EP 2 995 252 B1

Patent Office

(1 9) ’ e "llmlmll‘mm“||H|Hl‘l‘l“l‘l‘l‘lml“ll”mlHl‘lHllH‘lHll‘
Patentamt
0 European

Office européen
des brevets (11) EP 2 995 252 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/103 (2006.01) A61B 5/00 (2006.01)
17.07.2019 Bulletin 2019/29 GO1G 19/414(2006:07)

(21) Application number: 15181532.1

(22) Date of filing: 19.08.2015

(54) BALANCE ABILITY MEASUREMENT APPARATUS, BALANCE ABILITY MEASUREMENT
METHOD AND NON-TRANSITORY COMPUTER READABLE RECORDING MEDIUM FOR
RECORDING BALANCE ABILITY MEASUREMENT PROGRAM

GLEICHGEWICHTSFAHIGKEITSMESSVORRICHTUNG,
GLEICHGEWICHTSFAHIGKEITSMESSVERFAHREN UND NICHTTRANSITORISCHES
COMPUTERLESBARES AUFZEICHNUNGSMEDIUM ZUM AUFZEICHNEN DES
GLEICHGEWICHTSFAHIGKEITSMESSPROGRAMMS

APPAREIL ET PROCEDE DE MESURE DE CAPACITE D’EQUILIBRAGE, SUPPORT
D’ENREGISTREMENT LISIBLE PAR ORDINATEUR NON TRANSITOIRE POUR
L'ENREGISTREMENT D’UN PROGRAMME DE MESURE DE CAPACITE D’EQUILIBRAGE

(84) Designated Contracting States: (72) Inventors:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB » Sakai, Yoshio
GRHRHUIEISITLILT LULV MC MK MT NL NO Itabashi-ku, Tokyo 174-8630 (JP)
PL PT RO RS SE SI SK SM TR » Takehara, Tomoko

Itabashi-ku, Tokyo 174-8630 (JP)
(30) Priority: 12.09.2014 JP 2014186600
(74) Representative: Griinecker Patent- und

(43) Date of publication of application: Rechtsanwilte
16.03.2016 Bulletin 2016/11 PartG mbB
LeopoldstraBe 4
(73) Proprietor: Tanita Corporation 80802 Miinchen (DE)

Tokyo 174-8630 (JP)
(56) References cited:
US-A1- 2004 127 337 US-A1-2014 180 172

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 995 252 B1
Description

[0001] The present invention relates to a balance ability measurement apparatus according to the preamble of inde-
pendent claim 1, a balance ability measurement method according to the preamble of independent claim 5 and a non-
transitory computer readable recording medium for recording a balance ability measurement program according to the
preamble of independent claim 6. Such an apparatus and method can be taken from the prior art document US
2014/0180172 A1.

[0002] A conventional method for evaluating balance ability uses a stabilometer to measure total trajectory length,
trajectory length per unit time and center of gravity sway parameters such as center of gravity sway area, and evaluate
the balance ability from the measurement results. For example, Japanese Patent Publication No. 4925284 discloses a
technology to measure motor function of a subject or user by changing the standing posture of the subject and calculating
center of gravity sway parameters. Another method for evaluating balance ability uses physical performance tests such
as a one-leg standing test with open eyes, a one-leg standing test with closed eyes, an FR (Functional Reach) test, a
TUG (Time Up and Go) test and so on. Still another method for evaluating balance ability uses Berg Balance Scale (BBS).
[0003] However, the method for evaluating balance ability of a subject, using a stabilometer to make measurements,
has problems that measurement time increases, and that differences in measured values are less likely to occur among
healthy subjects and subjects in secondary prevention or so, making it difficult to evaluate balance ability with high
accuracy. Further, the method for evaluating balance ability using physical performance tests has inherent problems
that measurement time increases, and that the reliability and objectivity of the evaluation value is not necessarily high.
In addition, the method for evaluating balance ability using Berg Balance Scale has an inherent problem that the method
cannot be carried out in the absence of an expert such as a physical therapist, an occupational therapist or the like.
[0004] An object of the present invention is to provide a balance ability measurement apparatus, a balance ability
measurement method, and a non-transitory computer readable recording medium for recording a balance ability meas-
urement program which can measure balance ability with high accuracy.

[0005] According to the present invention said object is solved by a balance ability measurement apparatus having
the features of independent claim 1. Preferred embodiments are laid down in the dependent claims. Moreover, said
objectis solved by a balance ability measurement method having the features of independent claim 5 or by non-transitory
computer readable recording medium having the features of independent claim 6.

[0006] Accordingly, itis provided a balance ability measurement apparatus comprising: acquisition means for acquiring
load information on weight of a user as measured during a period of a stand-up movement which is a period of time
from when the user starts the stand-up movement to when the user stabilizes

standing posture; load change information calculation means for calculating, based on the load information, load change
information on change in the weight of the user; left-right displacement information calculation means for calculating,
based on the load information, left-right displacement information on displacement of the user in left-right direction; and
balance ability evaluation value calculation means for calculating, based on the load change information and the left-
right displacement information, a balance ability evaluation value on balance ability of the user.

[0007] Moreover, it is provided a balance ability measurement method comprising the steps of: acquiring load infor-
mation on weight of a user as measured during a period of a stand-up movement which is a period of time from when
the user starts the stand-up movement to when the user stabilizes standing posture; calculating, based on the load
information, load change information on change in the weight of the user; calculating, based on the load information,
left-right displacement information on displacement of the user in left-right direction; and calculating, based on the load
change information and the left-right displacement information, a balance ability evaluation value on balance ability of
the user.

[0008] Moreover, it is provided a non-transitory computer readable recording medium for recording a balance ability
measurement program to cause a computer to perform a process comprising the steps of: acquiring load information
on weight of a user as measured during a period of a stand-up movement which is a period of time from when the user
starts the stand-up movement to when

the user stabilizes standing posture; calculating, based on the load information, load change information on change in
the weight of the user; calculating, based on the load information, left-right displacement information on displacement
of the user in left-right direction; and calculating, based on the load change information and the left-right displacement
information, a balance ability evaluation value on balance ability of the user.

[0009] While the novel features of the present invention are set forth in the appended claims, the present invention
will be better understood from the following detailed description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be described hereinafter with reference to the annexed drawings. It is to be noted
that the drawings are shown for the purpose of illustrating the technical concepts of the presentinvention or embodiments
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thereof, wherein:

FIG. 1 is a schematic view showing the appearance of a balance ability measurement apparatus according to an
exemplary embodiment of the present invention;

FIG. 2 is a schematic block diagram of the balance ability measurement apparatus;

FIG. 3 is a flow chart of a process to be performed by a balance ability measurement program;

FIG. 4A is a schematic view showing a state in which a user (subject) sits on a chair, and FIG. 4B is a schematic
view showing a state in which the user starts a stand-up movement from the chair, while FIG. 4C is a schematic
view showing a state in which the user stabilizes standing posture after fully standing up from the chair (or from
sitting posture);

FIG. 5 is a flow chart of a routine to calculate a balance ability evaluation value;

FIG. 6 is a graph showing an example of total load data; and

FIG. 7 is a chart for explaining the calculation of displacement in left-right direction.

