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A system and method are provided capable of analyzing
body movement using time series data obtained continu-
ously using a sensor measuring biological information other
than body movement.

A body analysis system having measuring means for con-
tinuously measuring biological information from a body to
obtain time series data, and extraction means for extracting
low frequency components of a prescribed frequency or
lower from the time series data as body movement wave-
form data, and a body movement analysis method having
measuring steps and extraction steps carried out using this
body movement analysis system are provided. A low-fre-
quency component generated from body movement is
included in the time series data obtained through continuous
measurement of biological information from the body. Con-
ventionally, this low frequency component was eliminated
as noise. The body movement analysis system and body
movement analysis method of the present invention is
capable of obtaining body movement waveform data
expressing body movement by extracting low frequency
components less than or equal to a prescribed frequency
from the time series data.

'EOLOGICAL INFORMATION |

|

| MEASURING MEANS |

|

| TIME SERIES DATA |

|

EXTRACTION MEANs—l

!

EOW—FREQUENCY COMPONENTT

/

y

[

DURATION

HIGH AMPLITUDE LOW FREQUENCY DISPLAY MEANS

LOW-FREQUENCY COMPONENT

COMPONENT STRENGTH

STRENGTH CALCULATING

CALCULATING MEANS

MEANS

' !

HIGH AMPLITUDE LOW-FREQUENCY BODY
LOW-FREQUENCY COMPONENT MOVEMENT
COMPONENT STRENGTH WAVEFORM
STRENGTH, IMAGE
FREQUENCY, .




Fi g1

Patent Application Publication Feb. 19,2004 Sheet 1 of 10

US 2004/0034285 Al

BIOLOGICAL INFORMATION

MEASURING MEANS

TIME SERIES DATA

EXTRACTION MEANS

Y

LOW-FREQUENCY COMPONENT

P

HIGH AMPLITUDE
LOW-FREQUENCY
COMPONENT
STRENGTH
CALCULATING

LOW FREQUENCY
COMPONENT
STRENGTH
CALCULATING
MEANS

MEANS

l

HIGH AMPLITUDE
LOW-FREQUENCY
COMPONENT
'STRENGTH,
FREQUENCY,
DURATION

LOW-FREQUENCY
COMPONENT
STRENGTH

DISPLAY MEANS 1

BODY
MOVEMENT
WAVEFORM

IMAGE



Patent Application Publication Feb. 19,2004 Sheet 2 of 10 US 2004/0034285 Al

204.8s

ELECTROCARDIOGRAPH

&
s
-l
-
" i
.
-
K
-
o
T
e
-
e

Fig.2




Patent Application Publication Feb. 19,2004 Sheet 3 of 10 US 2004/0034285 A1

RESPIRATORY WAVEFORM

Fig. 3
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BODY MOVEMENT ANALYSIS SYSTEM AND
BODY MOVEMENT ANALYSIS METHOD

TECHNICAL FIELD

[0001] The present invention relates to a body movement
analysis system and body movement analysis method.

BACKGROUND ART

[0002] In the case of medical treatment, conventionally,
biological information has been measured for a body con-
tinuously using a sensor such as a heartbeat monitor, respi-
ration monitor or pulse oximeter and time series data is then
obtained. Time series data acquired using a sensor is then
usually comprehended as a waveform and displayed.

[0003] These sensors usually aim at acquiring biological
information for specific organs or parts of the body. For
example, the purpose of a heartbeat monitor is to extract
biological information for an organ referred to as a heart and
as such measures movement of a heart as changes in
potential. Time series data for these changes in potential then
makes up an electrocardiogram. In this specification, a
heartbeat monitor refers to a monitor for sensing a heartbeat
from this kind of movement of a heart.

[0004] Tt is therefore possible to understand biological
information for specific organs or parts using this kind of
continuously obtained time series data. A frequency band
peculiar to this specific organ or part exists for the biological
information for the specific organ or part being a target for
measurement using the sensors. It is therefore demanded
that the sensors reliably measure time series data for this
frequency band. For example, when obtaining an electro-
cardiogram, in the case of a persons body, it is necessary that
time series data for a frequency band of roughly 1 to 25
Hertz be measured. An example of a block diagram for a
system used conventionally in this kind of measurement is
shown in FIG. 10.

[0005] This kind of sensor often also acquires data for
frequencies other than the target band. According to the
research of this inventor, amplitudes for frequency bands
less than or equal to a prescribed value often represent body
movement. It is therefore also possible to understand body
movement by observing amplitudes in low frequency bands
which were formerly understood as being noise in the
related art. In doing so, it is therefore possible to observe
body movement with comparatively good precision using a
sensor. It is therefore possible to alleviate the load placed on
supervisors such as doctors and nurses.

[0006] Tt is therefore the object of the present invention to
provide a system and method that enable analysis of body
movement using time series data obtained through continu-
ous measurement of biological information from a body.

