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DESCRIPTION

COGNITIVE FUNCTION EVALUATION DEVICE, COGNITIVE FUNCTION
EVALUATION SYSTEM, COGNITIVE FUNCTION EVALUATION METHOD,
AND PROGRAM

TECHNICAL FIELD
[0001]

The present invention relates to a cognitive function evaluation device,
a cognitive function evaluation system, a cognitive function evaluation method,

and a program.

BACKGROUND ART
[0002]

Evaluation methods of evaluating cognitive function based on
parameters measured from human walking are known.
[0003]

PTL 1 discloses a method of evaluating the likelihood of senile disorders
such as knee pain and low back pain, cognitive function, etc. based on data
measured from human walking. The method disclosed in PTL 1 uses step rate,
step length, step width, and the like as data measured from human walking, to

evaluate physical frailty and cognitive frailty.

Citation List
Patent Literature
[0004]

PTL 1: Japanese Unexamined Patent Application Publication No.
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SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0005]
For example, when evaluating the degree of cognitive function, more
accurate evaluation of cognitive function is desired.
[0006]
The present invention provides a cognitive function evaluation device,

etc. that can evaluate cognitive function accurately.

SOLUTIONS TO PROBLEM
[0007]

A cognitive function evaluation device according to an aspect of the
present invention includes: an obtainment unit configured to obtain, as gait
data, at least one of first data and second data, the first data indicating a sway
amount of a body of a subject during walking in a first walking section from
start of walking of the subject to a predetermined number of steps, and the
second data indicating a sway amount of the body of the subject during walking
in a second walking section in a double task state in which the subject is
walking while doing a given assignment, the second walking section being after
the first walking section; a calculation unit configured to calculate, from the
gait data obtained by the obtainment unit, a feature value that is based on the
gait data; an evaluation unit configured to evaluate a cognitive function of the
subject, based on the feature value calculated by the calculation unit; and an
output unit configured to output an evaluation result of evaluation by the

evaluation unit.
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[0008]

A cognitive function evaluation system according to an aspect of the
present invention includes: the cognitive function evaluation device described
above; and a body motion detection device that obtains the gait data and
transmits the gait data to the cognitive function evaluation device.

[0009]

A cognitive function evaluation method according to an aspect of the
present invention is a cognitive function evaluation method executed by a
computer, including: obtaining, as gait data, at least one of first data and
second data, the first data indicating a sway amount of a body of a subject
during walking in a first walking section from start of walking of the subject to
a predetermined number of steps, and the second data indicating a sway
amount of the body of the subject during walking in a second walking section in
a double task state in which the subject is walking while doing a given
assignment, the second walking section being after the first walking section;
calculating, from the gait data obtained in the obtaining, a feature value that is
based on the gait data; evaluating a cognitive function of the subject, based on
the feature value calculated in the calculating; and outputting an evaluation
result in the evaluating.

[0010]

The present invention may be implemented as a program for causing a

computer to execute the steps included in the cognitive function evaluation

method.

ADVANTAGEOUS EFFECT OF INVENTION
[0011]

The cognitive function evaluation device, etc. according to an aspect of

3
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the present invention can evaluate cognitive function accurately.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1 is a diagram illustrating a structure of a system including a
cognitive function evaluation device according to Embodiment 1.

FIG. 2 is a block diagram illustrating a characteristic functional
structure of the cognitive function evaluation device according to Embodiment
1.

FIG. 3 is a conceptual diagram illustrating action of a person during
walking.

FIG. 4 is a flowchart illustrating a procedure by which the cognitive
function evaluation device according to Embodiment 1 evaluates the cognitive
function of a subject.

FIG. 5A is a diagram illustrating an example of data indicating
acceleration with respect to time in the case where the subject is a healthy
subject, which is obtained by the cognitive function evaluation device according
to Embodiment 1.

FIG. 5B 1s a diagram illustrating data obtained by Fourier
transforming the data illustrated in FIG. 5A.

FIG. 6A i1s a diagram illustrating an example of data indicating
acceleration with respect to time in the case where the cognitive function of the
subject declines, which is obtained by the cognitive function evaluation device
according to Embodiment 1.

FIG. 6B 1is a diagram illustrating data obtained by Fourier
transforming the data illustrated in FIG. 6A.

FIG. 7 is a diagram illustrating the correlation of the true value of the

4
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cognitive function of the subject to the value of evaluating the cognitive
function of the subject by the cognitive function evaluation device according to
Embodiment 1.

FIG. 8 is a block diagram illustrating a characteristic functional
structure of a cognitive function evaluation device according to Embodiment 2.

FIG. 9 is a flowchart illustrating a procedure by which the cognitive
function evaluation device according to Embodiment 2 evaluates the cognitive
function of a subject.

FIG. 10 is a diagram illustrating the correlation of the true value of the
cognitive function of the subject to the value of evaluating the cognitive
function of the subject by the cognitive function evaluation device according to
Embodiment 2.

FIG. 11 is a block diagram illustrating a characteristic functional
structure of a cognitive function evaluation device according to Embodiment 3.

FIG. 12 is a flowchart illustrating a procedure by which the cognitive
function evaluation device according to Embodiment 3 evaluates the cognitive
function of a subject.

FIG. 13 is a diagram illustrating the correlation of the true value of the
cognitive function of the subject to the value of evaluating the cognitive
function of the subject by the cognitive function evaluation device according to
Embodiment 3.

FIG. 14 is a block diagram illustrating a characteristic functional
structure of a cognitive function evaluation device according to Embodiment 4.

FIG. 15 is a flowchart illustrating a procedure by which the cognitive
function evaluation device according to Embodiment 4 evaluates the cognitive
function of a subject.

FIG. 16Ais a diagram illustrating a first example of an image displayed
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on a display device by the cognitive function evaluation device according to
Embodiment 4.

FIG. 16B is a diagram illustrating a second example of an image
displayed on the display device by the cognitive function evaluation device
according to Embodiment 4.

FIG. 16C is a diagram illustrating a third example of an image
displayed on the display device by the cognitive function evaluation device
according to Embodiment 4.

FIG. 16D is a diagram illustrating a fourth example of an image
displayed on the display device by the cognitive function evaluation device
according to Embodiment 4.

FIG. 17 1s a diagram illustrating an example of parameters used when
the cognitive function evaluation device according to Embodiment 4 calculates
a feature value of the cognitive function of the subject.

FIG. 18 is a diagram illustrating an example of a table used when the
cognitive function evaluation device according to Embodiment 4 ranks the
cognitive function of the subject from the calculated feature value of the
cognitive function of the subject.

FIG. 19 is a diagram illustrating an example of a table used when the
cognitive function evaluation device according to Embodiment 4 ranks the
motor function of the subject from the calculated motor feature value of the

motor function of the subject.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0013]
A cognitive function evaluation device, etc. according to each

embodiment will be described below, with reference to drawings. The
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embodiments described below each show a general or specific example. The
numerical values, shapes, materials, structural elements, the arrangement and
connection of the structural elements, steps, the processing order of the steps
etc. shown in the following embodiments are mere examples, and do not limit
the scope of the present invention. Of the structural elements in the
embodiments described below, the structural elements not recited in any one of
the independent claims representing the broadest concepts are described as
optional structural elements.

[0014]

Each drawing is a schematic and does not necessarily provide precise
depiction. The substantially same structural elements are given the same
reference marks throughout the drawings, and repeated description may be
omitted or simplified.

[0015]
EMBODIMENT 1
[Structure]

First, structures of a cognitive function evaluation device and a
cognitive function evaluation system according to Embodiment 1 will be
described below, with reference to FIGS. 1 to 3.

[0016]

FIG. 1 is a diagram illustrating a structure of a system including
cognitive function evaluation device 100 according to Embodiment 1. FIG. 2 is
a block diagram illustrating a characteristic functional structure of cognitive
function evaluation device 100 according to Embodiment 1.

[0017]
Cognitive function evaluation device 100 is a device for evaluating the

degree of cognitive function of subject U by measuring the body sway of subject
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U. The cognitive function indicates the ability to recognize, remember, and
judge. As a specific example, cognitive function evaluation device 100
evaluates whether a person has dementia (dementia patient). Dementia has
symptoms of a decline in the foregoing cognitive function. A specific example
of dementia is Alzheimer’s dementia (Alzheimer’s disease). Since dementia
has no subjective symptoms, conventionally a family member of a dementia
patient, a third party, or the like urges the dementia patient to go to hospital,
so that the dementia patient seeks medical attention. As a result of a subject
taking a batch test for diagnosis of dementia such as a cognitive function test,
whether subject U has dementia can be determined.

[0018]

However, the above-mentioned cognitive function test takes about 15
minutes. Besides, if the above-mentioned cognitive function test is conducted
a plurality of times in a short period of time, the subject may memorize the
answers.

[0019]

It is known that a dementia patient differs in body sway during walking
from a person without dementia (healthy subject).
[0020]

Cognitive function evaluation device 100 is a device that evaluates the
degree of cognitive function of subject U by measuring the body sway of subject
U during walking.

[0021]

Cognitive function evaluation system 200 includes, for example,
cognitive function evaluation device 100, body motion detection device 210, and
display device 220, as illustrated in FIGS. 1 and 2.

[0022]
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Body motion detection device 210 is a device that detects gait data
indicating the sway amount of the body of subject U. In FIG. 1, an
acceleration sensor is illustrated as an example of body motion detection device
210. Specifically, for example, subject U walks while wearing an acceleration
sensor which is an example of body motion detection device 210 attached to
wear tool 211 such as a belt. Acceleration data which is an example of the gait
data of subject U during walking detected by the acceleration sensor is, for
example, transmitted to cognitive function evaluation device 100 by a
communication device (not illustrated).

[0023]

Specifically, the acceleration sensor measures the acceleration of the
part of subject U to which the acceleration sensor is attached, at a
predetermined measurement rate. The measurement rate is the number of
times the acceleration is measured per unit time. The acceleration sensor
transmits the measured acceleration data to cognitive function evaluation
device 100. Wear tool 211 includes a wireless communication device (not
illustrated), and communicates with cognitive function evaluation device 100
through the wireless communication device.  The acceleration sensor
transmits the measured acceleration data to cognitive function evaluation
device 100 by wireless communication. Wireless communication is performed
in accordance with a predetermined wireless communication standard such as
Bluetooth®, Wi-Fi®, or ZigBee®.

[0024]

In the case where the acceleration sensor is a triaxial acceleration
sensor, the acceleration data measured by the acceleration sensor is
three-dimensional acceleration vector data, e.g. acceleration data in each of the

front-back direction, the right-left direction (lateral direction), and the up-down
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direction of subject U. The acceleration data includes a plurality of
measurement points. Each of the plurality of measurement points 1is
associated with time information indicating the time at which the
measurement point was measured.

[0025]

In the case where body motion detection device 210 is an acceleration
sensor, the acceleration sensor is not limited to a triaxial acceleration sensor,
and may be a monoaxial acceleration sensor or a biaxial acceleration sensor.
[0026]

Wear tool 211 is not limited to a belt, and may be clothing worn by
subject U. For example, an acceleration sensor as an example of body motion
detection device 210 may be fixed to the clothing, or contained in a pocket of the
clothing.

