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DESCRIPTION

BALANCE FUNCTION DIAGNOSTIC SYSTEM
AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus that is worn on the body of
the user and that is used in a system that supports therapeutic knowledge-based
diagnosis of the functions of balance by obtaining information on unconsciously
occurring motions such as sway or inclination of the body, and to said system.
This system is effective in diagnosing not only diseases of the balance function
and also states of functional deterioration such as the state of fatigue, for example.

In the diagnosis of balance disorders including dizziness or vertigo, the
publication of unexamined Japanese patent application (Kokai) No. JP-A
8-215176, for example, presents a known examination apparatus and system called
a Stabilometer that calculates the distribution of weight applied to the soles of the
feet together with the time that the user is standing straight up, thereby analyzing
unconscious motions of the body (JP-A 8-215176).

With this system, the user steps onto an apparatus that resembles a
weighing scale for home use, so that the distribution of force acting on the
horizontal surface of the scale is measured by strain gages or other force sensors,
and thus the diagnosis is performed by merely having the user stand on the
apparatus.

The information measured by this apparatus is the change over time in the
position of the center of gravity of the body as estimated by the distribution of
force applied to the soles of the feet. Motion patterns are collected in advance
from those of healthy persons and persons with characteristic diseases related to
balance function disorders . These motion patterns are collected over a fixed
period of time of 30 seconds or 60 seconds for each of the states of eyes being
open and eyes being closed. When a new motion pattern is collected from a user,

a diagnosis of balance function is performed by statistical identification of a
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motion pattern from the pre-collected motion patters which is closest to the new
motion pattern collected from the user.

The apparatus and diagnostic method based on this scheme is listed in
Shakai Hoken Shinryo Hoshi ni Kan-suru Ika Tensii Hyé no Kaishaku
[Interpretation of the Medical Score Table Pertaining to Social Insurance Medical
Treatment and Diagnosis Remuneration] published by the Ministry of Health,
Labour and Welfare (Ministry of Health and Welfare at the time of publication) on
March 16, 1994 (Notification No. 25 of the Health Insurance Bureau), and is being
used for diagnosis in insurance and medical treatment facilities within Japan.

In the diagnosis of sense of balance function based on the prior art, the user
stands upon the horizontal surface of a scale-like apparatus and the distribution of
weight applied to the soles of the feet is measured, so the apparatus must have a
horizontal surface of at least sufficient surface area to stand on with both feet. In
addition, it must be able to withstand a weight of at least several dozen kilograms
while also being able to detect the slight unconscious motions (typically on the
order of several millimeters when taken as the distance of motion of the position
of the center of gravity). Thus when sensors such as the strain gages currently in
use are used, it is indispensable for the examination apparatus to have a certain
amount of weight.

To wit, it is necessary to make the horizontal surface out of a material that
both prevents damage to the apparatus due to body weight and also reversibly
bends under body weight with good reproducibility, so a heavy metal plate is
typically used as this material.

Moreover, from the nature of the apparatus in that it measures the weight
distribution, it is preferable that gravity act in the direction perpendicular to the
horizontal surface upon which the user stands, so it is necessary for the installation
position of the measurement apparatus to be calibrated in advance with respect to
gravity applied to the horizontal surface.

Due to the above, from the standpoint of limitations on the size and weight
of the apparatus and the installation location, it is quite difficult for a conventional

sense of balance function diagnostic apparatus to be made portable and used in
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everyday life. In addition, due to the principle of operation of the apparatus, it
cannot be used in locations without gravity.

Moreover, with a diagnostic apparatus based on the prior art, the user must
be standing on both feet for at least a fixed period of time, for example, 30 seconds
or 60 seconds. For this reason, the people who can be diagnoséd are limited to
those who can stand straight on both feet, so it is a diagnostic method that cannot
be used on persons who may have a disorder of the sense of balance function, but
have difficulty maintaining the standing position for long periods of time, or
persons who are not easily measured in the standing position due to other
symptoms.

In this manner, with a sense of balance diagnostic apparatus according to
the prior art, the situation is not such that anyone can undergo diagnosis easily at

any time or any place.

SUMMARY OF THE INVENTION

Thus, the present invention came about in order to solve the
aforementioned problems and its object is to make the diagnostic apparatus one of
a portable size and weight and also expand the places of use and methods of use to
a much greater range than those based on the prior art, thus achieving an
environment wherein anyone can undergo diagnosis of balance disorders at any
time or any place.

