DESCRI PTI ON
Title of Invention:
WALKI NG MEASUREMENT SYSTEM WALKI NG MEASUREMENT PROGRAM  AND
VALKI NG MEASUREMENT METHOD
[ 0001] The present inventionrel atestoagait neasurenent
system a gait neasurenent program and a gait neasurenent
nmet hod. Specifically, the present inventionrelatestoagait
nmeasurenent system a gait nmeasurenent program and a gait
measur enent net hod whi ch enabl e accurately grasping a gait
state of a subject and efficiently guiding the subject to
hi s/ her objective gait notion.
Background Art
[ 0002] For subjects withinpairedagait function caused by
adeclineinlegstrengthwiththerecent i ncreases in an agi ng
society, illness, accidents, and the Iike, the necessity for
training to i nprove, recover, and maintain gait function has
i ncreased. The training for such subjects to recover gait
function includes gait training.
[ 0003] Conventionally, in gait training, a nethod of
causi ng a subj ect to wal k whi | e assi sting his/her gait posture
by an attendant, training in which a subject wal ks on hi s/ her
own between two hand rails extending in parallel (which are

call edparall el bars) whilegraspingthehandrails, etc., have



general ly been perforned.

[ 0004] However, in such gait training that is perfornmed
wi th assi stance by an attendant and such gait training using
paral l el bars, nedical staff such as a physical therapist or
a doct or who assesses the training and gi ves i nstructi ons has
cal cul ated gait paranmeters such as a rough wal ki ng speed and
stride by use of a stopwatch, a scal e, a pedoneter, or thelike
to perform assessnent. In such conventional nethods, the
subject’s gait paraneters that change nonent by nonent coul d
not be neasured directly and accurately inreal tinme, so that
the nedical staff could not grasp an accurate gait state of
the subject or could not obtain effective infornmation to be
used for diagnosis of therapeutic effect.

[ 0005] Therefore, in, for exanple, Patent Literature 1,
a measur enent devi ce capabl e of neasuri ng an accur at e wal ki ng
speed or wal ki ng di stance according to actual wal king of a
subject is disclosed. Specifically, the neasurenent device
Isconfiguredtomkeit possibletoneasure aperson s walking
speed in real tinme by attaching a magnetic field generating
means on one f oot of t he subj ect and attachi ng a det ecti ng means
that detects a magnetic field from the magnetic field
generating neans onthe ot her foot tocal cul ate acrossi ng speed

when both feet cross based on that detection data.



[ 0006] Further, in Patent Literature 2, disclosed is an
arithneticdevicew thwhichanaccel erationsensor is attached
to a foot portion of a subject and whi ch cal cul ates a wal ki ng
speed, a walking tine, and a wal ki ng di stance based on an
accel eration measur ed by t he accel eration sensor.
Specifically, whether or not an accel eration neasured by a
triaxial accel eration sensor attached to a foot portion of a
subj ect has changed i s neasured, and detection tine when it
is detected that the accel erati on has changed i s esti nmated as
awal kingtinme. Bythennultiplyingtheestimtedwal kingtine
and a wal ki ng speed cal cul ated fromthe accel erati on sensor
toget her to cal cul at e a wal ki ng di stance, it becones possi bl e
to neasure the wal king speed, walking time, and walking
di stance of the subject in real tine.

Ctation List

Patent Literatures

[ 0007]

Patent Literature 1: Japanese Published Unexam ned Patent
Application No. 2004-69468

Patent Literature 2: Japanese Published Unexam ned Patent
Application No. 2005-49202

Summary of I nvention
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[ 0008] However, in the neasurenent device disclosed in
Patent Literature 1 described above, although it is provided
that a wal ki ng speed that changes nonent by nonent can be
neasured, the speed calculated in Patent Literature 1 is a
crossi ng speed of both foot portions. Normally, the crossing
speed of bothfeet andthe subject’ s wal ki ngspeedaredifferent
speeds, however, in Patent Literature 1, both are consi dered
to be the sanme speed, and the crossing speed of both foot
portions is estimted as the subject’ walking speed, and
therefore, an accurate wal king speed of the subject is not
necessarily cal cul at ed.

[ 0009] Further, in the arithnmetic device disclosed in
Patent Literature 2 descri bed above, for exanpl e, the wal ki ng
speed is calculated by tinme integration of an accel eration
measured by the acceleration sensor, but in an integra
cal cul ati on process of the accel eration, anintegration error
I nevitably occurs. Therefore, also in Patent Literature 2
descri bed above, an accurate wal ki ng speed of the subject is
not necessarily cal cul at ed.

[ 0010] The present invention has been devi sed i n vi ew of
t he above probl ens, and an obj ect of the present inventionis
to provide a gait neasurenment system a gait neasurenent

program and a gait nmeasur enent net hod whi ch enabl e accurately



grasping agait state of a subject and efficiently guidingthe
subj ect to his/her objective gait notion.

Solution to Problem

[ 0011] I n order to achi eve t he above-descri bed object, a
gait nmeasurenent systemof the present invention includes a
f oot pressure sensor whi ch neasures afoot pressure of asubject
and out put s neasur ed f oot pressure data, afoot positionsensor
whi ch neasures a foot position of the subject based on a
reflection state of a detection wave that is horizontally
i rradi ated at a predet erm ned pitch angl e and out put s neasur ed
foot pressure data, and a gait anal ysis device havingafilter
processi ng unit which renoves noi se data i ncluded i n t he foot
posi ti on dat aand out puts processed f oot positi ondata obtai ned
by renovi ng the noi se data, a storage unit which stores the
foot pressure data output fromthe foot pressure sensor and
the processed foot position data in association wth
measurenent tinme, and an arithnetic unit which cal cul ates a
predeterm ned gait paraneter of the subject based on t he foot
pressure data and the processed foot position data.

[0012] Here, by including the foot pressure sensor that
neasur es a f oot pressure of a subj ect and out put s neasur ed f oot
pressure data, a contact state of a foot portion and a

separationstateof thefoot portionof thesubject whenwal ki ng



can be determ ned based on the neasured foot pressure data,
so that a gait state of the subject can be grasped in detail.
[ 0013] Further, by incl udi ngthefoot positionsensor that
neasures a foot position of the subject based on a reflection
state of a detection wave horizontally irradiated at a
predet erm ned pitch angl e and out puts neasured foot pressure
data, a foot position of the subject when wal king can be
accurately grasped by an i nexpensive system

[ 0014] Further, by includingthegait anal ysis devi cet hat
anal yzes agait state of the subject based onthe foot pressure
data and the foot position data, the gait state of the subject
t hat changes nonent by nonent can be accurately anal yzed based
on the foot pressure data and the foot position data.

[ 0015] Further, by the gait anal ysi s device i ncludingthe
filter processingunit that renoves noi se dataincludedinthe
foot position data and outputs processed foot position data
obt ai ned by renovi ng t he noi se data, an accurate foot position
of the subj ect can be det ected by detecti ng and renovi ng noi se
data that is irrelevant to the neasurenent target (subject)
i ncludedinthefoot positiondataneasuredbythefoot position
sensor.

[ 0016] Further, by the gait anal ysi s device i ncludingthe

storage unit that stores the foot pressure data output from



t he foot pressure sensor and t he processed foot position data
I n association with measurenent tine, the contact state of a
foot portionwith a floor surface of the subject when wal ki ng
based on the foot pressure data and the foot position of the
subj ect when wal ki ng based on t he processed foot position data
can be associ ated with each other, sothat agait state of the
foot portion of the subject when wal king can be accurately
gr asped.

[0017] Further, by the gait anal ysi s devi ce i ncludingthe
arithnmeticunit that cal cul ates a predeterm nedgait paraneter
of t he subj ect based onthe foot pressure dataandthe processed
foot position data, gait paraneters indicating a gait state
of the subject can be easily and accurately cal cul ated based
on the f oot pressure data and t he processed foot position data
associ ated with neasurenent tine.

