage unit 62.
[0080] The lateral lower-back specific pattern 80 includes
lateral lower-back cell information 81 and lateral lower-back
determination condition information 82 as illustrated in FIG.
3D.

[0081] The lateral lower-back cell information 81 is infor-
mation indicating a range of the cells C, C, . .. for confirming
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cells in sequence at the time of scanning the lower back in the
lateral position, and includes cells C, C . . . adjacent to each
other and arranged in two rows and two columns. That is, the
lateral lower-back cell information 81 indicates that the range
that can be occupied by the pressure sensors 41, 41 . . .
corresponding to the lower back in a state in which the sleeper
A takes a lateral posture is determined to be arranged in two
rows and two columns and adjacent to each other.

[0082] The lateral lower-back determination condition
information 82 is information relating to a condition that the
pressure values 42,42 ... ofthe fourcellsC, C. .. of the lateral
lower-back cell information 81 exceed a predetermined
threshold value (lateral lower-back contact threshold value
82a) (then it is treated as detection of the lower back in the
lateral position). That is, the lateral lower-back determination
condition information 82 indicates that any of the pressure
values 42, 42 . . . are also determined to exceed the lateral
lower-back contact threshold value 824 as the condition of the
pressure values 42, 42 . . . within a range indicated by the
lateral lower-back cell information 81 which corresponds to
the lower back in the state in which the sleeper A takes the
lateral posture.

[0083] Thelateral chest specific pattern 80 may be changed
in the same manner as the modification of the supine shoulder
specific pattern 71.

[0084] Difference between the supine position and the lat-
eral position in the supine shoulder specific pattern 71, the
supine lower-back specific pattern 74, the lateral chest spe-
cific pattern 77, and the lateral lower-back specific pattern 80
correspond to the difference in sleeping posture of the sleeper
A, and the difference between the shoulder and the lower back
corresponds to the difference in body part of the sleeper A.

[0085] The storage unit 62 configured to store the supine
shoulder specific pattern 71, the supine lower-back specific
pattern 74, the lateral chest specific pattern 77, and the lateral
lower-back specific pattern 80 constitutes a specific pattern
storage unit.

[0086] In addition, a threshold value determination pro-
gram 90 for determining various threshold values, a body
pressure distribution acquiring program 91 for acquiring the
body pressure distribution relating to the respective index
clock times 43 from the body pressure distribution sensor 4, a
body pressure distribution scan program 92 configured to
detect the respective parts (chest, lower back) of the body of
the sleeper A by scanning the body pressure distribution, a
measurement position determination program 93 for deter-
mining a range of the pressure sensors 41, 41 . . . configured
to measure the respiration and the heart rate in accordance
with the detected chest and lower-back position, and a respi-
ration and heart rate measurement program 94 configured to
obtain the measurement values of the respiration and the heart
rate by computing the pressure values 42,42 . . . in the range
of the pressure sensors 41, 41 .. . are stored in the storage unit
62.

[0087] Thecontrolunit 69 detects a measurement positions
for the respiration and the heart rate and performs measure-
ment of the respiration and the heart rate by executing these
programs as needed.

[0088] The control unit 69 is capable of combining respec-
tive programs or further segmentalizing the program.

[0089] A weight value A1, a right shoulder right boundary
column R, and a left shoulder left boundary column L of the
sleeper A described later are stored in the storage unit 62.
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[0090] 1In addition, a right shoulder detected position infor-
mation 101, aleft shoulder detected position information 102,
a supine lower-back detected position information 103, a
lateral chest detected position information 104, a lateral
lower-back detected position information 105, a chest respi-
ration measurement position information 111, an abdominal
respiration measurement position information 112, and a
heart rate measurement position information 113 described
later are stored in the storage unit 62.

[0091] In addition, a chest respiration measurement func-
tion 115, an abdominal respiration measurement function 116
(including weighting information 131, 132), a heart rate mea-
surement function 117, a chest respiration measurement
information 121, an abdominal respiration measurement
information 122, and a heart rate measurement information
123 described later are stored in the storage unit 62.

[0092] Subsequently. an example of an action relating
mainly to the position detection of the position-detecting
device 1 will be described.

[0093] FIG. 4 is a flowchart of a process executed by the
position-detecting device 1.

[0094] The control unit 69 of the computer 6 executes the
threshold value determination program 90, and performs a
threshold value determination process S1 that determines
various threshold values in accordance with the weight of the
sleeper A.

[0095] Inthe threshold value determination process S1, the
control unit 69 acquires the weight value A1 of the sleeper A
by an input from an input unit 64, and values calculated from
the input weight value A1 by using predetermined calculating
formulas as the threshold values. For example, functions indi-
cating changes of a pressure that the blade bones of various
sleepers A applies on the bedclothes 2 in the supine position
depending on the weight values are determined and stored in
advance, and the control unit 69 substitutes the input weight
value to the function into obtain the supine shoulder contact
threshold value 73a. The supine lower-back contact threshold
value 76a, the lateral chest contact threshold value 794, and
the lateral lower-back contact threshold value 82a are also the
same.

[0096] The control unit 69 stores the obtained various
threshold values into the storage unit 62.

[0097] The control unit 69 may estimate the weight value
Al from the initial body pressure distribution information 44,
and calculate various threshold values from the estimated
weight value Al. A configuration in which a weight measur-
ing unit configured to measure the weight value Al of the
sleeper A is provided on the bedclothes 2. The control unit 69
obtains the weight value A1 from the weight measuring umt
to obtain various threshold values from the weight value Al.
In addition, it is also possible to omit the threshold value
determination program 90 or the process based thereon and to
use the predetermined threshold values.

[0098] Subsequently. the control unit 69 executes the body
pressure distribution acquiring program 91 to perform a body
pressure distribution acquiring process S2 in which the body
pressure distribution information 44 in the same index clock
time 43 is obtained from the body pressure distribution sensor
4 via the interface 61.

[0099] In the body pressure distribution acquiring process
S2, the control unit 69 stores the body pressure distribution
information 44 in the storage unit 62 in a state of including the
index clock time 43.
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[0100] The body pressure distribution sensor 4 may be
configured to output the respective pressure values 42 in the
body pressure distribution information 44 as a pressure value
or a pressure signal of another form corresponding thereto.
The control unit 69 may convert the pressure value or the
pressure signal in the form of the pressure value 42.

[0101] Subsequently, the control unit 69 executes the body
pressure distribution scan program 92 to perform a body
pressure distribution scanning process S3. FIG. 5 is a flow-
chart illustrating the body pressure distribution scanning pro-
cess S3. The control unit 69 which executes the body pressure
distribution scan program 92 and performs the body pressure
distribution scanning process S3 constitutes a scanning unit.

