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(57) ABSTRACT

The occurrence of trunk muscle contraction associated with
body movement and the like is accurately and timely detected
using pulse data.

A trunk muscle contraction detection apparatus includes a
change-component acquisition unit that extracts change-
component data representing a change component of pulse-
interval data, the change component regarding pulse inter-
vals, a vibration-component removing unit that generates
vibration-component removal data by removing, from the
change-component data, a vibration component correspond-
ing to periodic vibrations in the pulse-interval data, and a
variation-component extraction unit that extracts a certain
variation component from the vibration-component removal
data, and determines the occurrence of trunk muscle contrac-
tion in accordance with the certain variation component,
which has been extracted.

Sl

/
|__'_| photoelectric

pulsc wave

sensor [T
3

X 310
driving unit |‘

22
20

3~

320-+_

S S

amplification unit

analog filter
digital filter

secono-order differential

processing urit

pulse-wave peak
detection unit

pulse-wave peak
correction unit

pulse-nterval data
generation unit

40b—_|

display

50
55

communication
unit

60

interpolation processing
unit




Patent Application Publication Jun. 2,2016 Sheet1 of 7 US 2016/0151000 A1

FIG. 1

j

5 1
: . . 310
|__'_| photoelectric driving unit |-‘
pulse wave
:I sensor 1 J 311
2
22 R R
0 | 321
1
'
‘ 322
320-. !
' 323
30| H
i [second-order differential 324
H processing unit
Lo -
326
-
pulse-wave peak 328
correction unit
pulse-nterval data | — 330
generation unit
differential processing
unit
positive-side peak
detestion unit
40~_|

50 /‘{ display ||<
55 /-{ speaker l|<

communication
60 unit

FIG. 2

1.2

movement | movement movement | movement movement | movement
1 a b a b a (small) b
Ay s NMW P\ ]
0.8 / V—V V W = W
=
2 06 P a— A |[sec ] F}4
30
< pl e trunk muscle p8
04 movement detection =
2 3
s J i
I L
4] 20 40 60 80 100 120 140 160 180 200

time [sec]



Patent Application Publication Jun. 2,2016 Sheet2 of 7 US 2016/0151000 A1

opening eyes closing eyes opening eyes closing eyes opening eyes
1. l
1 F
0.3 {
= R
[}
205
S( A sac]
0.4
- {rUN< MUsCle movemnent detection
0.2
Q
O ) - ) "
0 40 30 120 160 200
time [sec]
X (pos tive-peak characteristic value: x)
ty
x time
¥ {negative-peak characteristic valus; y)

time




Patent Application Publication

FIG. 6

Jun. 2,2016 Sheet 3 of 7

C =
J

| load photoelectric pulse wave signal |‘\ 5100

| photoelectric-pulse-wave-signal filtering |~¥S102

detect and correct photoelectric-pulse-
wave peaks

L

™~ s104
| generate pulse-interval data

| |\S106

| pulse-interval-data differential processing I\ S110

has positive peak been
detected?

US 2016/0151000 A1

hold positive-peak
characteristic value

™ s114

is positive-peak
characteristic value held?

5116

within certain number-of-pulse range
after detection of positive peak?

S118

clear positive-peak
charateristic value

™ 5122

A

has negative peak been
detected?

5120

perform subtraction processing for
negative-peak characteristic value in
accordance with positive-peak
characteristic value

™ 5124

| output vibration-component removal data |\ 5126

| invert vibration-component removal data |\ 518

extract variation component in
accordance with comparison of
inversion data and threshold, and
determine ocourrence of trunk muscle

L

output trunk muscle contraction detestion f~__ S132
results

L

)

™~ 5130




Patent Application Publication Jun. 2,2016 Sheet4 of 7 US 2016/0151000 A1

FIG 7

S

21
¢ 1
|__I_| photoelectric driving unit |’ e
pulse wave
;\ SEnsar L 5| amplification unit i
22 [ ,
20 !
! 321
E analog filter
1
=
320-. |
1
30~ i digita fiter s
1
[ second-order differential 324
' processing unit
| U 1
pulse-wave peak 326
detection unit
pulse-wave peak 328
corregtion unit
pulse-interval data | — 330
generation unit
interpolation processing
40b H
™ 4206+t , L 427
4 adaptive filter f
I
display I
speaker
communication
unit




Patent Application Publication

FIG. 8

Jun. 2,2016 Sheet5of 7

S —

| load photoelectric pulse wave signal |\ $100

L

photoelectric-pulse-wave-signal fitering

|\SWO?_

detect and correct photoelectric-pulse-
wave peaks

™ 5104

generate pulse-interval data

|-\SWDG

performinterpolation process on pulse-
interval data

- 5210

L

perform differential processing on
interpolated data

™ 5212

L

generate vibration-compenent removal
data by performing adaptive filtering
process

- $214

L

invert vibration-component removal data

|\ 5228

J

extract variation component in
acgordance with comparison of
inversion data and threshcld, and
determine occurrence of trunk muscle

™ 5230

output trunk muscle contraction detection
results

™ 5232

JL
o

US 2016/0151000 A1



Patent Application Publication

FIG. 9

Jun. 2,2016 Sheet 6 of 7

j

{ driving unit |-’ 310

21
J
t’ photoelectric
pulse wave
sensor
2 )
22
20
30—~
40c

320~}

amplification unit 311

analog filter

digital filter

second-order differential
processing unit

pulse-wave peak

detection unit

pulse-wave peak

correction unit

pulse-interval data
generation unit

406 ) interpolation processing : 412
unit :

memory

reference-waveform

correlation-coefficient
calculation unit

!
! 433
1
1
1
1
1
1

V]
| display | | speaker ” Gommlljrr]}ltcanon |
4 4 7

50 50 60

US 2016/0151000 A1



Patent Application Publication

FIG. 10

Jun. 2,2016 Sheet 7 of 7

=

L

| load photoelectric pulse wave signal |‘\ 2100

photoelectric-pulse-wave-signal filtering

|x5102

L

detect and correct photoelectric-pulse-
wave peaks

™ 5104

L

generate pulse-interval data

|\‘S106

L

perform interpolation process on pulse-
interval data

™ s310

N

generate vibration-component removal
data by performing adaptive filtering
process

™ 5312

)

read out reference waveform

f\sam

calculate correlation coefficient between
vibration-component removal data and
reference waveform

™~ 5316

determine degree of correlation from
correlation coefficient

™ s318

L

extract variation componentin
accordance with degree of correlation,
and determine occurrence of trunk
muscle confraction

™ 5320

output trunk muscle contraction detection
results

™ s332

N

O

US 2016/0151000 A1



US 2016/0151000 A1

TRUNK MUSCLE CONTRACTION
DETECTION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of PCT/
IP2014/068866 filed Jul. 16, 2014, which claims priority to
Japanese Patent Application No. 2013-163951, filed Aug. 7,
2013, the entire contents of each of which are incorporated
herein by reference.

FIELD OF INVENTION

[0002] The present invention relates to a trunk muscle con-
traction detection apparatus.