[ 0018] Further, when the filter processing unit includes
a coordi nat e conversionsectionthat convertsthefoot position
data to coordinate data in an orthogonal coordi nate system
the foot position data neasured by the foot position sensor,
which is output as distance data between the foot position
sensor and the subject, can be converted to orthogonal
coordi nate data by coordi nate conversion

[ 0019] Further, when the filter processing unit includes



a dat a approxi mati on section that approxi mates t he coordi nate
data to a predeterm ned nunber of significant digits,
coordi nate data converted to the orthogonal coordinate data
by the coordi nate conversion section can be approxi mated to
a predeterm ned nunber of significant digits.

[ 0020] Further, when the filter processing unit includes
adataintegrationsectionthat integratesintoagroup of data
the coordi nate data that becones the sane coordi nate val ue
t hrough t he approxi mati on by t he data approxi mati on secti on,
coordinate data having been approximated by the data
approxi mati on section to have the sane coordi nate val ue can
be integrated and nade into one coherent group of data.

[ 0021] Further, when the filter processing unit includes
a coordi nate data counting section that counts the nunber of
coor di nat e dat aconsi sti ng of t he sane coordi nat es t hat conpose
a group of data, by counting the nunber of data of coordinate
data consi sting of the sanme coordi nates that conpose a group
of data, the size of the group of data can be grasped.

[ 0022] Further, when the filter processing unit includes
afirst determ nation section that determ nes a group of data
as noi se when t he nunber of coordi nat e dat a conposi ng t he gr oup
of data is less than a predeterm ned threshol d set accordi ng

to adistance fromthe foot position sensor toa subject’s foot



portion as the measurenent target, whether there is mnute
noi se data irrelevant to the foot portion of the subject in
the foot position data neasured by the foot position sensor
can be determ ned based on the nunber of coordinate data
included in a group of data counted by the coordi nate data
counting section.

[ 0023] At this tine, the threshold is set to a value
accordingtothe di stance between t he f oot position sensor and
t he neasurenent target. Specifically, the detection wave is
irradi ated at a predeterm ned pitch angl e by the foot position
sensor, and therefore has characteristics such that the
I nterval of adjacent detection waves irradi ated fromthe f oot
position sensor increases with the increase in irradiation
di stance of detection waves to a neasurenent target.
Therefore, for exanple, by setting a snmall value as the
t hreshol d when the di stance fromthe foot position sensor to
t he nmeasurenent target is short and setting a | arge val ue as
t he threshol d when t he di stance fromthe foot position sensor
to the neasurenent target is |long, a detection error based on
adifference in the distance between the foot position sensor
and the neasurenent object can be prevented.

[ 0024] Further, when the filter processing unit includes

a detection point coordinate setting section which sets, as



det ecti on poi nt coordi nates, the coordi nate data conposi ng a
group of data determ ned to be not | ess than the threshol d by
thefirst determ nati onsection, the coordi nat e data conposi ng
t he group of data determ ned not to be noi se data by the first
determ nati on secti oncan be set as detecti on poi nt coordi nat es
for detection of the foot portion of the subject.

[ 0025] Further, when the filter processing unit includes
a specific detection point coordinate setting section which
sel ects specified detection point coordinates as specific
detection point coordinates from anong the detection point
coordi nates, for exanple, detection point coordinates that
serve as center coordi nates for detection of the foot portion
of the subject can be set as specific detection point
coor di nat es.

[ 0026] Further, when the filter processing unit includes
an area setting section which sets a predeterm ned
determi nation area centered on the specific detection point
coordi nates, for exanpl e, adeterm nati on area can be set based
on the size around a general subject’s foot portion as the
determ nation area.

[ 0027] Further, when the filter processing unit includes
a second determ nation section which determ nes the specific

detection point coordinates to be a part of the neasurenent
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target when a predeterm ned nunber of the detection point
coordi nates exist around the specific detection point
coordi nates in the determ nation area, by considering that a
data group having a certain spread exi sts based on exi stence
of a predeterm ned nunber of the detection point coordinates
aroundt he speci fi cdetectionpoint coordi nates, the datagroup
can be determned to be a part of the foot portion of the
subj ect .

[ 0028] Furt her, when the gait neasurenent systemi ncl udes
a wai st position sensor whi ch neasures a wai st position of the
subject based on a reflection state of a detection wave
horizontally irradiated at a predeterm ned pitch angle and
out put s neasur ed wai st positiondata, andthefilter processing
unit specifies noise data included in the foot position data
based on noi se data i ncluded i nthe wai st position data, noi se
data exi sting around the neasurenent target can be detected
based on bot h of t he f oot position data and wai st position dat a,
sothat adetectionaccuracy of the noi se data can be i ncreased.
[ 0029] Further, when the arithnmetic unit includes a step
| engt h measur enent secti on whi ch neasures a step | ength of the
subj ect based on the processed foot position data stored in
the storageunit correspondingtotinmeat whichapredeterm ned

contact state of an n-th step (nis a natural nunber) of one
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foot portion of both Ieft and right feet of the subject when
wal ki ng i s determ ned based on the foot pressure data and t he
processed foot position data stored in the storage unit
corresponding to tinme at which a predeterm ned contact state
of an (n+l)-th step of the other foot portion of the subject
when wal ki ng i s determ ned based on the foot pressure data,
a step l ength i s measured based on the foot pressure data and
t he processed foot position data, sothat a nore accurate step
| engt h can be neasured.

[ 0030] Further, whenthearithnmeticunit includesastride
measur enent section which nmeasures a stride of the subject
based on t he processed f oot positiondatastoredinthestorage
unit corresponding to tinme at which a predeterm ned cont act
stateof ann-thstep(nis anatural nunber) of one foot portion
of the subject when wal king is determ ned based on the foot
pressure data, the processed foot position data storedinthe
storage unit corresponding to tine at which a predeterm ned
contact state of an (n+l)-th step of the other foot portion
of the subject when wal king is determ ned based on the foot
pressure data, and t he processed foot position data stored in
the storageunit correspondingtotinmeat whichapredeterm ned
contact state of an (n+2)-th step of the one foot portion of

the subject when walking is determ ned based on the foot
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pressure data, a strideis neasured based on the foot pressure
data and the processed foot position data, so that a nore
accurate stride can be neasured.

[ 0031] Further, when the arithnmetic unit includes a step
wi dt h neasurenment section which nmeasures a step width of the
subj ect based on the processed foot position data stored in
the storageunit correspondingtotinme at whicha predeterm ned
contact state of an n-th step (nis a natural nunber) of one
foot portion of the subject when wal king i s determ ned based
on t he f oot pressure data and t he processed foot position data
stored in the storage unit corresponding to tine at which a
predet erm ned contact state of an (n+l)-th step of the other
foot portion of the subject when wal king i s determ ned based
onthefoot pressuredata, acontact statuswithafl oor surface
of the foot portion of the subject when wal ki ng can be grasped
fromt he f oot pressure dat aneasured by thefoot pressure sensor,
and a step wdth is neasured based on the processed foot
position data based on the contact status of the foot portion
with the fl oor surface, sothat a nore accurate step wi dth can
be measur ed.

[ 0032] Further, when the arithnmetic unit includes a step
measur enent section which cal cul ates the nunber of steps in

a measur enent target areabased on acontact or separationstate
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of one and the other of the left and right feet of the subject
when wal ki ng, based on the foot pressure data, the nunber of
steps of the subject can be accurately cal cul ated based on a
contact or separation state with a floor surface of a foot
portion of the subject based onthe foot pressure dat a neasured
by the foot pressure sensor.