DISCLOSURE OF THE INVENTION

[0007] The present application therefore considered the
utilization of low-frequency components formerly elimi-
nated as noise from time series data continuously obtained
by a sensor such as a heartbeat monitor or respiration
monitor for measuring specific biological information of a
patient. Namely, low-frequency components that were as a
matter of preference eliminated as noise from time series
data constituted by cardiogram and respiratory waveforms
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etc. in the related art are utilized and these low-frequency
components are extracted as data constituting body move-
ment.

[0008] The present inventor therefore invented a body
movement analysis system comprising measuring means for
continuously measuring biological information from a body
and obtaining time series data, and extraction means for
extracting low frequency components of a prescribed fre-
quency or lower from the time series data as body movement
waveform data.

[0009] The body movement analysis system of the present
invention continuously measures biological information
from a body and obtains time series data. Body movement
waveform data is then extracted from the time series data
obtained in this manner.

[0010] This time series data obtained by continuously
measuring biological information from a body can then be
made into an observable waveform. For example, time series
data obtained using a heartbeat monitor can be made to form
an electrocardiogram.

[0011] Here, time series data does not have to be time
series data obtained by continuously measuring biological
information from a body in order to measure just body
movement. For example, it is possible to use time series data
obtained by measuring biological information for specific
organs or parts of a body such as with heartbeat monitors,
respiration monitors or pulse oximeters. Further, here, body
movement does not mean movement peculiar to specific
organs of parts of a body such as for a specific organ of a
body such as, for example, a heart or respiratory organ. Body
movement means substantial movements of the body itself.

[0012] In time series data obtained by continuously mea-
suring biological information of a specific organ of a body,
a frequency component of a frequency band peculiar to this
specific organ is included as a main component. However,
other frequency components, in particular, low frequency
components resulting from body movement, are also
included. This low frequency component is viewed as noise
from the point of view of the biological information com-
prehended from this time series data but is also a component
for which body movement waveform data can be extracted.

[0013] The body movement analysis system of the present
invention therefore utilizes time series data obtained con-
tinuously by continuously measuring biological information
for specific organs or parts of a body as time series data for
extracting body movement. The low frequency component
which has conventionally been eliminated as noise is then
extracted from this time series data as body movement
waveform data.

[0014] Extraction of the low frequency component as
body movement waveform data does not necessarily mean
the extraction of the low-frequency component in the form
of an observable body movement waveform. The data may
also be a frequency obtained using Fourier analysis and
amplitude data thereof. The data may be digital data or
analog data. To summarize, the meaning of body movement
waveform data refers to data which is capable of making up
an observable body movement waveform using an extracted
low-frequency component.

[0015] The present inventor therefore invented a body
movement analysis method comprising a measurement step
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for continuously measuring biological information from a
body and obtaining time series data, and an extraction step
for extracting low frequency components of a prescribed
frequency or lower from the time series data as body
movement waveform data.

[0016] The body movement analysis method of the present
invention continuously measures biological information
from a body and obtains time series data. Body movement
waveform data is then extracted from the time series data
obtained in this manner.

[0017] This time series data obtained by continuously
measuring biological information from a body can then be
made into an observable waveform. For example, time series
data obtained using a heartbeat monitor can be made to form
an electrocardiogram.

[0018] Here, time series data also does not have to be time
series data obtained by continuously measuring biological
information from a body in order to measure just body
movement. For example, time series data obtained by mea-
suring biological information for specific organs or parts of
a body such as with heartbeat monitors, respiration monitors
or pulse oximeters may also be used. Further, here, body
movement does not mean movement peculiar to specific
organs of parts of a body such as for a specific organ of a
body such as, for example, a heart or respiratory organ. Body
movement means substantial movements of the body itself.

[0019] In time series data obtained by continuously mea-
suring biological information of a specific organ of a body,
a frequency component of a frequency band peculiar to this
specific organ is included as a main component. However,
other frequency components, in particular, low frequency
components resulting from body movement, are also
included. This low frequency component is viewed as noise
from the point of view of the biological information com-
prehended from this time series data but is also a component
for which body movement waveform data can be extracted.

[0020] The body movement analysis method of the present
invention therefore utilizes time series data obtained con-
tinuously by continuously measuring biological information
for specific organs or parts of a body as time series data for
extracting body movement. The low frequency component
which has conventionally been eliminated as noise is then
extracted from this time series data as body movement
waveform data.

[0021] Here, extraction of the low frequency component
as body movement waveform data does not necessarily
mean the extraction of the low-frequency component in the
form of an observable body movement waveform. This
means that it is also possible to make an observable body
movement waveform from the extracted low-frequency
waveform similarly in that it is possible to make an observ-
able waveform from the time series data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a view showing an outline of a body
movement analysis system of the present invention.

[0023]
[0024]

[0025] FIG. 4(A) is a view showing a waveform for a
low-frequency component of one Hertz or less extracted

FIG. 2 is a view showing an electrocardiogram.

FIG. 3 is a view showing a respiratory waveform.
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from the cardiograph of FIG. 2. FIG. 4(B) is a view of a
waveform for a low frequency component of 0.5 Hertz or
less extracted from the cardiograph of FIG. 2.