With the prior art, the user stands upon a scale-like apparatus and the

~ diagnosis of balance disorders is performed based on the principle of measuring

the distribution of gravity acting on the soles of the feet. However, the present
invention utilizes the measurement of motion at characteristic locations on the
body, namely the positions of the head and waist of the user where the so-called
“vertigo or dizziness” phenomenon acts, thus using irldtion sensor means for
measuring these motions. In addition, motion diagnosis means that processes
signals from the motion sensor means and gives appropriate diagnostic results is

also used.
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In addition, in a configuration wherein the motion diagnosis means is not
portable but rather is installed such that it is physically isolated from the motion
sensor means, by making motion storage means, which temporarily stores signals
from the motion sensor means using a semiconductor memory or other storage
device, portable together with the motion sensor means, it is possible to adopt a
configuration where diagnosis is performed by having the user carry only an even
more compact and lighter apparatus.

To wit, the present invention provides a balance function diagnostic system
comprising a portable terminal unit that can be worn on the body of the user and
an analytical apparatus that analyzes the data from this portable terminal unit,
wherein said portable terminal unit comprises motion sensor means that detects
the motion of the body of said user, said analytical apparatus comprises motion
diagnosis means that processes signals from said motion sensor means and
performs diagnosis of balance function based on prerecorded motion diagnosis
information, and where said balance function diagnostic system is constituted such
that it is able to analyze the motion of said user and output diagnostic information
related to balance function.

Here, the “detection of motion” is defined to include the detection of
characteristic motions that appear together with disorder or deterioration of the
sense of balance, including for example, speed in linear motion, acceleration,
angular velocity around various ceﬁtral axes of rotation, and the like.

In addition, the present invention provides a balance function diagnostic
system comprising a portable terminal unit that can be worn on the body of the
user and an analytical apparatus that analyzes the data from this portable terminal
unit, wherein said portable terminal unit comprises motion sensor means that
detects the motion of the body of said user and motion storage means that stores
signals from said motion sensor means, said analytical apparatus comprises
motion diagnosis means that processes signals from said motion sensor means and
performs diagnosis of balance function based on prerecorded motion diagnosis
information, and where said system is constituted such that it is able to analyze the

motion of said user and output diagnostic information related to balance function.
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In addition, the present invention provides a balance function diagnostic
system comprising a portable terminal unit that can be worn on the body of the
user and an analytical apparatus that analyzes the data from this portable terminal
unit, wherein said portable terminal unit comprises motion sensor means that
detects the motion of the body of said user and motion information sending means
that sends signals from said motion sensor means wirelessly to the outside, said
analytical apparatus comprises motion information receiving means that receives
signals from said motion information transmission means and obtains signals from
said motion sensor means, motion diagnosis means that processes signals from
said motion sensor means and performs diagnosis of balance function based on
prerecorded motion diagnosis information, and where said system is constituted

such that it is able to analyze the motion of said user and output diagnostic

- information related to balance function.

In addition, said motion diagnosis means may further comprise stimulus
generation means that applies sensory stimuli to said user, so by sharing
information related to the characteristics of sensory stimuli applied to said user by
said stimulus generation means in said motion diagnosis means, it is possible to
analyze signals from said motion sensor means with respect to specific stimuli and
output diagnostic information for the balance function.

In addition, the present invention provides a portable terminal unit used in a
balance function diagnostic system having a constitution as described above,
where said motion sensor means is constituted such that it can be mounted on the
top of the head of said user, and where said portable terminal unit is constituted so
as to have detection sensitivity in at least the anterior/posterior direction and the
left/right direction with respect to the head.

In addition, the present invention provides a portable terminal unit used in a
balance function diagnostic system having a constitution as described above,
where said motion sensor means is constituted such that it can be mounted in the
waist area of said user, and where said portable terminal unit is constituted so as to
have detection sensitivity in at least the anterior/posterior direction and the

left/right direction with respect to the centerline of the body of said user.
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In addition, the present invention provides a diagnostic apparatus used in a
balance function diagnostic system having a constitution as described above.

In addition, the present invention provides a computer-readable program
for the purpose of executing said motion analysis means in the diagnostic
apparatus having a constitution as described above. This program can also be

stored on recording media.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a balance function diagnostic system
according to Embodiment 1 of the present invention.

FIG. 2 is a block diagram of a balance function diagnostic system
according to Embodiment 2 of the present invention.

FIG. 3 is a block diagram of a balance function diagnostic system
according to'Embodiment 3 of the present invention.

FIG. 4 is a block diagram of a balance function diagnostic system
according to Embodiment 4 of the present invention.

FIG. 5 is a block diagram of a balance function diagnostic system
according to Embodiment 5 of the present invention.

FIG. 6 is a block diagram of a balance function diagnostic system
according to Embodiment 6 of the present invention.

FIG. 7 is a functional block diagram illustréting the constitution of a
balance function diagnostic system according to the present invention.

FIG. 8 is a flowchart of one example of the processing of information by a
balance function diagnostic system according to the present invention.

