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Description

TECHNICAL FIELD

[0001] This invention relates to a centroid position detector device which measures loads on the soles of a wearing
person and detects a shift of a position of a center of gravity of the wearing person according to a change of the measured
loads, and relates to a wearing type action assistance device including the centroid position detector device.

BACKGROUND ART

[0002] A wearing type action assistance device is under development (see Patent Document 1 listed below). For
example, when a person has an arm or a leg that does not easily work due to a disease of its joint or the joint does not
easily work due to deterioration of a muscular power of the person, the person may wear this wearing type action
assistance device by attaching an action assisting tool to the arm or the leg, in order to assist the action of the person
around the joint.

[0003] This wearing type action assistance device is arranged to detect a myoelectricity signal that takes place ac-
cording to a wearing person’s intention, and arranged to generate a control signal to control a motor of the action assisting
tool, based on the detected myoelectricity signal. Hence, the wearing type action assistance device enables a driving
force of the action assisting tool to be transmitted to the arm or the leg as if by the wearing person’s own muscular power.
[0004] When a walk action is performed by the wearing person, an assisting torque (assisting force) by the motor is
controlled based on the detected myoelectricity signal as described above, and a position of a center of gravity (centroid
position) of the wearing person according to the walk action is detected by measuring a load (weight) acting on the soles
of the wearing person. The timing of outputting the assisting torque from the motor is adjusted in accordance with the
walking speed of the wearing person and the timing of the alternate motions of the right and right feet. Thereby, the
wearing person who receives the assisting torque from the motor is able to walk smoothly as if by the wearing person’s
own muscular power.

[0005] In a centroid position detector device according to the related art, a center-of-gravity sensor (reaction sensor)
which detects a position of a center of gravity of a wearing person is attached to each of the soles of the wearing person.
Using such sensors, the loads acting on the soles of the right and left feet accompanied with a walk action are detected,
and a position of the center of gravity of the wearing person is determined based on changes of the loads on the soles
of the right and left feet. As an example of the center-of-gravity sensor, for example, Patent Document 2 listed below
discloses a plurality of pressure-sensitive sensors arranged to detect pressures of the weight acting on the right and left
feet of a person.

Patent Document 1: Japanese Laid-Open Patent Publication No. 2005-95561
Patent Document 2: Japanese Laid-Open Patent Publication No. 2006-204730

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] However, the centroid position detector device according to the related art uses a pressure-sensitive sensor
as the center-of-gravity sensor, which is arranged to detect a pressure (reaction force) of the weight of the wearing
person according to a walk action. The weight of the wearing person acts on the pressure-sensitive sensor repeatedly
according to the walk action, and a deformation takes place by an action of the sole of the wearing person. A film-like
conductive layer formed in the pressure-sensitive sensor is likely to fracture due to the deformation. There is a problem
in that the centroid position detector device according to the related art has poor durability.

[0007] Accordingly, in an aspect of the invention, the present disclosure provides a centroid position detector device
in which one or more of the above-described problems are reduced or eliminated, and a wearing type action assistance
device including the centroid position detector device.

MEANS FOR SOLVING THE PROBLEM

[0008] According to a first aspect of the present invention, there is provided a centroid position detector device com-
prising: a load measuring part fitted in contact with a sole side of a foot of a person and configured to measure a value
of a load on the sole side of the foot of the person; and a centroid detecting unit configured to detect a position of a
center of gravity of the person based on a change in the load value measured by the load measuring part; characterised
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in that: the load measuring part is configured to measure the value of the load on the sole side of the foot of the person
based on a capacitance that varies according to a shift of a weight of the person; and the load measuring part comprises:
a sheet-like elastic plate having elasticity, an upper electrode bonded to a top surface of the elastic plate, and a lower
electrode bonded to a bottom surface of the elastic plate; wherein the load measuring part is arranged to detect a
capacitance between the upper electrode and the lower electrode; and wherein one of the upper and lower electrodes
is grounded, the other of the upper and lower electrodes is connected to a constant-voltage power source, and the
capacitance is computed based on a time taken by a value of a voltage between the upper electrode and the lower
electrode to reach a predetermined value.

[0009] The load measuring part may be arranged to measure loads at two positions, corresponding to a tiptoe and a
heel, on the sole side of the foot.

[0010] The load measuring part may be arranged in an insole of a shoe.

[0011] According to a second aspect of the invention, there is provided a centroid position detector device comprising:
a load measuring part fitted in contact with a sole side of a foot of a person and configured to measure a value of a load
on the sole side of the foot of the person; and a centroid detecting unit configured to detect a position of a center of
gravity of the person based on a change in the load value measured by the load measuring part; characterised in that:
the load measuring part is configured to measure the value of the load on the sole side of the foot of the person based
on a capacitance that varies according to a shift of a weight of the person; and the load measuring part comprises: a
lower ground electrode; a lower elastic plate laminated on a top surface of the lower ground electrode; a voltage sensing
electrode laminated on a top surface of the lower elastic plate; an upper elastic plate laminated on a top surface of the
voltage sensing electrode; and an upper ground electrode laminated on a top surface of the upper elastic plate, wherein
the load measuring part is arranged to detect the capacitance based on a time taken by a voltage detected from the
voltage sensing electrode to reach a predetermined reference voltage.

[0012] Theload measuring part may be arranged so that the lower ground electrode, the lower elastic plate, the voltage
sensing electrode, the upper elastic plate, and the upper ground electrode are laminated and bonded together.

[0013] In an embodiment of the centroid position detector device according to the first aspect, the lower electrode is
a first electrode sheet having a plurality of electrode wires arranged in parallel with a first direction at intervals of a
predetermined distance; the elastic plate is an elastic sheet laminated on a top surface of the first electrode sheet; and
the upper electrode is a second electrode sheet laminated on a top surface of the elastic sheet and having a plurality of
electrode wires arranged in parallel with a second direction at intervals of a predetermined distance, the second direction
being not parallel to the first direction, wherein a capacitance is sequentially detected at each of a plurality of points
where the electrode wires of the first electrode sheet and the electrode wires of the second electrode sheet intersect
each other.