[0026] FIG. 5(A) is a view showing a waveform for a
low-frequency component of one Hertz or less extracted
from the respiratory waveform of FIG. 3. FIG. 5(B) is a
view of a waveform for a low frequency component of 0.5

Hertz or less extracted from the respiratory waveform of
FIG. 3.

[0027] FIG. 6(A), (B), (C) and (D) are views showing
waveforms all occurring in the same timeband. FIG. 6(A) is
a view showing a respiratory waveform and FIG. 6(B) is a
view showing a waveform for a low-frequency component
of 0.5 Hertz or less extracted from the respiratory waveform
of FIG. 6(A). FIG. 6(C) is a view showing a cardiograph
and FIG. 6(D) is a view showing a waveform for a low-
frequency component of 0.5 Hertz or less extracted from the
cardiograph of FIG. 6(C).

[0028] FIG.7 is a view showing a waveform extracted for
a low-frequency component of 0.5 Hertz or less from the
cardiograph with horizontal lines drawn at values of +/-200
mV.

[0029] FIG. 8 is a view showing horizontal lines drawn at
values of +/-200 mV at the cardiograph.

[0030] FIG. 9 is a view illustrating an example of a
method of extracting high-amplitude low-frequency com-
ponents.

[0031] FIG. 10 is a view showing the outline of a system
for eliminating body movement from time series data con-
tinuously obtained from a body by a sensor.

PREFERRED EMBODIMENTS

[0032] (Embodiment of a Body Movement Analysis Sys-
tem)
[0033] The body movement analysis system of the present

invention comprises measuring means for continuously
measuring biological information from a body and obtaining
time series data, and extraction means for extracting low
frequency components of a prescribed frequency or lower
from the time series data as body movement waveform data.
The following is a description of the body movement
analysis system of the present invention.

[0034] The body movement analysis system of the present
invention has measuring means for continuously measuring
biological information from a body and obtaining time series
data.

[0035] Here, the “body” is by no means limited to the
body of a person. As well as being a persons body, the body
may also be a body other than that of a person such as that
of a dog, cat or cow, etc.

[0036] Biological information continuously measured
from the body is not particularly limited. This may be
biological information for a heart measured using a heart-
beat monitor, biological information for respiratory organs
measured using a respiratory monitor, or biological infor-
mation for an amount of red blood corpuscles flowing in
veins measured using a pulse oximeter.
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[0037] The obtained time series data is not particularly
limited providing that this is time series data obtained by
continuous measurement of biological information from the
body. This kind of time series data may be, for example, time
series data for changes in time of an action potential of a
heart obtained by a heartbeat monitor, time series data for
changes in a resistance value across two points of a respi-
ratory organ obtained by a respiratory monitor, or time series
data for changes in time of absorbance of oxygen saturation
of red blood corpuscles due to pulsation of peripheral
vessels obtained by a pulse oximeter. It is also possible for
this data to be time series data for changes in an image
measured by a video camera photographing a body.

[0038] The measuring means for continuously measuring
biological information from the body and obtaining time
series data is also not specifically limited. It is also possible
to use measuring means according to the measured biologi-
cal information and the obtained time series data. It is also
possible to use well-known measuring means such as heart-
beat monitors, respiration monitors or pulse oximeters.

[0039] This time series data obtained by continuously
measuring biological information from these bodies can then
be made into a waveform. For example, time series data
obtained using a heartbeat monitor can be made to form an
electrocardiogram. For example, time series data obtained
using a respiration monitor can be used to form a respiration
waveform.

[0040] The form of data for the time series data obtained
by the measuring means is not specifically limited. Typi-
cally, time series data obtained through measurement of
biological information from a body may take the form of an
analog or digital electrical signal. However, the invention is
by no means limited in this respect. For example, the time
series data for the biological information measured by the
measuring means may also be in the form of an optical
signal. In this case, it is preferable to change the form of the
electrical signals so that subsequent processing can be
carried out easily.

[0041] Here, a heartbeat monitor or respiratory monitor is
preferable as the measuring means. This is because, heart-
beat monitors and respiratory monitors are typically often
used, and, waveforms and cardiographs constituting time
series data obtained through continuous measurement using
these monitors are easy to use. This is also because heartbeat
monitors and respiratory monitors are used for patients
laying on a bed, and it is very necessary to obtain body
movement information for these kinds of patients.

[0042] The body movement analysis system of the present
invention has extraction means for extracting low frequency
components of a prescribed frequency or lower from the
time series data as body movement waveform data.

[0043] In this case, extraction of low frequency compo-
nents of a prescribed frequency or less includes not only
extraction of low frequency components of the prescribed
frequency or less, but also extraction of a band of low
frequency components of less than the prescribed frequency.
Namely, a prescribed frequency or less includes setting of
this prescribed frequency as the upper limit of a frequency
band and then setting a lower limit.