DETAILED DESCRIPTION OF THE INVENTION

[0011] FIG. 1 is a schematic view showing the appearance of a balance ability measurement apparatus 10 according
to an exemplary embodiment of the present invention. As shown in FIG. 1, the balance ability measurement apparatus
10 comprises a display device 12 and a measurement table 14. The display device 12 and the measurement table 14
are connected to each other by a communication cable 16. FIG. 2 is a schematic block diagram of the balance ability
measurement apparatus 10. The display device 12 comprises a controller 18, a display unit 20, an operation unit 22, a
timer 24 and a communication unit 26.

[0012] The controller 18 comprises a CPU (Central Processing Unit) 18A, a ROM (Read Only Memory) 18B, a RAM
(Random Access Memory) 18C, a memory 18D and an input/output interface (1/0) 18E which are connected to one
another by a buss 18F. In this case, a balance ability measurement program to cause the CPU 18A of the controller 18
(or computer) to perform a balance ability measurement process as described later is written or recorded, for example,
in the memory 18D, and is read in and executed by the CPU 18A. Thus, it can be said that the memory 18D is a non-
transitory computer readable recording medium for recording the balance ability measurement program to cause the
computer to perform the balance ability measurement process. Note that the balance ability measurement program can
be provided by another recording medium such as a CD-ROM, a memory card or the like, or can be downloaded from
a server (not shown).

[0013] The display unit 20, the operation unit 22, the timer 24 and the communication unit 26 are connected to the I/O
18E. The display unit 20 comprises, for example, a liquid crystal panel or the like. The display unit 20 displays various
screens such as various setting screens, a screen showing a measurement result of the balance ability evaluation value
of a user (subject) which is measured with the measurement table 14, and the like. As shown in FIG. 1, the operation
unit 22 includes multiple operation buttons, and is used by the user to instruct the CPU 18A to perform various operations
such as turning on/off power supply, inputting user information, and the like. Note that the display unit 20 and the operation
unit 22 can be formed as a touch panel with a screen which is directly touched to perform various operations.

[0014] The timer 24 has a function to acquire the current time, and a function to measure time. The communication
unit 26 sends and receives information to and from an external device via wireless or wired communication. This makes
it possible for the balance ability measurement apparatus 10 to communicate with mobile devices such as a cellular
phone, a smart phone, a tablet terminal and the like, and with external devices such as a personal computer and the
like. The measurement table 14 comprises, for example, a load measurement circuit 28 and four load sensors 30A to
30D composed of two load sensors arranged in the left-right direction and two load sensors arranged in the front-back
direction as described later. The load measurement circuit 28 is connected to the display device 12 by the communication
cable 16.

[0015] Each of the load sensors 30A to 30D comprises, for example, a load cell to measure or detect load (weight of
the user). In the following, a data representing a load measured by each of the load sensors 30A to 30D will be referred
to as unit load data, while the total load obtained by summing the loads measured or detected by the respective load
sensors 30A to 30D, that is, a data representing the weight of the user will be referred to as total load data. When
instructed by the controller 18 to make measurements, the load measurement circuit 28 sends load information (infor-
mation on the weight of the user) to the controller 18 at a predetermined sampling interval t, in which the load information
includes the unit load data measured by the load sensors 30A to 30D, and the total load data obtained by summing the
unit load data measured by the load sensors 30A to 30D. Note that the sampling interval t is, for example, 12.5 ms or
so, but is not limited thereto.

[0016] Next, referring to the flow chart shown in FIG. 3, a balance ability measurement process, which is performed
by a balance ability measurement program to be executed by the CPU 18A of the controller 18 as an effect of the present
embodiment, will be described. The process shown in FIG. 3 is performed when a power supply (not shown) of the
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balance ability measurement apparatus 10 is turned on. First, in step S100, the CPU 18A determines whether or not a
user 32 (refer to FIGs. 4A to 4C) has operated the operation unit 22 of the display device 12 to instruct the CPU 18A to
measure balance ability of the user 32. If the balance ability measurement has been instructed, the flow goes to step
S102, while if the balance ability measurement has not been instructed, the flow goes to step S112.

[0017] In step S102, the CPU 18A starts measuring or acquiring load information on the user. First, the CPU 18A
measures the zero point which is an output of the load measurement circuit 28 when the user 32 is not on the measurement
table 14, that is, an output in a no-load state. Thereafter, the CPU 18A causes the display unit 20 to display an indication
that the load information measurement can be started. For example, the CPU 18A causes the display unit 20 to display
"0.0 kg". Then, as shown in FIG. 4A, the user 32 sits on a chair 34 with both feet on the measurement table 14. The
balance ability measurement apparatus 10 measures load information during a period of a stand-up movement which
is a period of time from when the user 32 starts the stand-up movement (from the chair 34 or from sitting posture) to
when the user 32 stabilizes standing posture (after fully standing up) as shown in FIGs. 4A to 4C. Thus, the CPU 18A
(with its associated components of the balance ability measurement apparatus 10) functions as acquisition means for
measuring or acquiring the load information on the weight of the user as measured during the period of the stand-up
movement. Based on the measured load information, the balance ability measurement apparatus 10 calculates the
balance ability evaluation value on the balance ability of the user 32.

[0018] Next, the CPU 18A instructs the load measurement circuit 28 to start measuring load information. Thus, the
load measurement circuit 28 sends the load information, which includes the unit load data measured by the load sensors
30A to 30D and the total load data obtained by summing the unit load data measured by the load sensors 30A to 30D,
to the controller 18 at a predetermined sampling interval t. In step S104, the controller 18 receives the load information
sent from the load measurement circuit 28, and the CPU 18A associates the load information with the current time
acquired by the timer 24, and stores the load information associated with the current time in the memory 18D. In step
S106, the CPU 18A determines whether or not the load has been stabilized. If the load has been stabilized, the flow
goes to step S108, while if the load has not been stabilized, the flow returns to step S104.

[0019] The determination of whether or not the load has been stabilized is made, for example, by determining whether
or not a fluctuation in the load falls within a predetermined range. The determination of whether or not the load has been
stabilized can also be made, for example, by calculating a standard deviation or dispersion indicating change in the total
load data measured during a predetermined period of time from a point in the past to the present, and by determining
whether or not the standard deviation or dispersion thus calculated is equal to or lower than a predetermined threshold
value. In step S108, the CPU 18A instructs the load measurement circuit 38 to stop measuring the load information.
Thus, the load measurement circuit 28 stops measuring the load information, and stops sending the load information to
the controller 18.

[0020] In step S110, the CPU 18A performs a process to calculate the balance ability evaluation value as shown in
FIG. 5. In step S112, the CPU 18A determines whether or not the user has instructed the CPU 18A to turn off the power
supply (not shown). If the user has instructed to turn off the power supply, the flow goes to step S114, while if the user
has not instructed to turn off the power supply, the flow returns to step S100 to perform the same process as described
above. In step S114, the power supply is turned off to end the routine. In step S200 in FIG. 5, the CPU 18A sets a period
of the stand-up movement based on the measured total load data. FIG. 6 is a graph showing an example of total load
data measured on a user with a weight of about 80 kg. The load (kg) on the vertical axis is the value of the sum of the
unit load data measured by the four load sensors 30A to 30D.