[0014] In one embodiment, the first electrode sheet and the second electrode sheet are formed of a film-like flexible
substrate, the elastic sheet is interposed between the first electrode sheet and the second electrode sheet, and the first
electrode sheet, the elastic sheet, and the second electrode sheet are laminated and bonded together.

[0015] According to a third aspect of the invention, there is provided a wearing type action assistance device including:
the centroid position detector device according to the first aspect or the second aspect; an actuator to generate an action
assisting force; a frame to transmit a driving force of the actuator to the foot of the wearing person; a biosignal detecting
part to detect a biosignal from the wearing person accompanied with a walk action of the wearing person; and a control
unit to control the driving force of the actuator based on the biosignal detected by the biosignal detecting part and the
position of the center of gravity detected by the centroid position detector device.

[0016] Theload measuring part may include: a first load measuring part to measure a right foot load acting on a bottom
surface of a right foot of the wearing person; a second load measuring part to measure a left foot load acting on a bottom
surface of a left foot of the wearing person; and a detecting part to detect a position of the center of gravity of the wearing
person based on a ratio of the right foot load measured by the first load measuring part and the left foot load measured
by the second load measuring part.

EFFECTS OF THE INVENTION

[0017] According to the present disclosure, a change of a capacitance according to a shift of the weight of a wearing
person is detected and a shift of a position of the center of gravity of the wearing person is detected.

[0018] The capacitance according to the loads on the soles of the wearing person can be detected even if some of
the electrodes are damaged. It is possible to detect a position of the center of gravity even if a deformation takes place
repeatedly by an action of the wearing person, and it is possible to remarkably increase the durability of the centroid
position detector device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a perspective view of a front side of a wearing type action assistance device of an embodiment of the
invention which is worn by a person.

FIG. 2 is a perspective view of a rear side of a wearing type action assistance device of an embodiment of the
invention which is worn by a person.

FIG. 3 is a bottom view (backside) of load measuring parts 50 and 52.

FIG. 4is aperspective viewillustrating a condition of an action-assisting wearing frame 18 before itis worn by a person.
FIG. 5A is a diagram for explaining a manufacturing step 1 of the load measuring part 50 or 52.

FIG. 5B is a diagram for explaining a manufacturing step 2 of the load measuring part 50 or 52.

FIG. 5C is a diagram for explaining a manufacturing step 3 of the load measuring part 50 or 52.

FIG. 5D is a diagram for explaining a manufacturing step 4 of the load measuring part 50 or 52.

FIG. 5E is a diagram for explaining a manufacturing step 5 of the load measuring part 50 or 52.

FIG. 5F is a diagram for explaining a manufacturing step 6 of the load measuring part 50 or 52.

FIG. 5G is a diagram for explaining a manufacturing step 7 of the load measuring part 50 or 52.

FIG. 6 is a circuit diagram illustrating an equivalent circuit of the load measuring part 50 or 52.

FIG. 7 is a diagram for explaining a change of a voltage of a capacitor C (reaction sensor).

FIG. 8A is a diagram for explaining operation of the load measuring part 50 or 52 when a heel of a wearing person
12 contacts a floor surface.

FIG. 8B is a diagram for explaining operation of the load measuring part 50 or 52 when the sole surface of the
wearing person 12 contacts the floor surface.

FIG. 8C is a diagram for explaining operation of the load measuring part 50 or 52 when only a tiptoe of the wearing
person 12 contacts the floor surface.

FIG. 8D is a diagram for explaining operation of the load measuring part 50 or 52 when the foot of the wearing
person 12 is separated from the floor surface.

FIG. 9 is a top view of the locus of shifts of a center of gravity of a wearing person accompanied with a walk action
of the wearing person.

FIG. 10 is a diagram for explaining transitional changes of detection signals output from reaction sensors 50a, 50b,
52a and 52b.

FIG. 11 is a block diagram illustrating the composition of a wearing type action assistance device in which an action-
assisting wearing frame 18 and a control device 400 are associated with each other.

FIG. 12is aflowchartfor explaining areaction sensor calibration process whichis performed by the control device 400.
FIG. 13 is a flowchart for explaining a centroid position detection process 1 which is performed by the control device
400 accompanied with a walk action.

FIG. 14 is a flowchart for explaining a centroid position detection process 2 which is performed by the control device
400 accompanied with a walk action.

FIG. 15 is a bottom view of a modification 1 of the load measuring part 50 or 52.

FIG. 16 is a bottom view of a modification 2 of the load measuring part 50 or 52.

FIG. 17 is an exploded perspective view of a modification 3 of the load measuring part 50 or 52.

FIG. 18 is an exploded perspective view of a modification 4 of the load measuring part 50 or 52.

DESCRIPTION OF REFERENCE NUMERALS

[0020]

10 wearing type action assistance device
12 wearing person

18 action-assisting wearing frame
20, 22, 24, 26 drive motor

36 control unit

38a, 38b, 40a, 40b, 42a, 42b, 44a, 44b biosignal detecting sensor

50, 52, 50A, 52A, 50B, 52B, 50C, 52C, 50D, 52D  load measuring part

50a, 50b, 52a, 52b reaction sensor

58 first frame

64 first joint

66 second joint
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60 second frame

62 third frame

84 shoe

100 lower ground electrode
102 electrode connecting terminal
104 connecting cable

106, 174 ground line

110 lower elastic plate

120 protective rubber plate
130 tiptoe sensing electrode
132,142 terminal

140 heel sensing electrode
152, 154 core

160 upper elastic plate

170 upper ground electrode
180 protective rubber plate
200 equivalent circuit

300 foot

310 heel

320 tiptoe

330 floor surface

340 moving path

400 control device

410 biosignal processing unit
420 voluntary control unit
430 drive signal generating unit
440 centroid position detecting unit
460 memory

610 lower ground electrode
620 lower elastic layer

630 electrode layer

640 upper elastic layer

650 upper ground electrode
612,632, 652 flexible wiring board

710 lower electrode sheet
712,732 electrode wire

720 elastic layer

730 upper electrode sheet

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] A description will be given of embodiments of the invention with reference to the accompanying drawings.
Embodiment 1

[0022] FIG. 1 is a perspective view of a front side of a wearing type action assistance device of an embodiment of the
invention which is worn by a wearing person. FIG. 2 is a perspective view of a rear side of the wearing type action
assistance device which is worn by the wearing person.