[0027]

Body motion detection device 210 is any device capable of detecting the
sway amount of the body of subject U, and is not limited to an acceleration
sensor and may be a camera for capturing an image of subject U walking, a
radio wave sensor, or the like.

[0028]

The gait data indicating the sway amount of the body of subject U
detected by body motion detection device 210 may be transmitted to cognitive
function evaluation device 100 by wireless communication, or transmitted to
cognitive function evaluation device 100 by wire communication through a
cable or the like.

[0029]
Cognitive function evaluation device 100 is a device that obtains the

sway amount indicating the degree of body sway of subject U detected by body
10
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motion detection device 210, evaluates the degree of cognitive function of
subject U using the obtained sway amount, and outputs the evaluation result to
display device 220. Cognitive function evaluation device 100 is, for example, a
personal computer. Alternatively, cognitive function evaluation device 100
may be a server device.

[0030]

Cognitive function evaluation device 100 includes obtainment unit 110,
calculation unit 120, evaluation unit 130, output unit 140, and storage unit 150,
as illustrated in FIG. 2.

[0031]

Obtainment unit 110 obtains, as gait data, first data indicating the
sway amount of the body of subject U during walking in a first walking section
from the start of walking of subject U to a predetermined number of steps.
The predetermined number of steps is any number of steps from when subject
U starts walking to when the walking speed becomes approximately constant.
The predetermined number of steps may be, but is not limited to, the number of
steps from the start of walking to about the second, third, or fourth step.

[0032]

FIG. 3 1s a conceptual diagram illustrating action of a person during
walking. In FIG. 3, the locations at which the person lands on the right foot
and the left foot from walking start point S to walking end point G are indicated
for illustrating the walking of the person. In FIG. 3, the locations at which the
person lands on the right foot are indicated by white circles, and the locations
at which the person lands on the left foot are indicated by hatched circles. In
FIG. 3, the predetermined number of steps is the number of steps from when
subject U starts walking at walking start point S to the second step.

[0033]
11
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As illustrated in FIG. 3, subject U stops once at walking start point S,
and then walks to walking end point G. Obtainment unit 110 obtains, as the
gait data, the first data indicating the sway amount of the body of subject U
during walking in the first walking section from the start of walking of subject
U at walking start point S to the predetermined number of steps.

[0034]

Specifically, obtainment unit 110 obtains the first data indicating, as
the sway amount of subject U during walking, the change amount of the
displacement, speed, or acceleration.

[0035]

For example, obtainment unit 110 obtains the first data indicating, as
the sway amount of the body of subject U during walking, the change amount of
the displacement, speed, or acceleration in the direction of travel of subject U.
[0036]

Obtainment unit 110 may further obtain third data indicating the step
length and step width of subject U in the first walking section.

[0037]

The method of measuring the step length and the step width is not
limited. As an example, in the case where body motion detection device 210 is
an acceleration sensor, the step length and the step width may be calculated
from the change amount of the acceleration of subject U during walking
detected by body motion detection device 210. As another example, cognitive
function evaluation system 200 may include a camera that captures an image
of subject U during walking in order to measure the step length and the step
width, and the step length and the step width may be measured by analyzing
the image captured by the camera.

[0038]
12
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In such cases, the third data obtained by obtainment unit 110 may be
the change amount of the acceleration or the image (or moving image), or
values indicating the step length and the step width calculated from the change
amount of the acceleration or the image (or moving image).

[0039]

Obtainment unit 110 may further obtain fourth data indicating the
walking speed of subject U in the first walking section. As an example, in the
case where body motion detection device 210 is an acceleration sensor, the
walking speed may be calculated from the change amount of the acceleration of
subject U during walking detected by body motion detection device 210. As
another example, cognitive function evaluation system 200 may include a
camera that captures an image of subject U during walking and a clock unit
such as a real time clock (RTC) that measures time, in order to measure the
walking speed. The walking speed of subject U may be calculated from the
position of subject U calculated by analyzing the image captured by the camera
and the time measured by the clock unit.

[0040]

In such cases, the fourth data obtained by obtainment unit 110 may be
the change amount of the acceleration or the image (or moving image), or a
value indicating the walking speed calculated from the change amount of the
acceleration or the image (or moving image).

[0041]

Obtainment unit 110 is, for example, a communication interface such as
an adapter or a communication circuit for performing wire communication or
wireless communication.

[0042]

Calculation unit 120 calculates, from the gait data obtained by

13
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obtainment unit 110, a feature value based on the gait data. The feature value
1s a value calculated from the gait data by a predetermined method, and is a
numeric value indicating the feature of walking of subject U. A specific
calculation method for the feature value will be described later.

[0043]

Moreover, calculation unit 120 calculates a frequency spectrum by
performing frequency analysis on the change amount of the displacement,
speed, or acceleration obtained by obtainment unit 110 as the first data.
Calculation unit 120 calculates the feature value based on an integral at a
higher specific frequency than the frequency corresponding to walking in the
calculated frequency spectrum.

[0044]

For example, calculation unit 120 may calculate, from the gait data
including the first data and the third data obtained by obtainment unit 110, the
feature value based on the gait data.

[0045]

For example, calculation unit 120 may calculate, from the gait data
including the first data, the third data, and the fourth data obtained by
obtainment unit 110, the feature value based on the gait data.

[0046]

Calculation unit 120 is, for example, implemented in terms of software
by a control program stored in storage unit 150 and a central processing unit
(CPU) that executes the control program. Calculation unit 120 may be
implemented in terms of hardware by a dedicated circuit and the like, without
using software.

[0047]

Evaluation unit 130 evaluates the cognitive function of subject U, based
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on the feature value calculated by calculation unit 120.
[0048]

Specifically, evaluation unit 130 checks the feature value calculated by
calculation unit 120 against reference data 160 stored in storage unit 150, to
evaluate the cognitive function of subject U. For example, storage unit 150
stores, as reference data 160, thresholds for the feature value for specifying the
degree of cognitive function, with which healthy subjects, mild dementia
patients, and dementia patients can be distinguished. Evaluation unit 130
compares the feature value calculated by calculation unit 120 with each
threshold stored in reference data 160, to evaluate the degree of dementia.
[0049]

Evaluation unit 130 is, for example, implemented in terms of software
by a control program stored in storage unit 150 and a CPU that executes the
control program. Evaluation unit 130 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0050]

Calculation unit 120 and evaluation unit 130 may be implemented by
one processor, microcomputer, or dedicated circuit having the functions of both
units, or implemented by a combination of two or more processors,
microcomputers, or dedicated circuits.

[0051]

Output unit 140 outputs the evaluation result by evaluation unit 130.
[0052]

Output unit 140 is, for example, a communication interface such as an
adapter or a communication circuit for performing wire communication or
wireless communication.

[0053]
15
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Storage unit 150 is memory storing reference data 160 indicating the
relationship between the feature value of a person and the cognitive function of
the person. Storage unit 150 is, for example, memory such as read only
memory (ROM) and random access memory (RAM), and is formed by a hard
disk drive (HDD), flash memory, or the like. Reference data 160 will be
described in detail later.

[0054]

Display device 220 is a device that displays the evaluation result of
evaluation unit 130 transmitted from output unit 140. Display device 220 is,
for example, implemented by a display and the like.

[0055]

Output unit 140 outputs, for example, the evaluation result of
evaluation unit 130 to display device 220 as image data. Display device 220
obtains the image data output from output unit 140, and displays an image
based on the obtained image data.

[0056]

The evaluation result of evaluation unit 130 may be output from output
unit 140 as sound data. In this case, display device 220 may be, for example, a
sound generation device such as an amplifier and a speaker, or a device
including a display, an amplifier, a speaker, etc.

[0057]
[Procedure]

A method of evaluating the cognitive function of subject U by cognitive
function evaluation device 100 according to Embodiment 1 will be described in
detail below, with reference to FIGS. 3 and 4.

[0058]

FIG. 4 1s a flowchart illustrating a procedure by which cognitive
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function evaluation device 100 according to Embodiment 1 evaluates the
cognitive function of subject U.
[0059]

First, subject U moves to walking start point S illustrated in FIG. 3 and
stops. Subsequently, subject U is notified to start walking (Step S101).
Subject U starts walking. Cognitive function evaluation system 200 may, for
example, include a position detection device such as a camera or a ranging
sensor for detecting the position of subject U, and display, on display device 220,
guidance or the like for instructing subject U to perform action depending on
the position of subject U.

[0060]

Next, obtainment unit 110 obtains the first data indicating the sway
amount of the body in the direction of travel of subject U in the first walking
section illustrated in FIG. 3, from body motion detection device 210 (Step
S102).

[0061]

Next, obtainment unit 110 obtains the third data indicating the step
length and step width of subject U in the first walking section illustrated in
FIG. 3 (Step S103).

[0062]

Next, obtainment unit 110 obtains the fourth data indicating the
walking speed of subject U in the first walking section illustrated in FIG. 3,
from body motion detection device 210 (Step S104).

[0063]

The first data, the third data, and the fourth data obtained by

obtainment unit 110 in Steps S102 to S104 may be obtained in any order.

[0064]
17
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Next, calculation unit 120 calculates the feature value of subject U,
based on the first data, the third data, and the fourth data obtained by
obtainment unit 110 (Step S105).

[0065]

Next, evaluation unit 130 evaluates the degree of cognitive function of
subject U, based on the feature value of subject U calculated by calculation unit
120 (Step S106). Specifically, in Step S106, evaluation unit 130 evaluates the
cognitive function of subject U by checking the feature value of subject U
calculated by calculation unit 120 against reference data 160.

[0066]

Lastly, output unit 140 outputs the evaluation result by evaluation unit
130 to display device 220 (Step S107).

[0067]
[Example]

A result of calculating the feature value of subject U by cognitive
function evaluation device 100 according to Embodiment 1 will be described in
detail below, with reference to FIGS. 5A to 7.

[0068]

FIG. 5A is a diagram illustrating an example of data indicating
acceleration with respect to time in the case where subject U is a healthy
subject, which is obtained by cognitive function evaluation device 100 according
to Embodiment 1. FIG. 5B is a diagram illustrating data obtained by Fourier
transforming the data illustrated in FIG. 5A. FIG. 6A is a diagram
illustrating an example of data indicating acceleration with respect to time in
the case where the cognitive function of subject U declines, which is obtained by
cognitive function evaluation device 100 according to Embodiment 1. FIG. 6B

is a diagram illustrating data obtained by Fourier transforming the data
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illustrated in FIG. 6A.
[0069]

The data illustrated in each of FIGS. 5A and 6A is data indicating the
change amount of the acceleration in the direction of travel of subject U.

[0070]

In the case where body motion detection device 210 is an acceleration
sensor, for example, body motion detection device 210 detects the acceleration
of subject U as illustrated in each of FIGS. 5A and 6A. That is, obtainment
unit 110 obtains data indicating the change amount of the acceleration of
subject U as illustrated in each of FIGS. 5A and 6A, for example, as the first
data.