[0044] A prescribed frequency can be selected taking into
consideration the obtained body movement. From the point
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of view of diagnosis and treatment of people it is preferable
for the prescribed frequency to be set at 0.5 Hertz. When a
patient is resting by laying in a bed or sleeping, body
movement is typically slow movement. Therefore, if time
series data of less than 0.5 Hertz is extracted, then even body
movement that is very slow can be captured.

[0045] As described above, the body movement of a
patient when resting is slow movement. Therefore, in cases
where it is considered that it is not necessary to monitor up
to movement (for example, movement less than 0.05 Hertz)
that is slow exceeding a certain fixed limit, it is preferable
to extract a low frequency component from, for example,
0.05 to 0.5 Hertz.

[0046] If the prescribed frequency is set to be low, then
body movement that is slow to this extent can be obtained,
and if it is set high, fast body movement can be obtained.
The prescribed frequency can therefore be set appropriately
according to the condition of the body that is the target of
measurement.

[0047] Tt is also possible to set the prescribed frequency
taking into consideration the type and condition of move-
ment being monitored when the body of a animal is taken as
a target.

[0048] Further, extraction of the low-frequency compo-
nent from the time series data includes the extraction of a
low-frequency component having an amplitude above a
prescribed amplitude. In this case, it is possible to perform
processing while eliminating the high-amplitude component
possessed by the biological information of the specific organ
expressed by the time series data in this case.

[0049] Well-known appropriate means can be used as the
extraction means for extracting low frequency components
of less than the prescribed frequency from the time series
data. For example, as means for extraction, an analog filter
can be used when the time series data is configured from an
analog electrical signal. For example, a filter configured
using lumped parameter elements such as coils, capacitors
and resistors etc. or an active filter employing transistors etc.
can be used as the extraction means. In this case, a low pass
filter that only permits a low frequency band to pass can be
used. A band pass filter permitting a desired frequency band
to pass can be used when extracting low frequency compo-
nents of a fixed range frequency band taking the prescribed
frequency as the upper limit.

[0050] Further, when the time series data is configured
from a digital electrical signal, a digital filter can be
employed as the extraction means and may be implemented
using a computer, etc. In this case, the digital filter may be
configured from a low-pass filter only allowing low-fre-
quency bands to pass. Further, when it is wished to extract
low-frequency components for a frequency band of a fixed
range taking a prescribed frequency as an upper limit, the
digital filter may be configured from a band pass filter
allowing this frequency band to pass.

[0051] Tt is also possible to extract the low-frequency
component using extraction means after converting time
series data outputted from the measuring means to a signal
format for which it is easy to extract the low-frequency
component. It is also possible, for example, to convert an
analog electrical signal into a digital electrical signal using
an A/D converter and then extract the low-frequency com-
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ponent by using a digital filter on the time series data
constituted by the converted digital electrical signal.

[0052] Further, when the measuring means measures the
biological information so that the obtained time series data
is configured from an optical signal, the low-frequency
component may be extracted using an appropriate extraction
means after converting the time series data constituted by
the optical signal to time series data constituted by an
electrical signal.

[0053] When the time series data outputted from the
measuring means is faint, it is preferable to make the signal
into time series data constituted by a signal of a strength for
which extraction of the low-frequency component is
straightforward, using an amplifier etc.

[0054] Low-frequency components extracted in this man-
ner can then be understood as body movement waveform
data. However, the low-frequency component extracted as
body movement waveform data does not have to be con-
sidered in the form of an observable body movement wave-
form as described above. Extraction of the low-frequency
component may take the form of extraction of an observable
waveform or the form of data left as is for the low-frequency
component capable of configuring an observable waveform.
For example, when the extracted low-frequency component
is data consisting of a digital electrical signal, the data for
this digital electrical signal may be left as is.

[0055] Information for the body movement can then be
obtained by analyzing the extracted low-frequency compo-
nent. Namely, it is possible to extract the frequency and
amplitude of the low-frequency waves making up the low
frequency component, as well as the frequency with which
the low frequency waves occur, the time for which the low
frequency waves occur, and the strength of the low-fre-
quency waves by analyzing the extracted low-frequency
component.

[0056] Information for the magnitude, strength and dura-
tion etc. of the body movement can then be obtained by
calculating the frequency, amplitude, frequency, strength
and duration of the low frequency waves. Further, the
strength of the low-frequency component is obtained by
calculating the total of the absolute values of differences
between values for low frequency components for each time
occurring within a prescribed unit time and a base line for
when there is no movement or the total for the square of the
absolute values for these differences.

[0057] The body movement analysis system of the present
invention preferably has low-frequency component strength
calculating means for calculating strength of the low-fre-
quency component from the low-frequency component. A
computer etc. may be used as this low-frequency component
strength calculating means.