[0021] Referring to FIG. 6, a point P1 indicated by a dashed circle is a point when the user 32 is about to start the
stand-up movement in a state where the user 32 sits on the chair 34 as shown in FIG. 4A, and is a point when the load
is momentarily reduced. On the other hand, a point P2 indicated by a dashed circle in FIG. 6 is a point when the hips of
the user 32 have just lifted off the chair 34 as shown in FIG. 4B, and is a point when a maximum value of the load is
applied to the measurement table 14. Further, a point P3 indicated by a dashed circle in FIG. 6 is a point when the user
32 has stood up from the chair 34 and stabilized its standing posture, and thus the load has been stabilized as shown
in FIG. 4C. The load measured at the point P3 is the weight of the user 32. In the present embodiment, the period from
the point P2 to the point P3, for example, is set as the period of the stand-up movement. However, the period from the
point P1 to the point P3 can also be set as the period of the stand-up movement.

[0022] In step S200, the CPU 18A refers to the total load data stored in the memory 18D to determine the point P2
when the maximum value of the load is applied, and the point P3 when the load is stabilized. More specifically, the point
P2 can be determined, for example, by detecting a point corresponding to a maximum value of total load data among
the measured total load data. Further, the point P3 can be determined, for example, by calculating a standard deviation
or dispersion of the total load data for each predetermined period for the total load data measured after the point P2,
and by detecting a point when the calculated standard deviation or dispersion first becomes equal to or lower than a
predetermined threshold value. Thus, the period from the point P2 to the point P3 is set as the period of the stand-up
movement. In the case of setting the period from the point P1 to the point P3 as the period of the stand-up movement,
the point P1 can be determined, for example, by detecting a point corresponding to a minimum value of total load data
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among the measured total load data.

[0023] In step S202, the CPU 18A calculates an amount of change in the total load data per unit time as load change
information indicating (or load change information on) change in the weight of the user. More specifically, assuming that
Wy, W, =W, 1 (kg) are n number of total load data measured at a sampling interval t during the period of the stand-up
movement, and vW,, vW,, ---vW, _; (kg/sec) are the amount of change in the total load data per unit time, the CPU 18A
calculates VW =(Wy-Wy)/t, VW,=(W3-W)o)/t, ---vW, _4=(W_-W_ ;). Thus, the CPU 18A (with its associated components
of the balance ability measurement apparatus 10) functions as load change information calculation means for calculating,
based on the load information, the load change information on the change in the weight of the user.

[0024] In step S204, the CPU 18A calculates an amount of change in displacement of the user per unit time in left-
right direction as left-right displacement information (that is, information on displacement of the user in the left-right
direction). More specifically, based on unit load data measured by the load sensors 30A to 30D at n sampling points in
the period of the stand-up movement, the CPU 18A calculates a displacement of the user in the left-right direction for
each of the n sampling points. Even more specifically, the calculation will be made below. Note that the present embod-
iment describes a case where the load sensors 30A to 30D are equidistantly arranged in each of the X-axis and Y-axis
directions on the measurement table 14 as shown in FIG. 7. Further, in the present embodiment, the X-axis and Y-axis
directions are assumed as left-right and front-back directions, respectively. In other words, it is assumed that the user
32 places both feet on the measurement table 14 such that the line connecting the toe and heel of each foot is oriented
in the Y-axis direction, so as to measure the balance ability evaluation value.

[0025] Assuming that Lx (mm) is a distance between the load sensor 30A (load sensor 30B) and the load sensor 30C
(load sensor 30D) in the X-axis direction, Ly (mm) is a distance between the load sensor 30A (load sensor 30C) and
the load sensor 30B (load sensor 30D) in the Y-axis direction, while WA;, WB;, WC,, WD; are unit load data measured
by the load sensors 30A to 30D, respectively, the CPU 18A calculates a displacement DX; (i = 1, 2, ---n) (of the center
of the load) in the left-right direction at each of the n sampling points in the period of the stand-up movement by the
following equation (1). Note that as shown in FIG. 7, the intersection point of the X-axis and the Y-axis, which is the
origin (0, 0), is the center of the load sensors 30A to 30D.

DXi =[x x (—WAi“WBi+WCi+WDi)/Wi """""""" (1)

Here, W, is the total load data indicating the total load obtained by summing the unit load data WA;, WB;, WC,, WD;.
Assuming that vDX4, vDX,, ---vDX;, (mm/sec) are the amount of change in the displacement of the user (i.e. the center
of the load) per unit time in left-right direction at the n sampling points, respectively, the CPU 18A calculates
vDX;=(DX,-DXy)/t, vDXo=(DX3-DX,)1t, ---vDX, _4=(DX,-DX, _1)/t. Thus, the CPU 18A (with its associated components of
the balance ability measurement apparatus 10) functions as left-right displacement information calculation means for
calculating, based on the load information, the left-right displacement information on the displacement of the user in left-
right direction.

[0026] In step S206, the CPU 18A uses the following equation (2) to calculate an average value vWav of the amount
of change in the total load data per unit time, which is calculated in step S202, as a representative value of the amount
of change in the total load data per unit time.

vWay = (VW [ HYWo+ v W n=1) e 2)

Note that the representative value of the amount of change in the total load data per unit time is not limited to the average
value, but can be, for example, a weighted average value, a central value, a standard deviation, dispersion, or the like.
[0027] In step S208, the CPU 18A uses the following equation (3) to calculate an average value vDXav of the amount
of change in the displacement per unit time in the left-right direction, which is calculated in step S204, as a representative
value of the amount of change in the displacement per unit time in the left-right direction.

vDXav = (jvDX |+ vDXo[+ - - +DX [ )/(n=1) ~-reeeeees 3)

Note that the representative value of the amount of change in the displacement per unit time in the left-right direction is
not limited to the average value, but can be, for example, a weighted average value, a central value, a standard deviation,
dispersion, or the like.

[0028] In step S210, the CPU 18A uses the following equation (4) to calculate a balance ability evaluation value B
based on the average value vWav of the amount of change in the total load data per unit time as calculated in step S206
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and the average value vDXav of the amount of change in the displacement per unit time in the left-right direction as
calculated in step S208.

B e VDXHV / VW&V ............... (4)

Thus, in the present embodiment, the value obtained by dividing the average value vDXav of the amount of change in
the displacement per unit time in the left-right direction by the average value vWav of the amount of change in the total
load data per unit time is used as the balance ability evaluation value B. Thus, the CPU 18A (with its associated
components of the balance ability measurement apparatus 10) functions as balance ability evaluation value calculation
means for calculating, based on the load change information and the left-right displacement information, the balance
ability evaluation value on the balance ability of the user.

[0029] If the average value vDXav of the amount of change in the displacement per unit time in the left-right direction
is high, the user is presumed to be standing up while swaying left and right or leaning to one side. If the average value
vDXav of the amount of change in the displacement per unit time in the left-right direction is low, the user is presumed
to be moving little left and right and standing up straight. On the other hand, if the average value vWav of the amount
of change in the total load data per unit time is high, the user is presumed to be standing up strongly and quickly. If the
average value vWav of the amount of change in the total load data per unit time is low, the user is presumed to be
standing up slowly. Thus, it can be said that as the balance ability evaluation value B increases, the balance of the user
is worse.