BACKGROUND

[0003] Hitherto, a technology for detecting a movement or
a state of a human body by sensing feature values regarding
the human body has been known. For example, Patent Docu-
ment 1 discloses a configuration for determining a movement
of a human body by analyzing an output from an acceleration
sensor mounted in a portable device. Feature values acquired
from the acceleration sensor of a portable device attached to
a human body are compared with reference data, and body
movements such as swinging arms, walking, and the like are
recognized.

[0004] Inaddition, Patent Document 2 discloses a configu-
ration for subjecting heartbeat intervals to frequency analysis
and estimating a sleeping state, an autonomic nervous state (a
state of fatigue), or a breathing state from the size of a fre-
quency band component characteristic of sleep depth, auto-
nomic nervous (sympathetic nervous, parasympathetic ner-
vous) activity, or breathing.

[0005] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2002-65640.

[0006] Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2003-290164.

[0007] However, with the configuration of Patent Docu-
ment 1, movements of a portion to which the acceleration
sensor is attached are detected. Thus, when the portable
device is in the state of being held by a hand, movements of
portions other than the hand are unable to be detected. In
addition, body movements that do notinvolve a displacement
such as deep breathing and straining are not detected because
an acceleration is not applied to the acceleration sensor by
such body movements. In contrast, in the case where an
acceleration is applied to the acceleration sensor because of a
factor other than body movements such as traveling in a
vehicle, a determination error may occur when it is presumed
that a body movement is present.

[0008] In addition, with the configuration of Patent Docu-
ment 2, since analysis is performed in accordance with
detected pulses, inconveniences that arise when an accelera-
tion sensor is used are solved such as there being limited
portions that can be detected, non-detection of body move-
ments involving no displacement, and the effect of an accel-
eration caused by a movement other than body movements.
However, with the configuration of Patent Document 2, in the
case where heartbeat periodic variation caused by a factor that
is a body movement and heartbeat periodic variation caused
by a factor that is autonomic nervous activity are present in
the same frequency range, variations caused by these factors
are not distinguished from each other. In addition, about a few
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minutes of data is needed to perform frequency analysis, and
thus it takes a long time to acquire an analysis result. In the
first place, autonomic nerve analysis requires, as a precondi-
tion, acquisition of static data in a resting state, and a heart-
rate variation component caused by an instant body move-
ment is to be a target that is removed as noise, and thus
autonomic nerve analysis is not suitable for timely body
movement detection.

SUMMARY OF THE INVENTION

[0009] Thus, an object of the present invention is to provide
a trunk muscle contraction detection apparatus and method
that is capable of accurately and timely detecting the occur-
rence of trunk muscle contraction associated with a body
movement and the like using pulse data.

[0010] A trunk muscle contraction detection apparatus
according to the present invention includes a processor or
CPU constituting a change-component acquisition unit that
acquires change-component data representing a change com-
ponent of pulse-interval data, the change component regard-
ing pulse intervals, a vibration-component removing unit that
generates vibration-component removal data by removing,
from the change-component data, a vibration component cor-
responding to periodic vibrations in the pulse-interval data,
and a variation-component extraction unit that extracts a cer-
tain variation component from the vibration-component
removal data, and determines the occurrence of trunk muscle
contraction in accordance with the certain variation compo-
nent, which has been extracted.

[0011] According to the trunk muscle contraction detection
apparatus according to the present disclosure, a variation
component caused by the trunk muscle contraction is
extracted from data obtained by removing, from the change-
component data of the pulse-interval data, a vibration com-
ponent caused by, for example, respiratory variation, and thus
it becomes possible to assuredly detect trunk muscle contrac-
tion. Although trunk muscle contraction is also caused by
breathing, periodic breathing is treated as noise, and thereaf-
ter variations caused by trunk muscle contraction are distin-
guished from respiratory variation.

[0012] In the trunk muscle contraction detection apparatus
according to the present invention, preferably, the certain
variation component is a component corresponding to a
change waveform in which an upward peak has appeared
immediately after a downward peak, in a waveform repre-
senting the pulse-interval data.

[0013] In this case, a change in pulse interval that is char-
acteristic of the time of trunk muscle contraction is extracted
as the variation component from the pulse-interval data, and
thus it becomes possible to determine trunk muscle contrac-
tion with high accuracy.

[0014] In the trunk muscle contraction detection apparatus
according to the present invention, preferably, the vibration
component is a component based on respiratory variation.
[0015] In this case, even in the case where the respiratory
variation is large in the pulse-interval data, a change compo-
nent caused by the respiratory variation is assuredly removed
as the vibration component and it becomes possible to detetr-
mine trunk muscle contraction with high accuracy.

[0016] In the trunk muscle contraction detection apparatus
according to the present invention, the change-component
acquisition unit includes an interpolation processing unit that
interpolates the pulse-interval data, arranges pieces of data of
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the pulse-interval data at constant time intervals, and supplies
the interpolated pulse-interval data to the vibration-compo-
nent removing unit.

[0017] In this case, interpolation of the pulse-interval data
makes it possible to cut out the pulse-interval data at constant
time intervals, and thus it becomes possible to process the
pulse-interval data in a frequency domain. Thus, for example,
an adaptive filter may be used in the vibration-component
removing unit, and thus the degree of freedom of a data
processing configuration is improved. In addition, it becomes
easier to capture vibration characteristics by performing an
interpolation process on the pulse-interval data having a short
vibration period, and thus it becomes possible to improve the
accuracy of vibration component removal.

[0018] The trunk muscle contraction detection apparatus
according to the present invention includes pulse-interval
data generation unit that detects pulses of a subject and gen-
erates the pulse-interval data.

[0019] According to the trunk muscle contraction detection
apparatus according to the present invention, pulses are
detected, and it becomes possible to accurately and timely
detect trunk muscle contraction in accordance with the detec-
tion output.

[0020] According to the present invention, it is possible to
accurately and timely detect the occurrence of trunk muscle
contraction associated with body movement and the like
using pulse data.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG.1isa block diagram illustrating a trunk muscle
contraction detection apparatus according to a first embodi-
ment.

[0022] FIG. 2 is a diagram for describing the relationship
between a pulse interval and a trunk muscle movement.

[0023] FIG. 3 is a diagram for describing respiratory vibra-
tion.
[0024] FIG. 4 is a diagram for describing a vibration-com-

ponent removal process in a trunk muscle contraction detec-
tion method according to the first embodiment.

[0025] FIG. 5 is a diagram for describing the vibration-
component removal process of FIG. 4 in a supplemental
manner.

[0026] FIG. 6 is a flowchart illustrating the trunk muscle
contraction detection method according to the first embodi-
ment.

[0027] FIG.7isablock diagram illustrating a trunk muscle
contraction detection apparatus according to a second
embodiment.

[0028] FIG. 8 is a flowchart illustrating a trunk muscle
contraction detection method according to the second
embodiment.

[0029] FIG.9isa block diagram illustrating a trunk muscle
contraction detection apparatus according to a third embodi-
ment.

[0030] FIG. 10 is a flowchart illustrating a trunk muscle
contraction detection method according to the third embodi-
ment.

DETAILED DESCRIPTION

[0031] In the following, preferred embodiments of the
present invention will be described in detail with reference to
the drawings. Note that the same elements are denoted by the
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same reference numerals in the drawings, and redundant
description thereof will be omitted.