[0058] The body movement analysis system of the present
invention may also preferably comprise high-amplitude low
frequency component strength calculating means for
extracting a high-amplitude low-frequency component hav-
ing a prescribed amplitude or greater from the low frequency
component from the point of view of obtaining information
relating to body movement of more than a fixed size and
calculating at least one or more of strength, frequency, and
duration of the high-amplitude low-frequency component.
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[0059] A computer may be employed as the high-ampli-
tude low frequency component strength calculating means
for extracting a high-amplitude low-frequency component
having a prescribed amplitude or greater from the extracted
low frequency component and calculating strength, fre-
quency, and duration etc. of the high-amplitude low-fre-
quency component. It is then preferable to employ a com-
puter from the point of view of processing and storing
strength, frequency and duration, etc.

[0060] The amplitude expresses the magnitude of the body
movement. Data for body movement waveforms for body
movement having greater than a fixed magnitude can then be
extracted by extracting high-amplitude low-frequency com-
ponents having amplitudes of greater than a prescribed
amplitude. The prescribed amplitude can then be set taking
into consideration the desired amount of body movement
and the provided time series data. For example, even in the
case of a patient that is a person at rest laying on a bed, when
the time series data is a respiratory waveform, it is preferable
to extract amplitudes of roughly 1.5 times the average
amplitude of the respiratory waveform.

[0061] The time for which each high-amplitude low-fre-
quency component exceeds a prescribed amplitude can be
obtained as the duration of the high-amplitude low-fre-
quency component. The appearance time of the high-ampli-
tude low-frequency component can be obtained by adding
this duration within a prescribed unit time.

[0062] The frequency of the high-amplitude low fre-
quency component can be obtained by calculating the num-
ber of appearances (the number of times a value constituting
an amplitude greater than a certain value is measured for the
low frequency waveform) of the waveform constituted by
the high-amplitude low frequency component per each pre-
scribed unit time. Further, the strength of the high-amplitude
low-frequency component can be obtained by calculating
the total of the absolute values of differences between values
for high-amplitude low-frequency components for each time
occurring within a prescribed unit time and a prescribed
amplitude value or the total for the square of the absolute
values for these differences.

[0063] The strength of the body movement can be
obtained by calculating the strength of the high-amplitude
low frequency component. Similarly, the frequency of the
body movement can be obtained by calculating the fre-
quency of the high-amplitude low frequency component.
The appearance time of the body movement can be obtained
by adding a prescribed time to the appearance time of the
high-amplitude low-frequency component (integrated
value). However, it is possible to make the appearance time
of the high-amplitude low-frequency component the appear-
ance time of the body movement.

[0064] When high-amplitude low-frequency components
having amplitudes higher than the prescribed amplitude are
extracted using the extraction means for extracting the
low-frequency components mentioned previously, the
strength, frequency, and duration of this high-amplitude
low-frequency component can be calculated using a com-
puter. In this case, the extraction means and the calculation
means can be said to be integrated.

[0065] Further, the body movement analysis system of the
present invention preferably has display means for display-
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ing extracted low-frequency components as a body move-
ment waveform image. The state of the body movement can
therefore be easily understood by displaying the low-fre-
quency waveform component extracted as body movement
waveform data as a viewable moving-body waveform
image.

[0066] Well known display means such as a monitor or
printer etc. can be used to display that body movement
waveform data as a body movement waveform image. For
example, an everyday computer monitor or monitor for the
measuring means etc. may be used and a body movement
waveform image can then be displayed on these monitors.
Further, as well as simply displaying a body movement
waveform image on a monitor, it is also possible to print and
display a body movement waveform image on paper using
a printer.

[0067] When the extracted low frequency components are
composed of digital signals, it is possible to display a body
movement waveform image by generating a waveform
image from the low frequency components constituted by a
digital signal using a computer etc. When the extracted
low-frequency component is constructed from an analog
signal, this low-frequency component is displayed as is on
the monitor.

[0068] An outline of an embodiment of a body movement
analysis system of the present invention is shown in FIG. 1.

[0069] Biological information such as movement of res-
piratory organs or movement of a heart etc. is continuously
measured from the body using measuring means such as a
respiratory monitor or a heartbeat monitor etc. and time
series data is obtained. The obtained time series data is
usually constituted by an analog or digital signal (for
example, an electrical signal).

[0070] A low frequency component of a prescribed fre-
quency or less is then extracted as body movement data from
this time series data using extraction means such as a low
pass filter or band pass filter, etc. Various information can
then be obtained for the body movement by analyzing this
body movement waveform data.

[0071] The strength of the low frequency component can
be calculated from the extracted low-frequency component
by low-frequency component strength calculating means
such as a computer. High-amplitude low-frequency compo-
nents having amplitudes of greater than a prescribed ampli-
tude are extracted from the extracted low-frequency com-
ponents by high-amplitude low-frequency component
strength calculating means such as a computer, and at least
one or more of the strength, frequency and duration of the
high-amplitude low-frequency component is calculated. It is
therefore possible to understand body movement of a fixed
magnitude or more by calculating one or more of strength,
frequency and duration of a high-amplitude low-frequency
component having an amplitude of greater than a prescribed
amplitude.