[0030] If the balance ability is assumed to be evaluated by only the average value vDXav of the amount of change in
the displacement per unit time in the left-right direction, the average value vDXav would be relatively high also when the
user stands up quickly. This is because, as shown in the above equation (1), the displacement DX; in the left-right
direction is calculated based on the unit load data WA,, WB;, WC;, WD;, and therefore, if the user stands up quickly, the
load would fluctuate significantly. Thus, in the case of a user with high balance ability, such as a member of an athletic
club in a university, the use of only the average value vDXav of the amount of change in the displacement per unit time
in the left-right direction to evaluate the balance ability causes the balance ability to be erroneously evaluated as low,
even if the balance ability is high.

[0031] In contrast, in the present embodiment, the value obtained by dividing the average value vDXav of the amount
of change in the displacement per unit time in the left-right direction by the average value vWav of the amount of change
in the total load data per unit time is used as the balance ability evaluation value B. Since it can be said that the average
value vWav of the amount of change in the total load data per unit time represents a fluctuation in the load in the vertical
direction, the balance ability evaluation value can be calculated by removing the influence of the fluctuation in the load.
Thus, the balance ability can be evaluated with high accuracy. Further, in the case of a user with low balance ability,
such as an aged person requiring care, the average value vDXav of the amount of change in the displacement per unit
time in the left-right direction is usually high, while the average value vWav of the amount of change in the total load
data per unit time is usually low. This causes the balance ability evaluation value B to be quite high, and therefore, it is
found reasonable to use the above equation (4) to calculate the balance ability evaluation value B.

[0032] As described above, in the present embodiment, the balance ability can be evaluated with high accuracy
because the balance ability evaluation value B is calculated using both the average value vDXav of the amount of change
in the displacement per unit time in the left-right direction, which represents a movement or sway of the user in the left-
right direction, and the average value vWav of the amount of change in the total load data per unit time which represents
a movement or sway of the user in the vertical direction. Further, the balance ability can be measured if there is a space
to place the measurement table 14 and the chair 34, and the measurement can be made with just a daily activity of
standing up, making it possible to easily measure the balance ability in a reduced space. Further, while a user with lower
balance ability is more likely to fall down, the likelihood of falling down can be estimated by knowing the balance ability
based on the balance ability evaluation value as calculated in the present embodiment. Furthermore, since the balance
ability of the user is known based on the balance ability evaluation value as calculated in the present embodiment, the
user can be efficiently trained according to the balance ability.

[0033] Itis to be noted that the equation to calculate the balance ability evaluation value B is not limited to the above
equation (4). For example, a term for an amount of change in displacement of the user (i.e. the center of the load) per
unit time in front-back direction can be added to the equation (4) to calculate the balance ability evaluation value B. More
specifically, the following equation (5) can be used to calculate the balance ability evaluation value B.

B= (VDXav/VWaV)Xa -+ VDYaVXB ............... (5)
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Here, o and [ are predetermined coefficients which are determined, for example, based on measurement results of the
balance ability evaluation values of many subjects. Note that while multiplication with o and B is used in the equation
(5), another operation such as addition can be used instead. In the equation (5), vDYav is an average value of an amount
of change in the displacement of the user per unit time in the front-back direction, and is more specifically calculated as
follows.

[0034] First, the CPU 18A uses the following equation (6) to calculate a displacement DY; (i = 1, 2, -:n) (of the center
of the load) in the front-back direction at each of the n sampling points in the period of the stand-up movement.

DY; =Ly x (WA-WB~WCAHWD)/W; oo (6)

Next, assuming that vDY, DY, ---vDY,, (mm/sec) are the amount of change in the displacement per unit time in front-
back direction at the n sampling points, respectively, the CPU 18A calculates vDY,=(DY,-DY)/t, vDY,=(DY3-DY))/t,
=-vDY.1=(DY,-DY.¢)/t. Thereafter, the CPU 18A uses the following equation (7) to calculate an average value vDYav
of the amount of change in the displacement per unit time in the front-back direction as a representative value of the
amount of change in the displacement per unit time in the front-back direction.

vDYav = ([vDY || HvDY,[+ - HDY[)/(n=1) «oooeoeeeeeeees (7)

Thus, the CPU 18A (with its associated components of the balance ability measurement apparatus 10) functions as a
front-back displacement information calculation means for calculating, based on the unit load data, the representative
value of the amount of change in the displacement of the user per unit time in the front-back direction during the period
of the stand-up movement. Note that the representative value of the amount of change in the displacement per unit time
in the front-back direction is not limited to the average value, but can be, for example, a weighted average value, a
central value, a standard deviation, dispersion, or the like.

[0035] Here, when the user starts the stand-up movement in a state where the user sits on the chair 34, the center of
gravity of the user moves forward. If the user has low balance ability, the user stands up while moving in the front-back
direction, and therefore, the average value vDYav of the amount of change in the displacement per unit time in the front-
back direction is high. On the other hand, if the user has high balance ability, the center of gravity of the user moves
smoothly, and therefore, the average value vDYav of the amount of change in the displacement per unit time in the front-
back direction is low.

[0036] Further, if the user has low muscle strength (typically such as an aged person or the like), the user may not be
able to stand up with only the force of its legs, and thus may largely move its upper body and stand up using the
momentum of this movement, which also causes a large movement in the front-back direction. If the user thus stands
up by largely moving its upper body, it can be considered that the user has low muscle strength and difficulty in posture
control, and therefore that the user has low balance ability. This means that, in either case, the user has low balance
ability if the average value vDYav of the amount of change in the displacement per unit time in the front-back direction
is high. Thus, the balance ability evaluation value can be measured with even higher accuracy if the average value
vDYav of the amount of change in the displacement per unit time in the front-back direction is added to the equation (4)
to calculate the balance ability evaluation value.

[0037] Furthermore, for example, a term for a period of a stand-up movement of the user can be added to the equation
(4) to calculate the balance ability evaluation value B. More specifically, assuming that ST is a period of a stand-up
movement, the CPU 18A uses the following equation (8) to calculate the balance ability evaluation value B.

B = (vDXav/vWav)xa + STxy oo (8)

Here, vy is a predetermined coefficient which is determined, for example, based on measurement results of the balance
ability evaluation values of many subjects. Note that while multiplication with y is used in the equation (8), another
operation such as addition can be used instead. Further, the period ST of the stand-up movement can be calculated by
subtracting the time at the point P2 from the time at the point P3 as shown in FIG. 6. Thus, the CPU 18A (with its
associated components of the balance ability measurement apparatus 10) functions as a period calculation means for
calculating the period of the stand-up movement based on the load information.