First Embodiment

[0032] First, the configuration of a trunk muscle contrac-
tion detection apparatus 1 according to a first embodiment
will be described using FIG. 1. FIG. 1 is a block diagram
illustrating the configuration of the trunk muscle contraction
detection apparatus 1. The trunk muscle contraction detection
apparatus 1 of the present embodiment acquires change-com-
ponent data regarding pulse intervals in pulse-interval data,
generates vibration-component removal data by removing a
component corresponding to periodic vibrations from the
change-component data, and determines the occurrence of
trunk muscle contraction by extracting a certain variation
component from the vibration-component removal data. In
the following, structural elements will be described in detail.
[0033] The trunk muscle contraction detection apparatus 1
includes a pulse sensor 20 for acquiring pulses, a pulse-
interval data acquisition unit 30 for generating pulse-interval
data, and a pulse-interval data analysis unit 40 for performing
analysis to detect trunk muscle contraction in accordance
with detected pulse-interval data. In the following, the struc-
tural elements will be described in detail. Note that the pulse
sensor 20 and the pulse-interval data acquisition unit 30 can
be constituted by the processor and/or CPU provided to gen-
erate the pulse-interval data as described herein.

[0034] The pulse sensor 20 may be, for example, a photo-
electric pulse wave sensor for detecting pulses, an electrocar-
diogram sensor for detecting heartbeats, or a piezoelectric
sensor. Note that, herein, pulses and heartbeats are collec-
tively called pulses. The pulse sensor 20 may be a wearable
sensor that may be attached to a human body, or may also be
a grip-type sensor such as a game controller or a smartphone
that may be held by a hand. In the present embodiment,
description will be made supposing that, as an example, the
pulse sensor 20 includes a photoelectric pulse wave sensor.
Note that the pulse sensor 20 (hereinafter also referred to as
“photoelectric pulse wave sensor 20”) is a sensor that opti-
cally detects a photoelectric pulse wave signal using light
absorption characteristics of hemoglobin in blood. Thus, the
photoelectric pulse wave sensor 20 includes a light emitting
element 21 and a light receiving element 22.

[0035] The light emitting device 21 emits light in response
to apulsed driving signal output from a driving unit 310 of the
pulse-interval acquisition unit 30. For example, a light-emit-
ting diode (LED), a Vertical Cavity Surface Emitting LASER
(VCSEL), ora resonator-type LED, or the like may be used as
the light emitting element 21. Note that the driving unit 310
generates and outputs a pulsed driving signal that drives the
light emitting element 21.

[0036] The light receiving element 22 outputs a detection
signal based on the intensity of light that has been emitted
from the light emitting element 21, that has passed through,
for example, a human body such as a fingertip or has been
reflected by a human body, and then that enters the light
receiving element 22. For example, a photodiode or a pho-
totransistor may be preferably used as the light receiving
element 22. A photodiode is used as the light receiving ele-
ment 22 in the present embodiment. The light receiving ele-
ment 22 is connected to the pulse-interval acquisition unit 30,
and a detection signal (a photoelectric pulse wave signal)
acquired by the light receiving element 22 is output to the
pulse-interval acquisition unit 30.
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[0037] Thepulse-interval acquisition unit 30 acquires pulse
intervals by processing an input photoelectric pulse wave
signal, and generates pulse-interval data. Thus, the pulse-
interval acquisition unit 30 includes an amplification unit
311, a signal processing unit 320, a pulse-wave peak detec-
tion unit 326, a pulse-wave peak correction unit 328, and a
pulse-interval data generation unit 330. In addition, the signal
processing unit 320 includes an analog filter 321, an A/D
converter 322, a digital filter 323, and a second-order differ-
ential processing unit 324.

[0038] Here, among the above-described units, the digital
filter 323, the second-order differential processing unit 324,
the pulse-wave peak detection unit 326, and the pulse-wave
peak correction unit 328 are constituted by, for example, a
CPU or microprocessor that performs computational process-
ing,a ROM that stores programs and data for causing the CPU
to execute processes, and a RAM that temporarily stores
various types of data such as a computation result. That is, the
functions of the above-described units are realized by the
CPU executing the programs stored in the ROM. It should
further be appreciate that other units as described herein can
be constituted by the CPU or an additional CPU to execute
processes to perform the algorithms described herein.
[0039] As described above, the signal processing unit 320
includes the analog filter 321, the A/D converter 322, the
digital filter 323, and the second-order differential processing
unit 324, and extracts a pulse component by performing a
filtering process on a photoelectric pulse wave signal ampli-
fied by the amplification unit 311.

[0040] The analog filter 321 and the digital filter 323
removes components (noise) other than frequencies that char-
acterize a photoelectric pulse wave signal, and performs fil-
tering to improve the S/N. To be more specific, since a fre-
quency component of about 0.1 to a few tens of hertz is
predominant in a photoelectric pulse wave signal, the S/N is
improved by performing a filtering process using an analog
filter and a digital filter such as a low pass filter and a band
pass filter and by causing only signals of the above-described
frequency range to selectively pass through the analog filter
and the digital filter.

[0041] Note that both the analog filter 321 and the digital
filter 323 do not have to be provided, and only either of the
analog filter 321 and the digital filter 323 may be provided.
Note that the photoelectric pulse wave signal on which the
analog filter 321 and the digital filter 323 have performed the
filtering process is output to the second-order differential
processing unit 324.

[0042] The second-order differential processing unit 324
acquires a second-order differential pulse wave (acceleration
pulse wave) signal by subjecting the photoelectric pulse wave
signal to second-order differentiation. The acquired accelera-
tion pulse wave signal is output to the pulse-wave peak detec-
tion unit 326. Note that, for a photoelectric pulse wave peak,
a change (a rising edge) may not be obvious, and it may be
difficult to detect the photoelectric pulse wave peak. Thus, it
is preferable in the exemplary embodiment that the photo-
electric pulse wave peak be converted into an acceleration
pulse wave and peak detection be performed. However, the
second-order differential processing unit 324 does not have to
be provided and may be omitted according to an alternative
embodiment.

[0043] The pulse-wave peak detection unit 326 detects a
peak (rising edge) of a photoelectric pulse wave signal (accel-
eration pulse wave) on which the filtering process has been
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performed by the signal processing unit 320. According to the
exemplary embodiment, the pulse-wave peak detection unit
326 saves, ina RAM or the like, information on, for example,
a peak time and a peak amplitude about all detected peaks.
[0044] The pulse-wave peak correction unit 328 calculates
adelay time fora photoelectric pulse wave signal at the signal
processing unit 320 (the analog filter 321, the digital filter
323, and the second-order differential processing unit 324).
The pulse-wave peak correction unit 328 corrects, in accor-
dance with the calculated delay time for the photoelectric
pulse wave signal, a peak of the photoelectric pulse wave
signal (acceleration pulse wave signal) detected by the pulse-
wave peak detection unit 326. The corrected peak of the
photoelectric pulse wave (acceleration pulse wave) is output
to the pulse-interval data generation unit 330.