[0023] As illustrated in FIGs. 1 and 2, the wearing type action assistance device (which will be referred to as "action
assistance device") 10 is to assist a walk action of a person having a difficulty in his own walking ability, such as a
disabled person with a troubled leg due to the loss of the muscular strength of a skeletal muscle or a patient who performs
rehabilitation of locomotion. The action assistance device 10 detects a biosignal (a muscular line potential) generated
when the muscular power is produced in accordance with a signal from the brain, and controls a driving force of the
actuator based on the detected signal.

[0024] If a wearing person 12 who wears the action assistance device 10 performs a walk action in accordance with
his own intention, the driving torque of the actuator according to the biosignal generated according to the walk action is
transmitted from the action assistance device 10 to the wearing person as the action assisting force. Hence, the wearing
person 12 is able to walk while the total weight is supported by a resultant force of his own muscular power and the
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driving torque output from the actuator (in this embodiment, an electromotive drive motor is used). Therefore, the wearing
person 12 is allowed to walk by a muscular power, namely equivalent to, for example, half the muscular power needed
for a normal walk action.

[0025] As will be described below, the action assistance device 10 controls the action assisting force (the motor torque)
according to a shift of the center of gravity accompanied with a walk action, in order to follow the intention of the wearing
person 12. Therefore, the actuator of the action assistance device 10 is controlled to avoid applying a load, namely
contrary to the intention of the wearing person 12, and in order not to impede the action of the wearing person 12.
[0026] Besides the walk action, the action assistance device 10 may be also used to assist an action of the wearing
person 12 when he stands up from a sitting position in which he sits on a chair, or an action of the wearing person 12
when he sits on a chair from a stand-up position. Furthermore, the action assistance device 10 may be also used to
assist an action of the wearing person 12 when the wearing person 12 goes up a stairway or goes down a stairway.
Especially when the muscular power has weakened, it is difficult to perform the stairway going-up action or the standing-
up action from the chair. However, the wearing person 12 who wears the action assistance device 10 is able to receive
the driving torque of the actuator according to his own intention, and able to act without caring about deterioration of the
muscular power.

[0027] Next, the composition of the wearing type action assistance device 10 will be described. As illustrated in FIGs.
1 and 2, the wearing type action assistance device 10 includes an action-assisting wearing frame 18 which is worn by
the wearing person 12, and an actuator arranged in the action-assisting wearing frame 18. This actuator includes a right-
thigh drive motor 20 disposed at a right-hand side hip joint of the wearing person 12, a left-thigh drive motor 22 disposed
at a left-hand side hip joint of the wearing person 12, a right-knee drive motor 24 disposed at a right knee joint of the
wearing person 12, and a left-knee drive motor 26 disposed at a left knee joint of the wearing person 12. Each of these
drive motors 20, 22, 24, and 26 is made of an electric motor, such as a DC motor or an AC motor, the driving torque of
which is controlled by a control signal output from a control device. Each of the drive motors 20, 22, 24, and 26 includes
a reduction mechanism (which is built in the actuator) which reduces a rotation speed of the drive motor in accordance
with a predetermined reduction ratio. These drive motors are small in size but provide a sufficient driving force. Alterna-
tively, a slim ultrasonic motor may be used as a drive motor, in order to reduce the installation space.

[0028] Batteries 32 and 34 are disposed on a belt-like waist fastening member 30 which is attached to the waist of
the wearing person 12, and these batteries function as power sources for supplying power to drive the drive motors 20,
22,24, and 26. The batteries 32 and 34 are rechargeable batteries, and they are arranged on the right and left sides so
that they may not interfere with the walk action of the wearing person 12.

[0029] A control unit 36 in which a control device 400 (which will be described later) is accommodated is attached to
a rear side of the waist fastening member 30 which corresponds to the back side of the wearing person 12.

[0030] The action assistance device 10 further includes biosignal detecting sensors 38a and 38b which detect a
myoelectricity signal accompanied with a motion of the right thigh of the wearing person 12, biosignal detecting sensors
40a and 40b which detect a myoelectricity signal accompanied with a motion of the left thigh of the wearing person 12,
biosignal detecting sensors 42a and 42b which detect a myoelectricity signal accompanied with a motion of the right
knee of the wearing person 12, and biosignal detecting sensors 44a and 44b which detect a myoelectricity signal
accompanied with a motion of the left knee of the wearing person 12. Each of these biosignal detecting sensors 38a,
38b, 40a, 40b, 42a, 42b, 44a and 44b is a biosignal detecting unit which detects through the skin a myoelectricity signal,
such as a muscular line potential signal or a nerve transfer signal. Each biosignal detecting sensor includes electrodes
(not illustrated) for detecting a weak electric potential. In this embodiment, each of the biosignal detecting sensors 38a,
38b, 40a, 40b, 42a, 42b, 44a and 44b is stuck on the skin surface of the wearing person 12 with an adhesive seal that
covers the periphery of the electrodes of the sensor.

[0031] In ahuman body, acetylcholine as a synaptic transmitter is present to the surface of muscles forming a skeletal
muscle according to a command from the brain, and the ion permeability of the muscular fiber film is changed to generate
an activation potential. By this activation potential, the muscular fibers are contracted to generate muscular power.
Hence, if a muscular line potential signal of the skeletal muscle is detected, estimating muscular power produced in a
case of a walk action is possible. Therefore, it is possible to determine an assisting force needed for the walk action,
from the virtual torque based on the estimated muscular power.

[0032] Accordingly, the action assistance device 10 is arranged so that the driving currents to be supplied to the four
drive motors 20, 22, 24, and 26 are determined based on the biosignals detected by the biosignal detecting sensors
38a, 38b, 40a, 40b, 42a, 42b, 44a and 44b, the drive motors 20, 22, 24, and 26 are driven in accordance with the
determined driving currents, and the assisting force is given to the wearing person 12 in order to assist the walk action
of the wearing person 12.