[0038] The period ST of the stand-up movement is the time from when the user starts a stand-up movement from the
chair 34 (or from its sitting posture) to when the user stabilizes its standing posture. If the period ST of the stand-up
movement is long, it means that the user takes a long time from when the user starts the stand-up movement from the
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chair 34 to when the user stabilizes its standing posture, making it possible to say that the user has low balance ability.
On the other hand, if the period ST of the stand-up movement is short, it means that the user quickly stabilizes its standing
posture after the user starts the stand-up movement from the chair 34, making it possible to say that the user has high
balance ability. Thus, the balance ability can be measured with even higher accuracy if the period ST of the stand-up
movement is added to the equation (4) to calculate the balance ability evaluation value B as in the above equation (8).
[0039] In addition, both the term for the amount of change in displacement of the user per unit time in front-back
direction and the term for the period ST of the stand-up movement of the user can be added to the equation (4) to
calculate the balance ability evaluation value B. More specifically, the CPU 18A can use the following equation (9) to
calculate the balance ability evaluation value B.

B= (VDX&V/VW&V)X(‘L + VDYava - STfo ............... (9)

Note that while multiplication with o, B and y is used in the equation (9), another operation such as addition can be used
instead.

[0040] Thus, the balance ability evaluation value can be measured with even higher accuracy if both the amount of
change in the displacement of the user per unit time in the front-back direction and the period ST of the stand-up
movement of the user are added to the equation (4) to calculate the balance ability evaluation value B. Note that it is
possible to use, for example, user information including at least one of gender, age and body size (including, for example,
at least one of height and weight) of the user 32 to weight the coefficients o, § and y in the above equations (5), (8) and
(9). This makes it possible to measure the balance ability of the user with even higher accuracy.

[0041] As shown in FIG. 1, the display device 12 and the measurement table 14 of the balance ability measurement
apparatus 10 in the present embodiment described above are separate from each other. However, the display device
12 and the measurement table 14 may be integral with each other. Further, the balance ability measurement apparatus
10 in the present embodiment described above comprises four load sensors composed of two load sensors arranged
in the left-right direction and two load sensors arranged in the front-back direction, but is not limited thereto. If the balance
ability measurement apparatus 10 (the CPU 18A) calculates balance ability evaluation values using only the amount of
change in displacement of the user or subject per unit time in the left-right direction, it is sufficient that the balance ability
measurement apparatus 10 comprises two load sensors arranged in the left-right direction. Further, if the balance ability
measurement apparatus 10 calculates balance ability evaluation values using the amount of change in the displacement
per unit time in front-back direction in addition to the amount of change in displacement per unit time in the left-right
direction, it is sufficient that at least one load sensor in the front-back direction is added to provide at least three load
sensors in total.

[0042] Furthermore, for example, a personal computer or the like, or a mobile terminal such as a cellular phone, a
smart phone, a tablet terminal or the like can be used as the display device 12 of the balance ability measurement
apparatus 10. In this case, the measurement table 14 is provided with a communication function to send load information
from the measurement table 14 to the mobile terminal, the personal computer or the like. The mobile terminal, the
personal computer or the like receives and acquires the load information sent from the measurement table 14, and
executes the balance ability measurement program as shown in FIG. 3. Thus, the mobile terminal, the personal computer
or the like can be allowed to function as the balance ability measurement apparatus.

Claims
1. A balance ability measurement apparatus (10) comprising:

acquisition means (18A) for acquiring load information on weight of a user;

load change information calculation means (18A) for calculating, based on the load information, load change
information on change in the weight of the user;

left-right displacement information calculation means (18A) for calculating, based on the load information, left-
right displacement information on displacement of the user in left-right direction; and

balance ability evaluation value calculation means (18A) for calculating, based on the load change information
and the left-right displacement information, a balance ability evaluation value on balance ability of the user, and
load sensors (30A, 30B, 30C, 30D),

wherein the load information includes unit load data measured by each of the load sensors (30A, 30B, 30C,
30D), and total load data obtained by summing the unit load data and representing the weight of the user,
characterized in that
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the balance ability measurement apparatus further comprises period calculation means (18A) for calculating,
based on the load information, a period of a stand-up movement which is a period of time from when the user
starts the stand-up movement from a chair to when the user stabilizes standing posture;

the load change information calculation means (18A) calculates, based on the total load data, a representative
value of an amount of change in the total load data of the user per unit time during the period of the stand-up
movement as calculated by period calculation means (18A),

the left-right displacement information calculation means (18A) calculates, based on the unit load data, a rep-
resentative value of an amount of change in the displacement of the user per unit time in the left-right direction
during the period of the stand-up movement, and

the balance ability evaluation value calculation means (18A) calculates the balance ability evaluation value
based on:

the representative value of the amount of change in the total load data of the user per unit time; and
the representative value of the amount of change in the displacement of the user per unit time in the left-
right direction.

2. The balance ability measurement apparatus (10) according to claim 1, characterized by front-back displacement
information calculation means (18A) for calculating, based on the unit load data, a representative value of an amount
of change in the displacement of the user per unit time in the front-back direction during the period of the stand-up
movement; and
wherein the balance ability evaluation calculation means (18A) calculates the balance ability evaluation value based
on:

the representative value of the amount of change in the total load data of the user per unit time;

the representative value of the amount of change in the displacement of the user per unit time in the left-right
direction;

the representative value of the amount of change in the displacement of the user per unit time in the front-back
direction; and

the period of the stand-up movement as calculated by the period calculation means (18A).

3. The balance ability measurement apparatus (10) according to claim 2, characterized in that the balance ability
evaluation value calculation means (18A) calculates the balance ability evaluation value by using user information
including at least one of gender, age and body size to weight:

the representative value of the amount of change in the total load data of the user per unit time;

the representative value of the amount of change in the displacement of the user per unit time in the left-right
direction;

the at least one of the representative value of the amount of change in the displacement of the user per unit
time in the front-back direction; and

the period of the stand-up movement as calculated by the period calculation means (18A).

4. The balance ability measurement apparatus (10) according to any one of claims 1 to 3, characterized by load
sensors (30A, 30B, 30C, 30D) arranged in the left-right direction for detecting the weight of the user.

5. A balance ability measurement method comprising the steps of:

acquiring load information on weight of a user;

calculating, based on the load information, load change information on change in the weight of the user;
calculating, based on the load information, left-right displacement information on displacement of the user in
left-right direction; and

calculating, based on the load change information and the left-right displacement information, a balance ability
evaluation value on balance ability of the user,

wherein the load information includes unit load data measured by each of load sensors (30A, 30B, 30C, 30D),
and total load data obtained by summing the unit load data and representing the weight of the user,
characterized in that

the balance ability measurement method further comprises the step of calculating, based on the load information,
a period of a stand-up movement which is a period of time from when the user starts the stand-up movement
from a chair to when the user stabilizes standing posture;
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wherein the load change information is a representative value of an amount of change in the total load data of
the user per unit time during the period of the stand-up movement, and the representative value of the amount
of change in the total load data is based on the total load data,

wherein the left-right displacement information is a representative value of an amount of change in the displace-
ment of the user per unit time in the left-right direction during the period of the stand-up movement, and the
representative value of the amount of change in the displacement of the user per unit time in the left-right
direction is based on the unit load data, and

wherein the balance ability evaluation value is calculated based on:

the representative value of the amount of change in the total load data of the user per unit time; and
the representative value of the amount of change in the displacement of the user per unit time in the left-
right direction.