[0045] The pulse-interval data generation unit 330 gener-
ates pulse-interval data by collecting corrected peaks of a
photoelectric pulse wave, and outputs the generated pulse-
interval data to the pulse-interval data analysis unit 40. An
example of pulse-interval data is illustrated in FIG. 2. In FIG.
2, the horizontal axis represents time and the vertical axis
represents pulse interval (AAI). Data P represents pulse inter-
vals (AAI), and data Q represents trunk muscle contraction
detection results. Here, a pulse interval is a value obtained by
dividing a unit time by the number of pulses. For example, in
the case where the number of pulses for 60 seconds is 80, a
pulse interval is 0.75 (=60/80). As shown by the data P,
although the pulse interval randomly changes, the pulse inter-
val steeply drops at timings at which trunk muscle contraction
occurs, and then increases. For example, in the case of a
subject shown by data of the graph of FIG. 2, at timings at
which a movement A (a trunk muscle contraction movement
for swinging arms) and a movement B (a trunk muscle con-
traction movement for crouching forward) are performed,
steep drops and recovery (rises) of the pulse interval are
observed. The trunk muscle contraction detection results rep-
resented by the data Q will be described later.

[0046] Trunk muscle contraction is detected by extracting
such steep drops and rises of the pulse interval in the present
embodiment. In the behavior of the pulse interval, regular
changes, namely, periodic changes such as respiratory varia-
tion are also observed in addition to random changes and
steep changes that occur at the times of occurrence of trunk
muscle contraction as shown by the data P. For example, FIG.
3 illustrates respiratory variations of pulse intervals.

[0047] InFIG. 3, the horizontal axis represents time and the
vertical axis represents pulse interval (AAI). Data R repre-
sents pulse intervals (AAI), and data S represents trunk
muscle contraction detection results. Note that the subject
shown by the pulse-interval data of FIG. 2 (hereinafter
referred to as “subject A”) and a subject shown by pulse-
interval data of FIG. 3 (hereinafter referred to as “subject B”)
are different persons. Although changes in pulse interval
caused by respiratory variation vary between individuals, it is
known that a range of frequency is from about 0.1 to 0.5 Hz.
As understood from FIGS. 2 and 3, the subject A’s trunk
muscle contraction is relatively obviously seen, but the sub-
ject B’s trunk muscle contraction is buried in respiratory
variations and difficult to detect (note that the subject B is
only breathing, and trunk muscle contraction does not occur
in FIG. 3). Consequently, it is necessary to assuredly distin-
guish, in acquired changes in pulse interval, steep changes
caused by trunk muscle contraction from changes caused by
respiratory variation.
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[0048] The pulse-interval data analysis unit 40 includes a
change-component acquisition unit 410, a vibration-compo-
nent removing unit 420, and a variation-component extrac-
tion unit 430. The pulse-interval data analysis unit 40 is
configured to extract an increase in pulse interval after pulse
interval reduction, the increase occurring in a short period of
time in pulse-interval data.

[0049] The -change-component acquisition unit 410
includes a differential processing unit 411 in the present
embodiment. The differential processing unit 411 differenti-
ates, using a certain number of pulses as a differential interval,
pulse-interval data in which pulse interval values are arranged
in time sequence. Since a frequency range of pulse variation
caused by trunk muscle contraction is on the order of 0.04 to
0.4 Hz, the above-described certain number of pulses may be
onthe order of 2to 20 pulses. For example, a differential value
can be obtained by obtaining the difference between a pulse
interval value AAI(i) and a pulse interval value AAI(i+n) (n:
on the order of 2 to 20) and dividing the difference by a time.
Here, when the number of pulses corresponding to a differ-
ential interval is small (that is, when n is small), chances are
high that low noise immunity is exhibited. When the number
of pulses corresponding to a differential interval is large (that
is, whenn is large), chances are high that the processing speed
decreases or a plurality of trunk muscle contraction move-
ments are included in the differential interval. Preferably, the
above-described certain number of pulses is 3 to 7 by taking
such circumstances into consideration. In this manner, the
differential processing unit 411 outputs differential-value
data as change-component data of the pulse-interval data to
the vibration-component removing unit 420.

[0050] The vibration-component removing unit 420
includes a positive-side peak detection unit 421, a positive-
side peak holding unit 422, a negative-side peak detection
unit 423, a subtraction unit 424, and an output unit 425. The
vibration-component removing unit 420 generates vibration-
component removal data by removing a component of pulse-
interval data corresponding to periodic vibrations from
change-component data on which the change-component
acquisition unit 410 has performed differential processing.
Since a pulse interval value caused by trunk muscle contrac-
tion decreases and then increases in a short period of time as
described above, consecutive peaks, which are a negative
peak and then a positive peak, appear in a differential wave-
form corresponding to this variation. Thus, a differential
waveform of pulse-interval data caused by the above-de-
scribed trunk muscle contraction is left by performing a pro-
cess for removing consecutive peaks that occur in the order
opposite to this order, that is, a waveform component in which
a negative peak occurs after a positive peak in a consecutive
manner.

[0051] The positive-side peak detection unit 421 deter-
mines the presence or absence of positive peaks in the above-
described differential waveform, and causes, in the case
where a positive peak is detected, the positive-side peak hold-
ing unit 422 to hold a positive-peak characteristic value
regarding the positive peak.

[0052] The negative-side peak detection unit 423 detects
whether or not a negative peak occurs before a certain number
of pulses occurs after the positive peak has been detected by
the positive-side peak detection unit 421. In the case where a
negative peak is not detected before the certain number of
pulses occurs after the positive peak has been detected, the
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positive-peak characteristic value held by the positive-side
peak holding unit 422 is discarded.

[0053] 1In the case where a negative peak is detected by the
negative-side peak detection unit 423 before the certain num-
ber of pulses occurs after the positive peak has been detected,
the subtraction unit 424 performs subtraction processing fora
negative-peak characteristic value regarding the negative
peak in accordance with the positive-peak characteristic
value held by the positive-side peak holding unit 422. For
example, the positive-peak characteristic value is subtracted
from the negative-peak characteristic value. Here, the posi-
tive-peak characteristic value and the negative-peak charac-
teristic value may be respective peak values, or may also be
differential values over time.

[0054] For example, as illustrated in FIG. 4, assume a case
where a positive peak X having a positive-peak characteristic
value x occurs at a time tx, and thereafter a negative peak Y
having a negative-peak characteristic value y occurs at a time
ty in a differential waveform. In the case where a time differ-
ence ty-tx is within a certain number-of-pulse range, the
positive-peak characteristic value x is subtracted from the
negative-peak characteristic value y. In the case where the
time difference ty-tx is outside the certain number-of-pulse
range, subtraction processing is not performed for the nega-
tive-peak characteristic value y. Note that the above-de-
scribed certain number-of-pulse range is set on the basis of a
number-of-pulse range corresponding to respiratory variation
(on the order of 2 to 16 pulses), and is preferably on the order
of 1 to 8 pulses.

[0055] A vibration-component removal process will be
described in greater detail using FIG. 5. FIG. 5 illustrates a
differential waveform similarly to as in FIG. 4, and the hori-
zontal axis represents time. In FIG. 5, positive peaks X1 to X4
on the positive side and negative peaks Y1 to Y4 on the
negative side are illustrated in order of time. Suppose that
occurrence times are tx1 to x4 and ty1 to ty4, and respective
peak characteristic values are x1 to x4 and y1 to y4. In addi-
tion, suppose that time differences tyl-tx1, ty2—tx2, and
ty3-tx3 are within the above-described certain number-of-
pulse range, and a time difference ty4—tx4 is outside the
certain number-of-pulse range.