FIG. 9 is a diagram illustrating the acceleration trace pattern of a user
obtained from an acceleration sensor.

FIG. 10 is a diagram illustrating an example of finding the surface area
based on the aforementioned acceleration trace pattern.

FIG. 11 is a diagram illustrating an example of finding the total trace length

from the aforementioned acceleration trace pattern.
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FIG. 12 is a diagram illustrating the results of a Fourier transform from the

time signal f{#) to the frequency function F(w).

DETAILED DESCRIPTION OF THE DRAWINGS AND THE PRESENTLY
PREFERRED EMBODIMENTS
(Embodiment 1)

FIG. 1 illustrates Embodiment 1 of the present invention, where signals
representing the motion of the body of the user detected by motion sensor means
10 are provided as input to motion diagnosis means 12. The motion diagnosis
means 12 calculates, from the signals that represent motion, physical characteristic
quantities which are various parameters stored in motion diagnosis information
accumulation means 14 that describe physical motion, such as the acceleration,
velocity, displacement and frequency components, for example. In addition, by
performing a comparison with prerecorded physical characteristic quantities
acquired from healthy persons and non-healthy persons with specific disorders of
balance function, namely by comparing with motion diagnosis information, the
diagnosis of balance function is performed. Moreover the diagnostic results are
output via diagnostic results output means 16.

In this Embodiment, on the body of the user is worn at least the motion
sensor means 10 but other constituent elements, namely the motion diagnosis
means 12, motion diagnosis information accumulation means 14 and diagnostic
results output means 16 need not necessarily be worn on the body of the user.

However, in the case that the motion sensor means 10 and the motion
diagnosis means 12 are connected by physical wiring or namely electrical signal
wiring, there is the possibility that the presence of wiring may impede the natural
motions of the user, so it is more preferable that all of the means be worn on the
body of the user.

(Embodiment 2) |

FIG. 2 illustrates Embodiment 2 of the present invention, where at least

motion sensor means 10 and motion storage means 18 that temporarily stores

signals representing motion from the motion sensor means 10 are worn on the
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body of the user. Moreover, once the situation of motion is stored in the motion
storage means 18, by connecting the output of the motion storage means 18 to the
input of the motion diagnosis means 12, diagnostic result output is obtained in the
same manner as the procedure recited in Embodiment 1. |

In this Embodiment, the only constituent elements that must be on the body
of the user are the motion sensor means 10 and the motion storage means 18, and
the electrical signal wiring or other physical wiring need be provided between the
motion storage means 18 and the motion diagnosis means 12 only after the
measurement of the motion of the user is complete, so it is possible to-make the
measurements required for diagnosis without impeding the natural motions of the
user.

(Embodiment 3)

FIG. 3 illustrates Embodiment 3 of the present invention, where the motion
storage means 18 in Embodiment 2 is replaced by motion information sending
means 20 worn by the user and motion information receiving means 22 that need
not necessarily be worn by the user, so that motion information is transmitted
between the two by a wireless method as a motion information signal.

To wit, in this Embodiment, the only constituent elements that must be
worn on the body of the user are the motion sensor means 10 and the motion
information sending means 20, while the other constituent elements, namely the
motion information receiving means 22, motion diagnosis means 12, motion
diagnosis information accumulation means 14 and diagnostic results output means
16 need not necessarily be worn on the body of the user.

In this Embodiment, the equipment worn on the body of the user is
minimized while the measured information is transmitted in real time to outside
equipment that performs the motion diagnosis, so it is possible to perform motion
diagnosis that requires real-time response without impeding the natural motions of
the user.

(Embodiment 4)
FIG. 4 illustrates Embodiment 4 of the present invention, where the balance

function diagnostic system according to Embodiment 1 is combined with stimulus
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generation means 24, which actively applies sensory stimuli to the user and is
coupled to the motion diagnosis means 12.

Here, the sensory stimuli generated by the stimulus generation means 24 ’
may be, for example, visual stimuli given to the user by the projection of moving
images onto a large screen, a light source that is given varying intensity, a head-
mounted display worn on the head of the user, or other presentation of images
from equipment that projects images near the eye, auditory stimuli including
stereo or other three-dimensional stimuli given in an auditory manner, or active
stimuli that act with physical force on the body of the user, such as pressure
applied on the back of the user, for example.

In this Embodiment, in addition to the stimulus generation means 24 which
gives these kinds of stimuli, by transmitting to the motion diagnosis means 12
information as to when the stimulus generation means 24 gave what kind of
stimuli to the user, it is possible to easily identify the corresponding signals from
the motion sensor, thus making active diagnosis of balance function possible.