6. A non-transitory computer readable recording medium (18D) for recording a balance ability measurement program

to cause a computer to perform a process comprising the steps of:

acquiring load information on weight of a user;

calculating, based on the load information, load change information on change in the weight of the user;
calculating, based on the load information, left-right displacement information on displacement of the user in
left-right direction; and

calculating, based on the load change information and the left-right displacement information, a balance ability
evaluation value on balance ability of the user,

wherein the load information includes unit load data measured by each of load sensors (30A, 30B, 30C, 30D),
and total load data obtained by summing the unit load data and representing the weight of the user,
characterized in that

the process further comprises the step of calculating, based on the load information, a period of a stand-up
movement which is a period of time from when the user starts the stand-up movement from a chair to when the
user stabilizes standing posture;

wherein the load change information is a representative value of an amount of change in the total load data of
the user per unit time during the period of the stand-up movement, and the representative value of the amount
of change in the total load data is based on the total load data,

wherein the left-right displacement information is a representative value of an amount of change in the displace-
ment of the user per unit time in the left-right direction during the period of the stand-up movement, and the
representative value of the amount of change in the displacement of the user per unit time in the left-right
direction is based on the unit load data, and

wherein the balance ability evaluation value is calculated based on:

the representative value of the amount of change in the total load data of the user per unit time; and
the representative value of the amount of change in the displacement of the user per unit time in the left-
right direction.

Patentanspriiche

1.

Ein Balance-Fahigkeits-Mess-Gerat (10), das umfasst:

eine Erfassungseinrichtung (18A), zum Erfassen von Belastungs-Informationen zu einem Gewicht eines An-
wenders;

eine Belastungs-Informations-Berechnungseinrichtung (18A), zum Berechnen, auf Grundlage der Belastungs-
Informationen, Belastungs-Anderungs-Informationen zur Anderung im Gewicht des Anwenders;

eine Links-Rechts-Verlagerungs-Informations-Berechnungseinrichtung (18A), zum Berechnen, auf Grundlage
der Belastungs-Informationen, Links-Rechts-Verlagerungs-Informationen zur Verlagerung des Anwenders in
Links-Rechts-Richtung; und

eine Balance-Fahigkeits-Bewertungs-Wert-Berechnungseinrichtung (18A), zum Berechnen, auf Grundlage der
Belastungs-Anderungs-Informationen und der Links-Rechts-Verlagerungs-Informationen, eines Balance-F&-
higkeits-Bewertungs-Werts zur Balance-Fahigkeit des Anwenders, und

Belastungs-Sensoren (30A, 30B, 30C, 30D),

wobei die Belastungs-Informationen Einheits-Belastungs-Daten, die durch jeden von den Belastungs-Sensoren
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(30A, 30B, 30C, 30D) gemessen sind, und Gesamt-Belastungs-Daten, die erhalten sind, durch Aufsummieren
der Einheits-Belastungs-Daten, und die das Gewicht des Anwenders reprasentieren, beinhalten,

dadurch gekennzeichnet, dass

das Balance-Fahigkeits-Mess-Gerat weiter eine Perioden-Berechnungseinrichtung (18A) umfasst, zum Berech-
nen, auf Grundlage der Belastungs-Informationen, einer Periode einer Aufsteh-Bewegung, die eine Periode
von dem Zeitpunkt ist, wenn der Anwender die Aufsteh-Bewegung von einem Stuhl beginnt, zu, wenn der
Anwender eine stehende Haltung stabilisiert;

die Belastungs-Informations-Berechnungseinrichtung (18A) berechnet, auf Grundlage der Gesamt-Belastungs-
Daten, einen reprasentativen Wert von einem Betrag einer Anderung in den Gesamt-Belastungs-Daten des
Anwenders pro Zeit-Einheit wahrend der Periode der Aufsteh-Bewegung, die durch die Perioden-Berechnungs-
einrichtung (18A) berechnet ist,

die Links-Rechts-Verlagerungs-Informations-Berechnungseinheit (18A) berechnet, auf Grundlage der Einheits-
Belastungs-Daten, einen représentativen Wert von einem Betrag der Anderung der Verlagerung des Anwenders
pro Zeit-Einheit in der Links-Rechts-Richtung, wahrend der Periode der Aufsteh-Bewegung, und

die Balance-Fahigkeits-Bewertungs-Wert-Berechnungseinrichtung (18A) berechnet den Balance-Fahigkeits-
Bewertungswert auf Grundlage von:

dem reprasentativen Wert des Betrags der Anderung in den Gesamt-Belastungs-Daten des Anwenders
pro Zeit-Einheit; und

dem représentativen Wert des Betrags der Anderung in der Verlagerung des Anwenders pro Zeit-Einheit
in der Links-Rechts-Richtung.

Das Balance-Fahigkeits-Mess-Gerat (10) gemaR Anspruch 1, gekennzeichnet durch eine Vorder-Riick-Verlage-
rungs-Informations-Berechnungseinheit (18A) zum Berechnen, auf Grundlage der Einheits-Belastungs-Daten, eines
reprasentativen Wert von einem Betrag einer Anderung in der Verlagerung des Anwenders pro Zeit-Einheit in der
Vorder-Rick-Richtung wahrend der Periode der Aufsteh-Bewegung; und

wobei die Balance-Fahigkeits-Bewertungseinrichtung (18A) den Balance-Fahigkeits-Bewertungs-Wert berechnet
auf Grundlage von:

dem reprasentativen Wert des Betrags der Anderung in den Gesamt-Belastungs-Daten des Anwenders pro
Zeit-Einheit;

dem reprasentativen Wert des Betrags der Anderung in der Verlagerung des Anwenders pro Zeit-Einheit in der
Links-Rechts-Richtung;

dem reprasentativen Wert des Betrags der Anderung in der Verlagerung des Anwenders pro Zeit-Einheit in der
Vorder-Ruck-Richtung; und

der Periode der Aufsteh-Bewegung, wie durch die Perioden-Berechnungseinrichtung (18A) berechnet.

Das Balance-Fahigkeits-Mess-Gerat (10) gemafl Anspruch 2, dadurch gekennzeichnet, dass die Balance-Fahig-
keits-Bewertungs-Wert-Berechnungseinrichtung (18A) den Balance-Fahigkeits-Bewertungs-Wert berechnet durch
Verwenden von Anwender-Informationen, die zumindest eins von Geschlecht, Alter und Kérperkdrper zu Gewicht
beinhalten:

den représentativen Wert des Betrags der Anderung in den Gesamt-Belastungs-Daten des Anwenders pro
Zeit-Einheit;

den reprasentativen Wert des Betrags der Anderung in der Verlagerung des Anwenders pro Zeit-Einheit in der
Links-Rechts-Richtung;

den zumindest einen von den reprasentativen Wert von dem Betrag der Anderung in der Verlagerung des
Anwenders pro Zeit-Einheit in der Vorder-Rlck-Richtung, und der Periode der Aufsteh-Bewegung, wie durch
die Perioden-Berechnungseinrichtung (18A) berechnet.

Das Balance-Fahigkeits-Mess-Gerat (10) gemaR zu irgendeinem der Anspriiche 1 bis 3, gekennzeichnet durch
Belastungs-Sensoren (30A, 30B, 30C, 30D) die in der Links-Rechts-Richtung angeordnet sind, zum Erfassen des
Gewichts des Anwenders.