[0056] Here, for the negative peak Y1 that has appeared
immediately after the positive peak X1, a peak characteristic
value y1-x1 is obtained. Since the peak characteristic value
x1 is approximately equal to the peak characteristic value y1,
a subtraction result for the peak characteristic value of the
negative peak Y1 becomes substantially zero. Thus, the peak
Y1 has been removed as a vibration component. Likewise, for
the negative peak Y2 that has appeared immediately after the
positive peak X2, a peak characteristic value y2-x2 is
obtained. Since the peak characteristic value x2>the peak
characteristic value y2, a subtraction result for the peak char-
acteristic value of the negative peak Y2 takes a negative value
(or may also be treated as zero). Thus, the peak Y2 has been
removed as a vibration component. In addition, for the nega-
tive peak Y3 that has appeared immediately after the positive
peak X3, a peak characteristic value y3—x3 is obtained. Since
the peak characteristic value x3<the peak characteristic value
v3, a subtraction result for the peak characteristic value of the
negative peak Y3 does not become zero. Thus, the peak Y3 is
not removed as a vibration component. For the negative peak
Y4 that appears after the positive peak X4, since a time
difference ty4-tx4 is outside the certain number-of-pulse
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range as described above, subtraction processing is not per-
formed. That is, the negative peak Y4 is not also removed as
a vibration component.

[0057] The output unit 425 outputs, to the variation-com-
ponent extraction unit 430, differential data supplied from the
differential processing unit 411 of the change-component
acquisition unit 410 and subtraction data supplied from the
subtraction unit 424. The output unit 425 may make, as nec-
essary, a subtraction result obtained by the subtraction unit
424 match temporally to other data for which subtraction
processing is not performed by the subtraction unit 424. In
this manner, vibration-component removal data obtained by
removing the component corresponding to periodic vibra-
tions (differential values) from the pulse-interval data (differ-
ential values) is output from the vibration-component remov-
ing unit 420 to the variation-component extraction unit 430.
[0058] The variation-component extraction unit 430
includes an inversion unit 431 and a comparison unit 432,
extracts a certain variation component from vibration-com-
ponent removal data supplied from the vibration-component
removing unit 420, determines the occurrence of trunk
muscle contraction in accordance with the extracted variation
component, and determines a time at which a certain variation
component is given to be a trunk muscle contraction detection
time.

[0059] The inversion unit 431 inverts vibration-component
removal data supplied from the vibration-component remov-
ing unit 420, and outputs positive-side values of the inverted
vibration-component removal data (hereinafter referred to as
“inversion data”). As a result, the data Q illustrated in FIG. 2
is obtained.

[0060] The comparison unit 432 extracts peaks having val-
ues greater than or equal to a certain threshold from the
inversion data. With reference to the data Q of FIG. 2, peaks
pl, p2, p3, p4, and p6 having values greater than or equal to
the certain threshold (AAI=0.1 in this example) are extracted,
and a peak p5 having a value less than the threshold is not
extracted among the peaks p1 to p6. Note that as illustrated in
FIG. 3, peaks having values greater than or equal to the
threshold do not occur in the data S, which is detection results
obtained by performing the above-described processes on
respiratory vibrations. This shows that, in the case where only
respiratory variations exist in the pulse-interval data, varia-
tions caused by trunk muscle contraction are not detected as
results of the above-described processes.

[0061] In this manner, the variation-component extraction
unit 430 determines trunk muscle contraction in accordance
with occurrence of a peak portion where a negative-side peak
value of the vibration-component removal data is greater than
or equal to the certain threshold, and outputs the time at which
the peak portion has occurred as a detection time of the trunk
muscle contraction. In the case where the time of the peak
portion is delayed because of a filtering process or the like, the
variation-component extraction unit 430 calculates the delay
time, and outputs a time obtained by performing correction
for the delay time as the detection time of the trunk muscle
contraction.

[0062] Trunk muscle contraction detection results (the
presence or absence of occurrence of trunk muscle contrac-
tion, the trunk muscle contraction detection time, and so
forth) determined by the variation-component extraction unit
430 of the pulse-interval data analysis unit 40 are output to,
for example, a display 50. The display 50 is, for example, a
liquid crystal display (LCD) or the like. Note that the acquired
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pulse data, pulse-interval data, and trunk muscle contraction
detection results are, for example, accumulated and stored in
the above-described RAM or the like, and may be output to a
personal computer (PC) or the like and confirmed after
completion of measurement. In addition, the trunk muscle
contraction detection results may also be output as voice or
sound from a speaker 55. A beeping sound, a chime, a spoken
instruction, or the like may be output from the speaker 55 at
the time of detection of trunk muscle contraction. Further-
more, the above-described detection results may also be
transmitted to, for example, a PC, a smartphone, or the like
via a communication unit 60, and may be displayed.

[0063] Next, an operation of the trunk muscle contraction
detection apparatus 1 will be described with reference to FIG.
6. First, in step S100, a photoelectric pulse wave signal (pho-
toelectric pulse wave waveform) detected by the photoelec-
tric pulse wave sensor 20 is loaded.

[0064] Next, in step S102, a filtering process is performed
on the photoelectric pulse wave signal loaded in step S100. In
addition, the photoelectric pulse wave signal is subjected to
second-order differentiation, whereby acquiring an accelera-
tion pulse wave. Next, in step S104, peaks of the photoelectric
pulse wave signal (acceleration pulse wave signal) are
detected. Then, for each of the detected peaks, information on
apeak time, a peak amplitude, and the like is stored. Further-
more, for each peak of the photoelectric pulse wave signal
(acceleration pulse wave), a delay time (the amount of shift)
is obtained, and the peak of the photoelectric pulse wave
signal (acceleration pulse wave) is corrected in accordance
with the obtained delay time. Note that since the correction
method for each peak has been described above, detailed
description thereof is omitted here. In step S106, pulse-inter-
val data is generated by collecting the corrected peaks of the
photoelectric pulse wave. Here, the pulse-interval data gen-
eration unit 330 of the pulse-interval acquisition unit 30 gen-
erates pulse-interval data, and outputs the pulse-interval data
to the pulse-interval data analysis unit 40.

[0065] In step 110, the differential processing unit 411 of
the change-component acquisition unit 410 differentiates the
pulse-interval data, in which pulse interval values are
arranged in time series, using the number of pulses on the
order of 2 to 20 as a differential interval. For example, the
difference between a pulse interval value AAI(7) and a pulse
interval value AAI(i+n) (n: on the order of 2 to 20, preferably
3 to 7) is obtained, and the difference may be used as a
differential value. Then, the change-component acquisition
unit 410 outputs differential waveform data serving as
change-component data to the vibration-component remov-
ing unit 420.