[ 0033] I n order to achi eve t he above-descri bed object, a
gait neasurenent programand a gait neasurenent nethod of the
present i nvention include afoot pressure data receiving step
of receiving foot pressure data i ndicating a foot pressure of
a subj ect neasuredi naneasurenent target area, afoot position
dat a recei ving step of recei ving foot positiondataindicating
a foot position of the subject neasured in the neasurenent
target area, a noise detecting step of detecting noise data
i ncluded in the foot position data, a storage step of storing
the foot pressure data and processed foot position data
obt ai ned by renoving the detected noise data in association
Wi th neasurenent tinme, and a cal cul ati on step of cal cul ati ng
a predeterm ned gait paraneter of the subject based onthe f oot
pressure data and the processed foot position data.

[ 0034] Here, by incl udi ngthe foot pressure datareceiving
step of recei ving foot pressure dataindicatingafoot pressure

of a subject neasured i n a neasurenent target area, a contact
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state of a foot portion and a separation state of the foot
portion of the subject when wal ki ng can be determ ned based
on the received foot pressure data, so that a gait state of
the subject can be accurately grasped.

[ 0035] Further, by including the foot position data
receiving step of receiving foot position data indicating a
foot positionof the subject neasuredinthe nmeasurenent target
area, a foot position of the subject when wal king can be
det er m ned based on the received foot position data, so that
a gait state of the subject can be accurately grasped.

[ 0036] Further, by including the noise detecting step of
det ecting noi se data included in the foot position data, the
cal cul ation accuracy of gait paranmeters can be increased by
detecting noi se data included in the foot position data and
renmoving the noise data that is irrelevant to a neasurenent
target.

[ 0037] By i ncluding the storage step of storing the foot
pressure data and processed foot position data obtained by
renmovi ng t he noi se data i n associ ati on wi t h neasurenent ti ne,
the foot pressure data and the processed foot position data
can be stored as paired data i n associ ation wi th nmeasurenent
tinme.

[ 0038] Further, by including the calculation step of
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cal cul ating apredeterm nedgait paraneter of the subject based
onthe foot pressure data andthe processed f oot positiondata
the calculation accuracy for calculating gait paraneters
indicating a gait state of the subject can be i ncreased based
on t he f oot pressure data and t he processed foot position data
stored in the storage unit in association wth neasurenent
tinme.

[ 0039] Furt her, when the noi se detecting step includes a
coor di nat e convertingstepof convertingthefoot positiondata
to coordinate data in an orthogonal coordinate system for
exanpl e, the foot position data recei ved as di stance data can
be converted to orthogonal coordinate data by coordinate
conver si on.

[ 0040] Furt her, when t he noi se detecting step incl udes an
approxi mation step of approxi mating the coordinate data to a
predet erm ned nunber of significant digits, coordi nate data
converted to orthogonal coordinate data by the coordinate
conversion step can be approxi mated t o a predet ermi ned nunber
of significant digits.

[ 0041] Furt her, when t he noi se detecting step incl udes an
integration step of integrating into a group of data the
coor di nat e dat a t hat becones t he sane coor di nat e val ue t hr ough

t he approxi mati on by t he approxi mati on step, coordi nate data
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havi ng been appr oxi mat ed by t he approxi mati on step to have t he
sane coordinate value can be integrated and nade into one
coherent group of data.

[ 0042] Furt her, when the noi se detecting step includes a
counting step of counting the nunber of coordinate data
consi sti ng of t he sanme coor di nat es t hat conpose a gr oup of dat a,
by counting the nunber of data of coordinate data consi sting
of the sane coordi nates that conpose a group of data, the size
of the group of data can be grasped.

[ 0043] Furt her, when the noi se detecting step includes a
first determ nati onstepof determ ni ngagroup of dat aas noi se
when t he nunber of coordi nat e dat a conposi ng t he group of data
i slessthanapredetermnedthreshol d, whether thereis mnute
noise data irrelevant to the neasurenent target can be
determined by conparing the nunber of coordinate data
consi sting of the sane coordi nates i ncluded in a group of data
with a predeterm ned threshol d.

[ 0044] Furt her, when the noi se detecting step includes a
detection point coordinate setting step of setting, as
detecti on poi nt coordi nates, the coordi nate data conposi ng a
group of data determined to be not | ess than the threshol d by
the first determ nation step, the coordi nate data consi sting

of t he same coor di nat e val ue t hat conpose a gr oup of dat a havi ng
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been det er m ned not to be noi se data by thefirst determ nation
step can be set as detection point coordi nates for detection
of the foot portion of the subject.

[ 0045] Further, when the noi se detecting step i ncludes a
speci fic detection point coordinate setting step of sel ecting
specified detection point coordi nates as specific detection
poi nt coordi nates fromanong t he det ecti on poi nt coordi nat es,
for exanpl e, detection poi nt coordi nates that serve as center
coordi nates of the neasurenent target can be set as specific
detecti on poi nt coordi nates.

[ 0046] Furt her, when t he noi se detecting step incl udes an
areasettingstepof settingapredeterm neddeterm nati onarea
centered on the specific detection point coordinates, for
exanple, a determ nation area can be set based on the size
around a general subject’s foot portion as the determ nation
ar ea.

[ 0047] Furt her, when the noi se detecting step includes a
second determination step of determning the specific
detecti on point coordinates to be a neasurenent target when
a predet er m ned nunber of t he detecti on poi nt coordi nat es exi st
around the specific detection point coordinates in the
determ nation area, by considering that a data group having

a certain spread exi sts based on exi stence of a predeterm ned
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nunber of the detection point coordi nates around t he specific
det ecti on poi nt coordi nates, the data group can be det erm ned
to be a part of the foot portion of the subject.

Advant ageous Effects of Invention

[ 0048] The gait neasurenent system the gait neasurenent
program and the gait neasurenent nethod according to the
present invention enable accurately grasping a gait state of
a subject and efficiently guiding the subject to his/her
obj ective gait notion

Brief Description of Draw ngs

[ 0049] FIG 1 is an overall block diagram of a gait
nmeasur enent systemaccordi ng to an enbodi nent of the present
I nventi on.

FIGS. 2 are views showi ng a foot pressure sensor to be fitted
to foot portions of a subject in the gait neasurenent system
according to the enbodi nent of the present invention.

FIGS. 3 are views showing a housing unit according to the
enbodi nent of the present invention, where FIG 3(a) is a
conplete view, and FIG 3(b) is an expl oded vi ew.

FIG 4is aconceptual viewshow ng a neasurenent areafor which
t he gait measurenent systemaccordi ng to t he enbodi nent of the
present invention is used.

FIGS. 5 are views illustrating gait paraneters.
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FIG 6is ablockdiagramof afilter processing unit according
to the enbodi nent of the present invention.
FIG 7 is a block diagramof an arithnmetic unit according to
t he enbodi nent of the present invention.
FIG 8 is a diagramshow ng a process flowof a gait anal ysis
devi ce.
FIG 9 is a diagram showing a process flow of the filter
processing unit in the gait analysis device.
FIG 10is a conceptual viewshow ng the content of processing
in the filter processing unit.
Descri ption of Enbodi nents
[ 0050] Herei nafter, description will be given of an
enbodi nent of the present invention relating to a gait
nmeasurenent system a gait nmeasurenent program and a gait
measur enent nmethod with reference to the drawi ngs to provide
an understandi ng of the present invention.
[ 0051] [ Gait Measurenent System

First, a bl ock di agramshowi ng an entire configuration
of a gait measurenent system 1 according to the present
inventionw || be describedwithreferencetoFIG 1. As shown
in FIG 1, the gait neasurenent system1 is conposed nainly
of a foot pressure sensor 2 that is attached to foot portions

of a subject Sto neasure a foot pressure when wal ki ng, a f oot
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position sensor 3 that neasures a position of the foot portion
of the subject S based on a reflection state of a detection
wave irradiated at a predetermned pitch angle, a waist
position sensor 4 that neasures a position of awai st portion,
a wWreless communication unit 5 that transmts and receives
f oot pressure dat a neasured by t he f oot pressure sensor 2, foot
posi ti on dat a neasured by t he f oot positionsensor 3, and wai st
position data neasured by the waist position sensor 4
individually, a gait analysis device 6 that cal cul ates and
outputs a predeterm ned gait paraneter of the subject S, and
adisplayunit 7 for displayingcalculationresults by the gait
anal ysi s device 6.