[0102] The control unit 69 performs two scans with respect
to the body pressure distribution information 44 in parallel as
illustrated in FIG. 6 and FIG. 7 (supine shoulder scanning
process S31, FIGS. 8A, 8B) relating to the shoulders in the
supine position in the body pressure distribution scanning
process S3. These two scans may be performed in sequence
from the former (latter) first.

[0103] Thescanning in FIG. 6 is intended to detect the right
shoulder of the sleeper A in the supine position, and is per-
formed from a first column to a predetermined column (the
right shoulder right boundary column R, here, ninth column
of sixteen columns) from a scan starting position at an upper
left corner of the body pressure distribution information 44.
Specifically, the scan starting position relating to the right
shoulder is an upper left in the body pressure distribution
information 44 in response to the fact that the right shoulder
is arranged on the left in the supine position. A range in which
fitting of the supine shoulder specific pattern 71 relating to the
right shoulder is performed in sequence is limited to a left
portion in the body pressure distribution information (by the
right shoulder right boundary column R) in response to the
position of the right shoulder.

[0104] The scanning process in FIG. 7 is intended to detect
the left shoulder of the sleeper A in the supine position, and is
performed from a specified column (the left shoulder left
boundary column L, here, eighth column of sixteen columns)
to the final column from a scan starting position at an upper
right corner of the body pressure distribution information 44.
Specifically, the scan starting position relating to the left
shoulder is an upper right in the body pressure distribution
information 44 in response to the fact that the left shoulder is
arranged on the right in the supine position. A range in which
fitting of the supine shoulder specific pattern 71 relating to the
left shoulder is performed in sequence is limited to a right
portion in the body pressure distribution information (by the
left shoulder left boundary column L) in response to the
position of the left shoulder.

[0105] By detecting the positions of the right shoulder por-
tion and the left shoulder portion in pair, the position of the
chest portion as a related body part having the right shoulder
portion and the left shoulder portion can be detected as
described later.

[0106] The first column of the body pressure distribution
information 44 is a left end and the first row of the body
pressure distribution information 44 is an upper end. The
upper, lower, left and right of the body pressure distribution
information 44 are positions when viewing the body pressure
distribution sensor 4 from above, and the direction of the head
of the sleeper A in the supine position is an upper direction,
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the direction of the leg is a lower direction, the direction of the
right hand is a left direction, and the direction of the left hand
is the right direction.

[0107] Theright shoulder right boundary column R and the
left shoulder left boundary column L. may be changed vari-
ously. For example, these may be determined to be in the same
column, or the right shoulder right boundary column R may
be made smaller, but larger than the left shoulder left bound-
ary column L so as to be positioned apart from each other. In
contrast, the right shoulder right boundary column R may be
made larger, but smaller than the left shoulder left boundary
column L so as to widely overlap with each other.

[0108] In addition, part of the body pressure distribution
information 44 may be excluded from the portion to be
scanned in at least any scan processing, such as, omitting the
rows of an upper and lower end or the columns on the left and
right ends. In other words, the set of the pressure values 42, 42
..., as an object of the scan processing may be limited to part
ofasetofthe pressure values 42,42 . .. in a certain index time.
[0109] In the supine shoulder scanning process S31, the
scan processing illustrated in FIG. 6 (supine right shoulder
scanning process S31a in FIG. 8A) will be described.
[0110] The control unit 69 figures out that the supine shoul-
der scanning process S31 for referring to the supine shoulder
cell information 72 of the supine shoulder specific pattern 71
and detecting the shoulder in the supine position is performed
with reference to the cells C, C . . . of three rows and three
columns (Step S311in FIG. 8A. In Step S311, itis figured out
that the supine shoulder scanning process S31 for referring to
the supine shoulder determination condition information 73
of the supine shoulder specific pattern 71 and detecting the
shoulder in the supine position is performed on the basis
whether any three of the pressure values 42,42 .. . exceed the
supine shoulder contact threshold value 73a out of the pres-
sure values 42, 42 . . . in the set of the reference cells C, C . .
. (the cells C, C . . . of three rows and three columns) as a
criteria. Reference of the supine shoulder determination con-
dition information 73 may be performed after the Step S312
described later.

[0111] Then, the control unit 69 performs an initial setting
of the scanning position (Step S312). In other words, the
control unit 69 determines a starting position of a scanning
position B when scanning the right shoulder at the upper left
corner of the body pressure distribution information 44 (first
row, first column). The scanning position B of the right shoul-
der in the supine position is specified by focusing on the cell
C at the upper left corner among the reference (three rows and
three columns)cells C, C .. .. However, it may be specified by
focusing on another cell C.

[0112] Subsequently. the control unit 69 determines
whether or not the pressure values 42,42 . . . of the cells C, C
.. . at the scanning position B satisfies the conditions relating
to the supine shoulder determination condition information
73 (Step S313).

[0113] Immediately after the start of scanning, the upper
left corner of the body pressure distribution information 44
corresponds to the scanning position B as illustrated in FIG.
6A, and the pressure values 42, 42 . . . of the pressure sensors
41, 41 . . . in the reference cells C, C . . . at that position is
referred to (from the first column to the third column of the
first row, from the first column to the third column of the
second row, and from the first column to the third column of
the third row in the body pressure distribution information
44).
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[0114] The control unit 69 refers to the pressure values 42,
42 .. . and the supine shoulder contact threshold value 73a to
determine whether the condition is satisfied or not. If the
condition is not satisfied (No in Step S313), the control unit
69 moves the scanning position B to the next position (Step
S315) as long as it is not the last scanning position B (No in
Step S314), and repeats Step 313. If it is the last scanning
position B (Yes in Step S314), the procedures goes to next
processing relating to the body pressure distribution informa-
tion 44 of the index clock time 43.

[0115] Incontrast, if the control unit 69 satisfies the condi-
tion (Yes in Step S313), the positions of the cells C,C . . . at
the current scanning position B are determined to be the
positions where the right shoulder exists, so that detection of
the right shoulder is achieved (Step S316). The control unit 69
stores the information indicating the scanning position B (the
positions of the cells C, C . .. ) in the storage unit 62 in a state
in which the index clock time 43 of the scanned body pressure
distribution information 44 is included as the right shoulder
detected position information 101, and terminates the scan-
ning process relating to the right shoulder without continuing
any longer.

[0116] The movement of the scanning position B in Step
S315 is performed in sequence in the following manner.
[0117] In other words, the control unit 69 moves the scan-
ning position B from the starting position illustrated in FIG.
6A to the next column on the right side while staying in the
same row as illustrated in F1G. 6B (from the second column to
the fourth column of the first row, from the second column to
the fourth column of the second row, from the second column
to the fourth column of the third row in the body pressure
distribution information 44).