[0066] Next, in steps S112 to S126, the vibration-compo-
nent removing unit 420 generates vibration-component
removal data by removing a component of the pulse-interval
data corresponding to periodic vibrations from the change-
component data on which the change-component acquisition
unit 410 has performed differential processing. As described
above, the vibration-component removing unit 420 performs
a process for removing a waveform component in which a
negative peak occurs after a positive peak in a consecutive
manner from the change-component data. These steps are
performed by the positive-side peak detection unit 421, the
positive-side peak holding unit 422, the negative-side peak
detection unit 423, the subtraction unit 424, the output unit
425, and the CPU.
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[0067] 1In step S112, the positive-side peak detection unit
421 determines the presence or absence of a positive peak in
the change-component data. In the case where a positive peak
is detected (step S112, Yes), the positive-side peak holding
unit 422 holds a positive-peak characteristic value in step
S114. After step S114 or in the case where a positive peak has
not been detected (step S112, No), the process proceeds to
step S116.

[0068] Instep S116, itis determined whether or not a posi-
tive-peak characteristic value is held by the positive-side peak
holding unit 422. In the case where a positive-peak charac-
teristic value is held by the positive-side peak holding unit
422 (step S116, Yes), the process proceeds to step S118.
Otherwise, the process proceeds to step S126.

[0069] In step S118, the negative-side peak detection unit
423 determines whether or not the number of pulses that have
occurred after detection of the positive peak is within a certain
number-of-pulse range. In the case where the number of
pulses that have occurred is within the certain number-of-
pulse range (step S118, Yes), the process proceeds to step
S120. In contrast, in the case where the number of pulses that
have occurred is outside the certain number-of-pulse range
(step S118, No), the positive-peak characteristic value held
by the positive-side peak holding unit 422 is discarded in step
S122.

[0070] In step S120, the negative-side peak detection unit
423 determines the presence or absence of a negative peak in
the change-component data. In the case where a negative peak
has been detected (step S120, Yes), the process proceeds to
step S124. In the case where a negative peak has not been
detected (step S120, No), the process proceeds to step S126.

[0071] Instep S124, the subtraction unit 424 performs sub-
traction processing for a negative-peak characteristic value in
accordance with the positive-peak characteristic value held
by the positive-side peak holding unit 422. For example, the
positive-peak characteristic value is subtracted from the
negative-peak characteristic value. As a result, the component
of a negative peak that appears within the certain number-of-
pulse range from the positive peak is removed from the
change-component data (that is, differential waveform data).

[0072] In step S126, the output unit 425 outputs data on
which differential processing has been performed in step
S110 and data on which subtraction processing has been
performed in step S124. As a result, vibration-component
removal data is output to the variation-component extraction
unit 430 in a state where the subtraction result obtained in step
S124 is made to, as necessary, match temporally to other data
that is not subjected to step S124.

[0073] In steps S128 to S130, the variation-component
extraction unit 430 extracts a certain variation component
from the vibration-component removal data supplied from
the vibration-component removing unit 420, and determines
the occurrence of trunk muscle contraction in accordance
with the extracted variation component.

[0074] InstepS128, theinversionunit 431 inverts the vibra-
tion-component removal data supplied from the vibration-
component removing unit 420, and outputs inversion data
which is a positive-side value of the inverted vibration-com-
ponent removal data.

[0075] Instep S130, the comparison unit 432 compares the
inversion data with a certain threshold, determines the occur-
rence of trunk muscle contraction by extracting inversion data
having a value greater than or equal to the threshold as a peak,
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and determines a time at which a certain variation component
is given to be a trunk muscle contraction detection time.
[0076] 1In step S132, the display 50 and the like output, by
for example performing display, trunk muscle contraction
detection results (the presence or absence of occurrence of
trunk muscle contraction, the trunk muscle contraction detec-
tion time, and so forth) determined in step S130.

[0077] Note that a configuration for substantially removing
anegative peak that appears immediately after a positive peak
is used as a configuration for removing a periodical vibration
component in the present embodiment; however, an adaptive
filter may also be used that adaptively removes a vibration
component corresponding to the number of pulses for respi-
ratory variation. In addition, in the present embodiment, a
configuration has been illustrated with which the vibration-
component removal process is performed by the vibration-
component removing unit 420 after differential processing
has been performed by the change-component acquisition
unit 410; however, a configuration may also be used with
which differential processing is performed after the vibra-
tion-component removal process. In addition, in the present
embodiment, ithas been described above that the pulse sensor
(photoelectric pulse wave sensor) 20, the pulse-interval data
acquisition unit 30, the pulse-interval data analysis unit 40,
and the like are integrally formed; however, the pulse-interval
data analysis unit 40 may be prepared separately from the
pulse-interval data acquisition unit 30. In this case, the pulse-
interval data supplied from the pulse-interval data acquisition
unit 30 is transmitted to the pulse-interval data analysis unit
40 using wired communication or wireless communication.
[0078] As described above, since the periodical vibration
component caused by breathing and the like is removed from
the pulse-interval data with the configuration according to the
present embodiment, pulse variations caused by trunk muscle
contraction may be assuredly extracted. In addition, since the
time from when trunk muscle contraction has occurred to
when detection results are output substantially requires only
approximately a few pulses for performing differential pro-
cessing, detection results can be obtained timely in a semi-
real time mannet.

Second Embodiment

[0079] The configuration of a trunk muscle contraction
detection apparatus 2 according to a second embodiment will
be described using FIG. 7. FIG. 7 is a block diagram illus-
trating the configuration of the trunk muscle contraction
detection apparatus 2. Note that structural elements substan-
tially the same as those of the trunk muscle contraction detec-
tion apparatus 1 of the first embodiment will be denoted by
the same reference numerals, and description thereof will be
omitted. The trunk muscle contraction detection apparatus 2
includes a pulse-interval data analysis unit 405. The pulse-
interval data analysis unit 405 includes a change-component
acquisition unit 4105, a vibration-component removing unit
4205, and the variation-component extraction unit 430. That
1s, the change-component acquisition unit 4105 and the vibra-
tion-component removing unit 4205 differ from the change-
component acquisition unit 410 and the vibration-component
removing unit 420 of the first embodiment. The change-
component acquisition unit 4105 includes an interpolation
processing unit 412 and a differential processing unit 413.

[0080] The interpolation processing unit 412 performs an
interpolation process on pulse-interval data in which pulse
intervals are arranged in time series. Here, the interpolation
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process is, for example, spline interpolation. As a result,
pulse-interval data may be cut out at constant time intervals
(for example, intervals of 0.01 seconds). This interpolation
process makes it possible to process data as a function of
frequency in subsequent processes.

[0081] The differential processing unit 413 differentiates
interpolated pulse-interval data at certain time intervals.
Here, since a frequency range of pulse variation generated by
trunk muscle contraction is on the order of 0.04 to 0.4 Hz, a
time interval for differentiation is preferably on the order of
1.25t0 12.5 seconds.

[0082] The vibration-component removing unit 4205
includes an adaptive filter 427. The adaptive filter 427 is
configured to remove periodical vibrations of waveform data
supplied from the change-component acquisition unit 4105.
Since the periodical vibrations to be removal targets have a
frequency range of the order 0f 0.1 to 0.5 Hz corresponding to
respiratory variation, the adaptive filter 427 makes its transfer
function self-adapted in accordance with an optimization
algorithm such that the frequency component of this range is
removed. As a result, the pulse component that does not
periodically vary due to the above-described frequencies is
extracted as vibration-component removal data. Note that the
adaptive filter 427 is used as the vibration-component remov-
ing unit 4205 in the present embodiment; however, in the case
where the frequencies of a periodical vibration component to
be removed have been known in advance (for example, in the
case where a pulse-interval data analysis unit 405 specifically
designed for a specific subject is generated), for example, a
frequency filter having a relatively narrow cutoff frequency
range may be used.