In addition, the stimulus generation means 24 according to this
embodiment may also be used together with Embodiment 2 or 3 of the present
invention, and in either case the weight of equipment that must be worn on the
body of the user can be reduced and also the natural motions of the user are not
impeded by physical electrical signal wiring or the like, so it is possible to perform
motion diagnosis of the user under application of external stimuli in a more natural
situation.

(Embodiment 5)

FIG. 5 illustrates an example of the balance function diagnostic apparatus 1
according to Embodiment 5 of the present invention, being an example where a
motion sensor 30 consists of force sensors or acceleration sensors, mounted on the
top of the head, that are sensitive in the anterior/posterior direction and the
left/right direction with respect to the head.

ote that at the time of measurement, it is preferable that the head of the user
be in the same orientation as when standing straight with respect to the ground,

namely the top of the head should be furthest from the ground. In the diagnosis of
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balance function, measurement of physical sway of the head is effective, but with
this Embodiment, it is possible to measure not only coordinate translation of the
head in the anterior/posterior direction and in the left/right direction, but also the
angle of the top of the head with respect to the horizontal plane of the ground, and
namely the change in orientation of the head can also be acquired as motion
information supplied for diagnosis. To wit, by using acceleration sensors that are
sensitive with respect to gravity (static accelerometers), it is possible to calculate
the angle of the top of the head with respect to the gravity direction.

Now, taking @ to be the angle of the top of the head with respect to the
horizontal plane of the ground, G to be the acceleration due to gravity and a to be

the acceleration measured by the acceleration sensor, the relationship

holds true. Here, if 8 is extremely small, specifically when it is smaller than
approximately 5°, then the relationship sin 8 = 8 holds true (provided that the units
of @ are radians), so the relationship can be expressed as:

GRG0 oo eeeeseeeesessseesessessessesesesssssssemm s ssssssssssmen e @)

This means that when the user wears the sensor on the top of the head, as

long as the angle with respect to the ground can be maintained within an error

" range of roughly 5° or less, then the change in orientation of the head of the user,

namely the fluctuation in @ can be read as the fluctuation in the measured
acceleration a. Accordingly, even without calibrating the relationship between the
orientation (angle) and acceleration each time the sensor is mounted on the top of
the head, sway of the top of the head can be measured with good reproducibility.
Note that since the acceleration sensor is sensitive to the angle with respect
to the ground, or namely to the degree of action of gravity, the acceleration thus
measured includes that due to linear motion and that corresponding to the change
in angle. Thus, in order to make more accurate measurement possible, for the
change in angle, it is possible to use a gyro sensor which is a sensor sensitive to
rotary motion and thus achieve isolation from linear motion. However, in actual

measurements, the change in the angle with respect to the ground is mostly a slow
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change in contrast to linear motion, so by extracting from the signal from the
acceleration sensor only the high-frequency components, namely the components
that change with a period of roughly 2 cycles per second or greater, it is possible
to perform appropriate diagnosis. In this case, the diagnosis is performed after
removing as noise the signal components output from the acceleration sensor (e.g.,
the low-frequency components) due to the change in posture of the user.

In addition, regarding coordinate translation of the top of the head in the
forward and backward, left and right directions also, if the dispersion in the
mounting position of the motion sensor on the top of the head is less than +5° as
an angle of inclination, because sin 5° = 0.08, it is possible to measure the
acceleration of motion in the forward and backward, left and right directions to an
error of roughly 10% or less.

In addition, with the motion sensor mounted on the top of the head,
limitations due to the clothing of the user are few and by adopting a constitution
like that of a hair band or headphones, it has an advantage that it can be ﬁsed
easily by anyone.

Note that the sensors that can be used as motion sensors include
acceleration sensors that calculate acceleration by measuring the forces acting on a
weight in the interjor of the sensor, along with gyro sensors that measure the
angular velocity, but from the nature of measuring fluctuations at the top of the
head, it is preferable to measure motion in at least the two directions of forward
and backward/left and right with respect to the orientation of the top of the head in
the standing position.

(Embodiment 6)

FIG. 6 illustrates an example of the balance function diagnostic apparatus 2
according to Embodiment 6 of the present invention, being an example where
motion sensor means 34 consists of a motion sensor worn at the waist of the user
and secured to the front of the body at the waist using a belt-like jig 32.

The waist is the part of the body that serves as the base for nearly all of the
motions of the human body, so random motions that are meaningless in the

diagnosis of balance function occur less readily than in the extremities such as the
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hands or feet and thus highly reliable motion information is obtained.
Accordingly, while the motion sensor is placed on the front of the body at the
waist in this embodiment, similar meritorious effects can be obtained even if it is
placed at the center of the back.