Ein Balance-Fahigkeits-Mess-Verfahren, das die Schritte umfasst:

Erfassen von Belastungs-Informationen zu einem Gewicht eines Anwenders;
Berechnen, auf Grundlage der Belastungs-Informationen, Belastungs-Anderungs-Informationen zur Anderung
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im Gewicht des Anwenders;

Berechnen, auf Grundlage der Belastungs-Informationen, Links-Rechts-Verlagerungs-Informationen zur Ver-
lagerung des Anwenders in Links-Rechts-Richtung; und

Berechnen, auf Grundlage der Belastungs-Anderungs-Informationen und der Links-Rechts-Verlagerungs-In-
formationen, eines Balance-Fahigkeits-Bewertungs-Werts zur Balance-Fahigkeit des Anwenders,

wobei die Belastungs-Informationen Einheits-Belastungs-Daten, die durch jeden von den Belastungs-Sensoren
(30A, 30B, 30C, 30D) gemessen sind, und Gesamt-Belastungs-Daten, die erhalten sind, durch Aufsummieren
der Einheits-Belastungs-Daten, und die das Gewicht des Anwenders reprasentieren, beinhalten,

dadurch gekennzeichnet, dass

das Balance-Fahigkeits-Mess-Verfahren weiter die Schritte umfasst, Berechnen, auf Grundlage der Belastungs-
Informationen, einer Periode einer Aufsteh-Bewegung, die eine Periode von dem Zeitpunkt ist, wenn der An-
wender die Aufsteh-Bewegung von einem Stuhl beginnt, zu, wenn der Anwender eine stehende Haltung sta-
bilisiert;

wobei die Belastungs-Information ein reprasentativen Wert von einem Betrag einer Anderung in den Gesamt-
Belastungs-Daten des Anwenders pro Zeit-Einheit wahrend der Periode der Aufsteh-Bewegung ist, auf Grund-
lage der Gesamt-Belastungs-Daten, die Links-Rechts-Verlagerungs-Information ein reprasentativen Wert von
einem Betrag der Anderung der Verlagerung des Anwenders pro Zeit-Einheit in der Links-Rechts-Richtung,
wéhrend der Periode der Aufsteh-Bewegung, und der représentativen Wert von einem Betrag der Anderung
der Verlagerung des Anwenders pro Zeit-Einheit in der Links-Rechts-Richtung auf Grundlage der Einheits-
Belastungs-Daten ist, und

wobei der Balance-Fahigkeits-Bewertungswert berechnet ist auf Grundlage von:

dem reprasentativen Wert des Betrags der Anderung in den Gesamt-Belastungs-Daten des Anwenders
pro Zeit-Einheit; und

dem représentativen Wert des Betrags der Anderung in der Verlagerung des Anwenders pro Zeit-Einheit
in der Links-Rechts-Richtung.

Ein nicht-flichtiges computer-lesbares Aufzeichnungs-Medium (18D) zum Aufzeichnen eines Balance-Fahigkeits-
Mess-Programms, um einen Computer zu veranlassen einen Prozess auszufiihren, der die Schritte umfasst:

Erfassen von Belastungs-Informationen zu einem Gewicht eines Anwenders;

Berechnen, auf Grundlage der Belastungs-Informationen, Belastungs-Anderungs-Informationen zur Anderung
im Gewicht des Anwenders;

Berechnen, auf Grundlage der Belastungs-Informationen, Links-Rechts-Verlagerungs-Informationen zur Ver-
lagerung des Anwenders in Links-Rechts-Richtung; und

Berechnen, auf Grundlage der Belastungs-Anderungs-Informationen und der Links-Rechts-Verlagerungs-In-
formationen, eines Balance-Fahigkeits-Bewertungs-Werts zur Balance-Fahigkeit des Anwenders,

wobei die Belastungs-Informationen Einheits-Belastungs-Daten, die durch jeden von den Belastungs-Sensoren
(30A, 30B, 30C, 30D) gemessen sind, und Gesamt-Belastungs-Daten, die erhalten sind, durch Aufsummieren
der Einheits-Belastungs-Daten, und die das Gewicht des Anwenders reprasentieren, beinhalten,

dadurch gekennzeichnet, dass

das Balance-Fahigkeits-Mess-Verfahren weiter die Schritte umfasst, Berechnen, auf Grundlage der Belastungs-
Informationen, einer Periode einer Aufsteh-Bewegung, die eine Periode von dem Zeitpunkt ist, wenn der An-
wender die Aufsteh-Bewegung von einem Stuhl beginnt, zu, wenn der Anwender eine stehende Haltung sta-
bilisiert;

wobei die Belastungs-Information ein reprasentativen Wert von einem Betrag einer Anderung in den Gesamt-
Belastungs-Daten des Anwenders pro Zeit-Einheit wéhrend der Periode der Aufsteh-Bewegung ist, auf Grund-
lage der Gesamt-Belastungs-Daten, die Links-Rechts-Verlagerungs-Information ein reprasentativen Wert von
einem Betrag der Anderung der Verlagerung des Anwenders pro Zeit-Einheit in der Links-Rechts-Richtung,
wéhrend der Periode der Aufsteh-Bewegung, und der représentativen Wert von einem Betrag der Anderung
der Verlagerung des Anwenders pro Zeit-Einheit in der Links-Rechts-Richtung auf Grundlage der Einheits-
Belastungs-Daten ist, und

wobei der Balance-Fahigkeits-Bewertungswert berechnet ist auf Grundlage von:

dem reprasentativen Wert des Betrags der Anderung in den Gesamt-Belastungs-Daten des Anwenders
pro Zeit-Einheit; und

dem représentativen Wert des Betrags der Anderung in der Verlagerung des Anwenders pro Zeit-Einheit
in der Links-Rechts-Richtung.
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Revendications

1.

Appareil de mesure de la capacité d’équilibre (10) comprenant :

un moyen d’acquisition (18A) pour acquérir des informations de charge sur le poids d’un utilisateur ;

un moyen de calcul des informations de changement de charge (18A) pour calculer, sur la base des informations
de charge, les informations de changement de charge sur le changement dans le poids de l'utilisateur ;

un moyen de calcul des informations de déplacement gauche-droite (18A) pour calculer, sur la base des infor-
mations de charge, les informations de déplacement gauche-droite sur le déplacement de l'utilisateur dans le
sens gauche-droite ; et

un moyen de calcul de la valeur d’évaluation de la capacité d’équilibre (18A) pour calculer, sur la base des
informations de changement de charge et des informations de déplacement gauche-droite, une valeur d’éva-
luation de la capacité d’équilibre sur la capacité d’équilibre de I'utilisateur, et

des capteurs de charge (30A, 30B, 30C, 30D),

ou les informations de charge comprennent des données de charge unitaire mesurées par chacun des capteurs
de charge (30A, 30B, 30C, 30D), et des données de charge totale obtenues en effectuant la somme des données
de charge unitaire et en représentant le poids de I'utilisateur,

caractérisé en ce que

I'appareil de mesure de la capacité d’équilibre comprend en outre un moyen de calcul de période (18A) pour
le calcul, sur la base des informations de charge, d’'une période de mouvement de station debout qui est une
période de temps a partir du moment ou I'utilisateur commence le mouvement de station debout depuis une
chaise jusqu’au moment ou I'utilisateur stabilise la station debout ;

le moyen de calcul des informations de changement de charge (18A) calcule, sur la base des données de
charge totale, une valeur représentative d’'une quantité de changement dans les données de charge totale de
l'utilisateur par temps unitaire durant la période du mouvement de station debout telle que calculée par le moyen
de calcul de période (18A),

le moyen de calcul des informations de déplacement gauche-droite (18A) calcule, sur la base des données de
charge unitaire, une valeur représentative d’une quantité de changement dans le déplacement de I'utilisateur
par temps unitaire dans le sens gauche-droite durant la période du mouvement de station debout, et

le moyen de calcul de la valeur d’évaluation de la capacité d’équilibre (18A) calcule la valeur d’évaluation de
la capacité d’équilibre sur la base de :

la valeur représentative de la quantité de changement dans les données de charge totale de I'utilisateur
par temps unitaire ; et

la valeurreprésentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens gauche-droite.