[0118] The control unit 69 moves the scanning position B
rightward in sequence from one column to another in the
same manner. When the scanning position B reaches a pre-
determined column (the right shoulder right boundary col-
umn R) (see FIG. 6C), the control unit 69 sets the left end of
the next row as the next scanning position B as illustrated in
FIG. 6D (from the first column to the third column of the
second row, from the first column to the third column of the
third row, and from the first column to the third column of the
fourth row in the body pressure distribution information 44).
The control unit 69 moves the scanning position B rightward
in sequence from one column to another within the right
shoulder right boundary column R in the next row as well.
[0119] Thecontrolunit 69 moves the scanning position B to
the final scanning position B of the last row and the right
shoulder right boundary column R unless the condition is
satisfied (Yes) in Step 313 (see Step S314).

[0120] In the supine shoulder scanning process S31, the
scan processing illustrated in FIG. 7 (supine left shoulder
scanning process S315 in FIG. 8B) will be described.
[0121] This scanningis performed in the substantially same
manner as the scanning in FIG. 6 (Steps S311 to S316 in FIG.
8A) (Steps S321 to S326 in FIG. 8B).

[0122] The Step S321 is the same as the Step S311.

[0123] In the initial setting of the step S322, the scanning
position B at the scan starting time is an upper right corner.
The cell C to be focused at the time of the movement of the
scanning position B at the reference cells C, C . . . is that at the
upper right corner.

[0124] Step S323 is the same as Step S313, and Step S324
is the same as Step S314.
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[0125] The movement of the scanning position B in Step
S325 is performed in sequence in the following manner.

[0126] That is, the control unit 69 moves from the starting
position illustrated in FIG. 7A (from the fourteenth column to
the sixteenth column of the first row, from the fourteenth
column to the sixteenth column of the second row, and from
the fourteenth column to the sixteenth column of the third row
in the body pressure distribution information 44) to the next
column on the left side while staying in the same row as
illustrated in FIG. 7B (from the thirteenth column to the
fifteenth column of the first row, from the thirteenth column to
the fifteenth column of the second row, from the thirteenth
column to the fifteenth column of the third row in the body
pressure distribution information 44).

[0127] The control unit 69 moves the scanning position B
leftward in sequence from one column to another in the same
manner. When the scanning position B reaches a specific
column (the left shoulder left boundary column L) (see FIG.
7C), the control unit 69 sets the right end of the next row as the
next scanning position B as illustrated in FIG. 7D (from the
fourteenth column to the sixteenth column of the second row,
from the fourteenth column to the sixteenth column of the
third row, and from the fourteenth column to the sixteenth
column of the fourth row in the body pressure distribution
information 44). The control unit 69 moves the scanning
position B leftward in sequence from one column to another
within the left shoulder left boundary column L in the next
row as well.

[0128] Thecontrol unit 69 moves the scanning position B to
the final scanning position B of the last row and the left
shoulder left boundary column L unless the condition is sat-
isfied (Yes) in Step 323 (see Step S324).

[0129] Incontrast, the control unit 69 stores the information
indicating the scanning position B (the positions of the cells
C,C...)inthe storage unit 62 in a state of being associated
with the index clock time 43 of the scanned body pressure
distribution information 44 as the left shoulder detected posi-
tion information 102. Then, the control unit 69 terminates the
scanning process relating to the left shoulder without con-
tinuing any longer when the left shoulder is detected (Step
S326).

[0130] It is possible to use the supine right shoulder cell
information for the right shoulder and the supine left shoulder
cell information for the left shoulder individually instead of
the supine shoulder cell information 72. It is also possible to
use the supine right shoulder determination condition infor-
mation for the right shoulder (supine right shoulder contact
threshold value) and supine left shoulder determination con-
dition information for the left shoulder (supine left shoulder
contact threshold value) instead of the supine shoulder detet-
mination condition information 73 (supine shoulder contact
threshold value 73a).

[0131] In the supine lower-back scanning process S32, the
control unit 69 detects the lower-back position at the supine
position in the substantially same manner as the scanning of
the right shoulder in the supine shoulder scanning process
S31. In the supine lower-back scanning process S32, parallel
dispersive detection such as simultaneous detection with
separated scanning ranges for the right shoulder and the left
shoulder is not performed. The supine lower-back scanning
process S32 may be performed simultaneously with the
supine shoulder scanning process S31, which applies to other
scan processing as well.
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[0132] Specifically, the control unit 69 moves the cells C, C
... of one row and three columns indicated by the supine
lower-back cell information 75 of the supine lower-back spe-
cific pattern 74 from the upper left corner of the body pressure
distribution information 44 in sequence to the right and down-
ward and whether the condition indicated by the supine
lower-back determination condition information 76 is satis-
fied or not is determined every time. The control unit 69
determines the condition depending on whether all of the
cells C,C.. . of one row and three columns exceed the supine
lower-back contact threshold value 76a or not. In the scan-
ning of the lower back in the supine position, there is no
boundary such as the right shoulder right boundary column R,
and a portion to the right end of the body pressure distribution
information 44 is scanned, and then the scanning proceeds to
the next row.
[0133] When the condition is determined to be satisfied, the
control unit 69 stores the positions of the current reference
cells C, C . . . (the scanning position B) in the storage unit 62
as the supine lower-back detected position information 103.
Then, the control unit 69 terminates the scanning process
relating to the lower back in the supine position.
[0134] The movement of the scanning position B (applica-
tion of the various specific patterns in sequence) may be from
the upper right to the lower left, or may be from the lower left
to the upper right. Furthermore, the column at an end is
scanned in a vertical direction, and then the scanning pro-
ceeds to the next column. In the scanning of the lower back in
the supine position, any one of the cells C, C . . . among the
reference cells C, C . . . may be focused. The modification
exists in the same manner as needed in other scan processing.
[0135] In a lateral chest scanning process S33, the control
unit 69 detects the chest position at the lateral position in the
same manner as the scanning in the supine lower-back scan-
ning process S32.
[0136] Specifically, the control unit 69 moves the cells C, C
...of four rows and two columns indicated by the lateral chest
cell information 78 of the lateral chest specific pattern 77
from an upper left corner of the body pressure distribution
information 44 in sequence to the right and downward, and
whether the condition indicated by the lateral chest determi-
nation condition information 79 is satisfied or not is deter-
mined every time. The control unit 69 determines the condi-
tion depending on whether all of the cells C, C . ... of four rows
and two columns exceed the lateral chest contact threshold
value 79a or not.
[0137] When the condition is determined to be satisfied, the
control unit 69 stores the present scanning position B in the
storage unit 62 as the lateral chest detected position informa-
tion 104 in a state in which the index clock time 43 of the
scanned body pressure distribution information 44 is
included. Then, the control unit 69 completes the scanning
process relating to the chest in the lateral position.
[0138] Furthermore, in a supine lower-back scanning pro-
cess S34, the control unit 69 detects the lower-back position
at the lateral position in the same manner as the scanning in
the supine lower-back scanning process S32 and the lateral
chest scanning process S33.
[0139] Specifically, the controlunit 69 moves the cells C, C
. . of two rows and two columns indicated by the lateral
lower-back cell information 81 of the lateral lower-back spe-
cific pattern 80 from the upper left corner of the body pressure
distribution information 44 in sequence to the right and down-
ward, and whether the condition indicated by the lateral
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lower-back determination condition information 82 is satis-
fied or not is determined every time. The control unit 69
determines the condition depending on whether all of the
cells C, C. .. of two rows and two columns exceed the lateral
lower-back contact threshold value 824 or not.