[ 0052] [ Foot Pressure Sensor ]

As showninFIG 2, the foot pressure sensor 2is conposed
of insoles 21 that are worn in shoes to be used by t he subj ect
S when wal king, load sensors 22 that are disposed in a
di stributed manner in a range froma heel portion to a toe
portion of each of the insoles 21, wearing devi ces 23 that are
worn on ankles of the subject S, and electrical equipnent
portions 24 that convert |oad signals output fromthe | oad
sensors 22 to transm ssion signals for wirel ess transm ssi on
and transmt the transm ssion signals toward the w rel ess

communi cation unit 5, and configured to nmake it possible to
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measure inreal time a gait state such as a stance, a sw ng,
and the |li ke, based on the pressure data of the subject S when
wal king. Afurther detail ed description of the foot pressure
sensor 2 wll be omtted here because it has been descri bed
I n Japanese Published Unexam ned Patent Application No.
2014- 45885 filed by the applicant in the past.
[ 0053] Here, the foot pressure sensor 2 does not
necessarilyneedtobeintheformshowmninFI G 2. For exanple
the foot pressure sensor 2 and the gait anal ysis device 6 may
be connected not wirel essly but viaawre. Further, the foot
pressure sensor 2 does not need to be attached to a subject’s
shoes, but may be confi gured such t hat wal ki ng and neasur enent
are perfornmedinastate wherethe foot portions of the subject
S are placed on the insoles 21.
[ 0054] [ Housi ng Unit]

The foot position sensor 3, the waist position sensor
4, thewi rel ess comruni cationunit 5, the gait anal ysi s devi ce
6, etc., according to the enbodi nent of the present invention
are built inahousingunit 8 as showninFI G 3. The housing
unit 8is conposed nai nl y of a base portion 81 and a pol e portion
82t hat extends verticallyupwardfromsubstantiallythecenter
of the base portion 81, and the base portion 81 and the pole

portion 82 are covered by a cover portion 83.
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[ 0055] On the pole portion 82, the foot position sensor
3, the wai st position sensor 4, and an i nagi ng device 9 for
vi deo-shooting a gait state of the subject S are fixed at
predeterm ned height positions of the pole portion 82 by
adj usti ng nechani sns capabl e of position adjustnent inthe up
and down direction. Accordingly, the foot position sensor 3,
the wai st position sensor 4, and the i magi ng device 9 can be
adj usted t o appropri at e neasuri ng posi ti ons and used accor di ng
to the physical build of a subject. On the other hand, the
base portion 81 has a power supply section 84 that supplies
power to the housing unit 8, the gait anal ysis device 6, and
the wirel ess communi cation unit 5 that recei ves data neasured
by t he respecti ve sensors and outputs the cal cul ationresults
by the gait analysis device 6 to the display unit 7.

[ 0056] The cover portion 83 has transparent sensor wi hdows 83a
and 83b i n a manner correspondi ng to the hei ght positions of
the foot position sensor 3 and the wai st position sensor 4,
and the detection wave can be irradi ated through the sensor
wi ndows 83a and 83b toward the inside of a nmeasurenent area
M Further, at the height position of the i magi ng device 9,
a circular imging wndow 83c is attached, and the inaging
device 9 is capable of inaging a gait state of the subject S

t hrough the i magi ng wi ndow 83c.

23



[ 0057] Here, the foot position sensor 3, the waist position
sensor 4, and the gait analysis device 6, etc., do not
necessarily need to be integrated in the housing unit 8. For
exanpl e, the foot position sensor 3, the wai st position sensor
4, andthe gait anal ysi s devi ce 6 may i ndi vi dual | y be confi gured
as separate bodies. However, by the integration of the foot
position sensor 3, the wai st position sensor 4, and the gait
anal ysis device 6, only installing the housing unit 8 in a
predeterm ned place for perform ng neasurenent mnakes it
possibleto start the nmeasurenent, and t herefore, preparation
steps for the neasurenent can be reduced.

[ 0058] Further, the waist position sensor 4 does not
necessarily needtobe provided. Sinceit sufficesthat afoot
position of the subject S when wal king can be grasped, only
the foot position sensor 3 may be provided. However, the
provi si on of the wai st position sensor 4 makes it possibleto
det ect noi se data based on both of the foot position sensor
3 and the wai st position sensor 4 in filter processing by a
filter processing unit 61 to be described |l ater. Therefore,
from the viewpoint of increasing reliability of the foot
position data of the subject S detected by the foot position
sensor 3, it is preferable that the wai st position sensor 4

IS provided.
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[ 0059] Further, the neasurenent data neasured by the
respective sensors and the calculation results by the gait
anal ysis device 6 do not necessarily need to be transmtted
and recei ved t hrough wirel ess comruni cati ons by the wirel ess
comruni cation unit 5. For exanple, the transm ssion and
recepti on can be achi eved t hrough wi red conmut ati ons i n pl ace
of the wrel ess conmuni cati ons.
[ 0060] Further, the inmaging device 9 for video-shooting
a gait state of the subject S does not necessarily need to be
provi ded. However, the provisionof theinmagi ngdevice 9 makes
it possible to confirmthe gait state of the subject S by a
vi deo i mage, andtherefore, feedback duringrehabilitationcan
be efficiently provided.
[ 0061] [ Foot Position Sensor, Waist Position Sensor]
For the foot position sensor 3 and the wai st position
sensor 4, at each hei ght positionthereof, alaser range fi nder
(hereinafter, referredtoas “LRF’) that irradi at esthe subj ect
Swith adetectionwave (|l aser) along the horizontal direction
wi threspect toafloor surface and neasures a di st ance bet ween
the foot position sensor 3 or the wai st position sensor 4 and
the subject S based on reflection tinme of the irradiated
detection wave fromthe subject S is used.

[ 0062] Aschemati c vi ewof t he nmeasur enent area Mf or whi ch
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the LRFs are used is shown in FIG 4. The LRFs used in the
enbodi nent of t he present i nventi on have arange scanni ng angl e
(view ng angle) of 240 deg and an angul ar resol uti on of 0.36
deg, and is capable of neasuring within a range of a radius
(R) of approximately 3.5 m Height positions of the foot
posi ti onsensor 3 andt he wai st positionsensor 4fromthefl oor
surface are appropriately set according to the physical build
of the subject S as described above, however, for exanple, in
the enbodi nent of the present invention, the foot position
sensor 3 is installed at a height position of approximately
18 cmfromthe floor surface so that the detection wave is
irradiated fromthe anklestothe vicinity of a part bel owthe
knees of the subject S, and the waist position sensor 4 was
i nstal |l ed at a hei ght position of approxinately 80 cmfromthe
fl oor surface so that the detection wave is irradiated on a
wai st position part of the subject S

[ 0063] Here, the LRFs are not necessarily |limted to the
specifications described above, and those wth various
specifications can be used according to the neasuring
envi ronnent .