[0083] In this manner, the vibration-component removal
data supplied from the vibration-component removing unit
4205 is input to the variation-component extraction unit 430,
and a data extraction process substantially the same as that of
the first embodiment is performed in the variation-component
extraction unit 430. Trunk muscle contraction detection
results (the presence or absence of occurrence of trunk muscle
contraction, a trunk muscle contraction detection time, and so
forth) determined by the variation-component extraction unit
430 are output to the display 50 or the speaker 55. In addition,
the above-described detection results may also be transmitted
to, for example, a PC, a smartphone, or the like via the
communication unit 60, and may be displayed.

[0084] Next, an operation of the trunk muscle contraction
detection apparatus 2 according to the present embodiment
will be described with reference to FIG. 8. The process in
steps S102 to S106 is substantially the same as the process in
steps S102 to S106 of'the first embodiment illustrated in FIG.
6, and thus description thereof will be omitted.

[0085] In step S210 after step S106, the interpolation pro-
cessing unit 412 applies an interpolation process such as
spline interpolation to pulse-interval data in which pulse
intervals are arranged in time series, and cuts out the pulse-
interval data at constant time intervals, for example, at inter-
vals of the order of 0.01 seconds.

[0086] In step S212, the differential processing unit 413
differentiates the interpolated pulse-interval data at time
intervals of the order of 1.25 to 12.5 seconds, and outputs this
as change-component data to the vibration-component
removing unit 4205.

[0087] In step S214, the adaptive filter 427 removes, for
example, periodical vibrations on the order of 0.1 to 0.5 Hz
from the change-component data input from the change-com-
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ponent acquisition unit 4104, and extracts a pulse component
that does not periodically vary due to the above-described
frequencies as vibration-component removal data.

[0088] Steps S228 to S232 after step S214 are substantially
the same as steps S128 to S132 of the first embodiment. That
is, the inversion unit 431 inverts the vibration-component
removal data and outputs inversion data in step S228. In step
S230, the comparison unit 432 compares the inversion data
with a certain threshold, determines the occurrence of trunk
muscle contraction by extracting inversion data having a
value greater than or equal to the threshold as a peak, and
determines a time at which a certain variation component is
given to be a trunk muscle contraction detection time. Then,
in step S232, the display 50 and the like output, by for
example performing display, trunk muscle contraction detec-
tion results (the presence or absence of occurrence of trunk
muscle contraction, the trunk muscle contraction detection
time, and so forth) determined in step S230.

[0089] As described above, with the configuration of the
present embodiment, an interpolation process makes it pos-
sible to process pulse-interval data on the frequency axis, and
the degree of freedom in the design of a process for vibration
component removal is improved. In addition, it becomes
easier to capture vibration characteristics by performing an
interpolation process on pulse-interval data having a short
vibration period corresponding to, for example, about two to
three pulses, and thus the accuracy of vibration component
removal may be improved.

Third Embodiment

[0090] The configuration of a trunk muscle contraction
detection apparatus 3 according to a third embodiment will be
described using FIG. 9. FIG. 9 is a block diagram illustrating
the configuration of the trunk muscle contraction detection
apparatus 3. Note that structural elements substantially the
same as those of the trunk muscle contraction detection appa-
ratus 2 of the second embodiment will be denoted by the same
reference numerals, and description thereof will be omitted.
The trunk muscle contraction detection apparatus 3 includes
apulse-interval data analysis unit40c. The pulse-interval data
analysis unit 40¢ includes a change-component acquisition
unit 410¢, the vibration-component removing unit 4205, and
a variation-component extraction unit 430c. That is, the con-
figurations of the change-component acquisition unit 410¢
and variation-component extraction unit 430¢ differ from
those of the change-component acquisition unit 4105 and the
variation-component extraction unit 430 of the second
embodiment.

[0091] The change-component acquisition unit 410c¢
includes the interpolation processing unit 412. The interpo-
lation processing unit 412 performs an interpolation process
on pulse-interval data in which pulse intervals are arranged in
time series. Here, the interpolation process is, for example,
spline interpolation. As a result, pulse-interval data may be
cut out at constant time intervals (for example, intervals of
0.01 seconds). This data on which the interpolation process
has been performed is processed as a function of frequency.

[0092] Similarly to as in the second embodiment, the vibra-
tion-component removing unit 4205 includes the adaptive
filter 427. That is, the adaptive filter 427 generates vibration-
component removal data by removing periodical vibrations
(0.1 to 0.5 Hz) of waveform data supplied from the change-
component acquisition unit 410¢. The vibration-component
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removal data supplied from the vibration-component remov-
ing unit 4205 is input to the variation-component extraction
unit 430c¢.

[0093] The variation-component extraction unit 430¢
includes a reference-waveform memory 433, a correlation-
coefficient calculation unit 434, a degree-of-correlation
determination unit 435, and a determination unit 436.
[0094] The reference-waveform memory 433 stores a ref-
erence waveform serving as a model for pulse variations to be
detection targets. A model into which pulse variations that
occur at the times of trunk muscle movement are converted is
used as this reference waveform. As a simple model, a model
obtained by approximating the variation in the number of
pulses to a square wave, a triangular wave, or the like may be
used.

[0095] The correlation-coefficient calculation unit 434 cal-
culates a correlation coefficient between vibration-compo-
nent removal data and a reference waveform stored in the
reference-waveform memory 433. The degree-of-correlation
determination unit 435 outputs a detection signal and the
degree of correlation in the case where the correlation coef-
ficient calculated by the correlation-coefficient calculation
unit 434 exceeds a certain value.

[0096] The determination unit 436 extracts, in the case
where a detection signal has been input, a variation compo-
nent in accordance with the degree of correlation, determines
the occurrence of trunk muscle contraction, and determines
the time at which the variation component is given to be a
trunk muscle contraction detection time. In this manner, trunk
muscle contraction detection results (the presence or absence
of occurrence of trunk muscle contraction, the trunk muscle
contraction detection time, and so forth) determined by the
variation-component extraction unit 430 are output to the
display 50 or the speaker 55. In addition, the above-described
detection results may also be transmitted to, for example, a
PC, a smartphone, or the like via the communication unit 60,
and may be displayed.

[0097] Next, an operation of the trunk muscle contraction
detection apparatus 3 according to the present embodiment
will be described with reference to FIG. 10. The process in
steps S102 to S106 is substantially the same as the process in
steps 8102 to S106 of'the first embodiment illustrated in FIG.
6, and thus description thereof will be omitted.

[0098] In step S310 after step S106, the interpolation pro-
cessing unit 412 applies an interpolation process such as
spline interpolation to pulse-interval data in which pulse
intervals are arranged in time series, and cuts out the pulse-
interval data at constant time intervals, for example, at inter-
vals of the order of 0.01 seconds.