[0140] When the condition is determined to be satisfied, the
control unit 69 stores the present scanning position B in the
storage unit 62 as the lateral lower-back detected position
information 105 in a state in which the index clock time 43 of
the scanned body pressure distribution information 44 is
included, and completes the scanning process relating to the
lower-back in the lateral position.

[0141] The order of the scan relating to the shoulder or the
lower back in a spine position, or the chest or the lower back
in the lateral position may be modified in various manners in
addition to the order described above. Further, part or the
entire scanning process may be configured to be processed
simultaneously. Inthe case where the lower back in the supine
position is detected, the scanning of the lower back in the
lateral position may be omitted, which applies to the both
shoulders and the chest.

[0142] The control unit 69 executes a measurement posi-
tion determination program 93, and performs a measurement
position determination process S4 that determines the mea-
surement position relating to the respiration and the heart rate
as illustrated in FIG. 9. The control unit 69 executes the
measurement position determination program 93, and the
control unit 69 which performs the measurement position
determination process S4 constitutes a body part position
determining unit. The storage of the right shoulder detected
position information 101, the left shoulder detected position
information 102, the supine lower-back detected position
information 103, the lateral chest detected position informa-
tion 104, and the lateral lower-back detected position infor-
mation 105 in the storage unit 62 by the control unit 69 may
be considered to be the body part position determining unit.
[0143] Ifboth of the right shoulder detected position infor-
mation 101 and the left shoulder detected position informa-
tion 102 relating to the same index clock time 43 exist (the
right shoulder and the left shoulder are detected) in the mea-
surement position determination process S4 (Yes in Step
S41), the control unit 69 specifies the chest position (the area
the chest occupies) of the sleeper A on the basis of the infor-
mation, stores the chest position as the chest respiration mea-
surement position information 111 in the storage unit 62, and
stores in the storage unit 62 as the heart rate measurement
position information 113 (Step S42).

[0144] As illustrated in FIG. 10, the control unit 69 detects
an area indicated by the right shoulder detected position infor-
mation 101, an area indicated by the left shoulder detected
position information 102, and an area therebetween (an
expanded area 121 with respect to the right shoulder detected
position information 101 and the left shoulder detected posi-
tion information 102) as the chest position of the sleeper A
(hatched portion).

[0145] The control unit 69 determines the expanded area
121 in the following manner. Specifically, the upper right
corner of the area indicated by the right shoulder detected
position information 101 and the upper left corner of the area
indicated by the left shoulder detected position information
102 are connected by a line N1. The lower right corner of the
area indicated by the right shoulder detected position infor-
mation 101 and the lower left corner of the area indicated by
the left shoulder detected position information 102 are con-
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nected by a line N2. A combination of a right side of the right
shoulder detected position information 101, a left side of the
left shoulder detected position information 102, and the pres-
sure sensors 41, 41 . . . all of which are included within the
range surrounded by the lines N1, N2 is determined as the
expanded area 121.

[0146] An area combining the area indicated by the right
shoulder detected position information 101 and the area indi-
cated by the left shoulder detected position information 102
as is (an area in which the expanded area 121 is not included)
may be detected as the chest position of the sleeper A. A
specific area smaller than the area including the area indicated
by the right shoulder detected position information 101 and
the area indicated by the left shoulder detected position infor-
mation 102 (and the expanded area) may be detected as the
chest position. The expanded area may include the pressure
sensors 41, 41 . . . where the lines N1, N2 pass, or may be
determined as an area which is protruded in four directions by
an amount equivalent to one pressure sensor 41 from the right
shoulder detected position information 101 and the like with-
outconsidering the lines N1, N2. In addition, the areas may be
separated for the chest respiration measurement position
information 111 and the heart rate measurement position
information 113. Further, the body parts which corresponds
to the head and the lower back, which is a pair of upper part
and the lower part of the sleeper A, are detected by scanning
that starts from the upper part or the lower part and limits to
the upper part or the lower part, and the position of a back
bone between these body parts may be determined as a posi-
tion of the related body part.

[0147] The control unit 69 moves to the process of Step S43
after the Step S42 or in the case where one (or both) of the
right shoulder detected position information 101 and the left
shoulder detected position information 102 cannot be
acquired (No in Step S41).

[0148] Ifthe supine lower-back detected position informa-
tion 103 exists (the lower back in the supine position is
detected) at the index clock time 43 which is focused on (Yes
in Step S43), the control unit 69 specifies the position of the
lower back of the sleeper A on the basis of this information,
and stores the position of the lower back in the storage unit 62
as the abdominal respiration measurement position informa-
tion 112 in a state of including the index clock time 43 (Step
S44).

[0149] The control unit 69 determines the range of the
pressure sensors 41,41 . . . indicated by the supine lower-back
detected position information 103 to be the abdominal respi-
ration measurement position information 112 as is.

[0150] It is also possible to set an expanded area with
respect to the area indicated by the supine lower-back
detected position information 103 for the abdominal respira-
tion measurement position information 112 or to limit the
abdominal respiration measurement position information
112 to a specific area in the area indicated by the supine
lower-back detected position information 103, which applies
in the following description.

[0151] The control unit 69 moves to processing of the Step
S45 after Step S44 or when the lower back in the supine
position is not detected (No in Step S43).

[0152] Ifthelateral chest detected position information 104
exists (the chest in the lateral position is detected) at the index
clock time 43 which is focused on (Yes in Step S45), the
control unit 69 specifies the position of the chest of the sleeper
A on the basis of this information, and stores the position of
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the chest in the storage unit 62 as the chest respiration mea-
surement position information 111 and the heart rate mea-
surement position information 113 in a state of being associ-
ated with the index clock time 43 (Step S46).