Measurement of body sway is effective in the diagnosis of balance function,
so measurement of the forward and backward/left and right motions of the waist
area which is near the center of the body is effective, and thus it is preferable to
use acceleration sensors or angulér velocity sensors that are sensitive in these
respective directions.

Here follows a description of the functions of the various components of
the balance function diagnostic system according to the present invention. FIG. 7
is a functional block diagram illustrating the constitution of a balance function
diagnostic system 3 according to the present invention. In the balance function
diagnostic system 3 in this figure, acceleration sensors 36 serving as the motion
sensor means for detecting motion in the X-axis and motion in the Y-axis are
electrically connected to analog/digital converters 40 and 42, respectively, and
moreover the analog/digital converters 40 and 42 are electrically connected to a
microcomputer 44. In addition, the microcomputer 44 is provided with an
electrically connected diagnostic information memory 46, startup switch 48,
diagnostic result output device 50 and speaker 52. Here follows a description of
the constitution of each.

First, the acceleration sensor 36 serving as the motion sensor means will be
described. The acceleration sensor 36 consists of a sensor for detecting motion in
the X-axis 36a and a sensor for detecting motion in the Y-axis 36b, thus
calculating the acceleration by measuring the forces acting on a weight in the
interior of the sensor.

Note that from the standpoint of the object of the present invention which is
to diagnose balance function, it is preferable for the acceleration sensor 36 to be
mounted on the top of the head as shown in FIG. 5 or at the waist as shown in
FIG. 6. For example, by mounting an acceleration sensor on the top of the head, it

is possible to measure sway at the top of the head with good reproducibility and
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low error, without calibrating the relationship between the orientation (angle) and
acceleration. In addition, by mounting an acceleration sensor at the waist which is
equivalent to the center of the body, random motions that are meaningless in the
diagnosis of balance function occur less readily than in the extremities such as the
hands or feet and thus highly reliable motion information is obtained. Note that
when mounting at the waist, it is preferably mounted at the position of the navel
which is near the center of gravity of the human body and positioned along the
centerline of the body.

In order to measure the acceleration corresponding to the typical body sway
of a healthy person which is 10-20/1000 G (where G is the acceleration due to
gravity) with adequate resolution, the acceleration sensor 36 used in the present
invention preferably has sufficient resolution to resolve an acceleration of roughly
5/1000 G or less.

Next, the microcomputer 44 will be described. The microcomputer 44 has
the function of performing arithmetic processing on the acceleration signals
received from the acceleration sensor 36 based on the characteristic quantity data
used to determine a diagnosis. Specifically, it has a diagnostic information
memory 46 as the motion diagnosis accumulation means that stores information
used to determine a diagnosis, and motion diagnosis means (not shown) that
analyzes signals received from the acceleration sensor 36 based on the motion
characteristic quantity data used to determine a diagnosis, and has the function of
providing output of the results of this process to the diagnostic result output device
50 and speaker 52 to be described later.

The diagnostic result output device 50 is a device that provides output of
the diagnostic results from the microcomputer 44 to the outside, so that the
diagnostic results can be displayed on the screen of a monitor, or the diagnostic
results can be printed by a printer or the like on paper media.

The analog/digital converters 40 and 42 are devices that convert the analog
signals output from the acceleration sensor 36 into digital signals. The speaker 52
is a device used to convey the start of measurement with a sound, provide voice

output of the diagnostic results from the microcomputer 44, provide voice output
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of operating signals for the operator, and otherwise serve as an auxiliary output of
the diagnostic result output device 50. The analog/digital converters 40 and 42
and speaker 52 are not particularly limited in their type, so commercially available
units may be used.

In addition, the balance function diagnostic system 3 according to the
present invention may also comprise motion storage means that temporarily stores
information from the acceleration sensor 36, motion information sending means
that sends information from the acceleration sensor 36 wirelessly, and motion
information receiving means that receives signals from the motion information
transmission means and transmits those signals to the motion diagnosis means.

Here follows a description of one example of information processing by the
balance function diagnostic system 3 according to the present invention, made
with reference to the flowchart given in FIG. 8.

When the startup switch of the balance function diagnostic system of the
present invention is moved to ON (ST1), the balance function diagnostic system
starts up and measurement by the acceleration sensor starts several seconds after
the startup switch is ON. Thus, it is preferable that the diagnostic apparatus be
attached to the body before the startup switch is turned ON. However, the time
from startup to the start of measurement can be set appropriately depending on the
situation, such as in the case in which the person to undergo diagnosis performs
the measurement himself/herself, or the case in which another person operates the
apparatus.

The timing of the start/end of measurement can be indicated using a LED
or other light, but there are cases in which an optical notification method is not
appropriate, such as in the case that the user performs the measurement alone and
the main apparatus is not within the field of view of the user or if the user must
close their eyes as a condition of measurement. In this case, the start and end of
measurement are audibly conveyed to the user in the form of sound effects from
the speaker (ST2).