[ 0064] Further, the detection wave does not necessarily
need to be irradiated fromthe ankles to the part bel ow the

knees of the subject S as an irradiation range of the foot
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positionsensor 3, and onthe wai st positionpart of the subject
as an irradiation range of the wai st position sensor 4. For
exanpl e, as the detecti on wave irradiation range of the foot
position sensor 3, it may be irradiated on any part as |ong
as both left and right foot portions of the subject S can be
di sti ngui shed at that part. Also, as the detection wave
irradi ati on range of the wai st position sensor 4, it may be
i rradi ated on any part as |l ong as atrunk portion of the subject
S can be distinguished at that part.

[ 0065] Further, the LRFs do not necessarily needto be used
as the sensors, and any type of neasuring device may be used
as |l ong as t he devi ce i s capabl e of neasuring the foot position
and wai st position of the subject S

[ 0066] When perform ng neasurenent, when the subject S
starts to wal k fromthe “START” position, a nmeasurenent of the
foot pressure by the foot pressure sensor 2 is started, and
foot pressuredataistransmttedtothew rel ess comruni cation
unit 5 via a radio signal. Wen the subject S enters the
measurenent area M a neasurenent of the foot position and a
measur enent of the wai st position by the foot position sensor
3 and t he wai st positionsensor 4are started, andfoot position
data and wai st position data are transmtted to the wirel ess

communi cation unit 5 via radio signals. Wen the subject S
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wi t hdraws fromt he nmeasurenent area M the neasurenents by t he
foot positionsensor 3andthe wai st positionsensor 4 are ended,
however, the neasurenent by the foot pressure sensor 2 is
conti nuously perfornmed. When the subject S then reaches the
position of “FINISH,” all neasurenents end.

[ 0067] [Git Anal ysis Device]

The gait anal ysis device 6 is a general purpose conputer
that cal cul ates gait paranetersindicatingaagait state of the
subj ect S based on the foot pressure data neasured by the foot
pressure sensor 2, the foot position data neasured by t he f oot
posi ti on sensor 3, and t he wai st position data neasured by t he
wai st position sensor 4, and i s conposed mainly of, as shown
inthe bl ock diagramof FIG 1, the filter processing unit 61,
a storage unit 62, and an arithnmetic unit 63, and these units
are connected so as to communi cate with each ot her through an
I nternal bus.

[ 0068] [Filter Processing Unit]

The filter processing unit 61 detects noise data (for
exanpl e, a wal king stick, mnute noise data, etc.) which is
not relevant to the subject S who is wal ki ng out of the foot
posi ti on data and t he wai st position data neasured by t he f oot
posi ti on sensor 3 and t he wai st position sensor 4 and recei ved

by the wirel ess communication unit 5, and renoves the noise
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data, and as shown in FIG 6, is conposed of a coordinate
conversion section 6la, a data approxi mati on section 61b, a
data integration section 61lc, a coordinate data counting
section 61d, a first determ nation section 6le, a detection
poi nt coordinate setting section 61f, a specific detection
poi nt coordi nate setting section 61g, an area setting section
61h, and a second determ nation section 61li. A process flow
of the filter processing unit 61 will be described | ater.

[ 0069] [ Storage Unit]

The storage unit 62storesthefoot pressure dataneasured
by the foot pressure sensor 2 and the foot position data
neasur ed by t he foot position sensor 3 and subjectedtofilter
processing by the filter processing unit 61 described above
(hereinafter, referred to as “processed foot position data”)
in correlation with nmeasurenent tine, and is conposed of a
publicly known storage device such as a hard disk drive, a
nonvol atile nmenory, or the like. The waist position data
neasured by the wai st position sensor 4 is used only in the
foregoing process for renoving noise data in the filter
processing unit 61, and is not stored in the storage unit 62.
[ 0070] [Arithnetic Unit]

In the arithnetic unit 63, a gait state calculation

section 63a, a step | ength cal cul ati on section 63b, a stride
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cal cul ation section 63c, astepw dth cal cul ati on secti on 63d,
a step calculation section 63e, a gait cycle calculation
section 63f, a gait velocity cal culation section 63g, and a
cadence cal cul ation section 63h are housed as prograns for
cal culating the respective paranetersindicatingaagait state
of the subject S based on the foot pressure data and the
processed foot position data stored in the storage unit 62,
as shown in FIG 7. GCeneral definitions of a step |l ength L1,
a stride L2, and a step width W which are representative
paranmeters to be cal cul ated by the arithnmetic unit 63 are as
described in FIG 5(a).

[ 0071] [Gait State Cal cul ation Secti on]

The gait state calculation section 63a determ nes
timngs of contact with or separation fromthe floor surface
of one and the other of the left and right foot portions of
the subject S based on the foot pressure data stored in the
storage unit 62. That is, in the gait state calculation
section 63, information on each of heel contact tinme when a
heel makes contact, full contact tine when the entirety of a
sol e surface nakes contact, and separation tinme when a toe
separates fromthe fl oor surface of the subject Swhen wal ki ng
are acqui red based onthe foot pressure data, and a st ance phase

P1, a doubl e support phase P2, and a swi ng phase P3 (FIG 5(b))
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of the subject S when wal king can be det erm ned.
[ 0072] [Step Length Cal cul ati on Secti on]

In the step length calculation section 63b, the step
l ength L1 which is a distance in a forward wal ki ng di rection
fromcontact of one of theleft and right heels until the other
heel makes contact i s cal cul at ed based on cont act or separati on
states of the foot portions of the subject Scal cul ated by the
gait state calculation section 63a and the processed foot
positiondata. That is, thesteplengthLlis cal cul ated based
on a heel contact state of ann-th step (nis a natural nunber)
of one of the feet of the subject S walking inside the
measurenent area M and the processed foot position data
corresponding to that tinme and a heel contact state of an
(n+tl)-th step of the other foot and t he processed f oot position
data corresponding to that tine.
[ 0073] [Stride Cal culation Section]

Inthestridecal cul ati onsection63c, thestridelL2which
Is a distance fromcontact of one of the left and right heels
until the one heel again nmakes contact is cal cul ated based on
contact or separationstates of thefoot portions of the subject
Scalculated by the gait state cal cul ati on secti on 63a and t he
processed foot position data. That is, the stride L2 is

cal cul ated based on the heel contact state of the n-th step
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of one of the feet of the subject S walking inside the
measurenent area M and the processed foot position data
corresponding to that time, the heel contact state of the
(n+tl)-th step of the ot her foot and t he processed f oot position
data corresponding to that tine, and further, a heel contact
state of an (n+2)-th step of the one foot and the processed
foot position data corresponding to that tine.

[ 0074] [Step Wdth Cal cul ati on Secti on]

Inthe stepw dth cal cul ati on section 63d, the stepw dth
Wwhichisadistanceinaw dthdirectionof acontact position
of one of the left and right heels and a contact position of
the other heel is calculated based on contact or separation
states of the foot portions of the subject Scal cul ated by the
gait state calculation section 63a and the processed foot
position data. That is, the step width Wis cal cul at ed based
on the heel contact state of the n-th step of one of the feet
of the subject Swal king insidethe neasurenent area Mand t he
processed foot position data corresponding to that tinme and
t he heel contact state of the (n+l)-th step of the other foot
and the processed foot position data corresponding to that
tinme.

[ 0075] Here, as the foot pressure data and the processed

foot position data to be used in the step | ength cal cul ati on
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section 63b, the stride cal cul ation section 63c, and the step
wi dt h cal cul ati on section 63d, data in heel contact states of
the subject S does not necessarily need to be used, and any
data may be used as long as it is in a predeterm ned contact
state of the foot portions. For exanple, it is also possible
to performthe cal cul ati on based on foot pressure data in a
full contact state where the entirety of a sole is in contact
and processed foot position data tenporally corresponding to
the foot pressure data.