[0033] To smoothly shift a position of the center of gravity of a wearing person 12 during a walk action, it is necessary
to detect the position of the center of gravity by detecting the loads on the soles of the wearing person 12. For this
purpose, load measuring parts 50 and 52 (which are indicated by the dotted lines in FIGs. 1 2) are arranged on the soles
of the right and left feet of the wearing person 12 to measure the loads at a plurality of points on the sole surface.
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[0034] The load measuring parts 50 and 52 are arranged so that each load measuring part is fitted in intimate contact
with the sole surface. The load measuring parts 50 and 52 are arranged so that each load measuring part detects a
reaction force which changes according to a shift of the weight of the wearing person accompanied with a walk action.
[0035] FIG. 3 is a bottom view of the load measuring parts 50 and 52. As illustrated in FIG. 3, the load measuring
parts 50 and 52 include reaction sensors 50a, 50b, 52a and 52b which are formed to measure two reaction forces to
the loads at the tiptoe and the heel on each of the right and left soles of the wearing person 12.

[0036] The reaction sensor 50a detects a reaction force Ra to the load on the front side of the right foot (right foot
tiptoe), and the reaction sensor 50b detects a reaction force Rb to the load on the rear side of the right foot (right foot
heel). The reaction sensor 52a detects a reaction force La to the load on the front side of the left foot (left foot tiptoe),
and the reaction sensor 52b detects a reaction force Lb to the load on the rear side of the left foot (left foot heel). Each
of these reaction sensors 50a, 50b, 52a and 52b is arranged to detect through a change of a capacitance the load on
each of the right foot and the left foot of the wearing person 12 during the walk action. Each reaction sensor can detect
a change of the load accompanied with a shift of the weight of the wearing person, and can detect whether the foot of
the wearing person 12 is in contact with the ground surface.

[0037] FIG. 4 illustrates a condition of the action-assisting wearing frame 18 before the action-assisting wearing frame
18 is worn by a person. As illustrated in FIG. 4, the action-assisting wearing frame 18 includes a waist fastening member
30 which is attached to the waist of the wearing person 12, a right foot assisting portion 54 which is disposed below the
right side part of the waist fastening member 30, and a left foot assisting portion 55 which is disposed below the left side
part of the waist fastening member 30. A fitting part 31 is attached to and fitted into contact with the rear side of the waist
fastening member 30 to eliminate a gap between the waist fastening member 30 and the rear side of the waist of the
wearing person 12.

[0038] The right foot assisting portion 54 and the left foot assisting portion 55 are arranged in a symmetrical formation.
Each of the assisting portions 54 and 55 includes a bracket 56 which is fixed to the waist fastening member 30, a first
frame 58 which is formed to extend downward from the bracket 56 along the outer side of the thigh of the wearing person
12, a second frame 60 which is formed to extend downward from the first frame 58 along the outer side of the knee of
the wearing person 12, and a third frame 62 to which the sole of the foot of the wearing person 12 (or the sole of the
shoe when the shoes are worn) is attached.

[0039] A firstjoint 64 having a bearing structure is interposed between the lower end of the bracket 56 and the upper
end of the first frame 58 and this first joint 64 connects the bracket 56 and the first frame 58 to be rotatable with each
other. The first joint 64 is disposed at a height position, namely the same as a height position of the hip joint of the
wearing person 12. The bracket 56 is secured to the support side of the first joint 64, and the first frame 58 is secured
to the rotation side of the first joint 64. Drive motors 20 and 22 are internally built into the first joint 64, and the appearance
of the first joint 64 and the drive motors 20 and 22 is integral.

[0040] A second joint 66 having a bearing structure is interposed between the lower end of the first frame 58 and the
upper end of the second frame 60, and this second joint 66 connects the second frame 58 and the third frame 62 to be
rotatable with each other. The second joint 66 is disposed at a height position, namely the same as a height position of
the knee joint of the wearing person 12. The second frame 58 is secured to the support side of the second joint 66, and
the third frame 62 is secured to the rotation side of the second joint 66. Drive motors 24 and 26 are internally built in the
second joint 66, and the appearance of the second joint 66 and the drive motors 24 and 26 is integral.

[0041] A third joint 68 having a bearing structure is interposed between the lower end of the second frame 60 and the
upper end of the third frame 62, and this third joint 68 connects the second frame 60 and the third frame 62 to be rotatable
with each other. A shoe 84 is secured to the inner side of the third frame 62, and the shoe 84 covers the foot of the
wearing person 12.

[0042] In this embodiment, the load measuring parts 50 and 52 described above are inserted in the insoles of the
shoes 84 respectively. Therefore, when the wearing person 12 wears the shoes 84, the sole sides of the wearing person
12 are held in a condition that the sole sides of the wearing person 12 are fitted in contact with the load measuring parts
50 and 52 inserted in the insoles of the shoes 84. If one of the load measuring parts 50 and 52 fails, the defective part
can be easily exchanged with a new part.

[0043] Alternatively, the load measuring parts 50 and 52 may be configured into other parts different than the insoles
of the shoes 84. For example, the load measuring parts 50 and 52 may be formed into parts which are fitted in contact
with the sole sides of socks, tabi-socks, sandals, or slippers.

[0044] The first frame 58 is arranged so that the wearing person can perform a walk action using the first joint 64 as
a rotational fulcrum to the bracket 56 fixed to the waist fastening member 30. The second frame 60 frame is arranged
so that the wearing person can perform a walk action using the second joint 66 as a rotational fulcrum. Namely, the first
frame 58 and the second frame 60 are arranged to function in the same manner as the feet of the wearing person 12.
[0045] The third joint 68 is arranged so that the third joint 68 is located on the side of the ankle of the wearing person
12. Therefore, the angle of the shoe 84 to the floor surface (or ground surface) changes in accordance with the rotational
operation of the third joint 68 during a walk action, similar to that in a case of the ankle of the wearing person 12.
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[0046] The firstjoint 64 and the second joint 66 are arranged so that a driving torque from each of the revolving shafts
of the drive motors 20, 22, 24, and 26 may be transmitted through the reduction gears to the first frame 58 and the
second frame 60.