[0072] Further, it is then possible to display body move-
ment waveform data obtained by extracting low-frequency
components from the time series data as a body movement
waveform image using display means such as a computer.
The state of the body movement can therefore be easily
understood by displaying an observable body movement
waveform image. Displaying of the body movement wave-
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form image can be displayed on a monitor such as a
computer etc. or can be displayed by printing on paper using
a printer connected to the computer.

[0073] (Body Movement Analysis Method)

[0074] The body movement analysis method of the present
invention comprises a measurement step for continuously
measuring biological information from a body and obtaining
time series data, and an extraction step for extracting low
frequency components of a prescribed frequency or lower
from the time series data as body movement waveform data.
The following is a description of the body movement
analysis method of the present invention.

[0075] Definitions of terminology used in the body move-
ment analysis method of the present invention are the same
as body movement analysis systems of the present inven-
tion. This description is given in the (body movement
analysis system) and is therefore omitted.

[0076] The body movement analysis method of the present
invention can be implemented using the body movement
analysis system of the present invention. A measuring step
for continuously measuring biological information from the
body and obtaining time series data can be carried out using
measuring means for the body analysis system of the present
invention. Further, an extraction step for extracting low
frequency components of a prescribed frequency or lower
from the time series data as body movement waveform data
can be carried out using extraction means of the body
movement analysis system of the present invention.

[0077] The body movement analysis method of the present
invention preferably has a low-frequency component
strength calculating step for calculating strength of the
low-frequency component from the low-frequency compo-
nent extracted after the extraction step. Similarly, there is
further provided a high-amplitude low frequency component
strength calculating step for extracting a high-amplitude
low-frequency component having a prescribed amplitude or
greater from the extracted low frequency component and
calculating at least one or more of strength, frequency, and
duration of the high-amplitude low-frequency component.
Moreover, it is preferable for this body movement analysis
method to further comprise a display step for displaying the
extracted body movement waveform data as a body move-
ment waveform image.

[0078] This low frequency component strength calculating
step can be carried out using the low-frequency component
strength calculating means of the body movement analysis
system of the present invention. This high-amplitude low
frequency component strength calculating step can be car-
ried out using the high-amplitude low-frequency component
strength calculating means of the body movement analysis
system of the present invention. Moreover, the display step
can be carried out using the display means of the body
movement analysis system of the present invention.

[0079] (Embodiments)

[0080] The following is a description with reference to the
drawings of embodiments employing the body movement
analysis system and body movement analysis method of the
present invention.

[0081] A bedside monitor (Agilent Technologies
M1166A) including a heartbeat monitor and a respiratory
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monitor is used as measuring means for continuously mea-
suring biological information from the body and obtaining
time series data. The heartbeat waveform, i.e. an electrocar-
diogram and respiratory waveform of a new-born baby are
measured using these monitors. The electrocardiogram and
respiratory waveforms are configured from analog electrical
signals. Analog signals are then converted into digital sig-
nals using A/D converters (AD Instruments MacLab) built-
into the computer. At this time the amplitude range of the
heartbeat monitor is set to +/-600 m V. The sampling interval
is 0.1 seconds. As a result, time series data (an electrocar-
diogram) is obtained constructed from sampling values
taken continuously every 0.1 seconds. The amplitude range
of the respiratory monitor is set to a range of +/-5V
Similarly, time series data is obtained continuously every 0.1
seconds by the A/D converter.

[0082] Further, time series data for the electrocardiogram
and the respiratory waveform converted to a digital signal by
this MacLab is inputted to the computer (Macintosh pro-
duced by Apple computer). A low frequency component for
1 Hertz or less and a low-frequency component for 0.5 Hertz
or less are then extracted for the cardiograph and respiratory
waveform, respectively, by this computer. In this embodi-
ment, the extraction means for extracting the low-frequency
component can be implemented using a computer. The
electrocardiogram, respiratory waveform and extracted low-
frequency component shown here are outputted from a
printer using this computer. Namely, the computer and the
printer are configured from display means.

[0083] An electrocardiogram is shown in FIG. 2 and a
respiratory waveform is shown in FIG. 3. A waveform for
a low-frequency component of 1 Hertz or less extracted
from the electrocardiogram using a computer is shown in
FIG. 4(A) as a body movement waveform image and a
waveform for a low-frequency component of 0.5 Hertz or
less is shown in FIG. 4(B) as a body movement waveform
image. A waveform for a low-frequency component of 1
Hertz or less extracted from the respiratory waveform using
a MacLab is shown in FIG. 5(A) as a body movement
waveform image and a waveform for a low-frequency
component of 0.5 Hertz or less is shown in FIG. 5(B) as a
body movement waveform image.

[0084] Tt is then possible to understand the state of the
body movement by extracting a low-frequency component
of 1 Hertz or less and a low-frequency component of 0.5
Hertz or less and displaying this as a body movement image.
Larger movements in body movement can be more clearly
understood from the low-frequency component for 0.5 Hertz
or less than from the low-frequency component for 1 Hertz
or less.