[ 0076] [Step Cal cul ati on Secti on]

Inthe step cal cul ati on secti on 63e, the nunber of steps
Ninthe nmeasurenent area Mis cal cul at ed based on contact and
separation states of one and the other of the left and right
feet of the subject Scalculated by the gait state cal cul ati on
section 63a. Wen perform ng the cal cul ati on of the nunber
of steps N, the nunber of steps N nay be cal cul at ed based on
a tenporal change in the foot position of the subject S based
on the processed foot position data, for exanple.

[ 0077] [Gait Cycle Calculation Section]

The gait cycle calculation section 63f cal cul ates one
gait cycle Cl whichis the time required for one stride, and
the one gait cycle Cl can be cal cul ated based on the stride

L2 calculated by the stride calculation section 63c and
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measur enent tine.

[ 0078] Here, the one gait cycle Cl does not necessarily
need t o be cal cul at ed based on the stride L2 cal cul ated by t he
stride calculation section 63c and neasurenent tine. For
exanpl e, the one gait cycle Cl1L may be cal cul ated based on t he
results of determ nation of the stance phase P1 and t he sw ng
phase P3 of the subject S when walking by the gait state
cal cul ation section 63a and time data associ ated therew th.
[ 0079] [Gait velocity calculation section]

In the gait velocity calculation section 63g, a gait
velocity Vis cal cul ated based on the stride L2 cal cul at ed by
the stride cal culation section 63c and the one gait cycle Cl
cal culated by the gait cycle cal cul ation section 63f.

[ 0080] Here, the gait vel ocity Vdoes not necessarily need
to be cal cul ated based on the stride L2 and the one gait cycle
Cl, and may be cal cul ated fromarel ati onshi pof thesteplength
L1 and tine required for the step length L1.

[ 0081] [ Cadence Cal cul ati on Secti on]

The cadence cal cul ati on secti on 63h cal cul ates a cadence
C2 which i ndicates the nunber of steps N per mnute, and the
cadence C2 is calculated based on the nunber of steps N
cal cul at ed by t he step cal cul ati on secti on 63e and neasur enent

tinme.

34



[ 0082] The above are representative paraneters to be
calculated by the arithnetic unit 63 of the enbodi nent of the
present invention, however, the gait paraneters to be
calculated by the arithnetic unit 63 are not necessarily
limted to these. As other gait paraneters, it is also
possi bl e to cal cul ate, for exanpl e, a foot novenent direction
i ndicating the direction of novenent of a foot portion of the
subj ect S when wal ki ng, a foot angle indicating the direction
in which a foot portion points when it contacts the floor

surface, and the like. Further, out of the gait paraneters
descri bed above, only paraneters necessary for the subject S
may be specified and cal cul at ed.

[ 0083] [Display Unit]

The display unit 7 displays the calculation results of
gait paraneters by the arithnetic unit 63, and i s confi gured
from for exanple, a personal conputer or a tablet termnal
and for exanple, the calculation results can be stored in a
nmenory inside the personal conputer or tablet termnal to
facilitate data managenent of each subject S.

[ 0084] [Gait Anal ysis Prograni

Next, an overall process flowin the gait neasurenent

system1l will be described with reference to FIG 8.

[ 0085] <STEP 1: Determ nation of Subject’s Wl ki ng>
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When t he gait neasurenent systemlis started, the system
as a whole is first initialized, and then it is determ ned
whet her or not the subject Sis wal kinginsidethe neasurenent
area M
[ 0086] <STEP 2: Start of Measurenent>

Wen the subject S enters the neasurenent area M
nmeasurenents of a gait state of the subjects Sare started by
the foot pressure sensor 2, the foot position sensor 3, and
the waist position sensor 4. As described above, the
nmeasurenent by the foot pressure sensor 2 is continuously
per formed bef ore and after t he neasurenent areaM andt he vi deo
shooting by the imging device 9 may also be started
i rrespective of whet her or not the subject Sis walkinginside
t he neasurenent area M
[ 0087] <STEP 3: Reception of Data>

Once t he neasur enent of t he subject Sinthewal kingstate
i sstarted, thefoot pressure dataneasuredbythefoot pressure
sensor 2, the foot position data neasured by the foot position
sensor 3, and the wai st position date neasured by the wai st
positionsensor 4areindividuallytransmttedtothe wrel ess
communi cation unit 5 by radi o signals.

[ 0088] <STEP 4: Filter Processing>

O the neasurenent data received by the wreless
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communi cation unit 5, the foot position data and the wai st
position data pass through the filter processing unit 61, in
whi ch a processing to detect and renove noi se data included
in the data is perforned.
[ 0089] <STEP 5: Storage of Data>

The foot pressure data neasured by the foot pressure
sensor 2 and the processed foot position data obtained by
renmovi ng the noise data by the filter processing unit 61 are
stored inthe storage unit 62 in associ ati on wi t h neasur enent
tinme.
[ 0090] <STEP 6: Arithnetic Processing>

Based on the foot pressure data and the processed foot
position data stored in the storage unit 62, various gait
paraneters are calculated by the arithnetic unit 63 as
descri bed above.
[ 0091] <STEP 7: Qutput of Calculation Results>

The calculation results of gait paranmeters by the
arithnmetic unit 63 are displayed via the display unit 7 such
as a personal conputer or atablet term nal, andthecal cul ation
results are managed in the nenory of the personal conputer or
tabl et term nal
[ 0092] [Filter Processing Progran

Next, afilter processflowinthefilter processingunit
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61 will be described with reference to FIG 9. Because the
f oot positiondataandwai st positiondatahavethesane process
flow, filter processingof thefoot positiondataw || beminly
described in the foll ow ng process flow
[ 0093] <STEP 411: Reception of Foot Position Data>

The foot position data neasured by one tine of scanni ng
Wi th the foot position sensor 3 is transmtted tothe filter
processing unit 61 through the wirel ess conmuni cati on unit 5.
As descri bed above, the LRF used in the enbodi nent of the
present invention has a range scanning angle (vi ewi ng angl e)
of 240 deg and an angul ar resol ution of 0.36 deg, so that 667
sets (= 240 deg/ 0. 36 deg) of foot position data are acquired
by one tinme of scanning with the foot position sensor 3. (On
the other hand, necessary field-of-view data out of the
acquired data is data within the neasurenent area Mwhere t he
subject S wal ks, and therefore, it suffices to set only foot
position data in a region of arange scanni ng angl e of 180 deg
with reference to the foot position sensor 3 as targets.
Accordingly, 500 sets of foot position data are the targets
of foot position data that are actually used for the filter
processing by the filter processing unit 61.
[ 0094] <STEP 412: Coordi nat e Conversi on of Foot Position

Data i nto Othogonal Coordinate Systenp
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The foot position data neasured by the foot position
sensor 3 is distance data between the foot position sensor 3
and the subject S, and this data is converted to coordinate
data in an x-y orthogonal coordinate systemby trigononetric
function processing in the coordi nate conversion section 6la
t o obt ai n coordi nat e dat a accordi ngto each set of foot position
dat a.

[ 0095] <STEP 413: Approxi mation of Coordinate Data>

For respective sets of the coordinate-converted
coordi nate data, coordi nate data approxi mation is perforned
by dat a appr oxi mati on section 61b. Specifically, coordinate
data having been wunit-converted into [units of cm by
subtracting respective sets of coordinate data in [units of
m s subjected to an approximtion processing to a
predeterm ned nunber of significant digits (which is, for
exanple, two significant figures, but isnot limtedtothis
nunber) .