[0153] The control unit 69 stores the range of the pressure
sensors 41, 41 . . . indicated by the lateral chest detected
position information 104 in the storage unit 62 as the chest
respiration measurement position information 111 as is, and
stores in the storage unit 62 as the heart rate measurement
position information 113. As a matter of course, the area
indicated by the chest respiration measurement position
information 111 and the area indicated by the heart rate mea-
surement position information 113 may be separated.
[0154] The control unit 69 moves to processing of the Step
S47 after Step S46 or when the chest in the supine position is
not detected (No in Step S45), the procedure goes to the
process in Step S47.

[0155] Ifthe lateral lower-back detected position informa-
tion 105 exists (the lower back in the lateral position is
detected) at the index clock time 43 which is focused on (Yes
in Step S47), the control unit 69 specifies the position of the
lower back of the sleeper A on the basis of this information,
and stores in the storage unit 62 as the abdominal respiration
measurement position information 112 in a state of including
the index clock time 43 (Step S46).

[0156] The control unit 69 stores the range of the pressure
sensors 41,41 . . . indicated by the lateral lower-back detected
position information 105 in the storage unit 62 as the abdomi-
nal respiration measurement position information 112 as is.
[0157] Inthe case where the lower back in the supine posi-
tion is detected, a process of determining the abdominal res-
piration measurement position in the lateral position may be
omitted, which applies to the both shoulders and the chest. It
is also possible to synthesize the chest respiration measure-
ment position information 111, the abdominal respiration
measurement position information 112, and the heart rate
measurement position information 113 (by employing the
range of the pressure sensors 41,41 . . . appearing more than
a predetermined ratio out of the entire part) over a plurality of
(predetermined) index clock times 43, and prepare the chest
respiration measurement position information 111, the
abdominal respiration measurement position information
112, and the heart rate measurement position information 113
which are synthesized with each other. The range of the
plurality of index clock times 43 may be separated depending
on the type of the information. In addition, the respective
processes of determination of the chest and lower-back posi-
tion in the supine or the lateral position in the measurement
position determination process S4 may be performed in a
latter half of the corresponding scan processing (any one of
S31t0 S34inFIG. 5). Ttis also possible to separate (group) all
(or most) of the pressure sensors 41, 41 . . . of the body
pressure distribution sensor 4 on the basis of at least any one
of the right shoulder detected position information 101, the
left shoulder detected position information 102, the supine
lower-back detected position information 103, the lateral
chest detected position information 104, and the lateral
lower-back detected position information 105, and determine
one of the group as the chest respiration measurement posi-
tion information 111 and the other one as the abdominal
respiration measurement position information 112.

[0158] Subsequently. an example of an action relating
mainly to the measurement of the position-detecting device 1
will be described.
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[0159] The control unit 69 executes the respiration and
heart rate measurement program 94 after the measurement
position determination process S4, and performs a measure-
ment process S5 (FIG. 4).

[0160] FIG. 11 is a flowchart of the measurement process
S5 executed by the position-detecting device 1.

[0161] The control unit 69 computes the respective pres-
sure values 42 of the pressure sensors 41, 41 . . . in a range
indicated by the chest respiration measurement position
information 111 using a predetermined function (the chest
respiration measurement function 115), measures the chest
respiration measurement information 121 indicating the state
of the chest respiration (measurement value or the like such as
the chest respiration pressure value), and stores the same in
the storage unit 62 (Step S51). The chest respiration measure-
ment information 121 corresponds to a chest respiration mea-
surement value. A type configured to calculate an average
value of all ofthe pressure values 42 within the corresponding
range is employed here as the chest respiration measurement
function 115. The chest respiration measurement function
115 may be changed to an average value of a high order
predetermined number of the pressure value 42 within the
corresponding range, which applies to other functions.
[0162] In addition, the control unit 69 accumulates the
chest respiration measurement information 121 (the measure-
ment value obtained by the chest respiration measurement
function 115) from one index clock time 43 to another in the
storage unit 62 as a measurement value group. Then, when
more than the predetermined number of measurement values
are accumulated as the measurement value group, the control
unit 69 calculates an average value of the measurement values
in the measurement value group, and determines whether or
not the chest respiration measurement information 121 of this
time (measurement value) is apart from the average value by
a specific value or more (whether it is larger, in this case)
(Step S52). If the measurement value is not higher than the
average value of the measurement value group by a specific
value or more (No in Step S52), the control unit 69 integrates
the chest respiration measurement information 121 of this
time into the measurement value group. If it is higher by more
than the specific value (Yes in Step S52), the chest respiration
measurement information 121 is not integrated into the mea-
surement value group (Step S54). That is, the control unit 69
is capable of creating the measurement value group having
autocorrelation with the measurement value group in the past
by excluding the measurement values having no autocorrela-
tion therewith (the measurement value group autocorrelation
securing unit).

[0163] Subsequently, the control unit 69 computes the
respective pressure values 42 of the pressure sensors 41, 41 .
.. in a range indicated by the abdominal respiration measure-
ment position information 112 using a predetermined func-
tion (the abdominal respiration measurement function 116),
measures the abdominal respiration measurement informa-
tion 122 indicating the state of the abdominal respiration
(abdominal respiration pressure or the like), and stores the
same in the storage unit 62 (Step 55). The abdominal respi-
ration measurement information 122 corresponds to an
abdominal respiration measurement value.

[0164] Now, the abdominal respiration measurement infor-
mation 122 is obtained as the abdominal respiration measure-
ment function 116 by weighting the respective pressure val-
ues 42 of the pressure sensors 41, 41 . . . within a range
indicated by the abdominal respiration measurement position
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information 112 in accordance with the positions in the range
as schematically illustrated in FIG. 12.

[0165] Specifically, in the case where the information in the
supine position is obtained as the abdominal respiration mea-
surement position information 112, like the weighting infor-
mation 131 illustrated in FIG. 12A, in the abdominal respi-
ration measurement position information 112 a pressure
value 42 (p; ) in the first row and first column is multiplied by
a weighting coefficient w, |, and a pressure value 42 (p,,) in
the first row and second column is multiplied by a weighting
coefficient w, , and a pressure value 42 (p, ;) in the first row
and third column is multiplied by a weighting coefficient w5,
thereby obtaining the abdominal respiration measurement
information 122. Here, the weighting coefficients o,,, 5
are set to be larger than the weighting coefficient v, ,, and thus
weighting matches the general pressure distribution of the
lower back in the supine position.