The motion data collected from the acceleration sensor may be the physical

characteristic quantities of acceleration, velocity, displacement and frequency
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components, for example, which are stored in the computer by the motion storage
means (ST3). The stored motion data may be stored temporarily and deleted at the
time of the end of measurement, or overwritten with newly collected motion data
at the time of the next measurement.

Measurement can typically be performed in 30 to 60 seconds, but the
measurement time can also be set appropriately depending on the condition of the
user. For example, a patient with severe impairment of the brain function may
find it difficult to maintain the standing position for a fixed period of time, so the
measurement time may be set to the shortest value, or when examining a patient
on the first examination for a diagnosis of dizziness or vertigo, it is necessary to
determine the degree of dizziness, so the measurement time can be set to the
longest value, or other changes are possible.

When the collection of motion data is complete, a sound effect or the like
notifies the user of the end of measurement (ST4). At this time, they user may
remove the diagnostic apparatus from the body.

At the same time, the microcomputer calculates the motion characteristic
quantities of the collected motion data (ST5). As a result, the motion
characteristic quantities thus obtained are compared against motion characteristic
quantities measured and recorded previously from healthy persons or non-healthy
persons with specific disorders of balance function, or namely compared against
diagnostic determination data as motion diagnostic information (ST6).

The information obtained as a result of the comparison is output from the
diagnostic result output device as diagnostic information (ST7). At this time, the
diagnostic information may be displayed on the screen of a display or the like or
printed on paper media by a printer or the like.

Note that the measurement may be performed while standing or while
sitting, and there is no need for the user to be standing continuously during
measurement as is required with a prior-art balance diagnostic apparatus.

Here follows a description of the method of processing kinetic motion data

obtained from the acceleration sensor. FIG. 9 presents a motion trace from a user
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as obtained from the acceleration sensor. In the illustrated example, the mounting
location of the acceleration sensor is the top of the head as shown in FIG. 5.

When an acceleration sensor 54 is mounted on the top of the head of a
person, the left/right sway (lateral sway) in the X-axis direction in FIG. 9(a) are
detected, and the anterior/posterior sway (longitudinal sway) in the Y-axis
direction in FIG. 9(b) are detected. FIG. 9(b) illustrates the value of the
acceleration over time as a trace pattern. In this figure, from the acceleration value
at time #, and the acceleration value at time f,, it is possible to find a characteristic
quantity that indicates how much the axis of the body has swayed over a fixed
period of time.

FIG. 10 illustrates an example of finding the surface area based on the
acceleration trace pattern described above. As shown in this figure, the length of
the outermost periphery is calculated from the two-dimensional acceleration trace.
Then, the surface area of the range enclosed by the outermost periphery (the
blackened-out range) is found to find a characteristic quantity that represents how
much the head of the user swayed over how much of a range at most.

In addition, it is also possible to find the kinetic energy amount necessary
to move the head of the user. FIG. 11 presents an example of finding the total
trace length from the acceleration trace pattern. The trace of acceleration is
plotted over time from the time #, to £, #, ... #,, and the distances between the
plotted points are found as the trace lengths L;, L,, .... Moreover, as illustrated
below, by adding up the length L, of the acceleration trace from time #, to time #,,
the length L, of the acceleration trace from time £, to time #, ... the length of the
acceleration trace from time #,., to time ¢,, it is possible to find a characteristic
quantity indicating just how much kinetic energy was used to move the head of the
user during the measurement time (the total trace length).

total trace length = length L, of the acceleration trace from time #; to time ¢,

+ length L, of the acceleration trace from time #, to time #;
+ length of the acceleration trace from time #,-1 to time ¢,
Moreover, when as a result of measurement, the relationship between time

and acceleration takes the form of the graph in FIG. 12(a), if a Fourier transform is
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performed from the time signal £{#) to the frequency function F(®), a graph
illustrating the relationship of the amplitude to the frequency such as that in
FIG. 12(b) is obtained. In this graph, it is possible to find the vibration energy

over a stipulated range of frequencies (the range indicated by arrows) as a

characteristic quantity. Note that this characteristic quantity can be found for both
the X-axis and the Y-axis.

- The balance function diagnostic apparatus and system according to the
present invention was described in the case of being used to measure the balance
function of a human, but the balance function diagnostic apparatus and system
according to the present invention can also be applied to a standing two-legged
walking-type robot. In this case, by subjecting the information obtained from the
motion sensor to information processing by the microcomputer and by reflecting
the diagnostic results in the operation of the hands and feet or other extremities, it
becomes possible to form a posture that will prevent the robot from toppling over.
Even in the case that the robot should topple, it is also possible to send the robot
commands to form a posture that will minimize the shock upon toppling.