[ 0096] <STEP 414. Integration of Coordi nate Data>

Coordi nate data that becones the sane coordi nate val ue
i napredeterm ned region (for exanple, inacoordinate region
of 10 mmx 10 nm) t hrough t he approxi mati on of coordi nate data
I sintegratedas agroupof databy the dataintegrationsection

6lc.
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[ 0097] <STEP 415: Counting of Coordi nate Data>

The nunber of coordi nate data conposi ng each group of
datais cal cul ated by t he coor di nat e dat a counti ng secti on 61d.
[ 0098] <STEP 416: Setting of Threshol d>

As shown in FIG 4, wth the foot position sensor 3 from
whi ch a detection wave is irradi ated at a predeterm ned pitch
angl e, aninterval between adj acent detecti on waves i ncreases
with the distance away from the foot position sensor 3.
Theref ore, even when t he nunber of coordi nate data conposi ng
each group of data is the sane, their data densities are
di fferent according to the distance fromthe foot position
sensor 3, and it is hence necessary to consider the distance
bet ween t he coordi nate data and the foot position sensor 3.
Therefore, here, athreshold for a noise determ nation is set
according to the di stance between t he coordi nate data and t he
foot position sensor 3.
[ 0099] Specifically, when coordinate data conposing a
group of data are at predeterm ned cl ose di stances fromthe
foot position sensor 3, asnmall val ue may be set as athreshol d
Tla, and when they are at predeterm ned far di stances fromthe
foot position sensor 3, alarge val ue nay be set as athreshold
Tlc, and further, when they are at predeterm ned i nternedi ate

di stances fromthe foot position sensor 3, an internediate
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val ue may be set between the threshold Tla and the threshol d
Tlc as a threshold T1b.
[ 0100] <STEP 417: Noi se Determ nati on>

Based on the nunber of coordi nate data conposing each
group of data counted by the coordi nate data counti ng section
61d and the threshold Tla, T1lb, or Tlc determ ned accordi ng
to the distance fromthe coordinate data to the foot position
sensor 3, a determ nation whether or not the group of datais
m nute noise data is performed by the first determ nation
section 6le. Wen the nunber of coordi nate data conposingthe
group of datais |less than the threshold Tla, Tlb, or Tlc, the
group of data is determned to be mnute noise that is
irrelevant to the neasurenent target (subject S), and the
coordinate data i s del eted (STEP 418), and i s not used for the
subsequent arithmetic processing.
[0101] On the ot her hand, when the nunber of coordinate
dat a conposi ng t he group of datais not | ess thanthe threshold
Tla, Tlb, or Tlc, it can be judged that the group of data has
a certain size and is highly likely to be a foot portion of
the subject S. Then, the coordi nate data determ ned to be not
| essthanthethreshol dTla, Tlb, or Tlci s usedfor asubsequent
arithnmetic processing in detection of a foot portion of the

subject S by the second determ nation section 61i
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[0102] Here, the threshol d does not necessarily need to
be set at three |l evels |ike Tla, Tlb, and Tlc according to the
di stance of separation fromthe foot position sensor 3, and
It my be set to be, for exanple, at two | evel s or four | evels
or nore, and its range can be appropriately changed.
[ 0103] <STEP 421: Setting of Detection Point Coordi nat es>

For a group of data determned to be not less than a
predeterm nedthresholdbythefirst determ nati onsection6le
coor di nat e dat a consi sti ng of t he sane coor di nat es t hat conpose
the group of data are set as detection point coordi nates by
the detection point coordinate setting section 61f.
[ 0104] <STEP 422: Setting of Specific Detection Point
Coor di nat es>

From anong t he detection point coordi nates set by the
detection point coordinate setting section 61f, specific
det ecti on poi nt coordi nates that are speci fi ed detecti on poi nt
coordi nates are selected by the specific detection point
coordi nate setting section 61g.
[ 0105] <STEP 423: Setting of Determ nation Area centered
on Specific Detection Point Coordi nates>

A predeterm ned determ nation area is set by the area
setting section 61h centered on the specific detection point

coordi nates selected by the specific detection point
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coordi nate setting section61g. Specifically, as showninFIG
10, coordinates (xi+a, yi), (xi-a, yi), (xi, yi+a), and (xi,
yi-a) are defined (a is a constant) as a peripheral region
centered on specific detection point coordinates (xi, yi) in
a predet erm ned regi on on an ort hogonal coordi nate systemw th
the detection point coordi nates plotted.
[ 0106] The “a” can be set to a predeterm ned val ue as t he
si ze of an average ankl e circunference of the subject Sto be
a detectiontarget, andis set to“a=5cni in the enbodi nent
of the present invention, however, it is not necessarily
limted to this value, and can be appropriately changed
according to the size of the subject S s ankles. When
det ecti on of noi se data around t he wai st positionis perforned
by the wai st position sensor 4, a value on the order of, for
exanple, “a = 40 cnf is set.
[0107] <STEP 424:. Foot Portion Determ nation>

On the coordinates (xi+a, yi), (xi-a, yi), (xi, yi+a),
and (xi, yi-a) set by the area setting section 61h, whether
or not the detection point coordi nates exi st i s confirned, and
when a predeterm ned threshold T2 or nore (for exanple, three
or nore) detection point coordinates exist, the second
determ nati on section 61i determ nes themas aggregat ed data

having a certain spread centered on the specific detection
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poi nt coordinates and that the specific detection point
coordi nate data is a foot portion of the subject S

[ 0108] On t he ot her hand, when det ecti on poi nt coordi nat es
are | ess t han a predet erm ned nunber, the second determ nation
section 61li determ nes themas dat a not having a certain spread
centered on the specific detection point coordi nates and t hat
the specific detection point coordinate data is an object
smal | er by one size than a foot portion of the subject S (for
exanple, a wal king stick which the subject S carries wth
hi mf her when wal ki ng) and i s thus of a detection object other
than a foot portion of the subject S

[0109] The specific det ection poi nt coor di nat es
determ ned to be a part of the foot portion of the subject S
by t he second determ nati on section 61i aretransmttedtothe
storage unit 62 as processed foot position data together with
foot pressure data in correlation with processing tine, and
used for the cal cul ation of gait paraneters by the arithnetic
unit 63. On the other hand, when the data is determned to
be an obj ect other than a foot portion of the subject S by the
second determ nation section 61i, it is data unrelated to the
cal culation of gait paraneters and is therefore del eted (STEP
425), or transm ssionto the storage unit 62 is not perforned.

[0110] As above, al though a descri ption has been gi ven of
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a noi se process flowof the foot position data, for the wai st
position data acquired by the waist position sensor 4,
processing is also perfornmed by a simlar process flow, and
fromthe wai st position data neasured by the wai st position
sensor 4, extraction and renoval of unnecessary noise data
existing around the waist position are perforned. As
descri bed above, the wai st position datais not directly used
for the calculation of gait paraneters, and is used for
increasingreliability of the foot positiondatainthefilter
processing flow by the filter processing unit 61.

[0111] As above, a gait neasurenent system a gait
nmeasur enent program and a gait neasurenent net hod accordi ng
to the present invention enable accurately grasping a gait
state of a subject and efficiently guiding the subject to
hi s/ her objective gait notion.

Ref erence Signs List

[0112] 1 Gait neasurenent system

2 Foot pressure sensor

3 Foot position sensor

4 Wai st position sensor

5 Wrel ess communi cation unit

6 Gait anal ysis device

61 Filter processing unit
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6la Coordi nate conversion section

61b Data approximation section

61c Data integration section

61d Coordinate data counting section
6le First determ nation section

61f Det ecti on point coordinate setting section
61lg Specific detection point coordinate setting section
61h Area setting section

61i Second determ nation section

62 Storage unit

63 Arithmetic unit

63a (Gait state calculation section
63b Step length cal culation section
63c Stride cal culation section

63d Step width cal cul ation section
63e Step cal cul ation section

63f Gait cycle calculation section
63g Gait velocity calcul ation section
63h Cadence cal cul ati on section

7 Di splay unit

8 Housi ng unit

81 Base portion

82 Pol e portion
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83 Cover portion

83a, 83b Sensor wi ndow
83c | magi ng w ndow

84 Power supply section
9 | magi ng device

S Subj ect
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CLAI M5
[Caim1l] A gait neasurenent system conpri sing:

a foot pressure sensor which neasures a foot pressure
of a subject and outputs neasured foot pressure data;

a foot position sensor which neasures a foot position
of the subj ect based on areflection state of a detecti on wave
that i s horizontallyirradi ated at a predeterm ned pitch angl e
and out puts neasured foot pressure data; and

a gait analysis device having a filter processing unit
whi ch renoves noi se data included in the foot position data
and out put s processed foot position data obtai ned by renovi ng
t he noi se data, a storage unit which stores the foot pressure
data output fromthe foot pressure sensor and the processed
foot position data in association with neasurenent tinme, and
an arithnmetic unit which calculates a predeterm ned gait
par anet er of the subject based on the foot pressure data and
the processed foot position data.