[0047] Each of the drive motors 20, 22, 24, and 26 includes an angle sensor which detects a joint angle. For example,
these angle sensors are formed from a rotary encoder which counts the number of pulses proportional to the joint angle
of the first joint 64 or the second joint 66, and outputs an electrical signal indicating the number of pulses corresponding
to the joint angle as a sensor output.

[0048] The angle sensor of the first joint 64 detects a rotation angle between the bracket 56 and the first frame 56
corresponding to a joint angle of the hip joint of the wearing person 12. The angle sensors of the second joint 66 detect
a rotation angle between the lower end of the first frame 58 and the second frame 60 corresponding to a joint angle of
the knee joint of the wearing person 12.

[0049] A belt-like thigh fastening member 78 which is attached to the thigh of the wearing person 12 is attached to an
intermediate position of the first frame 58 in the longitudinal direction thereof. A fitting part 79 is attached to and fitted
in contact with the inner side of the thigh fastening member 78 to eliminate a gap between the thigh fastening member
78 and the thigh of the wearing person 12.

[0050] A belt-like knee fastening member 80 which is attached to the knee of the wearing person 12 is attached to an
intermediate position of the second frame 60 in the longitudinal direction thereof. A fitting part 81 is attached to and fitted
in contact with the inner side of the knee fastening member 80 to eliminate a gap between the knee fastening member
80 and the knee of the wearing person 12.

[0051] Accordingly, a driving torque generated by each of the drive motors 20, 22, 24, and 26 is transmitted through
the reduction gear to the first frame 58 and the second frame 60, and further transmitted through the thigh fastening
member 78 and the shin fastening member 80 to the foot of the wearing person 12 as the assisting force. Each of the
first frame 58 and the second frame 60 is adjusted to have a length equivalent to the length of the foot of the wearing
person 12.

[0052] Each of the frames 58, 60, and 62 is made of a light-weight, metallic material, such as duralumin, and a resin
material having elasticity for covering the periphery of the metallic material, respectively. These frames 58, 60, and 62
are capable of supporting the weight of the assisting wearing frame 18 including the batteries 32 and 34, attached to
the waist fastening member 30, and the control unit 36. Namely, the action assistance device 10 is arranged so that the
weight of the action-assisting wearing frame 18 and other pars may not act directly on the wearing person 12, and an
excessive load may not be applied to the wearing person 12.

[0053] The waist fastening member 30 includes two belts 91 and 92 connected via hinges 90 to the waist fastening
member 30, a buckle 94 attached to one end of the belt 91, and a fastener 95 attached to one end of the belt 92.
[0054] Next, a manufacturing process of the load measuring parts 50 and 52 will be described with reference to FIGs.
5A - 5G.

[0055] In the following, a description will be given of the load measuring part 50 of the right foot only. Because the
load measuring parts 50 and 52 have the same structure, a description of the load measuring part 52 of the left foot will
be omitted.

[0056] As illustrated in FIG. 5A, in a manufacturing step 1, a lower ground electrode 100 is produced. For example,
the lower ground electrode 100 is formed by knitted wires of a conductive metal material (for example, a stainless steel
material with corrosion resistance) in a mesh formation. The lower ground electrode 100 is arranged to provide flexibility
to have the conductive metal material be expanded or contracted according to a motion of the sole side of the foot
accompanied with a walk action, without causing disconnection of the loaded portion. An insulating film of a resin material
is formed on the top and bottom surfaces of the lower ground electrode 100.

[0057] An electrode connecting terminal 102 is formed at the center portion of the lower ground electrode 100. One
end of a ground line 106 pulled out from the connecting cable 104 is soldered to the electrode connecting terminal 102.
The connecting cable 104 is a two-core shielded cable in which two core wires are covered with braided wires. The other
end of the ground line 106 is connected to the braided wires of the connecting cable 104.

[0058] As illustrated in FIG. 5B, in a manufacturing step 2, a lower elastic plate 110 is stuck on the top surface of the
lower ground electrode 100 with an adhesive agent. The lower elastic plate 110 is a sheet-like insulating material which
is formed from a sponge material made of a foam rubber and having elasticity. The lower elastic plate 110 receives a
compressive load according to a shift of the weight of the wearing person accompanied with a walk action. In this
embodiment, the lower elastic plate 110 is formed to have a thickness of about 3 mm and formed to expand and contract
in a range of 1 mm - 3 mm according to the magnitude of the applied load. A cut-out opening 112 of a rectangular shape
which faces the electrode connecting terminal 102 of the lower ground electrode 100 is formed at the center portion of
the lower elastic plate 110.

[0059] The rubber hardness of the lower elastic plate 110 is selected depending on the weight of the wearing person
12. For example, a set of lower elastic plates 110 with different hardness levels are beforehand prepared for various
weights, including a lower elastic plate of rubber hardness 30 for a weight ranging from 51 kg to 60 kg, a lower elastic
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plate of rubber hardness 35 for a weight ranging from 61 kg to 70 kg, and a lower elastic plate of rubber hardness 40
for a weight ranging from 71 kg to 80 kg. Therefore, the load measuring parts 50 and 52 are selected depending on the
size of the feet of the wearing person 12 and the weight of the wearing person 12.

[0060] Because the lower elastic plate 110 is compressed by the reaction force from the floor surface, it is preferred
that the sole of the shoe 84 has a sulfficiently large hardness so that the reaction force may not be absorbed. However,
when the sole of the shoe 84 is made of a rubber material, such as in sports shoes, the hardness of the lower elastic
plate 110 may be smaller than that of the sole of the shoe 84, so that the load measurement may be performed stably.
[0061] Asillustrated in FIG. 5C, in a manufacturing step 3, a protective rubber plate 120 having an insulating charac-
teristic is stuck on the bottom surface of the lower ground electrode 100 with an adhesive agent. The protective rubber
plate 120 is to protect the lower ground electrode 100 from friction with the inside wall of the shoe 84. The protective
rubber plate 120 is stuck to cover the whole bottom surface of the lower ground electrode 100. The protective rubber
plate 120 has a thickness smaller than that of the lower elastic plate 110 and is made of a material with hardness greater
than that of the lower elastic plate 110, so as not to absorb the reaction force from the floor surface.