[0071]

As illustrated in FIGS. 5B and 6B, in the frequency spectrum obtained
by Fourier transforming the change amount of the acceleration with respect to
time, the maximum peak is detected at about 2 Hz for both the healthy subject
and the subject with declined cognitive function. This peak indicates the
frequency corresponding to walking, and is equally detected for both the
healthy subject and the subject with declined cognitive function.

[0072]

On the other hand, an integral (area) at a specific frequency (e.g. 3 Hz
or more) higher than the frequency corresponding to walking in the calculated
frequency spectrum is different between the healthy subject and the subject
with declined cognitive function. Hence, by adopting the integral at the
specific frequency higher than the frequency corresponding to walking in the
frequency spectrum as the feature value of subject U evaluated in cognitive
function evaluation device 100, the degree of cognitive function can be

evaluated accurately.
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[0073]

FIG. 7 is a diagram illustrating the correlation of the true value of the
cognitive function of the subject to the value of evaluating the cognitive
function of subject U by cognitive function evaluation device 100 according to
Embodiment 1. Specifically, the horizontal axis in the graph illustrated in
FIG. 7 represents the feature value of subject U calculated by cognitive function
evaluation device 100. The vertical axis in the graph illustrated in FIG. 7
represents the value (cognitive function true value) which is a score when
subject U whose feature value has been calculated by cognitive function
evaluation device 100 underwent a batch test for determining the cognitive
function. That is, when the values in the vertical axis and the horizontal axis
in FIG. 7 are closer to each other, the accuracy with which cognitive function
evaluation device 100 evaluates the degree of cognitive function of subject U is
higher. In the graph illustrated in FIG. 7, the correlation coefficient was R =
0.54.

[0074]

The feature value illustrated in FIG. 7 was calculated according to the
following Formula (1).

[0075]

(Feature value) =al x V+a2 X Age+a3 xZ16+a4xDY+C (D).
[0076]

Herein, al, a2, a3, and a4 are constants.

[0077]

V is the walking speed of subject U in the first walking section.
[0078]

Age is the age of subject U.

[0079]
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716 1s the integral at 3 Hz or more in the frequency spectrum obtained
from the change amount of the acceleration in the direction of travel of subject
U in the first walking section.

[0080]

DY is the ratio of the step length to the step width of subject U in the
first walking section.
[0081]

C is a constant.
[0082]

As illustrated in FIG. 7, with cognitive function evaluation device 100,
the feature value and the cognitive function true value are close to each other,
so that the degree of cognitive function of subject U can be evaluated accurately.
[0083]

The integral at the frequency adopted as Z16 may be the integral at 3
Hz or more, or the integral at 1 Hz to 3 Hz corresponding to a main frequency
band by walking.

[0084]
[Effects, etc.]

As described above, cognitive function evaluation device 100 according
to Embodiment 1 includes: obtainment unit 110 configured to obtain, as gait
data, first data indicating a sway amount of a body of subject U during walking
in a first walking section from start of walking of subject U to a predetermined
number of steps; calculation unit 120 configured to calculate, from the gait data
obtained by obtainment unit 110, a feature value based on the gait data;
evaluation unit 130 configured to evaluate a cognitive function of subject U,
based on the feature value calculated by calculation unit 120; and output unit

140 configured to output an evaluation result of evaluation by evaluation unit
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130.
[0085]

With such a structure, cognitive function evaluation device 100
evaluates the cognitive function of subject U using the sway amount of the body
of subject U during walking from the start of walking of subject U to the
predetermined number of steps, which i1s an amount that tends to reflect the
degree of cognitive function. Cognitive function evaluation device 100 can
thus evaluate the cognitive function of subject U more accurately.

[0086]

For example, obtainment unit 110 may obtain the first data indicating,
as the sway amount of the body of subject U during walking, a change amount
of a displacement, a speed, or an acceleration of subject U during walking.
[0087]

Thus, cognitive function evaluation device 100 obtains the first data
indicating, as the sway amount of the body of subject U during walking, the
change amount of the displacement, speed, or acceleration of subject U during
walking, which is easily detectable. This simplifies the structure.

[0088]

For example, calculation unit 120 may calculate: a frequency spectrum
by performing frequency analysis on the change amount of the displacement,
speed, or acceleration of subject U during walking; and calculate the feature
value, based on an integral at a specific frequency higher than a frequency
corresponding to walking in the calculated frequency spectrum.

[0089]

With such a structure, calculation unit 120 calculates the feature value

based on a high frequency component that differs in the feature of the

frequency spectrum depending on the degree of cognitive function. Thus,
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cognitive function evaluation device 100 can evaluate the degree of cognitive
function of subject U more accurately.
[0090]

For example, obtainment unit 110 may obtain the first data indicating,
as the sway amount, the change amount of the displacement, speed, or
acceleration of subject U during walking in a direction of travel of subject U.
[0091]

In particular, the change amount of the acceleration in the direction of
travel of subject U tends to differ depending on the degree of cognitive function
in the first walking section. Accordingly, by calculating the feature value
based on the change amount of the acceleration in the direction of travel,
cognitive function evaluation device 100 can evaluate the degree of cognitive
function of subject U more accurately.

[0092]

For example, obtainment unit 110 may further obtain third data
indicating a step length and a step width of subject U in the first walking
section, and calculation unit 120 may calculate, from the gait data including
the first data and the third data obtained by obtainment unit 110, the feature
value based on the gait data.

[0093]

The step length and the step width in the first walking section also tend
to differ depending on the degree of cognitive function. Accordingly, by
calculating the feature value based on the step length and the step width,
cognitive function evaluation device 100 can evaluate the degree of cognitive
function of subject U more accurately.

[0094]

Since the step length and the step width vary among individuals due to
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the leg length and the like, the ratio of the step length and the step width may
be adopted as the third data.
[0095]

For example, obtainment unit 110 may further obtain fourth data
indicating a walking speed of subject U in the first walking section, and
calculation unit 120 may calculate, from the gait data including the first data,
the third data, and the fourth data obtained by obtainment unit 110, the
feature value based on the gait data.

[0096]

The walking speed in the first walking section also tends to differ
depending on the degree of cognitive function. Accordingly, by calculating the
feature value based on the walking speed, cognitive function evaluation device
100 can evaluate the degree of cognitive function of subject U more accurately.
[0097]

For example, cognitive function evaluation device 100 may further
include storage unit 150 configured to store reference data 160 indicating a
relationship between a feature value of a person and a cognitive function of the
person. Evaluation unit 130 may evaluate the cognitive function of subject U,
by checking the feature value calculated by calculation unit 120 against
reference data 160 stored in storage unit 150.

[0098]

With such a structure, cognitive function evaluation device 100 can
evaluate the degree of cognitive function of subject U by calculating the feature
value from the obtained gait data and checking the calculated feature value
against reference data 160. Accordingly, cognitive function evaluation device
100 can evaluate the cognitive function of subject U easily and accurately.

[0099]
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EMBODIMENT 2

Cognitive function evaluation device 100 according to Embodiment 1
calculates the feature value based on the gait data of subject U in the first
walking section illustrated in FIG. 3. A cognitive function evaluation device
according to Embodiment 2 calculates the feature value based on the gait data
of subject U in a second walking section illustrated in FIG. 3.

[0100]

The cognitive function evaluation device, etc. according to Embodiment
2 will be described below. In the description of the cognitive function
evaluation device, etc. according to Embodiment 2, structures that are
substantially the same as the cognitive function evaluation device, etc.
according to Embodiment 1 are given the same reference marks, and their
description may be partly omitted or simplified.

[0101]
[Structure]

Structures of the cognitive function evaluation device and cognitive
function evaluation system according to Embodiment 2 will be described below,
with reference to FIGS. 3 and 8.

[0102]

FIG. 8 is a block diagram illustrating a characteristic functional
structure of cognitive function evaluation system 201 and cognitive function
evaluation device 101 according to Embodiment 2.

[0103]

Cognitive function evaluation system 201 includes, for example,
cognitive function evaluation device 101, body motion detection device 210, and
display device 220, as illustrated in FIG. 8.

[0104]
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Cognitive function evaluation device 101 according to Embodiment 2 is
a device for evaluating the degree of cognitive function of subject U by
measuring the body sway of subject U, as with cognitive function evaluation
device 100 according to Embodiment 1. Specifically, cognitive function
evaluation device 101 is a device that obtains the sway amount indicating the
degree of body sway of subject U detected by body motion detection device 210,
evaluates the degree of cognitive function of subject U using the obtained sway
amount, and outputs the evaluation result to display device 220. Cognitive
function evaluation device 101 1is, for example, a personal computer.
Alternatively, cognitive function evaluation device 100 may be a server device.
[0105]

Cognitive function evaluation device 101 includes obtainment unit 111,
calculation unit 121, evaluation unit 131, output unit 141, and storage unit 151,
as illustrated in FIG. 8.

[0106]

Obtainment unit 111 obtains, as gait data, second data indicating the
sway amount of the body of subject U during walking in the second walking
section illustrated in FIG. 3 in a double task state in which subject U is walking
while doing a given assignment. The assignment is not limited as long as it
involves thinking. Examples include calculation and a quiz.

[0107]

Specifically, obtainment unit 111 obtains the second data indicating, as
the sway amount of subject U during walking, the change amount of the
displacement, speed, or acceleration of subject U during walking.

[0108]
For example, obtainment unit 111 obtains the second data indicating,

as the sway amount of the body of subject U during walking, the change
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amount of the displacement, speed, or acceleration in a horizontal direction
orthogonal to the direction of travel of subject U.
[0109]

Obtainment unit 111 further obtains fifth data indicating the walking
time of subject U in the second walking section. Cognitive function evaluation
system 201 may include a camera that captures an image of subject U during
walking and a clock unit such as a RTC that measures time, to measure the
walking time. The walking time of subject U may be calculated from the
position of subject U calculated by analyzing the image captured by the camera
and the time measured by the clock unit. The fifth data obtained by
obtainment unit 111 may be the image (or moving image) for measuring the
walking time, or a value indicating the walking time calculated from the image
(or moving image).

[0110]

Obtainment unit 111 is, for example, a communication interface such as
an adapter or a communication circuit for performing wire communication or
wireless communication.

[0111]

Calculation unit 121 calculates, from the gait data obtained by
obtainment unit 111, a feature value based on the gait data. A specific
calculation method for the feature value in Embodiment 2 will be described
later.

[0112]

Moreover, calculation unit 121 calculates a frequency spectrum by
performing frequency analysis on the change amount of the displacement,
speed, or acceleration obtained by obtainment unit 111 as the second data.

Calculation unit 121 calculates the feature value based on an integral at a
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higher specific frequency than the frequency corresponding to walking in the
calculated frequency spectrum.
[0113]

For example, calculation unit 121 calculates, from the gait data
including the second data and the fifth data obtained by obtainment unit 111,
the feature value based on the gait data.