[0166] Further, in the case where the information in the
lateral position is obtained as the abdominal respiration mea-
surement position information 112, like the weighting infor-
mation 132 illustrated in FIG. 12B, in the abdominal respira-
tion measurement position information 112 the pressure
value 42 (p,, ) in the first row and first column is multiplied by
the weighting coefficient w, ;, and the pressure value 42 (p )
in the first row and second column is multiplied by a weight-
ing coefficient w, ,, apressure value42 (p,,) in the second row
and first column is multiplied by a weighting coefficient w,,,
and a pressure value 42 (p,,) in the second row and second
column is multiplied by a weighting coefficient w,,. thereby
obtaining the abdominal respiration measurement informa-
tion 122. The weighting coefficient ®,, or the weighting
coefficient w,, in the weighting information 132 may be
differentiated from the weighting coefficient w,, or the
weighting coefficient o, in the weighting information 131.
Here, the weighting coeflicients w, |, w5 are set to be larger
than the weighting coefficient w,;, w,,, and thus weighting
matches the general pressure distribution of the lower back in
the lateral position. Such a weighting may be performed for
the shoulder and the chest, or may be omitted as needed.
[0167] The acquisition of the weighted abdominal respira-
tion measurement information 122 (abdominal respiration
measurement value P) is expressed by Expression 1 as given
below. Here, 1 denotes a row number (ith row) and k denotes
a column number (kth column)

[Expression 1]

P=Z Z Wik Pik
PR

[0168] In the same manner as the chest respiration mea-
surement information 121 described above (Steps S52 to
S54), the measurement value group having autocorrelation
are accumulated in the storage unit 62 in the abdominal res-
piration measurement information 122 as well (Steps S56 to
S58, the measurement value group autocorrelation securing
unit).

[0169] Inaddition, the control unit 69 computes the respec-
tive pressure values 42 of the pressure sensors 41,41 .. .ina
range indicated by the heart rate measurement position infor-
mation 113 using a predetermined function (the heart rate
measurement function 117), measures the heart rate measure-
ment information 123 indicating the state of the heart rate
(heart rate or the like), and stores the same in the storage unit
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62 (Step 59). The heart rate measurement information 123
corresponds to the heart rate measurement value.

[0170] The measurement value group having autocorrela-
tion is not created in the heart rate measurement information
123. However, the measurement value group may be created
also in the heart rate measurement information 123. If the
measurement value group is created in the heart rate measure-
ment information 123, the heart rate measurement value
group autocorrelation securing unit may be constituted. It is
also possible not to create the measurement value group in the
chest respiration measurement information 121 and the
abdominal respiration measurement information 122.

[0171] With the acquisition of the chest respiration mea-
surement information 121, the abdominal respiration mea-
surement information 122, and the heart rate measurement
information 123, the position-detecting device 1 also has a
function as the respiration measurement device and the heart
rate measurement device.

[0172] The control unit 69 displays the chest respiration
measurement information 121, the abdominal respiration
measurement information 122 and the heart rate measure-
ment information 123, which are measured, on the display
unit 63 on the basis of the operation input information from
the operation input unit 64 as needed.

[0173] Itis also possible to provide the position-detecting
device 1 having only the position detection function by omit-
ting the respiration and heart rate measurement program 94
and the respective measurement information. In this case, the
control unit 69 may output various position information to an
external (separate) measurement device. Part such as the res-
piration and heart rate measurement program 94 (portion of
the abdominal respiration or portion of the heart rate, or both)
may be omitted.

[0174] After the measurement process S5, the control unit
69 repeats the processes from the body pressure distribution
acquiring process S2 relating to the next index clock time 43
as needed. If the presence of the state which should be termi-
nated such as a case where a state in which all of the pressure
values 42, 42 .. . inthe body pressure distribution information
44 are a predetermined value (for example, 0) or smaller
continues for a certain period is determined, the control unit
69 performs a final process which performs the computation
or the storage of the respective information as needed and
terminates the process.

[0175] Thecontrolunit 69 may be repeated from the thresh-
old value determination process S1. Alternatively, the control
unit 69 may process from the body pressure distribution
acquiring process S2 to the measurement position determi-
nation process S4 and the measurement process S5 in parallel.
In the latter processing, the control unit 69 may obtain the
right shoulder detected position information 101, the left
shoulder detected position information 102, the supine lower-
back detected position information 103, the lateral chest
detected position information 104, and the lateral lower-back
detected position information 105 from the former processing
as arbitrary timing. Alternatively, the various processing may
be performed in parallel.

[0176] The position-detecting device 1 of the first embodi-
ment includes the body pressure distribution sensor 4, the
specific pattern storage unit, the scanning unit, and the body
part position determining unit. The body pressure distribution
sensor 4 includes the plurality of pressure sensors 41, 41 . ..
which can output the pressure signals corresponding to the
pressure values 42, 42 . . . from one index clock time 43 to

Dec. 10, 2015

another and are arranged in a matrix pattern having rows and
columns. The body pressure distribution sensor 4 is placed on
the bedclothes 2. The specific pattern storage unit (part of the
storage unit 62) stores the range which can be occupied by the
pressure sensors 41, 41 . . . corresponding to predetermined
body parts (shoulder, chest or lower back) in a state in which
the sleeper A takes a sleeping position (supine/lateral) on the
bedclothes 2 (the supine shoulder cell information 72, the
supine lower-back cell information 75, the lateral chest cell
information 78, the lateral lower-back cell information 81)
and conditions of the pressure values 42,42 . .. of the pressure
sensors 41, 41 . . . within the range thereof (the supine shoul-
der determination condition information 73, the supine
lower-back determination condition information 76, the lat-
eral chest determination condition information 79, the lateral
lower-back determination condition information 82) as the
specific pattern relating to the sleeping position and the body
part (the supine shoulder specific pattern 71, the supine lower-
back specific pattern 74, the lateral chest specific pattern 77,
the lateral lower-back specific pattern 80). The scanning unit
(the control unit 69 configured to perform the body pressure
distribution scanning process S3) determines the conditions
in sequence by applying the specific pattern to the body
pressure distribution information 44, which is a set in accor-
dance with the arrangement in the matrix pattern, of a plural-
ity of the pressure values 42, 42 . . . relating to the arbitrary
index clock time 43 from the predetermined scan starting
position (upper left or upper right, upper left, upper left, upper
left) to the adjacent position in the direction of the row or in
the direction of the column in sequence (here, in the scanning
form which moves to all of the columns in one row and then
proceeds to the next row). The body part position determining
unit (the control unit 69 configured to obtain the chest respi-
ration measurement position information 111, the abdominal
respiration measurement position information 112, the heart
rate measurement position information 113) determines the
position of the body part in the corresponding sleeping posi-
tion (the both shoulder in the supine position, the lower back
in the supine position, the chest in the lateral position, the
lower back in the lateral position) or the related body part
relating thereto (the chest in the supine position) on the basis
of the position of the specific pattern in the body pressure
distribution information 44 (the right shoulder detected posi-
tion information 101, the left shoulder detected position
information 102, the supine lower-back detected position
information 103, the lateral chest detected position informa-
tion 104, the lateral lower-back detected position information
105) in the case where the conditions are determined to be
satisfied by the scanning unit.