[0062] As illustrated in FIG. 5D, in a manufacturing step 4, a tiptoe sensing electrode 130 and a heel sensing electrode
140 are stuck on the top surface of the lower elastic plate 110 with an adhesive agent. The tiptoe sensing electrode 130
and the heel sensing electrode 140 constitute the above-described reaction sensors 50a, 50b, 52a and 52b. Similar to
the lower ground electrode 100, these electrodes 130 and 140 are formed by knitted wires of a conductive metal material
(forexample, a stainless steel material with corrosion resistance) in a mesh formation. Hence, the tiptoe sensing electrode
130 and the heel sensing electrode 140 have the respective conductive metal materials being deformed according to a
motion of the sole side of the foot accompanied with a walk action so that the loaded parts may not be disconnected.
An insulating film of a resin material is formed on the top and bottom surfaces of each of the tiptoe sensing electrode
130 and the heel sensing electrode 140.

[0063] One end of each of cores 152 and 154 of the connecting cable 104 for detecting a change of the capacitance
according to the applied load is connected to the terminals 132 and 142 of the tiptoe sensing electrode 130 and the heel
sensing electrode 140 by soldering. The other end of each of the cores 152 and 154 is connected to a voltage source
which supplies a voltage to a capacitor C (refer to FIG. 6) which will be described later.

[0064] The tiptoe sensing electrode 130 and the heel sensing electrode 140 are bonded to the locations inside the
outer periphery of the lower elastic plate 110, and the outer periphery of the lower elastic plate 110 is exposed to the
outside.

[0065] As illustrated in FIG. 5E, in a manufacturing step 5, an upper elastic plate 160 is stuck on the top surfaces of
the tiptoe sensing electrode 130 and the heel sensing electrode 140, and on the exposed portion of the lower elastic
plate 110 with an adhesive agent. Similar to the lower elastic plate 110 described above, the upper elastic plate 160 is
made of a sheet-like insulating material which is formed from a sponge material made of a foam rubber and having
elasticity. The upper elastic plate 160 receives a compressive load according to a shift of the weight of the wearing
person accompanied with a walk action. In this embodiment, the upper elastic plate 160 is formed to have a thickness
of about 3 mm and is formed to expand and contract in a range of 1 mm - 3 mm according to the magnitude of the
applied load. A cut-out opening 162 of a rectangular shape which faces the electrode connecting terminal 102 of the
lower ground electrode 100 is formed at the center portion of the upper elastic plate 160.

[0066] Similar to the lower elastic plate 110 described above, the rubber hardness of the upper elastic plate 160 is
selected depending on the weight of the wearing person 12. For example, a set of upper elastic plates 160 with different
hardness levels are beforehand prepared for various weights, including an upper elastic plate of rubber hardness 30 for
a weight ranging from 51 kg to 60 kg, an upper elastic plate of rubber hardness 35 for a weight ranging from 61 kg to
70 kg, and an upper elastic plate of rubber hardness 40 for a weight ranging from 71 kg to 80 kg.

[0067] Because the upper elastic plate 160 is compressed by the reaction force from the floor surface, it is desirable
that the sole of the shoe 84 has a sufficient hardness that prevents the reaction force from being absorbed. However,
when the sole of the shoe 84 is made of a rubber material as in a case of sports shoes, the load measurement can be
stably performed by making the hardness of the upper elastic plate 160 smaller than that of the sole of the shoe 84.
[0068] As illustrated in FIG. 5F, in a manufacturing step 6, similar to the lower ground electrode 100 described above,
one end of a ground line 174 of the connecting cable 104 is soldered to a terminal 172 of the upper ground electrode
170 which is formed by knitted wires of a conductive metal material (for example, a stainless steel material with corrosion
resistance) in a mesh formation. The other end of the ground line 174 is connected to the braided wire of the connecting
cable 104. The upper ground electrode 170 is bonded to the top surface of the upper elastic plate 160.

[0069] The upper ground electrode 170 is formed by the knitted wires of the conductive metal material in the mesh
formation. Hence, the upper ground electrode 170 has the respective conductive metal materials being deformed ac-
cording to a motion of the sole side of the foot accompanied with a walk action so that the loaded parts may not be
disconnected. Aninsulating film of a resin material is formed on the top and bottom surfaces of the upper ground electrode
170.

[0070] Asillustrated in FIG. 5G, in a manufacturing step 7, a protective rubber plate 180 having an insulating charac-



10

15

20

25

30

35

40

45

50

55

EP 2 226 006 B1

teristic is stuck on the top surface of the upper ground electrode 170 with an adhesive agent. Similar to the protective
rubber plate 120 described above, the protective rubber plate 180 is to protect the upper ground electrode 170 from
friction with the sole side of the foot of the wearing person 12. The protective rubber plate 180 is stuck to cover the whole
top surface of the upper ground electrode 170. The protective rubber plate 180 has a thickness smaller than that of the
lower elastic plate 110 or the upper elastic plate 160, and is made of a material with hardness greater than that of the
lower elastic plate 110 or the upper elastic plate 160 so as not to absorb the reaction force from the floor surface.
[0071] As described in the foregoing, the load measuring parts 50 and 52 of this embodiment is arranged such that
the protective rubber plate 120, the lower ground electrode 100, the lower elastic plate 110, the tiptoe sensing electrode
130 and the heel sensing electrode 140, the upper elastic plate 160, the upper ground electrode 170, and the protective
rubber plate 180 are laminated from the bottom in this order and bonded together.

[0072] Inthis embodiment, the tiptoe sensing electrode 130 and the heel sensing electrode 140 are interposed between
the lower ground electrode 100 and the upper ground electrode 170, and the tiptoe sensing electrode 130 and the heel
sensing electrode 140 are shielded from electromagnetic waves by the lower ground electrode 100 and the upper ground
electrode 170. For this reason, the signals detected from the tiptoe sensing electrode 130 and the heel sensing electrode
140 are not influenced by external noises, and it is possible to increase the accuracy of the detection using the tiptoe
sensing electrode 130 and the heel sensing electrode 140.