[0114]

Calculation unit 121 is, for example, implemented in terms of software
by a control program stored in storage unit 151 and a CPU that executes the
control program. Calculation unit 121 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0115]

Evaluation unit 131 evaluates the cognitive function of subject U, based
on the feature value calculated by calculation unit 121.

[0116]

Specifically, evaluation unit 131 checks the feature value calculated by
calculation unit 121 against reference data 161 stored in storage unit 151, to
evaluate the cognitive function of subject U.

[0117]

Evaluation unit 131 is, for example, implemented in terms of software
by a control program stored in storage unit 151 and a CPU that executes the
control program. Evaluation unit 131 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0118]

Calculation unit 121 and evaluation unit 131 may be implemented by

one processor, microcomputer, or dedicated circuit having the functions of both

units, or implemented by a combination of two or more processors,
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microcomputers, or dedicated circuits.
[0119]

Output unit 140 outputs the evaluation result by evaluation unit 131.
[0120]

Output unit 140 is, for example, a communication interface such as an
adapter or a communication circuit for performing wire communication or
wireless communication. For example, output unit 141 outputs the evaluation
result of evaluation unit 131 to display device 220 as image data.

[0121]

Storage unit 151 is memory storing reference data 161 indicating the
relationship between the feature value of a person and the cognitive function of
the person. Storage unit 151 is, for example, memory such as ROM and RAM,
and 1s formed by a HDD, flash memory, or the like.

[0122]
[Procedure]

A method of evaluating the cognitive function of subject U by cognitive
function evaluation device 101 according to Embodiment 2 will be described in
detail below, with reference to FIGS. 3 and 9.

[0123]

FIG. 9 is a flowchart illustrating a procedure by which cognitive
function evaluation device 101 according to Embodiment 2 evaluates the
cognitive function of subject U.

[0124]

First, subject U moves to walking start point S illustrated in FIG. 3 and
stops. Subsequently, subject U is notified to start walking (Step S201).
Subject U starts walking. Cognitive function evaluation system 201 may, for

example, include a position detection device such as a camera or a ranging
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sensor for detecting the position of subject U, and display, on display device 220,
guidance or the like for instructing subject U to perform action depending on
the position of subject U.

[0125]

Next, before subject U enters the second walking section, subject U is
notified of an assignment (Step S202). The timing at which subject U is
notified of an assignment is not limited. Subject U may be notified before Step
S201. In this case, in Step S202, immediately before (or immediately after)
subject U enters the second walking section, subject U may be notified to do the
assignment, instead of notifying subject U of the assignment. The notification
of the assignment or the notification to do the assignment may be performed by
cognitive function evaluation system 201 operating display device 220 or the
like.

[0126]

Thus, in cognitive function evaluation device 101 according to
Embodiment 2, subject U is requested to walk in the second walking section
while doing an assignment that involves thinking, and the sway amount of the
body of subject U during walking is detected.

[0127]

Next, obtainment unit 111 obtains the second data indicating the sway
amount of the body in the horizontal direction orthogonal to the direction of
travel of subject U (i.e. lateral direction of subject U) in the second walking
section illustrated in FIG. 3, from body motion detection device 210 (Step
S203).

[0128]
Next, obtainment unit 111 obtains the fifth data indicating the walking

time of subject U in the second walking section illustrated in FIG. 3 (Step
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S204).
[0129]

The distance of the second walking section is not limited. For example,
the distance of the second walking section may be at least about two or three
walking cycles of subject U. In this embodiment, the distance from walking
start point S to walking end point G is 8 m.

[0130]

Next, calculation unit 121 calculates the feature value of subject U,
based on the second data and the fifth data obtained by obtainment unit 111
(Step S205).

[0131]

Next, evaluation unit 131 evaluates the degree of cognitive function of
subject U, based on the feature value of subject U calculated by calculation unit
121 (Step S206). Specifically, in Step S206, evaluation unit 131 evaluates the
cognitive function of subject U by checking the feature value of subject U
calculated by calculation unit 121 against reference data 161.

[0132]

Lastly, output unit 141 outputs the evaluation result by evaluation unit
131 to display device 220 (Step S207).
[0133]

[Example]

A result of calculating the feature value of subject U by cognitive
function evaluation device 101 according to Embodiment 2 will be described in
detail below, with reference to FIG. 10.

[0134]
FIG. 10 is a diagram illustrating the correlation of the true value of the

cognitive function of the subject to the value of evaluating the cognitive
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function of subject U by cognitive function evaluation device 101 according to
Embodiment 2. Specifically, the horizontal axis in the graph illustrated in
FIG. 10 represents the feature value of subject U calculated by cognitive
function evaluation device 101. The vertical axis in the graph illustrated in
FIG. 10 represents the value (cognitive function true value) which is a score
when subject U whose feature value has been calculated by cognitive function
evaluation device 101 underwent a batch test for determining the cognitive
function. In the graph illustrated in FIG. 10, the correlation coefficient was R
=0.54.

[0135]

The feature value illustrated in FIG. 10 was calculated according to the
following Formula (2).

[0136]

(Feature value) = b0 + bl X T + b2 x Age + b3 x X36 2.
[0137]

Herein, b0, b1, b2, and b3 are constants.

[0138]

T is the walking time of subject U in the second walking section.
[0139]

Age is the age of subject U.

[0140]

X36 is the integral at 3 Hz or more in the frequency spectrum obtained
from the change amount of the acceleration in the horizontal direction
orthogonal to the direction of travel of subject U in the second walking section.
[0141]

As illustrated in FIG. 10, with cognitive function evaluation device 101,

the feature value and the cognitive function true value are close to each other,
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so that the degree of cognitive function of subject U can be evaluated accurately.
[0142]

The frequency used when calculating X36 may be 3 Hz or more. The
frequency is not limited as long as it does not contain a main walking frequency
found at about 2 Hz. For example, the frequency may be 4 Hz or more, and
may be 6 Hz or more.

[0143]
[Effects, etc.]

As described above, cognitive function evaluation device 101 according
to Embodiment 2 includes: obtainment unit 111 configured to obtain, as gait
data, second data indicating a sway amount of a body of subject U during
walking in a second walking section in a double task state in which subject U is
walking while doing a given assignment, the second walking section being after
a first walking section from start of walking of subject U to a predetermined
number of steps; calculation unit 121 configured to calculate, from the gait data
obtained by obtainment unit 111, a feature value based on the gait data;
evaluation unit 131 configured to evaluate a cognitive function of subject U,
based on the feature value calculated by calculation unit 121; and output unit
141 configured to output an evaluation result of evaluation by evaluation unit
131.

[0144]

With such a structure, cognitive function evaluation device 101
evaluates the cognitive function of subject U using the sway amount of the body
of subject U during walking in the second walking section in a double task state
in which the degree of cognitive function tends to show. Cognitive function
evaluation device 101 can thus evaluate the cognitive function of subject U

more accurately.
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[0145]

For example, obtainment unit 111 may obtain the second data
indicating, as the sway amount of the body of subject U during walking, a
change amount of a displacement, a speed, or an acceleration of subject U
during walking.

[0146]

For example, calculation unit 121 may calculate: a frequency spectrum
by performing frequency analysis on the change amount of the displacement,
speed, or acceleration of subject U during walking; and calculate the feature
value, based on an integral at a specific frequency higher than a frequency
corresponding to walking in the calculated frequency spectrum.

[0147]

For example, obtainment unit 111 may obtain the second data
indicating, as the sway amount, the change amount of the displacement, speed,
or acceleration of subject U during walking in a horizontal direction orthogonal
to a direction of travel of subject U.

[0148]

In particular, the change amount of the acceleration in the horizontal
direction orthogonal to the direction of travel of subject U (i.e. lateral direction
of subject U) tends to differ depending on the degree of cognitive function in the
second walking section. Accordingly, by calculating the feature value based on
the change amount of the acceleration in the lateral direction of subject U,
cognitive function evaluation device 101 can evaluate the degree of cognitive
function of subject U more accurately.

[0149]
For example, obtainment unit 111 may further obtain fifth data

indicating a walking time of subject U in the second walking section, and
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calculation unit 121 may calculate, from the gait data including the second data
and the fifth data obtained by obtainment unit 111, the feature value based on
the gait data.

[0150]

The walking time in the second walking section also tends to differ
depending on the degree of cognitive function. Accordingly, by calculating the
feature value based on the walking time, cognitive function evaluation device
101 can evaluate the degree of cognitive function of subject U more accurately.
[0151]

EMBODIMENT 3

Cognitive function evaluation device 100 according to Embodiment 1
calculates the feature value based on the gait data of subject U in the first
walking section illustrated in FIG. 3. Cognitive function evaluation device 101
according to Embodiment 2 calculates the feature value based on the gait data
of subject U in a second walking section illustrated in FIG. 3.

[0152]

Further, a result of a functional reach test which i1s a method of
evaluating the dynamic balance ability of subject U may be reflected in the
evaluation of the degree of cognitive function.

[0153]

The cognitive function evaluation device, etc. according to Embodiment
3 will be described below. In the description of the cognitive function
evaluation device, etc. according to Embodiment 3, structures that are
substantially the same as the cognitive function evaluation devices, etc.
according to Embodiments 1 and 2 are given the same reference marks, and
their description may be partly omitted or simplified.

[0154]
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[Structure]

Structures of the cognitive function evaluation device and cognitive
function evaluation system according to Embodiment 3 will be described below,
with reference to FIG. 11.

[0155]

FIG. 11 1s a block diagram illustrating a characteristic functional
structure of cognitive function evaluation system 202 and cognitive function
evaluation device 102 according to Embodiment 3.

[0156]

Cognitive function evaluation system 202 includes, for example,
cognitive function evaluation device 102, body motion detection device 210,
display device 220, and input device 230, as illustrated in FIG. 11.

[0157]

Cognitive function evaluation device 102 according to Embodiment 3 is
a device for evaluating the degree of cognitive function of subject U by
measuring the body sway of subject U, as with cognitive function evaluation
device 100 according to Embodiment 1. Specifically, cognitive function
evaluation device 102 is a device that obtains the sway amount indicating the
degree of body sway of subject U detected by body motion detection device 210,
evaluates the degree of cognitive function of subject U using the obtained sway
amount, and outputs the evaluation result to display device 220. Cognitive
function evaluation device 102 1s, for example, a personal computer.
Alternatively, cognitive function evaluation device 100 may be a server device.
[0158]

Input device 230 is an input mechanism for receiving an evaluation
result of at least one of the dynamic balance ability and agility of subject U.

For example, input device 230 is a user interface such as a button, a keyboard,
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a mouse, and a touch panel.
[0159]

The dynamic balance ability denotes the balance ability when subject U
1s subjected to an external force while moving. For example, high dynamic
balance ability means that subject U is unlikely to lose balance even when
subjected to an external force while moving, e.g. walking.

[0160]

The dynamic balance ability of subject U can be evaluated, for example,
by the functional reach test.
[0161]

The functional reach test is a test for evaluating the dynamic balance
ability of subject U. Specifically, the functional reach test is a test of
measuring the distance from the fingertip when the arm is raised 90 degrees in
an upright posture to the fingertip when the arm is stretched forward as much
as possible.