[0177] Therefore, in the case where the pressure values 42,
42 . . . which match the specific pattern exist in the body
pressure distribution information 44, it is not necessary to
refer to the body pressure distribution information 44 from
the matched pressure values 42, 42 . . . onward, so that the
pressure values 42, 42 . . . which match the specific pattern,
that is, the target body part can be detected accurately without
determining all of the pressure values 42, 42 . . . of the body
pressure distribution information 44. Therefore, position
detection providing a high processing speed and an accurate
processing result can be performed.

[0178] The sleeper A has the right shoulder and the left
shoulder which are paired on the left and right sides as the
body parts, and the chest relating to the pair of the right
shoulder and the left shoulder as the related body part. The
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scan starting position relating to the right shoulder or the left
shoulder is the left or the right in the body pressure distribu-
tion information 44 depending on the position of the right
shoulder or the left shoulder. The range of application of the
specific pattern in the body pressure distribution information
44 in sequence is limited to the left portion (the portion on the
left side of the right shoulder right boundary column R) or the
right portion (the portion on the right side of the left shoulder
left boundary column L) in the body pressure distribution
information 44 depending on the position of the pair of the
right shoulder and the left shoulder.

[0179] Therefore, even when the sleeper A rotates to some
extent with respect to the body pressure distribution sensor 4
(approximately less than 90°), or even though there is a dif-
ference in shoulder width (the distance between the right
shoulder and the left shoulder) by the individual difference
among a plurality of the sleepers A, A . . ., the right shoulder
and the left shoulder in the supine position can be detected
accurately, and the chest position in the supine position can be
detected accurately. In addition, when detecting the right
shoulder in the supine position, scanning may be performed
only on the left portion of the body pressure distribution
information 44, and when detecting the left shoulder in the
supine position, scanning may be performed only on the right
portion of the body pressure distribution information 44.
Therefore, accurate detection is performed by the scanning
range suitable to the general position of the right shoulder and
the left shoulder in the supine position, and the processing
amount relating to the scanning can be adequately reduced.
Accordingly, positional detection with a high processing
speed and an accurate processing result is realized.

[0180] In addition, the condition indicated by the supine
shoulder determination condition information 73 is that all of
the (three) arbitrary pressure values 42,42 . . ., which is less
than the number ofthe pressure sensors 41,41 . .. (nine) inthe
range (the supine shoulder cell information 72) which can be
occupied by the pressure sensors 41, 41 . . . become supine
shoulder contact threshold value 73a or higher. Therefore,
arbitrary three of the pressure values 42,42 . . . out of the nine
of the pressure sensors 41, 41 . . . can be set as the object to be
determined of the supine shoulder contact threshold value
73a, so that the portion to be determined may be varied in the
supine shoulder cell information 72 (the portion to be deter-
mined is variable). Therefore, while characteristics of an out-
line of the shoulder is captured (supine shoulder cell infor-
mation 72), individual differences, which are minute
differences within the outline, can be absorbed (variable), and
further accurate position detection can be performed with
little increase in the processing quantity.

[0181] In addition, the measurement value group autocor-
relation securing unit is provided so as to store the chest
respiration measurement value (the chest respiration mea-
surement information 121) and the abdominal respiration
measurement value (the abdominal respiration measurement
information 122) as the measurement value group in which a
plurality of measurement values are accumulated over the
different index clock times 43. Further, the measurement
value group autocorrelation securing unit excludes the chest
respiration measurement value and the abdominal respiration
measurement value, which have no autocorrelation with the
measurement value group, from the measurement value
group. Therefore, the pressure value 42 or the like caused by
the body movement having no autocorrelation (larger than the
average value by a specific value) in comparison with (the
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average value of) the pressure value 42 applied by the respi-
ration, can be excluded, so that the measurement value group
having higher reliability can be provided.

[0182] Inaddition, the control unit 69 weights the pressure
values 42, 42 . . . depending on the arrangement of the pres-
sure values 42, 42 . . . at the detected lower-back position
(abdominal respiration measurement position information
112) (weighting information 131, 132) and measures the
abdominal respiration measurement value (the abdominal
respiration measurement information 122) (a weighting mea-
suring unit). Therefore, further accurate abdominal respira-
tion measurement information 122 based on an actual state of
general sleeper A can be obtained.

[0183] In the case where the autocorrelation of the mea-
surement value group is secured or weighting of the measure-
ment value group is performed in the heart rate measurement,
the same effects as those relating to the respiration described
above are obtained also in the heart rate measurement.

[0184] A position-detecting device according to a second
embodiment of the present invention is the same as the posi-
tion-detecting device 1 according to the first embodiment
except for the following points. In the second embodiment,
the supine shoulder specific pattern 71 of the first embodi-
ment is replaced by a supine chest specified pattern 271
illustrated in FIG. 13A and, accordingly, the supine shoulder
scanning process S31 of the first embodiment changes corre-
spondingly.

[0185] In the second embodiment, as illustrated in FIG.
13A, thecells C,C. .. of tworows and two columns on the left
side, the cells C, C . . . of two rows and two columns on the
right side, and blank cells K, K . . ., which are blank, of two
rows and two columns therebetween are used as the supine
chest specified pattern 271.

[0186] The control unit 69 executes the supine chest scan-
ning process instead of the supine shoulder scanning process
S31 in the first embodiment. In this processing, the control
unit 69 applies the supine chest specified pattern 271 to the
body pressure distribution information 44 in sequence from
the upper left corer, and performs scanning on the chest
portion in the supine position. The reference cell C of the
supine chest specified pattern 271 is the upper left corner. The
condition of determining the chest portion here is that the sum
(or an average) of the pressure values 42, 42 . . . at the eight
cells C, C . .. in total is not smaller than the predetermined
threshold value (supine chest contact threshold value). The
pressure values 42, 42 . . . at the blank cells K, K, . . . are not
used in the determination of the condition, and has a function
to separate the cells C, C . .. on the left side and the cells C,
C .. . on the right side used for the determination from each
other. In addition, in the scanning of the chest in the supine
positionaccording to the second embodiment, the right shoul-
der right boundary column R and the left shoulder left bound-
ary column L do not exist.