In addition, the balance function diagnostic apparatus and system according
to the present invention performs measurements using an acceleration sensor or
other motion sensor mounted upon a portion of the body, so the presence of
gravity is not assumed as in the case of the scale-type measurements according to
the prior art, and there are also no limitations on location. Thus, it can also be
used in a zero-gravity environment such as that in space.

As described above, by having the user wear motion sensor means upon
their body and calculating the characteristic motions of parts of the body related to
the balance function, it is possible to achieve a balance function diagnostic
apparatus and system that can be used by anyone at any time or any place, which
is difficult with the prior art. '

In addition, because of the characteristic of the apparatus and system
according to the present invention of being able to be used at any time or any place,

the user can perform daily diagnosis of the balance function with no necessity for
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the user to go to a medical facility, so the state of health can be easily determined
on an everyday basis.

In addition, dizziness or vertigo becomes a major problem in space, but the
apparatus and system according to the present invention can be used even in a
zero-gravity environment such as that of space.

In addition, the diagnostic apparatus and system according to the present
invention may also be utilized to perform quantitative evaluation of the balance
function, evaluation of the gravity of balance disorders, evaluation of the degree of
improvement of balance disorders, evaluation of the effectiveness of treatment, as
an index of development of the balance function, and for inferring the damaged

organ causing balance disorder, etc.



WO 2004/103176 PCT/JP2004/007402

10

15

20

25

30

19

CLAIMS

1. A balance function diagnostic system comprising:

a motion sensor wearable on a user that detects bodily motion of the user;
and

a motion analyzer that analyzes signals from the motion sensor based on
prerecorded motion diagnosis information and perforfns diagnosis of balance

function of the user.

2. A balance function diagnostic system according to claim 1, wherein the
bodily motion is detected as any of a velocity, an acceleration, an angular velocity

and a frequency.

3. A balance function diagnostic system according to claim 1, wherein the
motion analyzer is placed separately from the use and wirelessly connected to the

motion sensor.

4. A balance function diagnostic system according to claim 1, wherein the
motion sensor is provided with a motion storage wearable on the user that stores

the signals from the motion sensor.

5. A balance function diagnostic system according to claim 1, wherein the

prerecorded motion diagnosis information is obtained from healthy persons.

6. A balance function diagnostic system according to claim 1, wherein the

prerecorded motion diagnosis information is obtained from non-healthy persons.

7. A balance function diagnostic system according to claim 1, further

comprising a stimulus generator that applies a sensory stimulus to the user.
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8. A balance function diagnostic system according to claim 7, wherein the

sensory stimulus comprises a visual stimulus.

9. A balance function diagnostic system according to claim 8, wherein the

visual stimulus comprises moving images projected on a screen.

10. A balance function diagnostic system according to claim 8, wherein the

visual stimulus comprises a light emitted at varying intensity.

11. A balance function diagnostic system according to claim 7, wherein the

sensory stimulus comprises an auditory stimulus.

12. A balance function diagnostic system according to claim 7, wherein the

sensory stimuli comprise a physical stimulus that is exerted on the user.

13. A balance function diagnostic system according to claim 1, wherein the

motion sensor is attached to the head of the user.

14. A balance function diagnostic system according to claim 1, wherein the

motion sensor is attached to the waist of the user.

15. A balance function diagnostic system according to claim 1, wherein the

motion sensor comprises an acceleration sensor sensitive to gravity.

16. A balance function diagnostic system according to claim 1, wherein the

motion sensor comprises a gyro sensor.

17. A balance function diagnostic system according to claim 1, wherein low-
frequency components are removed from the signals from the motion sensor

before they are analyzed.
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18. A balance function diagnostic system according to claim 1, wherein signal
components resulting from a change in posture of the user are removed from the

signals from the motion sensor before they are analyzed.

19. A balance function diagnostic system according to claim 1, wherein the

motion sensor measures motions in two directions in a plane.

20. A balance function diagnostic system according to claim 1, further
comprising a diagnostic output device that outputs diagnostic results from the

motion analyzer.

21. A balance function diagnostic system according to claim 20, wherein the
diagnostic results comprise a two-dimensional trace pattern representing motion of

the user over a time.

22. A balance function diagnostic system according to claim 21, wherein the

diagnostic results comprise a calculated area encompassed by the trace pattern.

23. A balance function diagnostic system according to claim 21, wherein the

diagnostic results comprise a total trace length of the trace pattern.

24. A balance function diagnostic system according to claim 21, wherein the

diagnostic results comprises energy spent in the detected motion.

25. A balance function diagnostic system according to claim 1, wherein the

motion sensor detects bodily motion of the user being in a sitting position.