[0162]

The agility of subject U can be evaluated, for example, based on the
total physical reaction time, the number of steps, the number of taps, etc.
[0163]

The total physical reaction time is the time from when subject U is
stimulated to when subject U acts. For example, the total physical reaction
time 1is the time from when subject U is stimulated by light, sound, or the like
to when the foot of subject U leaves the ground.

[0164]

The distance obtained by the functional reach test, the total physical

reaction time, the number of steps per unit time, the number of taps per unit

time, etc. for subject U are input to input device 230 as the evaluation result of
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the dynamic balance ability or agility.
[0165]

Cognitive function evaluation device 102 according to Embodiment 3
evaluates the degree of cognitive function of subject U using the evaluation
result of at least one of the dynamic balance ability and agility of subject U, in
addition to the evaluation method of the cognitive function evaluation device
according to Embodiment 1.

[0166]

Cognitive function evaluation device 102 includes obtainment unit 112,
calculation unit 122, evaluation unit 132, output unit 142, and storage unit 152,
as illustrated in FIG. 11.

[0167]

Obtainment unit 112 obtains, as gait data, the first data indicating the
sway amount of the body of subject U during walking in the first walking
section from the start of walking of subject U to the predetermined number of
steps, as with obtainment unit 110. For example, obtainment unit 112 may
further obtain the third data indicating the step length and step width of
subject U in the first walking section. For example, obtainment unit 112 may
further obtain the fourth data indicating the walking speed of subject U in the
first walking section.

[0168]

Obtainment unit 112 is, for example, a communication interface such as
an adapter or a communication circuit for performing wire communication or
wireless communication.

[0169]
Obtainment unit 112 further obtains, as sixth data, the evaluation

result of at least one of the dynamic balance ability and agility of subject U.
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[0170]

Calculation unit 122 calculates, from the gait data obtained by
obtainment unit 112, a feature value based on the gait data.
[0171]

For example, calculation unit 122 calculates, from the gait data
including the first data and the sixth data obtained by obtainment unit 112, the
feature value based on the gait data.

[0172]

Calculation unit 122 is, for example, implemented in terms of software
by a control program stored in storage unit 152 and a CPU that executes the
control program. Calculation unit 122 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0173]

Evaluation unit 132 evaluates the cognitive function of subject U, based
on the feature value calculated by calculation unit 122.

[0174]

Specifically, evaluation unit 132 checks the feature value calculated by
calculation unit 122 against reference data 162 stored in storage unit 152, to
evaluate the cognitive function of subject U.

[0175]

Evaluation unit 132 is, for example, implemented in terms of software
by a control program stored in storage unit 152 and a CPU that executes the
control program. Evaluation unit 132 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0176]
Calculation unit 122 and evaluation unit 132 may be implemented by

one processor, microcomputer, or dedicated circuit having the functions of both
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units, or implemented by a combination of two or more processors,
microcomputers, or dedicated circuits.
[0177]

Output unit 142 outputs the evaluation result by evaluation unit 132.
For example, output unit 142 outputs the evaluation result of evaluation unit
132 to display device 220 as image data.

[0178]

Output unit 142 is, for example, a communication interface such as an
adapter or a communication circuit for performing wire communication or
wireless communication.

[0179]

Storage unit 152 is memory storing reference data 162 indicating the
relationship between the feature value of a person and the cognitive function of
the person. Storage unit 152 is, for example, memory such as ROM and RAM,
and is formed by a HDD, flash memory, or the like. Reference data 162 will be
described in detail later.

[0180]
[Procedure]

A method of evaluating the cognitive function of subject U by cognitive
function evaluation device 102 according to Embodiment 3 will be described in
detail below, with reference to FIGS. 3 and 12.

[0181]

FIG. 12 i1s a flowchart illustrating a procedure by which cognitive
function evaluation device 102 according to Embodiment 3 evaluates the
cognitive function of subject U.

[0182]

First, subject U moves to walking start point S illustrated in FIG. 3 and
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stops. Subsequently, subject U is notified to start walking (Step S101).
Subject U starts walking.
[0183]

Next, obtainment unit 112 obtains the first data indicating the sway
amount of the body in the direction of travel of subject U in the first walking
section illustrated in FIG. 3, from body motion detection device 210 (Step
S102).

[0184]

Next, obtainment unit 112 obtains the third data indicating the step
length and step width of subject U in the first walking section illustrated in
FIG. 3 (Step S103).

[0185]

Next, obtainment unit 112 obtains the fourth data indicating the
walking speed of subject U in the first walking section illustrated in FIG. 3,
from body motion detection device 210 (Step S104).

[0186]

Next, obtainment unit 112 obtains the sixth data indicating the
evaluation result of at least one of the dynamic balance ability and agility of
subject U (Step S301). In Step S301, for example, obtainment unit 112 obtains
the distance obtained by the functional reach test for subject U as the
evaluation result of the dynamic balance ability of subject U.

[0187]

The first data, the third data, the fourth data, and the sixth data
obtained by obtainment unit 110 in Steps S102 to S104 and S301 may be
obtained in any order.

[0188]

Next, calculation unit 122 calculates the feature value of subject U,
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based on the first data, the third data, the fourth data, and the sixth data
obtained by obtainment unit 112 (Step S105a).
[0189]

Next, evaluation unit 132 evaluates the degree of cognitive function of
subject U, based on the feature value of subject U calculated by calculation unit
122 (Step S106a). Specifically, in Step S106a, evaluation unit 132 evaluates
the cognitive function of subject U by checking the feature value of subject U
calculated by calculation unit 122 against reference data 162.

[0190]

Lastly, output unit 142 outputs the evaluation result by evaluation unit
132 to display device 220 (Step S107a).

[0191]
[Example]

A result of calculating the feature value of subject U by cognitive
function evaluation device 102 according to Embodiment 3 will be described in
detail below, with reference to FIG. 13.

[0192]

FIG. 13 is a diagram illustrating the correlation of the true value of the
cognitive function of the subject to the value of evaluating the cognitive
function of subject U by cognitive function evaluation device 102 according to
Embodiment 3. Specifically, the horizontal axis in the graph illustrated in
FIG. 13 represents the feature value of subject U calculated by cognitive
function evaluation device 102. The vertical axis in the graph illustrated in
FIG. 13 represents the value (cognitive function true value) which is a score
when subject U whose feature value has been calculated by cognitive function
evaluation device 102 underwent a batch test for determining the cognitive

function. In the graph illustrated in FIG. 13, the correlation coefficient was R
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=0.57.
[0193]

In this example, the result of the functional reach test was used as the
evaluation result of at least one of the dynamic balance ability and agility,
when calculating the feature value.

[0194]

The feature value illustrated in FIG. 13 was calculated according to the
following Formula (3).

[0195]

(Feature value) = a0 + al X V+ a2 x Age + a3 x Z16 + a4 x DY + a5 X
FRT (3

where a0 and a5 are constants.

[0196]

FRT is the result of the functional reach test.
[0197]

The other values are the same as in Formula (1).
[0198]

As illustrated in FIG. 13, with cognitive function evaluation device 102,
the feature value and the cognitive function true value are closer to each other
than in the case of cognitive function evaluation device 100, so that the degree
of cognitive function of subject U can be evaluated more accurately.

[0199]
[Effects, etc.]

As described above, cognitive function evaluation device 102 according
to Embodiment 3 has the same functional structure as cognitive function
evaluation device 100 according to Embodiment 1, and obtainment unit 112

further obtains, as sixth data, an evaluation result of at least one of a dynamic
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balance ability and agility of subject U, and calculation unit 122 calculates,
from the gait data including the first data and the sixth data obtained by
obtainment unit 112, the feature value based on the gait data.

[0200]

With such a structure, cognitive function evaluation device 102 can
evaluate the cognitive function of subject U more accurately.
[0201]

Embodiment 3 describes an example in which cognitive function
evaluation device 100 according to Embodiment 1 evaluates the cognitive
function of subject U by further using the evaluation result of at least one of the
dynamic balance ability and agility.  Alternatively, cognitive function
evaluation device 101 according to Embodiment 2 may evaluate the cognitive
function of subject U by further using the evaluation result of at least one of the
dynamic balance ability and agility of subject U.

[0202]

In detail, the obtainment unit in the cognitive function evaluation
device according to the embodiment may further obtain, as sixth data, an
evaluation result of at least one of a dynamic balance ability and agility of
subject U, and the calculation unit may calculate, from the gait data including
the sixth data and at least one of the first data and the second data obtained by
the obtainment unit, the feature value based on the gait data.

[0203]
EMBODIMENT 4

The cognitive function evaluation devices according to Embodiments 1
to 3 each evaluate the degree of cognitive function of subject U and output the
evaluation result.

[0204]
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A cognitive function evaluation device according to Embodiment 4
further evaluates the degree of motor function of subject U.

[0205]

The cognitive function evaluation device, etc. according to Embodiment
4 will be described below. In the description of the cognitive function
evaluation device, etc. according to Embodiment 4, structures that are
substantially the same as the cognitive function evaluation devices, etc.
according to Embodiments 1 to 3 are given the same reference marks, and their
description may be partly omitted or simplified.

[0206]
[Structure]

Structures of the cognitive function evaluation device and cognitive
function evaluation system according to Embodiment 4 will be described below,
with reference to FIG. 14.

[0207]

FIG. 14 is a block diagram illustrating a characteristic functional
structure of cognitive function evaluation system 203 and cognitive function
evaluation device 103 according to Embodiment 4.

[0208]

Cognitive function evaluation system 203 includes, for example,
cognitive function evaluation device 103, body motion detection device 210,
display device 220, and input device 230, as illustrated in FIG. 14.

[0209]

Cognitive function evaluation device 103 according to Embodiment 4 is
a device for evaluating the degree of cognitive function of subject U by
measuring the body sway of subject U during walking, as with the cognitive

function evaluation devices according to Embodiments 1 to 3. Specifically,
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cognitive function evaluation device 103 is a device that obtains the sway
amount indicating the degree of body sway of subject U detected by body motion
detection device 210, evaluates the degree of cognitive function of subject U
using the obtained sway amount, and outputs the evaluation result to display
device 220. Cognitive function evaluation device 103 1is, for example, a
personal computer. Alternatively, cognitive function evaluation device 100
may be a server device.

[0210]

Input device 230 is an input mechanism for receiving an evaluation
result of at least one of the dynamic balance ability and agility of subject U.
For example, input device 230 is a user interface such as a button, a keyboard,
a mouse, and a touch panel.

[0211]

Cognitive function evaluation device 103 according to Embodiment 4
evaluates the degree of motor function of subject U using the evaluation result
of at least one of the dynamic balance ability and agility of subject U, in
addition to the evaluation of the cognitive function by the cognitive function
evaluation devices according to Embodiments 1 to 3.

[0212]

Cognitive function evaluation device 103 includes obtainment unit 113,
calculation unit 123, evaluation unit 133, output unit 143, and storage unit 153,
as illustrated in FIG. 14.