[0099] In step S312, the adaptive filter 427 removes, for
example, periodical vibrations on the order of 0.1 to 0.5 Hz
from the change-component data input from the change-com-
ponent acquisition unit 410¢, and extracts a pulse component
that does not periodically vary due to the above-described
frequencies as vibration-component removal data.

[0100] In step S314, a reference waveform serving as a
model for pulse variations to be detection targets is read out
from the reference-waveform memory 433.

[0101] Instep S316, the correlation-coefficient calculation
unit 434 calculates a correlation coefficient between the
vibration-component removal data and the reference wave-
form. In step S318, the degree-of-correlation determination
unit 435 outputs, in the case where the correlation coefficient
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calculated in step S316 exceeds a certain value, a detection
signal and the degree of correlation.

[0102] Instep S320, the determination unit 436 extracts, in
the case where the detection signal has been input, a variation
component in accordance with the degree of correlation,
determines the occurrence of trunk muscle contraction, and
determines the time at which the variation component is given
to be a trunk muscle contraction detection time. Then, in step
8332, the display 50 and the like output, by for example
performing display, trunk muscle contraction detection
results (the presence or absence of occurrence of trunk muscle
contraction, the trunk muscle contraction detection time, and
so forth) determined in step S320.

[0103] Note that the configuration using an adaptive filter in
the vibration-component removal process has been described
in the present embodiment; however, a configuration may
also be used with which the wavelet transform is performed,
a periodical vibration component is removed from the con-
verted data, and a variation component caused by trunk
muscle contraction is extracted from the data obtained after
the period-vibration-component removal. In addition, as a
variation-component extraction process, a configuration has
been described with which a correlation coefficient between
vibration-component removal data and a reference waveform
is calculated. However, a configuration may also be used with
which differential processing is performed at certain time
intervals, a peak that is a negative peak having a value greater
than or equal to a certain threshold is extracted, and the time
of this peak is output as a trunk muscle contraction detection
time.

[0104] As described above, even with the configuration of
the present embodiment, similarly to as in the second embodi-
ment, it is possible to process pulse-interval data in a fre-
quency domain, and the degree of freedom in the design of a
process for vibration component removal is improved. In
addition, it becomes easier to capture vibration characteris-
tics by performing an interpolation process on pulse-interval
data having a short vibration period corresponding to, for
example, about two to three pulses, and thus the accuracy of
vibration component removal may be improved.
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1. A trunk muscle contraction detection apparatus compris-
ing:
a processor coupled to the sensor and configured to:
generate pulse-interval data from a biological signal,
acquire change-component data that represents a change
component of the pulse-interval data, the change
component relating to pulse intervals,

remove a vibration component from the change-compo-
nent data, the vibration component corresponding to
periodic vibrations in the pulse-interval data,

extract a variation component from the vibration-com-
ponent removal data, and

determine trunk muscle contractions based on the
extracted variation component.

2. The trunk muscle contraction detection apparatus
according to claim 1, wherein the variation component is a
component corresponding to a change waveform where an
upward peak is detected after adownward peak in a waveform
representing the pulse-interval data.

3. The trunk muscle contraction detection apparatus
according to claim 1, wherein the vibration component is
based on respiratory variation.

4. The trunk muscle contraction detection apparatus
according to claim 1, wherein the processor is further config-
ured to interpolate the pulse-interval data and arrange data
relating to the pulse-interval data at constant time intervals.

5. The trunk muscle contraction detection apparatus
according to claim 4, wherein the processor is further config-
ured to remove the vibration component from the interpolated
pulse-interval data.

6. The trunk muscle contraction detection apparatus
according to claim 1, further comprising a sensor configured
to output the biological signal.

7. The trunk muscle contraction detection apparatus
according to claim 1, further comprising a signal processor
including:

an amplification circuit configured to amplify the biologi-
cal signal;

at least one filter configured to remove noise components
from the amplified signal; and

a second-order differential processing unit configured to
generate an acceleration pulse wave based on a signal
output from the at least one filter.

8. The trunk muscle contraction detection apparatus
according to claim 7, wherein the processor is further config-
ured to:

detect a rising edge of the acceleration pulse wave,

calculate a time delay of the acceleration pulse wave,

correct, based on the calculated time delay, a peak of the
acceleration pulse wave, and

generate the pulse-interval data by collecting corrected
peaks of the biological signal.

9. The trunk muscle contraction detection apparatus
according to claim 1, wherein the change-component data
comprises a differential waveform.

10. The trunk muscle contraction detection apparatus
according to claim 9, wherein the processor is further config-
ured to remove the vibration component from the differential
waveform by:

detecting a positive peak in the differential waveform;

detecting whether a negative peak occurs in the differential
waveform after a predetermined pulses after detecting
the positive peak;
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ifthe negative peak is detected in the differential waveform
after the predetermined pulses, subtracting a value cor-
responding to the positive peak from a value correspond-
ing to the negative peak to generate the vibration-com-
ponent removal data.

11. A method for detecting trunk muscle contractions, the
method comprising:

generating, by a processor, pulse-interval data from a bio-

logical signal;
acquiring, by the processor, change-component data that
represents a change component of the pulse-interval
data, the change component relating to pulse intervals;

removing, by the processor, a vibration component from
the change-component data, the vibration component
corresponding to periodic vibrations in the pulse-inter-
val data;

extracting, by the processor, a variation component from

the vibration-component removal data; and
determining, by the processor, trunk muscle contractions
based on the extracted variation component.

12. The method according to claim 11, wherein the varia-
tion component is a component corresponding to a change
waveform where an upward peak is detected after a down-
ward peak in a waveform representing the pulse-interval data.

13. The method according to claim 11, wherein the vibra-
tion component is based on respiratory variation.

14. The method to claim 11, further comprising:

interpolating, by the processor, the pulse-interval data; and

arranging, by the processor, data relating to the pulse-
interval data at constant time intervals.

15. The method according to claim 14, further comprising
removing, by the processor, the vibration component from the
interpolated pulse-interval data.

16. The method according to claim 11, further comprising
generating, by a sensor, the biological signal.

17. The method according to claim 11, further comprising:

amplifying, by an amplification circuit, the biological sig-

nal;

removing, by at least one filter, noise components from the

amplified signal; and

generating, by a second-order differential processing unit,

an acceleration pulse wave based on a signal output from
the at least one filter.

18. The method according to claim 17, further comprising:

detecting, by the processor, a rising edge of the accelera-

tion pulse wave;

calculating, by the processor, a time delay of the accelera-

tion pulse wave;

correcting, based on the calculated time delay, a peak of the

acceleration pulse wave; and

generating, by the processor, the pulse-interval data by

collecting corrected peaks of the biological signal.

19. The method according to claim 11, wherein the change-
component data comprises a differential waveform.

20. The method according to claim 19, further comprising
removing the vibration component from the differential
waveform by:

detecting a positive peak in the differential waveform;

detecting whether a negative peak occurs in the differential

waveform after a predetermined pulses after detecting
the positive peak;

if'the negative peak is detected in the differential waveform

after the predetermined pulses, subtracting a value cor-
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responding to the positive peak from a value correspond-
ing to the negative peak to generate the vibration-com-
ponent removal data.
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