[0073] FIG. 6illustrates an equivalent circuit of the load measuring part 50 or 52. As illustrated in FIG. 6, the equivalent
circuit 200 is arranged to detect a capacitance according to each of a vertical-direction distance between the tiptoe
sensing electrode 130 and the lower ground electrode 100, a vertical-direction distance between the tiptoe sensing
electrode 130 and the upper ground electrode 170, a vertical-direction distance between the heel sensing electrode 140
and the lower ground electrode 100, and a vertical-direction distance between the heel sensing electrode 140 and the
upper ground electrode 170.

[0074] Inthe equivalent circuit 200, if the switch SW is turned from an OFF state to an ON state, storing electric charge
in the capacitor C is started. An electric potential difference Vc between the ends of the capacitor C will be increased
from zero voltin a charging time proportional to a distance between the electrodes of the capacitor C. Therefore, according
to the equivalent circuit 200, the charging time is varied in accordance with the capacitance of the capacitor C, and a
capacitance can be measured by measuring a time the electric potential difference Vc of capacitor C reaches a prede-
termined value Vx after an end of discharging.

[0075] FIG. 7 is a diagram for explaining a change of a voltage of a capacitor C (reaction sensor). As illustrated in
FIG. 7, a charge rate of a voltage of the capacitor C is changed in accordance with the function (RC) which is expressed
in the following formula (1).

V(t) = Vs (1 - e %) ... (D)

[0076] For example, as indicated by the graphs a, b, ¢, and d in FIG. 7, the time required for the electric potential
difference Vc of the capacitor C to reach the predetermined value Vx is changed in accordance with the capacitance of
the capacitor C and a resistor R (constant resistance), like t1, t2, t3, and t4. Namely, the resistance of the resistor R is
constant, and the capacitance of the capacitor C is decreased as the distance between the electrodes of the capacitor
C is decreased, while the capacitance of the capacitor C is increased as the distance between the electrodes of the
capacitor C is increased. Hence, the distance between the electrodes of the capacitor C can be determined based on
the charging time of the capacitor C.

[0077] In this embodiment, the tiptoe sensing electrode 130 (or the heel sensing electrode 140) and the lower ground
electrode 100 constitutes a capacitor C, the tiptoe sensing electrode 130 (or the heel sensing electrode 140) and the
upper ground electrode 170 constitutes a capacitor C, and a capacitance of each capacitor C is changed in accordance
with the vertical-direction distance between the tiptoe sensing electrode 130 (or the heel sensing electrode 140) and the
lower ground electrode 100, and the vertical-direction distance between the tiptoe sensing electrode 130 (or the heel
sensing electrode 140) and the upper ground electrode 170. Therefore, the load measuring parts 50 and 52 detect these
capacitance values so that the ratio of the weights (loads) of the wearing person on the sole sides of the feet of the
wearing person can be determined.

[0078] FIGs. 8A - 8D are diagrams for explaining operation of the load measuring parts 50 and 52 associated with a
motion of the sole of the foot of the wearing person 12. The right and left feet of the wearing person 12 are moved
symmetrically in this case, and the motions of the right and left feet are alternately performed in succession. A description
will be given of operation of the load measuring part 50 or 52 associated with a motion of one foot when the wearing
person 12 moves forward.

[0079] As illustrated in FIG. 8A, when the heel 310 of the foot 300 of the wearing person 12 has contacted the floor
surface 330 (at this time, the tiptoe of the other foot is in contact with the floor surface), a load Wb acts on the reaction
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sensor 50b (52b) of the load measuring part 50 (52). Namely, the parts of the lower elastic plate 110 and the upper
elastic plate 160, facing the heel sensing electrode 140, are compressed by the load Wb. Thereby, the vertical-direction
distance between the lower ground electrode 100 (or the upper ground electrode 170) and the heel sensing electrode
140 is decreased, and the capacitance of the capacitor is decreased. This operating state is equivalent to the detecting
state indicated by the graph cin FIG. 7.

[0080] As illustrated in FIG. 8B, when the motion of the foot 300 of the wearing person 12 progresses and the heel
310 and the tiptoe 320 have contacted the floor surface 330 (at this time, the sole surface of the other foot is separated
from the floor surface), a load Wb acts on the reaction sensor 50b (52b) of the load measuring part 50 (52) and a load
Wa acts on the reaction sensor 50a (52a) of the load measuring part 50 (52). Namely, the parts of the lower elastic plate
110 and the upper elastic plate 160, facing the tiptoe sensing electrode 130 and the heel sensing electrode 140, are
compressed by the loads Wa and Wb. Thereby, the vertical-direction distance between the lower ground electrode 100
(or the upper ground electrode 170) and the tiptoe sensing electrode 130 and the vertical-direction distance between
the lower ground electrode 100 (or the upper ground electrode 170) and the heel sensing electrode 140 are decreased,
and the capacitances at the tiptoe and the heel are decreased. This operating state is equivalent to the detecting state
indicated by the graph ain FIG. 7.

[0081] Asillustrated in FIG. 8C, when the motion of the foot 300 of the wearing person 12 progresses further and the
heel 310 has separated from the floor surface 330 and the tiptoe 320 has contacted the floor surface 330 (at this time,
the heel of the other foot is in contact with the floor surface), only a load Wa acts on the reaction sensor 50a (52a) of
the load measuring part 50 (52). Namely, the parts of the lower elastic plate 110 and the upper elastic plate 160, facing
the tiptoe sensing electrode 130, are compressed by the load Wa. Thereby, the vertical-direction distance between the
lower ground electrode 100 (or the upper ground electrode 170) and the tiptoe sensing electrode 130 is decreased, and
the capacitance at the tiptoe is decreased. This operating state is equivalent to the detecting state indicated by the graph
binFIG. 7.