[0213]

Obtainment unit 113 obtains, as gait data, the first data indicating the
sway amount of the body of subject U during walking in the first walking
section from the start of walking of subject U to the predetermined number of

steps, as with obtainment unit 110. For example, obtainment unit 113 may
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further obtain the third data indicating the step length and step width of
subject U in the first walking section. For example, obtainment unit 113 may
further obtain the fourth data indicating the walking speed of subject U in the
first walking section.

[0214]

Obtainment unit 113 is, for example, a communication interface such as
an adapter or a communication circuit for performing wire communication or
wireless communication.

[0215]

Obtainment unit 113 further obtains, as sixth data, the evaluation
result of at least one of the dynamic balance ability and agility of subject U, as
with obtainment unit 112.

[0216]

Obtainment unit 113 may further obtain attribute information
indicating an attribute of subject U. Herein, the attribute of subject U is, for
example, age, gender, height, weight, etc., and the attribute information is
information of such attribute. The attribute information of subject U may also
include information about the health condition of subject U, such as
information that subject U is wounded in the arm and the measurement of grip
strength is difficult.

[0217]

Calculation unit 123 calculates, from the gait data obtained by
obtainment unit 113, a feature value based on the gait data.
[0218]

For example, calculation unit 123 calculates, from the gait data
including the first data and the sixth data obtained by obtainment unit 113 as

described with regard to cognitive function evaluation device 102 according to
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Embodiment 3, the feature value (gait feature value) based on the gait data.
[0219]

Calculation unit 123 is, for example, implemented in terms of software
by a control program stored in storage unit 153 and a CPU that executes the
control program. Calculation unit 123 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0220]

Calculation unit 123 also calculates a motor feature value indicating
the motor function of subject U, from the sixth data. The motor feature value
1s a value calculated from the sixth data by a predetermined method, and is a
numeric value indicating the feature of walking of subject U. A specific
calculation method for the motor feature value will be described later.

[0221]

The sixth data used by calculation unit 123 in the calculation of the
motor feature value may include data of measurement of muscle strength such
as grip strength measurement data of subject U.

[0222]

In the case where obtainment unit 113 obtains the attribute
information of subject U, calculation unit 123 may calculate the motor feature
value of subject U based on the attribute information and the sixth data.

[0223]

For example, in the case where the attribute information includes
information that subject U is wounded in the arm and the measurement of grip
strength is difficult, calculation unit 123 does not take the grip strength
measurement result into account when calculating the motor feature value.
[0224]

Evaluation unit 133 evaluates the cognitive function of subject U, based
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on the feature value (gait feature value) calculated by calculation unit 123.
[0225]

Specifically, evaluation unit 133 checks the feature value calculated by
calculation unit 123 against reference data 163 stored in storage unit 153, to
evaluate the cognitive function of subject U.

[0226]

Evaluation unit 133 is, for example, implemented in terms of software
by a control program stored in storage unit 153 and a CPU that executes the
control program. Evaluation unit 133 may be implemented in terms of
hardware by a dedicated circuit and the like.

[0227]

Calculation unit 123 and evaluation unit 133 may be implemented by
one processor, microcomputer, or dedicated circuit having the functions of both
units, or implemented by a combination of two or more processors,
microcomputers, or dedicated circuits.

[0228]

Evaluation unit 133 further evaluates the motor function of subject U,
based on the motor feature value calculated by calculation unit 123.

[0229]

Moreover, evaluation unit 133 determines whether the cognitive
function of subject U is evaluated higher than the motor function of subject U,
based on predetermined evaluation criteria for the cognitive function and the
motor function. For example, evaluation unit 133 ranks each of the cognitive
function and the motor function on a scale of five: A, B, C, D, and E, based on
evaluation criteria set beforehand. In the case where A is the best rank, 1.e.
the highest evaluation, and E is the worst rank, i.e. the lowest evaluation,

evaluation unit 133 ranks the cognitive function and motor function of subject
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U based on the feature value (gait feature value) and the motor feature value
calculated by calculation unit 123, to evaluate the cognitive function and motor
function of subject U.

[0230]

For example, in the case where evaluation unit 133 evaluates the
cognitive function of subject U as rank A and evaluates the motor function of
subject U as rank B, the cognitive function of subject U is evaluated higher
than the motor function of subject U. In the following description, it is
assumed that each of the cognitive function and the motor function is ranked on
a scale of five: A, B, C, D, and E, where A is the best rank, i.e. the highest
evaluation, and E is the worst rank, i1.e. the lowest evaluation. The ranking
may be not on a scale of five, but on a scale of four or less or on a scale of six or
more. Moreover, in the case where each of the cognitive function and the
motor function is ranked on a scale of five: A, B, C, D, and E, A may be the worst
rank, i.e. the lowest evaluation, and E may be the best rank, i.e. the highest
evaluation. The ranks are not limited to A, B, C, etc., and may be freely set,
such as 1, 2, 3, etc.

[0231]

Output unit 143 outputs the evaluation result by evaluation unit 133.
For example, output unit 143 outputs the evaluation result of evaluation unit
132 to display device 220 as image data.

[0232]

Output unit 143 is, for example, a communication interface such as an
adapter or a communication circuit for performing wire communication or
wireless communication.

[0233]

Output unit 143 further outputs the evaluation result of the motor
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function of subject U by evaluation unit 133.
[0234]

Moreover, 1in the case where evaluation unit 133 determines that the
cognitive function of subject U is evaluated higher than the motor function of
subject U, output unit 143 outputs first recommendation information which is
information for subject U to improve the motor function. In the case where
evaluation unit 133 determines that the cognitive function of subject U 1is
evaluated not higher than the motor function of subject U, output unit 143
outputs second recommendation information which is information for subject U
to improve the cognitive function. For example, the first recommendation
information and the second recommendation information are stored in storage
unit 153 as recommendation information 164. Evaluation unit 133 causes
output unit 143 to selectively output the first recommendation information or
the second recommendation information included in recommendation
information 164, based on the evaluation results of the cognitive function and
motor function of subject U.

[0235]

Storage unit 153 is memory storing reference data 163 indicating the
relationship between the feature value of a person and the cognitive function of
the person. Storage unit 153 is, for example, memory such as ROM and RAM,
and 1s formed by a HDD, flash memory, or the like. Reference data 163 is, for
example, the same as reference data 162 stored in storage unit 152 in
Embodiment 3.

[0236]

Recommendation information 164 is information for subject U to

improve the cognitive function or the motor function. For example,

recommendation information 164 includes information, such as food
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information, exercise method, and exercise equipment use method, for
promoting improvement in the motor function or the cognitive function.
Output unit 143 outputs, as the first recommendation information, food
information, exercise method, exercise equipment use method, etc. for
promoting improvement particularly in the motor function in recommendation
information 164, and outputs, as the second recommendation information, food
information, exercise method, exercise equipment use method, etc. for
promoting improvement particularly in the cognitive function in
recommendation information 164.

[0237]

[Procedure]

A method of evaluating the cognitive function of subject U by cognitive
function evaluation device 103 according to Embodiment 4 will be described in
detail below, with reference to FIG. 15.

[0238]

First, obtainment unit 113 causes subject U to operate input device 230
to obtain information such as an identification (ID) of subject U (Step S401).
In Step S401, obtainment unit 113 may cause subject U to operate input device
230 to obtain attribute information indicating the attribute of subject U.

[0239]

Next, obtainment unit 113 obtains gait data and physical strength
measurement data from subject U (Step S402). For example, in Step S402,
obtainment unit 113 obtains the gait data of subject U (specifically, first data,
third data, and fourth data) by performing Steps S101 to S104 in FIG. 4, and
obtains the physical strength measurement data of subject U (specifically, sixth
data) by performing Step S301 in FIG. 12.

[0240]
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Next, calculation unit 123 calculates the motor feature value indicating
the motor function of subject U, based on the sixth data obtained by obtainment
unit 113 (Step S403). In the case where obtainment unit 113 obtains the
attribute information of subject U in Step S401, in Step S403 calculation unit
123 calculates the motor feature value indicating the motor function of subject
U based on the attribute information and the sixth data obtained by
obtainment unit 113.

[0241]

Next, calculation unit 123 calculates the feature value indicating the
degree of cognitive function of subject U, based on the gait data obtained by
obtainment unit 113 (Step S404).

[0242]

The order in which Steps S403 and S404 are performed is not limited,
and Steps S403 and S404 may be performed in reverse order.
[0243]

Next, evaluation unit 133 evaluates the degrees of cognitive function
and motor function of subject U by ranking, based on the feature value and
motor feature value of subject U calculated by calculation unit 123 (Step S405).
Specifically, in Step S405, evaluation unit 133 evaluates the cognitive function
and motor function of subject U by checking the feature value and motor
feature value of subject U calculated by calculation unit 123 against reference
data 163. That is, reference data 163 may include data indicating the
relationship between the motor feature value of a person and the motor
function of the person.

[0244]
Next, output unit 143 outputs the evaluation results of the motor

function and cognitive function of subject U by evaluation unit 133, to display
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device 220 (Step S406).
[0245]

Next, evaluation unit 133 determines whether the cognitive function of
subject U is evaluated higher than the motor function of subject U, based on the
predetermined evaluation criteria for the cognitive function and the motor
function (Step S407).

[0246]

In the case where evaluation unit 133 determines that the cognitive
function of subject U 1is evaluated higher than the motor function of subject U
(Step S407: Yes), output unit 143 outputs the first recommendation information
which 1s information for subject U to improve the motor function, as
recommendation information 164 about the motor function (Step S408).

[0247]

In the case where evaluation unit 133 determines that the cognitive
function of subject U is evaluated not higher than the motor function of subject
U (Step S407: No), output unit 143 outputs the second recommendation
information which is information for subject U to improve the cognitive
function, as recommendation information 164 about the cognitive function
(Step S409).

[0248]
[Example]

The steps performed by cognitive function evaluation device 103
according to Embodiment 4 in FIG. 15 will be described in detail below, with
reference to FIGS. 16A to 19.

[0249]
FIGS. 16A to 16D each illustrate an image which i1s a graphical user

interface (GUI) displayed on a touch panel display in which input device 230
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and display device 220 are integrated.
[0250]

FIG. 16A1s a diagram illustrating a first example of an image displayed
on display device 220 by cognitive function evaluation device 103 according to
Embodiment 4.

[0251]

Image 400 illustrated in FIG. 16A is an image displayed on display
device 220 to obtain the ID of subject U from subject U in Step S401 in FIG. 15.
[0252]

Image 400 includes ID input portion 401 and attribute input portion
402.

[0253]

ID input portion 401 is operated by subject U to receive input of the ID
of subject U.

[0254]

Attribute input portion 402 is operated by subject U to receive input of
the attribute of subject U. In FIG. 16A, input of the height, gender, and age of
subject U can be received as the attribute of subject U.

[0255]

FIG. 16B is a diagram illustrating a second example of an image
displayed on display device 220 by cognitive function evaluation device 103
according to Embodiment 4.