[0085] Respiratory waveforms occurring in the same time
band outputted from the computer are shown in FIG. 6(A)
and waveforms for low-frequency components of less than
0.5 Hertz extracted from the respiratory waveform are
shown in FIG. 6(B). Further, an electrocardiogram is shown
in FIG. 6(C) and a waveform for a low-frequency compo-
nent of 0.5 Hertz or less extracted from this cardiograph is
shown in FIG. 6(D). Comparing the waveforms of FIG.
6(B) and FIG. 6(D), it can be confirmed that there are
differences with regards to phase differences and amplitude
but it can be understood that the same kind of waveform is
shown. It can therefore be understood that it is possible to
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understand body movement by extracting a low-frequency
component in the same way for either the cardiograph or the
respiratory waveform.

[0086] FIG. 7 shows a waveform for a low-frequency
component extracted from a cardiograph obtained by mea-
suring at 0.1 second intervals in an amplitude range of
+/-600 mV. A high-amplitude low-frequency component of
an amplitude of greater than 200 mV and less than =200 mV
is calculated and taken to be the body movement. The lines
for 200 mV and =200 nV are shown in FIG. 7 using dashed
lines. When it is wished to only extract portions for the line
of the waveform above the 200 mV line and portions for the
line for the waveform for less than -200 mV, i.e. only
substantial movements of the body as body movement, then
it is possible to extract a high-amplitude low-frequency
component of a fixed amplitude or greater from the low-
frequency component.

[0087] By extracting a high-amplitude low-frequency
component of a fixed amplitude or greater to catch body
movement, the strength, frequency and duration for body
movement of a fixed size or greater can be calculated.

[0088] Further, a time with 0.5 seconds either side of the
sensing of the high-amplitude low-frequency component is
added to the time for which this high-amplitude low-fre-
quency component continues for. An appearance time per
unit time as described later is then obtained from this
calculated time. These calculations can be implemented
using a computer.

[0089] In this embodiment, the following symptoms are
shown for a new born-baby for which biological information
is measured. The respiratory condition is stable at the time
of birth. Apnea is then confirmed after crying, but the apnea
then gradually reduces. At four days old, the animation has
disappeared, and at five days old a light rash appears, which
is diagnosed as new-born exanthematous. At four days old,
it is confirmed from the respiration waveform that respira-
tion becomes short and fast.

[0090] A low-frequency waveform component of 0.5
Hertz or less for a continuous eight hours is then extracted
from the electrocardiogram measured continuously using a
heartbeat monitor on the newly born baby. Further, that for
which the absolute value of the amplitude is 200 mV or
greater is then extracted from the extracted low-frequency
component. The average appearance time (the meaning of
this is as described previously) for the body movement for
thirty-minute units occurring in an eight hour period is then
calculated. The units of the average appearance time for
which the body movement appears (thirty minute units) is
calculated at one day old, and two units are calculated for
different time bands for two days old. One unit is then
calculated for three days old, and one unit is calculated for
four days old (at midnight). The average appearance time of
the body movement in one unit for one day old is 1333
(measured at 0.1 second intervals. The same goes for the
following. The time is therefore 1333x0.1 seconds=133.3
seconds). The average appearance time for body movement
at two days old is 1337 (0.1 seconds) for the previous time
band and 3560 (0.1 seconds) for the following time band, the
average appearance time for body movement at three days
old is 3495 (0.1 seconds), and the average appearance time
for body movement at four days old is 635 (0.1 seconds).

[0091] At four days old, it is clear that the duration of the
body movement is becoming shorter. It can be understood
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that the animation has disappeared at four days old from the
time of appearance of the body movement. Further, by
comparing the appearance time of the body movement, it is
possible to achieve early diagnosis of infection in a newly
born baby.

[0092] Further, it is also possible to more fully understand
the condition of a patient by comparing and analyzing a
respiratory wave and electrocardiogram extracted at the
same time.

[0093] Extraction of the high-amplitude low-frequency
component can also be carried out as described below. In
FIG. 8 and FIG. 9, an electrocardiogram is shown where
measurements are taken at 0.1 second intervals for an
amplitude range of +/-600 mV. FIG. 9 is an enlarged outline
view of the essential parts of FIG. 8. In this case, the
continuous time series data is continuously replaced in the
order AO, Al, A2, A3, A4. The sections AO to A4 constitute
a total of four seconds. When at least four of the items of
data substituted for AQ, Al, A2, A3 and A4 are values of 200
mV or more, or at least four points of the frequency
components for AO, Al, A2, A3 and A4 are values of =200
mV or less, and the time series data (frequency component)
assigned with the number for AO is taken as the high-
amplitude low-frequency component. The numbers for AO,
Al, A2, A3 and A4 are sequentially shifted one at a time,
with AO being substituted for the value at A1, and Al being
substituted with the value at A2. The next value at the
continuous data for the time series is then substituted at A4.
In this manner, the same operation for deciding the high-
amplitude low-frequency component is repeated and the
high-amplitude low-frequency component is extracted.