26. A balance function diagnostic system according to claim 1, further
comprising a sensory signal output device that output a sensory signal to the user

when a start and/or an end of detecting bodily motion of the user.
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27. A balance function diagnostic system according to claim 26, wherein the

sensory signal output device is a speaker. '

28. A balance function diagnostic system according to claim 26, wherein the

5 sensory signal output device is an LED.

29. A balance function diagnostic system comprising:
a motion sensor wearable on a user that detects bodily motion of the user;
a stimulus generator that applies a sensory stimulus to the user; and
10 a motion analyzer that analyzes signals from the motion sensor and

performs diagnosis of balance function of the user.

30. A balance function diagnostic system according to claim 29, wherein the
bodily motion is detected as any of a velocity, an acceleration, an angular velocity

15  and a frequency.

31. A balance function diagnostic system according to claim 29, wherein the
motion analyzer is placed separately from the use and wirelessly connected to the
motion sensor.

20
32. A balance function diagnostic system according to claim 29, wherein the
motion sensor is provided with a motion storage wearable on the user that stores

the signals from the motion sensor.

25 33. A balance function diagnostic system according to claim 29, wherein the

sensory stimulus comprises a visual stimulus.

34. A balance function diagnostic system according to claim 33, wherein the
visual stimulus comprises moving images projected on a screen.

30
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35. A balance function diagnostic system according to claim 33, wherein the

visual stimulus comprises a light emitted at varying intensity.

36. A balance function diagnostic system according to claim 29, wherein the

sensory stimulus comprises an auditory stimulus.

37. A balance function diagnostic system according to claim 29, wherein the

sensory stimulus comprises a physical stimulus that is exerted on the user.

38. A balance function diagnostic system according to claim 29, wherein the

motion sensor is attached to the head of the user.

39. A balance function diagnostic system according to claim 29, wherein the

motion sensor is attached to the waist of the user.

40. A balance function diagnostic system according to claim 29, wherein the

motion sensor comprises an acceleration sensor sensitive to gravity.

41. A balance function diagnostic system according to claim 29, wherein the

motion sensor comprises a gyro sensor.

42. A balance function diagnostic system according to claim 29, wherein low-
frequency components are removed from the signals from the motion sensor

before they are analyzed.

43. A balance function diagnostic system according to claim 29, wherein signal
components resulting from a change in posture of the user are removed from the

signals from the motion sensor before they are analyzed.

44. A balance function diagnostic system according to claim 29, wherein the

motion sensor measures motions in two directions in a plane.
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44. A balance function diagnostic system according to claim 29, further
comprising a diagnostic output device that outputs diagnostic results from the

motion analyzer.

45. A balance function diagnostic system according to claim 44, wherein the
diagnostic results comprise a two-dimensional trace pattern representing motion of

the user over a time.

46. A balance function diagnostic system according to claim 45, wherein the

diagnostic results comprise a calculated area encompassed by the trace pattern.

47. A balance function diagnostic system according to claim 45, wherein the

diagnostic results comprise a total trace length of the trace pattern.

48. A balance function diagnostic system according to claim 45, wherein the

diagnostic results comprises energy spent in the detected motion.

49. A balance function diagnostic system according to claim 29, wherein the

motion sensor detects bodily motion of the user being in a sitting position.

50. A balance function diagnostic system according to claim 29, further
comprising a sensory signal output device that output a sensory signal to the user

when a start and/or an end of detecting bodily motion of the user.

51. A balance function diagnostic system according to claim 50, wherein the

sensory signal output device is a speaker.

52. A balance function diagnostic system according to claim 50, wherein the

sensory signal output device is an LED.
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53. A method of diagnosing a balance function, comprising the steps of:
attaching a motion sensor to a bodily part of a user;
detecting by the motion sensor accelerations of bodily motion of the user;
analyzing the detected accelerations to recognize them as a trace pattern;
and

calculating a total trace length of the trace pattern.

54. A method of diagnosing a balance function, comprising the steps of:
attaching a motion sensor a bodily part of a user;
applying a sensory stimulus to the user;
detecting by the motion sensor accelerations of bodily motion of the user;
and
analyzing the detected accelerations to quantify the bodily motion of the

uscr.

55. A method according to claim 54, wherein the sensory stimulus comprises a

visual stimulus.

56. A method according to claim 55, wherein the visual stimulus comprises

moving images projected on a screen.

57. A method according to claim 55, wherein the visual stimulus comprises a

light emitted at varying intensity.

58. A method according to claim 54, wherein the sensbry stimulus comprises

an auditory stimulus.

59. A method according to claim 54, wherein the sensory stimulus comprise a

physical stimulus that is exerted on the user.
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