[0256]

Image 410 illustrated in FIG. 16B is an image displayed on display
device 220 to obtain the physical strength measurement data of subject U (.e.
sixth data) from subject U in Step S402 in FIG. 15.

[0257]
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Image 410 includes physical strength measurement data input portion
411.

[0258]

Physical strength measurement data input portion 411 is operated by
subject U to receive input of the physical strength measurement data of subject
U. As illustrated in FIG. 16B, physical strength measurement data input
portion 411 can receive input of results of various tests including a timed up &
go test, a functional reach test, a test of single-leg standing with open eyes, a
grip strength measurement test, a 5 m walking test, and a stepping test for
subject U, as an example of the physical strength measurement data of subject
U.

[0259]

The timed up & go test is a test that measures the time from when
subject U stands up from a state of sitting on a chair to when subject U sits on
the chair again after turning around a mark 3 m ahead.

[0260]

FIG. 16C 1s a diagram illustrating a third example of an image
displayed on display device 220 by cognitive function evaluation device 103
according to Embodiment 4.

[0261]

Image 420 illustrated in FIG. 16C is an image displayed on display
device 220 to notify subject U of the evaluation results of the motor function
and cognitive function of subject U in Step S406 in FIG. 15.

[0262]

Image 420 includes motor function evaluation result notification

portion 421 and cognitive function evaluation result notification portion 422.

[0263]
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Motor function evaluation result notification portion 421 is an image for
notifying subject U of the evaluation of the motor function of subject U
performed by evaluation unit 133 in Step S405 in FIG. 15. For example, motor
function evaluation result notification portion 421 includes evaluation result
421a of the motor function of subject U by evaluation unit 133 in Step S405 in
FIG. 15 and comment 421b based on evaluation result 421a.

[0264]

Cognitive function evaluation result notification portion 422 is an
1mage for notifying subject U of the evaluation of the cognitive function of
subject U performed by evaluation unit 133 in Step S405 in FIG. 15. For
example, cognitive function evaluation result notification portion 422 includes
evaluation result 422a of the motor function of subject U by evaluation unit 133
in Step S405 in FIG. 15 and comment 422b based on evaluation result 422a.
[0265]

FIG. 16D is a diagram illustrating a fourth example of an image
displayed on display device 220 by cognitive function evaluation device 103
according to Embodiment 4.

[0266]

Image 430 illustrated in FIG. 16D is an image displayed on display
device 220 to notify subject U of recommendation information 164 about the
motor function or cognitive function of subject U in Step S408 or S409 in FIG.
15. As an example, image 430 shows the second recommendation information
mncluded in recommendation information 164 output in Step S409 in the case
where evaluation unit 133 determines that the rank of the motor function and
the rank of the cognitive function are both C as illustrated in FIG. 16C, that is,
in the case where the determination in Step S407 in FIG. 15 results in No.

[0267]
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As illustrated in FIG. 16D, image 430 includes recommendation
information display portion 431 for displaying recommendation information
164. Thus, by notifying, through recommendation information display portion
431, subject U of only recommendation information 164 about one of the motor
function and the cognitive function that is determined as particularly bad by
evaluation unit 133, information that is likely to be particularly useful for
subject U can be notified, and also the amount of information notified can be
reduced.

[0268]

FIG. 17 1s a diagram illustrating an example of parameters used when
cognitive function evaluation device 103 according to Embodiment 4 calculates
the feature value of the cognitive function of subject U. FIG. 18 is a diagram
illustrating an example of a table used when cognitive function evaluation
device 103 according to Embodiment 4 ranks the cognitive function of subject U
from the calculated feature value of the cognitive function of subject U. In FIG.
18, EstM is the feature value calculated by calculation unit 123, and ranks A to
E are ranks with which evaluation unit 133 performs evaluation from the
feature value (EstM) calculated by calculation unit 123. Thus, for example,
the table illustrated in FIG. 18 is stored in storage unit 153 as reference data
163.

[0269]

Each multiple regression coefficient illustrated in FIG. 17 is any
constant set beforehand. Each symbol illustrated in FIG. 17 is an actual
measurement value of gait data or physical strength measurement data
obtained from subject U or a numeric value of attribute. For example, in the
case where the age of subject U i1s 25, symbol Age in FIG. 17 is 25. For

example, in the case where the grip strength of subject U is 30 kgw, symbol
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Grip in FIG. 17 is 30. For parameters that are not numeric values such as
gender, for example, numeric values determined according to any methods set
beforehand, such as Gend = 1 for male and Gend = 2 for female, are adopted.
[0270]

The feature value (EstM) illustrated in FIG. 18 is calculated, for
example, according to the following Formula (4).

[0271]

EstM = Cage X Age + Cgenda X Gend + ... + Cac X Ac + Crsem (4).
[0272]

Here, Crstm 1s a constant.

[0273]

In Formula (4), EstM is calculated by calculating, for each parameter in
the table illustrated in FIG. 17, a result of multiplying the symbol and the
multiple regression coefficient and calculating a sum of the resultant values,
where description is omitted in part. For example, Formula (4) may further
include Carip X Grip and the like as a numeric value to be added.

[0274]

There is no need to adopt, in Formula (4), all parameters in the table
illustrated in FIG. 17. For example, the parameter “grip strength” may not be
adopted in Formula (4), based on the attribute of subject U. Thus, calculation
unit 123 selects parameters to be used in Formula (4), based on the attribute
information obtained by obtainment unit 113.

[0275]

Evaluation unit 133 evaluates the cognitive function of subject U, by
ranking the cognitive function of subject U from EstM calculated according to
Formula (4). For example, in the case where EstM calculated by calculation

unit 123 is 23, evaluation unit 133 ranks the cognitive function of subject U as
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“C”. In this case, output unit 143 outputs information corresponding to
comment 422b in cognitive function evaluation result notification portion 422
illustrated in FIG. 16C, such as “Average. Try to keep good condition.” in the
comment field illustrated in FIG. 18.

[0276]

FIG. 19 1s a diagram illustrating an example of a table used when
cognitive function evaluation device 103 according to Embodiment 4 ranks the
motor function of subject U from the calculated motor feature value of the
motor function of subject U.

[0277]

For example, calculation unit 123 performs evaluation on a scale of five:
5 points, 4 points, 3 points, 2 points, and 1 point, for each parameter based on a
predetermined method. For example, for the parameter “grip strength”,
calculation unit 123 calculates a numeric value relating to the parameter “grip
strength”, such as 1 point when the grip strength is less than 10 kgw, 2 points
when the grip strength is 10 kgw or more and less than 20 kgw, 3 points when
the grip strength is 20 kgw or more and less than 30 kgw, 4 points when the
grip strength is 30 kgw or more and less than 40 kgw, and 5 points when the
grip strength is 40 kgw or more. Calculation unit 123 calculates a numeric
value for each parameter, and calculates an average value of the numeric
values as the motor feature value.

[0278]

Evaluation unit 133 evaluates the motor function of subject U, by
ranking the motor function of subject U from the calculated motor feature value.
For example, in the case where the motor feature value calculated by
calculation unit 123 1s 3.0, evaluation unit 133 ranks the motor function of

subject U as “C”. Output unit 143 outputs information corresponding to
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comment 421b in motor function evaluation result notification portion 421
illustrated in FIG. 16C, such as “Good. Try to maintain good health.” in the
comment field illustrated in FIG. 19.

[0279]

This evaluation method is an example, and the method of calculating
the motor feature value is not limited. For example, evaluation may be
performed on a scale of six or more or on a scale of four or less, for each
parameter. The motor feature value may be an average value of the numeric
values calculated from the respective parameters, and may be calculated in any
way.

[0280]

Although cognitive function evaluation device 103 evaluates the degree
of cognitive function and the degree of motor function of subject U, for example,
cognitive function evaluation device 103 may evaluate, as the degree of motor
function, the degree of muscle strength function and the degree of balance
function separately. Recommendation information 164 may then include
recommendation information (third recommendation information) about the
muscle strength function and recommendation information (fourth
recommendation information) about the balance function.

[0281]

In this case, evaluation unit 133 may rank each of the cognitive
function, muscle strength function, and balance function of subject U, to
evaluate the function. Output unit 143 may output, for example,
recommendation information 164 about the function for which the evaluation
result is lowest in rank. In the case where all of the functions are the same in
rank, for example, output unit 143 may preferentially output recommendation

information 164 about the cognitive function. In the case where the muscle
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strength function and the balance function are the same in rank, for example,
output unit 143 may preferentially output recommendation information 164
about the muscle strength function.

[0282]

[Effects, etc.]

As described above, cognitive function evaluation device 103 according
to Embodiment 4 has the same functional structure as cognitive function
evaluation device 102 according to Embodiment 3, and calculation unit 123
further calculates a motor feature value indicating a motor function of subject
U from the sixth data, evaluation unit 133 further evaluates a motor function of
subject U based on the motor feature value calculated by calculation unit 123,
and output unit 143 further outputs an evaluation result of the motor function
of subject U evaluated by evaluation unit 133.

[0283]

With such a structure, cognitive function evaluation device 103
achieves the same effects as cognitive function evaluation device 102 according
to Embodiment 3. Moreover, cognitive function evaluation device 103 can
evaluate the motor function of subject U, in addition to the cognitive function of
subject U. Cognitive function evaluation is not welcomed and is avoided by
subject U in some cases. With cognitive function evaluation device 103,
subject U does not know clearly whether the measurement results of
walking-related measurement, a functional reach test, etc. are used in the
evaluation of the cognitive function of subject U or in the evaluation of the
motor function of subject U. Accordingly, with cognitive function evaluation
device 103, the discomfort of subject U caused by being subjected to cognitive
function evaluation can be reduced.

[0284]
62



10

15

20

25

Some measurements such as walking-related measurement and a
functional reach test are used in both cognitive function evaluation and motor
function evaluation. Hence, cognitive function evaluation device 103 can use
common data as part of the data used when calculating the feature value of the
cognitive function and when calculating the motor feature value of the motor
function. This can reduce the amount of data used in the calculation of the
feature value of the cognitive function and the motor feature value of the motor
function.

[0285]

For example, evaluation unit 133 further determines whether the
cognitive function of subject U is evaluated higher than the motor function of
subject U based on predetermined evaluation criteria for the cognitive function
and the motor function, and output unit 143: outputs first recommendation
information for improving the motor function in the case where evaluation unit
133 determines that the cognitive function of subject U is evaluated higher
than the motor function of subject U; and outputs second recommendation
information for improving the cognitive function in the case where evaluation
unit 133 determines that the cognitive function of subject U is evaluated not
higher than the motor function of subject U.

[0286]

With such a structure, cognitive function evaluation device 103 outputs
only recommendation information 164 about one of the motor function and the
cognitive function that is determined as particularly bad by evaluation unit 133,
to subject U. Thus, cognitive function evaluation device 103 can notify
information that is likely to be particularly useful for subject U, and also reduce
the amount of information notified.