[0187] Thenumber or arrangement of the cells C,C .. . and
the blank cells K, K, . . . may be changed to other numbers and
arrangement. The condition to determine the chest portion
may be changed so as to satisfy independent individual con-
ditions of the cells C, C . . . on the left side and the cells C, C
.. . on the right side such that the sum of the pressure values
42,42 ... ofthecells C, C...on the left side and the sum of
the pressure values 42,42 . .. of the cells C,C . . . on the right
side become not smaller than the predetermined threshold
values, respectively.
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[0188] In addition, even when the sleeper A turns over to
some extent, a supine chest specified pattern 272 illustrated in
FIG. 13B or a supine chest specified pattern in lateral sym-
metry therewith can be scanned together with the supine chest
specified pattern 271 for the purpose of detecting the chest
position in the supine position with high degree of accuracy.
In this case, in the case of no-detection in the scan with the
supine chest specified pattern 271, the supine chest specified
pattern 272 is scanned and if it is still not detected, the scan-
ning with the pattern symmetry therewith may be performed.

[0189] When the control unit 69 detects the chest in the
supine position under the above condition, the range of the
cells C,C.. . is stored in the storage unit 62 as the supine chest
detection position information. Further, ranges of the cells C,
C...andtheblank cells K, K, ... are stored in the storage umt
62 as the chest respiration measurement position information
111.

[0190] The information to be stored may be changed as
needed such that the supine chest detection position informa-
tionis limited to arange ofthe cells C, C ... . and the blank cells
K, K ... or the chest respiration measurement position infor-
mation 111 is set to a range larger than the above-described
range.

[0191] In the position-detecting device (respiration mea-
surement device and the heart rate measurement device) of
the second embodiment, in the case where the pressure values
42,42 ... which match the specific pattern exist in the body
pressure distribution information 44, it is not necessary to
refer to the body pressure distribution information 44 from
the matched pressure values 42, 42 . . . onward. The pressure
values 42, 42 . .. which match the specific pattern, that is, the
target body part can be detected accurately without determin-
ing all of the pressure values 42,42 . . . of the body pressure
distribution information 44. Therefore, position detection
providing a high processing speed and an accurate processing
result can be performed.

[0192] The position-detecting device, the respiration mea-
surement device, and the heart rate measurement device of the
present invention have an application as a component of a
sleep apnea state detecting apparatus configured to detect the
chest and the lower back accurately, figure out phase displace-
ment between the chest respiration and the abdominal respi-
ration or increase in the number of heart rates further accu-
rately by continuous acquisition of the respective
measurement values, and detect the sleep apnea state accu-
rately.

[0193] Itis explicitly stated that all features disclosed in the
description and/or the claims are intended to be disclosed
separately and independently from each other for the purpose
of original disclosure as well as for the purpose of restricting
the claimed invention independent of the composition of the
features in the embodiments and/or the claims. It is explicitly
stated that all value ranges or indications of groups of entities
disclose every possible intermediate value or intermediate
entity for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention, in particular as
limits of value ranges.

What is claimed is:
1. A position-detecting device comprising;

abody pressure distribution sensor including a plurality of
pressure sensors that are capable of outputting pressure
signals corresponding to pressure values respectively
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and are arranged in a matrix pattern having rows and
columns, the body pressure distribution sensor being
placed on bedclothes;

a specific pattern storage unit configured to store a range
that can be occupied by the pressure sensors correspond-
ing to a predetermined body part in a state in which a
user takes a sleeping posture on the bedclothes, and a
condition of the pressure values of the pressure sensors
within the range as a specific pattern relating to the
sleeping posture and the body part;

a scanning unit configured to apply the specific patterns to
body pressure distribution information, which is a set of
the plurality of pressure values in accordance with the
matrix arrangement, from a predetermined scan starting
position to adjacent positions in a row direction or a
column direction in sequence, and to determine whether
the condition is satisfied in sequence; and

a body part position determining unit configured to deter-
mine the position of the body part or a related body part
in the corresponding sleeping posture relating thereto on
the basis of the position of the specific pattern in the
body pressure distribution information in the case where
the scanning unit determines that the conditions are sat-
isfied.

2. The position-detecting device according to claim 1,

wherein

the body part includes individual parts in pair of left part
and right part or upper part and lower part of the user,

the related body part includes body parts relating to the pair
of body parts;

the scan starting position of the individual parts is the left
part or the right part, or the upper part or the lower part
in the body pressure distribution information depending
on a position of the body parts in pair, and

the range of application of the specific patterns in sequence
in the body pressure distribution information is limited
to the left part or the right part, or the upper part or the
lower part in the body pressure distribution information
depending on the position of the individual body parts in
pair.

3. The position-detecting device according to claim 1,

wherein

the condition is that the given pressure values correspond-
ing to the number of the pressure sensors smaller than
the number of the pressure sensors within a range which
can be occupied by the pressure sensors is not smaller
than a predetermined threshold value.

4. A respiration measurement device wherein at least one
of the body part and the related body part is subjected to
measurement of a chest respiration measurement value relat-
ing to chest respiration of the user on the basis of a chest
position detected by the position-detecting device according
to claim 1, which is the chest of the user.

5. The respiration measurement device wherein at least one
of the body part and the related body part is subjected to
measurement of an abdominal respiration measurement value
relating to abdominal respiration of the user on the basis of a
lower back position detected by the position-detecting device
according to claim 1, which is the lower back of the user.

6. The respiration measurement device according to claim
4, further including a measurement value group autocorrela-
tion securing unit configured to store a measurement value
group in which the plurality of measurement values are accu-
mulated for at least one of the chest respiration measurement
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value and the abdominal respiration measurement value, and
exclude at least one of the chest respiration measurement
value and the abdominal respiration measurement value,
which has no autocorrelation with the measurement value
group from the measurement value group.

7. The respiration measurement device according to claim
4, wherein

the pressure values are weighted depending on the arrange-

ment of the pressure values at the detected chest position
or lower-back position to measure the chest respiration
measurement value or the abdominal respiration mea-
surement value.

8. A heart rate measurement device wherein at least one of
the body part and the related body part is subjected to mea-
surement of a heart rate measurement value relating to heart
rate of the user on the basis of a chest position detected by the
position-detecting device according to claim 1, which is the
chest of the user.

9. The heart rate measurement device according to claim 8,
further including a heart rate measurement value group auto-
correlation securing unit configured to store a heart rate mea-
surement value group in which a plurality of heart rate mea-
surement values are accumulated for the heart rate
measurement value, and exclude the heart rate measurement
value, which has no autocorrelation with the heart rate mea-
surement value group from the heart rate measurement value
group.

10. The heart rate measurement device according to claim
8, wherein pressure values are weighted depending on the
arrangement of the pressure values at the detected chest posi-
tion to measure the heart rate measurement value.

® % % % %
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