[Caim?2] The gait neasurenent systemaccording to claiml,
wherein

the filter processing unit has:

a coordi nat e conversi on secti on which converts the foot
position data to coordi nate data i n an orthogonal coordi nate

syst em
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a data approxi mation section which approximtes the
coordinate data to a predeterm ned nunber of significant
digits;

adataintegration sectionwhichintegratesinto agroup
of data the coordinate data that becones the sane coordi nate
val ue through the approximation by the data approximtion
section;

a coordinate data counting section which counts the
coordi nate data conposi ng the group of data; and

afirst determ nation section which determ nes the group
of data as noise when the nunber of the coordinate data
conposing the group of data is less than a predeterm ned
threshol d set according to a distance fromthe foot position
sensor to a neasurenment target.

[Caim3] The gait neasurenent systemaccording to claim2
wherein the filter processing unit has:

a detection point coordi nate setting section which sets
as detection poi nt coordi nates, the coordi nat e data conposi ng
a group of data determ ned to be not I ess than the threshold
by the first determ nation section;

a specific detection point coordinate setting section
which selects specified detection point coordinates as

specific detection point coordi nates fromanong t he detecti on
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poi nt coordi nat es;

an area setting section which sets a predeterm ned
determi nation area centered on the specific detection point
coor di nates; and

a second determ nation section which determnes the
speci fic detectionpoint coordi natestobe aneasurenent target
when a pr edet er mi ned nunber of the detecti on poi nt coordi nates
exi st around the specific detection point coordinates in the
determ nation area.
[Caim4] The gait neasurenent systemaccording to claiml,
wherein

the gait neasurenent systemconprises a wai st position
sensor which nmeasures a wai st position of the subject based
on a reflection state of a detection wave horizontally
i rradi ated at a predet erm ned pitch angl e and out put s neasur ed
wai st position data, and

thefilter processingunit specifies noisedataincluded
inthe foot position data based on noi se data i ncluded in the
wai st position data.
[Cdaim5] The gait neasurenent systemaccording to claiml,
wherein

the arithnmetic unit includes

a step | engt h neasurenent section which neasures a step
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| engt h of the subj ect based onthe processed foot positiondata
stored in the storage unit corresponding to tine at which a
predeterm ned contact state of an n-th step (n is a natural
nunber) of one of the left and right feet of the subject when
wal ki ng i s determ ned based on the foot pressure data and t he
processed foot position data stored in the storage unit
corresponding to tinme at which a predeterm ned contact state
of an (n+l)-th step of the other of the left and right feet
of the subject when waling is determ ned based on the foot
pressure dat a.
[Caim6] The gait neasurenent systemaccording to claiml,
wherein

the arithnmetic unit includes

a stride neasurenent section which neasures a stride of
t he subj ect based on the processed foot position data stored
in the storage unit corresponding to time at which a
predeterm ned contact state of an n-th step (n is a natural
nunber) of one of the left and right feet of the subject when
wal king is determ ned based on the foot pressure data, the
processed foot position data stored in the storage unit
corresponding to tinme at which a predeterm ned contact state
of an (n+l)-th step of the other of the left and right feet

of the subject when wal king is determ ned based on the foot
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pressure data, and t he processed foot position data stored in
the storageunit correspondingtotinme at whicha predeterm ned
contact state of an (n+2)-th step of the one of the I eft and
right feet of the subject when wal king i s determ ned based on
the foot pressure data.
[Caim7] The gait neasurenent systemaccording to claiml,
wherein

the arithnmetic unit includes

a step wi dth neasurenent section which neasures a step
wi dt h of the subj ect based on t he processed foot position data
stored in the storage unit corresponding to tinme at which a
predeterm ned contact state of an n-th step (n is a natural
nunber) of one of the left and right feet of the subject when
wal ki ng i s determ ned based on the foot pressure data and t he
processed foot position data stored in the storage unit
corresponding to tine at which a predeterm ned contact state
of an (n+l)-th step of the other of the Ieft and right feet
of the subject when wal king is determ ned based on the foot
pressure dat a.
[Caim8] The gait neasurenent systemaccording to claiml,
wherein

the arithnmetic unit includes

a step neasurenent section which cal cul ates the nunber
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of steps in a neasurenent target area based on a contact or
separation state of one and the other of the left and right
feet of the subject when wal ki ng, based on the foot pressure
dat a.

[Caim9] Agait nmeasurenent programthat causes a conputer
to execute:

a foot pressurereceivingstepof receivingfoot pressure
data indicating a foot pressure of a subject neasured in a
nmeasurement target area;

a foot position data receiving step of receiving foot
position data indicating a foot position of the subject
nmeasured in the neasurenent target area;

a noi se detecting step of detecting noi se data incl uded
in a foot position data;

a storage step of storing the foot pressure data and
processed f oot position data obtai ned by renovi ng t he det ect ed
noi se data in association with neasurenent tinme; and

a calculation step of calculating a predeterm ned gait
par anet er of the subject based on the foot pressure data and
the processed foot position data.

[Caiml10] The gait neasurenent programaccording to claim9,
wherein

t he noi se detecting step has:
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a coordinate converting step of converting the foot
position data to coordi nate data i n an orthogonal coordi nate
system

an approxi mati on step of approximating the coordi nate
data to a predeterm ned nunber of significant digits;

an integration step of integrating into a group of data
the coordi nate data that becones the sane coordi nate val ue;

acounting step of countingthe coordi nat e dat a conposi ng
the group of data;

a first determnation step of determ ning the group of
dat a as noi se when t he nunber of the coordi nat e data conposi ng
the group of data is |less than a predeterm ned threshold.
[Caimll] The gait neasurenent programaccording to claim9,
wherein

a step of renpvi ng nose dataincludedinthefoot position
dat a has:

a detection point coordinate setting step of setting,
as detection poi nt coordi nates, the coordi nat e data conposi ng
t he group of data determ ned to be not | ess than the threshold
by the first determ nation step;

a specific detection point coordinate setting step of
sel ecting specific coordinates as specific detection point

coordi nates from anong the detection point coordi nates;
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an area setting step of setting a predeterm ned
determi nation area centered on the specific detection point
coor di nates; and

a second determ nation step of determ ning the specific
detecti on point coordinates to be a neasurenent target when
a predet erm ned nunber of t he det ecti on poi nt coordi nat es exi st
around the specific detection point coordinates in the
determ nation area.

[Caim12] A gait neasurenent nethod conpri sing:

a foot pressurereceivingstepof receivingfoot pressure
data indicating a foot pressure of a subject neasured in a
nmeasurement target area;

a foot position data receiving step of receiving first
foot position data indicating a foot position of the subject
nmeasured in the neasurenent target area;

a noi se renoving step of renoving noi se data included
in the foot position data;

a storage step of storing the foot pressure data and
processed foot position data obtained by renoving the noise
data, in association with nmeasurenent tine; and

a calculation step of calculating a predeterm ned gait
par anet er of the subject based on the foot pressure data and

the processed foot position data.
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