[0287]
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For example, in the case where the evaluation results of the cognitive
function and motor function of subject U are the same, cognitive function
evaluation device 103 preferentially outputs recommendation information 164
about the cognitive function. Thus, cognitive function evaluation device 103
can preferentially notify subject U of recommendation information 164 about
the cognitive function that has a higher possibility of affecting the daily life of
subject U in the future.

[0288]

For example, obtainment unit 113 further obtains attribute information
indicating an attribute of subject U, and calculation unit 123 calculates the
motor feature value of subject U based on the attribute information and the
sixth data obtained by obtainment unit 113.

[0289]

With such a structure, cognitive function evaluation device 103
calculates the motor feature value in consideration of the age, gender, health
condition, etc. of subject U. Thus, cognitive function evaluation device 103
calculates the motor feature value depending on subject U, with it being
possible to output the evaluation result more suitable for subject U.

[0290]
(Other embodiments)

Although the cognitive function evaluation device, etc. according to
each of Embodiments 1, 2, 3, and 4 have been described above, the present
invention is not limited to the foregoing embodiments.

[0291]

For example, in the foregoing embodiments, the processing units such

as the calculation unit and the evaluation unit in the cognitive function

evaluation device are implemented in terms of software by a processor
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executing a program. However, the present invention is not limited to such.
The processing units may be implemented in terms of hardware by a dedicated
electronic circuit using a gate array and the like.

[0292]

In the foregoing embodiments, the cognitive function evaluation device
evaluates the degree of cognitive function. However, for example, the
cognitive function evaluation device may evaluate the degree of intoxication of
the subject, instead of evaluating whether the subject has dementia.

[0293]

In the foregoing embodiments, Alzheimer’s dementia is used as a
specific example of a symptom of cognitive function decrease. The cognitive
function is the ability to recognize, remember, and judge, and dementia shows a
symptom of a decrease in the cognitive function. Accordingly, the degree of the
cognitive function evaluated by the cognitive function evaluation device is not
limited to Alzheimer’s dementia, and may be, for example, vascular dementia.
[0294]

In the foregoing embodiments, to evaluate the cognitive function of the
subject, data indicating the relationship between the score of the batch test
such as a cognitive function test and the gait data indicating the body sway
during walking is stored in the storage unit beforehand as the reference data.
The reference data may be, however, any data with which the cognitive function
can be evaluated by checking with the gait data indicating the body sway of the
subject during walking. For example, the reference data may be data
indicating the relationship between the score of Hasegawa’s Dementia
Scale-Revised (HDS-R) and the body sway during walking.

[0295]

In the foregoing embodiments, the body motion detection device is an
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acceleration sensor as an example. However, the body motion detection device
1s not limited to such, as long as it 1s capable of detecting acceleration data
indicating the body sway of the subject during walking. For example, the body
motion detection device may be a camera or a radio wave sensor.

[0296]

In the foregoing embodiments, the body motion detection device is
communicably connected to the cognitive function evaluation device by wireless
communication. However, the communication method is not limited to such.
For example, the body motion detection device may include a wireless
communication module or the like for wireless communication with the
cognitive function evaluation device, and communicate with cognitive function
evaluation device 100 via the wireless communication device. The body
motion detection device transmits the measured acceleration data to cognitive
function evaluation device 100 by wireless communication. Wireless
communication may be performed, for example, in accordance with a
predetermined wireless communication standard such as Bluetooth®, Wi-Fi®,
or ZigBee®. The body motion detection device may perform wire
communication with the cognitive function evaluation device. In this case, the
body motion detection device may include a communication adapter and the
like for connecting a cable for wire communication with the cognitive function
evaluation device.

[0297]

The present invention may be implemented as a method executed by
the cognitive function evaluation device according to each of the foregoing
embodiments. In detail, the present invention may be a cognitive function
evaluation method executed by a computer, including: obtaining, as gait data,

at least one of first data and second data, the first data indicating a sway
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amount of a body of a subject during walking in a first walking section from
start of walking of the subject to a predetermined number of steps, and the
second data indicating a sway amount of the body of the subject during walking
in a second walking section in a double task state in which the subject is
walking while doing a given assignment, the second walking section being after
the first walking section; calculating, from the gait data obtained in the
obtaining, a feature value that is based on the gait data; evaluating a cognitive
function of the subject, based on the feature value calculated in the calculating;
and outputting an evaluation result in the evaluating.

[0298]

With such a method, the cognitive function of subject U can be
accurately evaluated by the computer.
[0299]

The present invention may be implemented as a program for causing a
computer to execute the steps included in the foregoing cognitive function
evaluation method. In other words, the present invention may be
implemented as a program for causing a computer to execute the steps
performed by the cognitive function evaluation device. The present invention
may be implemented as a computer-readable recording medium such as
CD-ROM on which the program is recorded. The present invention may be
implemented as information, data, or a signal indicating the program. The
program, the information, the data, and the signal may be distributed via a
communication network such as the Internet.

[0300]

Thus, the cognitive function evaluation method can be executed by the

computer as a program capable of accurately evaluating the cognitive function

of subject U.
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[0301]

Other modifications obtained by applying various changes conceivable

by a person skilled in the art to the embodiments and any combinations of the

structural elements and functions in the embodiments without departing from

the scope of the present invention are also included in the present invention.

REFERENCE MARKS IN THE DRAWINGS

[0302]

100,
110,
120,
130,
140,
150,

160,

164

200,

210
U

101, 102, 103 cognitive function evaluation device

111, 112, 113 obtainment unit

121, 122, 123 calculation unit

131, 132, 133 evaluation unit

141, 142, 143 output unit

151, 152, 153 storage unit

161, 162, 163 reference data
recommendation information

201, 202, 203 cognitive function evaluation system
body motion detection device

subject
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CLAIMS

1. A cognitive function evaluation device, comprising:

an obtainment unit configured to obtain, as gait data, at least one of
first data and second data, the first data indicating a sway amount of a body of
a subject during walking in a first walking section from start of walking of the
subject to a predetermined number of steps, and the second data indicating a
sway amount of the body of the subject during walking in a second walking
section in a double task state in which the subject is walking while doing a
given assignment, the second walking section being after the first walking
section;

a calculation unit configured to calculate, from the gait data obtained
by the obtainment unit, a feature value that is based on the gait data;

an evaluation unit configured to evaluate a cognitive function of the
subject, based on the feature value calculated by the calculation unit; and

an output unit configured to output an evaluation result of evaluation

by the evaluation unit.

2. The cognitive function evaluation device according to claim 1,

wherein the obtainment unit is configured to obtain the at least one of
the first data and the second data each indicating, as the sway amount, a
change amount of a displacement, a speed, or an acceleration of the subject

during walking.

3. The cognitive function evaluation device according to claim 2,
wherein the calculation unit is configured to:

calculate a frequency spectrum by performing frequency analysis on the
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change amount; and
calculate the feature value, based on an integral at a specific frequency
higher than a frequency corresponding to walking in the frequency spectrum

calculated.

4. The cognitive function evaluation device according to claim 3,
wherein the obtainment unit is configured to obtain the first data
indicating, as the sway amount, the change amount in a direction of travel of

the subject.

5. The cognitive function evaluation device according to any one of claim
1 to claim 4,

wherein the obtainment unit is further configured to obtain third data
indicating a step length and a step width of the subject in the first walking
section, and

the calculation unit is configured to calculate, from the gait data
including the first data and the third data obtained by the obtainment unit, the

feature value that is based on the gait data.

6. The cognitive function evaluation device according to claim 5,

wherein the obtainment unit is further configured to obtain fourth data
indicating a walking speed of the subject in the first walking section, and

the calculation unit is configured to calculate, from the gait data
including the first data, the third data, and the fourth data obtained by the

obtainment unit, the feature value that is based on the gait data.

7. The cognitive function evaluation device according to claim 3,
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wherein the obtainment unit is configured to obtain the second data
indicating, as the sway amount, the change amount in a horizontal direction

orthogonal to a direction of travel of the subject.

8. The cognitive function evaluation device according to claim 7,

wherein the obtainment unit is further configured to obtain fifth data
indicating a walking time of the subject in the second walking section, and

the calculation unit is configured to calculate, from the gait data
including the second data and the fifth data obtained by the obtainment unit,

the feature value that is based on the gait data.

9. The cognitive function evaluation device according to any one of claim
1 to claim 8,

wherein the obtainment unit is further configured to obtain, as sixth
data, an evaluation result of at least one of a dynamic balance ability and
agility of the subject, and

the calculation unit is configured to calculate, from the gait data
including the sixth data and the at least one of the first data and the second
data obtained by the obtainment unit, the feature value that is based on the

gait data.

10. The cognitive function evaluation device according to claim 9,

wherein the calculation unit is further configured to calculate a motor
feature value indicating a motor function of the subject, from the sixth data,

the evaluation unit is further configured to evaluate the motor function
of the subject, based on the motor feature value calculated by the calculation

unit, and

71



10

15

20

25

the output unit is further configured to output an evaluation result of

the motor function of the subject evaluated by the evaluation unit.

11. The cognitive function evaluation device according to claim 10,

wherein the evaluation unit is further configured to determine whether
the cognitive function of the subject is evaluated higher than the motor function
of the subject, based on predetermined evaluation criteria for the cognitive
function and the motor function, and

the output unit is configured to:

output first recommendation information for improving the motor
function, when the evaluation unit determines that the cognitive function of the
subject is evaluated higher than the motor function of the subject; and

output second recommendation information for improving the cognitive
function, when the evaluation unit determines that the cognitive function of the

subject is evaluated not higher than the motor function of the subject.

12. The cognitive function evaluation device according to claim 10 or
claim 11,

wherein the obtainment unit is further configured to obtain attribute
information indicating an attribute of the subject, and

the calculation unit is configured to calculate the motor feature value of
the subject, based on the attribute information and the sixth data obtained by

the obtainment unit.

13. The cognitive function evaluation device according to any one of
claim 1 to claim 12, further comprising:

a storage unit configured to store reference data indicating a
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relationship between a feature value of a person and a cognitive function of the
person, and

the evaluation unit is configured to evaluate the cognitive function of
the subject, by checking the feature value calculated by the calculation unit

against the reference data stored in the storage unit.

14. A cognitive function evaluation system comprising:

the cognitive function evaluation device according to any one of claim 1
to claim 13; and

a body motion detection device that obtains the gait data and transmits

the gait data to the cognitive function evaluation device.

15. A cognitive function evaluation method executed by a computer, the
cognitive function evaluation method comprising:

obtaining, as gait data, at least one of first data and second data, the
first data indicating a sway amount of a body of a subject during walking in a
first walking section from start of walking of the subject to a predetermined
number of steps, and the second data indicating a sway amount of the body of
the subject during walking in a second walking section in a double task state in
which the subject is walking while doing a given assignment, the second
walking section being after the first walking section;

calculating, from the gait data obtained in the obtaining, a feature
value that is based on the gait data;

evaluating a cognitive function of the subject, based on the feature
value calculated in the calculating; and

outputting an evaluation result in the evaluating.
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16. A program for causing a computer to execute the cognitive function

evaluation method according to claim 15.
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