[0094] This is to say that a QRS wave constituted by a
high-amplitude spike is included in the electrocardiogram,
and it is necessary for this to be removed to provide
differentiation from the basic wave. This QRS wave has a
frequency of five Hertz or more and has upper and lower
QRS wave vertexes within 0.2 seconds. A hole is therefore
provided at one section of the five points within 0.4 seconds.
If the QRS wave is then inserted into this hole, then this can
be ignored as it is spike occurring within 0.2 seconds bearing
no relationship to the basic wave. In this case, it is possible
to regard the body movement by extracting the high-ampli-
tude component for a certain fixed time while providing a
hole at a certain fixed section while eliminating the QRS
wave component.

[0095] Further, a time with 0.5 seconds either side of the
sensing of the high-amplitude low-frequency component is
added to the time for which this high-amplitude low-fre-
quency component continues for. An appearance time per
unit time as described later is then obtained from this
calculated time. These calculations can be implemented
using a computer.

[0096] The present invention is therefore capable of
extracting the high-amplitude low-frequency component in
one step and performing calculations. In this case, the
extraction means extracts the high-amplitude low-frequency
component.

[0097] In this method, the time of appearance of the body
movement can be calculated in the same manner from the
same electrocardiogram as for the new born baby described
above. Namely, the average appearance time for the body
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movement for thirty-minute units occurring in an eight hour
period is then calculated. The average appearance time of
the body movement for one day old is 2402 (measured at 0.1
second intervals. The time is therefore 2402x0.1 seconds=
240.2 seconds). The average appearance time for body
movement at two days old is 2409 (0.1 seconds) for the
previous time band and 5237 (0.1 seconds) for the following
time band, the average appearance time for body movement
at three days old is 5258 (0.1 seconds), and the average
appearance time for body movement at four days old is 1090
(0.1 seconds). Even when the appearance time for the body
movement is calculated using this method, it can be under-
stood that the body movement appearance time becomes
dramatically smaller at four days old.

INDUSTRIAL APPLICABILITY

[0098] The body movement analysis system and body
movement analysis method of the present invention are
capable of extracting body movement waveform data from
time series data obtained by continuously measuring bio-
logical information from a body. It is therefore possible to
obtain various information relating to the body movement
using this body movement waveform data.

[0099] The body movement analysis system and the body
movement analysis method of the present invention is
therefore capable of obtaining body movement information
such as strength, frequency and appearance time for body
movement of greater than a prescribed size from a low-
frequency component extracted as the body movement
waveform data.

[0100] The body movement analysis system of the present
invention are capable of extracting body movement wave-
form data from time series data obtained by continuously
measuring biological information from a body and therefore
has time series data for specific organs and parts of the body.
It is therefore possible for the extracted body movement
waveform data and this time series data to be provided as
data capable of enabling comparison of the condition of
specific organs or parts of the body and the condition of the
body movement.

1. A body movement analysis system comprising mea-
suring means for continuously measuring biological infor-
mation from a body and obtaining time series data; and
extraction means for extracting low frequency components
of a prescribed frequency or lower from the time series data
as body movement waveform data.

2. The body movement analysis system as disclosed in
claim 1, further comprising low-frequency component
strength calculating means for calculating strength of the
low-frequency component from the low-frequency compo-
nent.

3. The body movement analysis system as disclosed in
claim 1 or claim 2, further comprising high-amplitude low
frequency component strength calculating means for
extracting a high-amplitude low-frequency component hav-
ing a prescribed amplitude or greater from the low frequency
component and calculating at least one or more of strength,
frequency, and duration of the high-amplitude low-fre-
quency component.

4. The body movement analysis system as disclosed in
claim 1, 2, or 3, further comprising display means for
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displaying extracted body movement waveform data as a
body movement waveform image.

5. The body movement analysis system as disclosed in
claim 1, 2, 3, or 4, wherein the measuring means is a
heartbeat monitor.

6. The body movement analysis system as disclosed in
claim 1, 2, 3, or 4, wherein the measuring means is a
respiratory monitor.

7. The body movement analysis system as disclosed in
claim 1, 2, 3, 4, 5 or 6, wherein the body is the body of a
person.

8. The body movement analysis system as disclosed in
claim 7, wherein the prescribed frequency is 0.5 Hertz.

9. A body movement analysis method comprising a mea-
surement step for continuously measuring biological infor-
mation from a body and obtaining time series data; and an
extraction step for extracting low frequency components of
a prescribed frequency or lower from the time series data as
body movement waveform data.
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10. The body movement analysis method as disclosed in
claim 9, further comprising a low-frequency component
strength calculating step for calculating strength of the
low-frequency component from the low-frequency compo-
nent.

11. The body movement analysis method as disclosed in
claim 9 or claim 10, further comprising a high-amplitude
low frequency component strength calculating step for
extracting a high-amplitude low-frequency component hav-
ing a prescribed amplitude or greater from the low frequency
component and calculating at least one or more of strength,
frequency, and duration of the high-amplitude low-fre-
quency component.

12. The body movement analysis system as disclosed in
claim 9, 10, or 11, further comprising a display step for
displaying extracted body movement waveform data as a
body movement waveform image.
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