Appareil de mesure de la capacité d’équilibre (10) selon la revendication 1, caractérisé par le moyen de calcul des
informations de déplacement avant-arriére (18A) pour le calcul, sur la base des données de charge unitaire, d’'une
valeur représentative d’'une quantité de changement dans le déplacement de I'utilisateur par temps unitaire dans
le sens avant-arriére durant la période du mouvement de station debout ; et

le moyen de calcul de la valeur d’évaluation de la capacité d’équilibre (18A) calcule la valeur d’évaluation de la
capacité d’équilibre sur la base de :

la valeur représentative de la quantité de changement dans les données de charge totale de I'utilisateur par
temps unitaire ;

la valeur représentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens gauche-droite ;

la valeur représentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens avant-arriére ; et

la période du mouvement de station debout telle que calculée par le moyen de calcul de période (18A).

Appareil de mesure de la capacité d’équilibre (10) selon la revendication 2, caractérisé en ce que le moyen de
calcul de la valeur d’évaluation de la capacité d’équilibre (18A) calcule la valeur d’évaluation de la capacité d’équilibre
en utilisant les informations de l'utilisateur comprenant au moins I'une parmi le genre, I'dge et la taille du corps par
rapport au poids :

la valeur représentative de la quantité de changement dans les données de charge totale de I'utilisateur par
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temps unitaire ;

la valeur représentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens gauche-droite ;

ladite valeur représentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens avant-arriére ; et

la période du mouvement de station debout telle que calculée par le moyen de calcul de période (18A).

4. Appareil de mesure de la capacité d’équilibre (10) selon 'une quelconque des revendications 1 a 3, caractérisé
par des capteurs de charge (30A, 30B, 30C, 30D) disposés dans le sens gauche-droite pour détecter le poids de
I'utilisateur.

5. Procédé de mesure de la capacité d’équilibre comprenant les étapes de :

acquisition des informations de charge sur le poids d’un utilisateur ;

calcul, sur la base des informations de charge, des informations de changement de charge sur le changement
dans le poids de l'utilisateur ;

calcul, sur la base des informations de charge, des informations de déplacement gauche-droite sur le dépla-
cement de l'utilisateur dans le sens gauche-droite ; et

calcul, sur la base des informations de changement de charge et des informations de déplacement gauche-
droite, d’'une valeur d’évaluation de la capacité d’équilibre sur la capacité d’équilibre de I'utilisateur,

les informations de charge comprenant des données de charge unitaire mesurées par chacun des capteurs de
charge (30A, 30B, 30C, 30D), et des données de charge totale obtenues en effectuant la somme des données
de charge unitaire et en représentant le poids de l'utilisateur,

caractérisé en ce que

le procédé de mesure de la capacité d’équilibre comprend en outre I'étape de calcul, surlabase des informations
de charge, d’'une période de mouvement de station debout qui est une période de temps a partir du moment
ou l'utilisateur commence le mouvement de station debout depuis une chaise jusqu’au moment ou I'utilisateur
stabilise la station debout ;

ou les informations de changement de charge sont une valeur représentative d’une quantité de changement
dans les données de charge totale de I'utilisateur par temps unitaire durant la période du mouvement de station
debout, et la valeur représentative de la quantité de changement dans les données de charge totale est basée
sur les données de charge totale,

les informations de déplacement gauche-droite sont une valeur représentative d’une quantité de changement
dans le déplacement de I'utilisateur par temps unitaire dans le sens gauche-droite durant la période du mou-
vement de station debout, et la valeur représentative de la quantité de changement dans le déplacement de
l'utilisateur par temps unitaire dans le sens gauche-droite est basée sur les données de charge unitaire, et

la valeur d’évaluation de la capacité d’équilibre est calculée sur la base de :

la valeur représentative de la quantité de changement dans les données de charge totale de I'utilisateur
par temps unitaire ; et

la valeurreprésentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens gauche-droite.

6. Milieu non temporaire d’enregistrement pouvant étre lu par ordinateur (18D) pour enregistrer un programme de
mesure de la capacité d’équilibre pour amener un ordinateur a exécuter un procédé comprenant les étapes de :

acquisition des informations de charge sur le poids d’un utilisateur ;

calcul, sur la base des informations de charge, des informations de changement de charge sur le changement
dans le poids de l'utilisateur ;

calcul, sur la base des informations de charge, des informations de déplacement gauche-droite sur le dépla-
cement de l'utilisateur dans le sens gauche-droite ; et

calcul, sur la base des informations de changement de charge et des informations de déplacement gauche-
droite, d’'une valeur d’évaluation de la capacité d’équilibre sur la capacité d’équilibre de I'utilisateur,

les informations de charge comprenant les données de charge unitaire mesurées par chacun des capteurs de
charge (30A, 30B, 30C, 30D), et les données de charge totale obtenues en effectuant la somme des données
de charge unitaire et en représentant le poids de I'utilisateur,

caractérisé en ce que

le procédé comprend en outre I'étape de calcul, sur la base des informations de charge, d’'une période de
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mouvement de station debout qui est une période de temps a partir du moment ou I'utilisateur commence le
mouvement de station debout depuis une chaise jusqu’au moment ou I'utilisateur stabilise la station debout ;
ou les informations de changement de charge sont une valeur représentative d’'une quantité de changement
dans les données de charge totale de I'utilisateur par temps unitaire durant la période du mouvement de station
debout, et la valeur représentative de la quantité de changement dans les données de charge totale est basée
sur les données de charge totale,

ou les informations de déplacement gauche-droite sont une valeur représentative d’'une quantité de changement
dans le déplacement de I'utilisateur par temps unitaire dans le sens gauche-droite durant la période du mou-
vement de station debout, et la valeur représentative de la quantité de changement dans le déplacement de
l'utilisateur par temps unitaire dans le sens gauche-droite est basée sur les données de charge unitaire, et

la valeur d’évaluation de la capacité d’équilibre est calculée sur la base de :

la valeur représentative de la quantité de changement dans les données de charge totale de I'utilisateur
par temps unitaire ; et

la valeurreprésentative de la quantité de changement dans le déplacement de I'utilisateur par temps unitaire
dans le sens gauche-droite.
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