[0082] Asillustrated in FIG. 8D, when the motion of the wearing person 12 foot 300 progresses further and the tiptoe
320 has also separated from the floor surface 330 (at this time, the heel and the tiptoe of the other foot are in contact
with the floor surface), no load acts on the reaction sensor 50a (52a) of the load measuring part 50 (52). Namely, the
lower elastic plate 110 and the upper elastic plate 160 are not compressed, and the load measuring part 50 (52) is
returned to the original state in which no load acts thereon. The vertical-direction distance between the lower ground
electrode 100 (or the upper ground electrode 170) and the tiptoe sensing electrode 130 and the vertical-direction distance
between the lower ground electrode 100 (or the upper ground electrode 170) and the heel sensing electrode 140 are
increased, and the capacitances at the tiptoe and the heel are increased. This operating state is equivalent to the
detecting state indicated by the graph d in FIG. 7.

[0083] In this manner, it is possible to determine the operating state of the wearing person 12 during the walk action
(a change of the load on the tiptoe or the heel) based on the values of the detection signals of the capacitance output
from the tiptoe sensing electrode 130 and the heel sensing electrode 140 (which indicate the time the predetermined
reference voltage is reached).

[0084] FIG. 9 is a top view of the locus of shifts of the center of gravity of a wearing person accompanied with a walk
action of the wearing person. As illustrated in FIG. 9, when the wearing person 12 walks while alternately moving the
right foot 300R and the left foot 300L forward, the center of gravity of the wearing person 12 is moved as indicated by
the points G1 to G8 in FIG. 9. For example, if the wearing person 12 moves the right foot 300R forward, the weight acts
on the heel (G1) of the right foot 300R, and the center of gravity is moved to the front side of the wearing person 12.
Subsequently, if the left foot 300L of the wearing person 12 is separated from the floor surface and the body is leaned
in the forward direction, the weight acts on the heel (G1) and the tiptoe (G2) of the right foot 300R, and the center of
gravity is moved to the front side of the wearing person 12.

[0085] Subsequently, if the left foot 300L of the wearing person 12 is moved forward of the right foot 300R, the heel
(G1) of the right foot 300R is separated from the floor surface, the weight acts on the tiptoe (G2) of the right foot 300R
and the heel (G3) of the left foot 300L, and the center of gravity is moved to the front side of the wearing person 12.
[0086] In this manner, as the wearing person 12 alternately moves the right foot 300R and the left foot 300L forward,
the point where the weight of the wearing person 12 acts is moved as indicated by the points G1 to G8 in FIG. 9.
Therefore, the line linking the points G1 to G8 where the weight of the wearing person 12 acts forms a moving path 340
of the center of gravity. The center of gravity is moved along the line linking the landing points (where the wearing person
receives the reaction force from the floor surface) of the right foot 300R and the left foot 300L, as illustrated in FIG. 9.
[0087] In this embodiment, a position of the center of gravity of the wearing person 12 can be determined based on
the detection signals output from the tiptoe sensing electrode 130 and the heel sensing electrode 140, which indicate
the capacitance of the capacitor. Namely, changes of the respective loads are computed based on the detection signals
output from the reaction sensors 50a, 50b, 52a and 52b of the load measuring parts 50 and 52, under the control of the
control device which will be described later. Furthermore, a position of the center of gravity of the wearing person 12 in
the sole surface is computed based on the ratio of the detected loads, and the position of the center of gravity accompanied
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with the walk action is determined.

[0088] In the action assistance device 10, the timing of generating the driving torque for each of the drive motors 20,
22, 24, and 26 is controlled based on the detection data of such centroid position. Namely, the above control makes it
possible to match the timing of the action assistance device 10 to drive the right-hand side drive motors 20 and 24 with
the timing of the wearing person 12 to move the right foot 300R forward. Similarly, the above control makes it possible
to match the timing of the action assistance device 10 to drive the left-hand side drive motors 22 and 26 with the timing
of the wearing person 12 to move the left foot 300L forward.

[0089] FIG. 10 is a diagram for explaining transitional changes of detection signals output from the reaction sensors
50a, 50b, 52a and 52b. As illustrated in FIG. 10, the detection signals Ra, Rb, La and Lb of the reaction sensors 503,
50b, 52a and 52b are periodically increased and decreased according to the walk action of the wearing person 12.
[0090] For example, the detection signal Rb of the reaction sensor 50b of the right foot 300R reaches the peak in the
amplitude when the heel 310 of the right foot 300R has contacted the floor surface (refer to FIG. 8A), and the detection
signal Ra of the reaction sensor 50a of the right foot 300R reaches the peak in the amplitude when only the tiptoe 320
of the right foot 300R has contacted the floor surface (refer to FIG. 8C).

[0091] Furthermore, with a phase difference T1 from the peak time of the reaction sensor 50b of the right foot 300R,
the detection signal Lb of the reaction sensor 52b of the left foot 300L reaches the peak in the amplitude when the heel
310 of the left foot 300R has contacted the floor surface (refer to FIG. 8A). With a phase difference T2 from the peak
time of the reaction sensor 50a of the right foot 300R, the detection signal La of the reaction sensor 52a of the left foot
300L reaches the peak in the amplitude when only the tiptoe 320 of the right foot 300R has contacted the floor surface
(refer to FIG. 8C).

[0092] In this manner, when the wearing person 12 walks in a fixed rhythm, the detection signals Ra, Rb, La and Lb
output from the reaction sensors 50a, 50b, 52a and 52b are periodically increased and decreased with a predetermined
phase difference. Therefore, it is possible to estimate a shift of the center of gravity of the wearing person by comparing
the detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b, 52a and 52b with respect to each other with
progress of time.

[0093] FIG. 11 illustrates the composition of a wearing type action assistance device in which an action-assisting
wearing frame 18 and a control device 400 are associated with each other. As illustrated in FIG. 11, the control device
400 which is disposed in the control unit 36 is a microcomputer which performs computations. The control device 400
includes a memory 460 in which a plurality of control programs are stored beforehand. The control device 400 performs
respective control processes (which will be described later) by loading the control programs from the memory 460.
[0094] Inthis embodiment, the control device 400 includes: a biosignal processing unit 410 which acquires a command
signal from each of the biosignals detected by the biosignal detecting sensors 38a, 38b, 40a, 40b, 42a, 42b, 44a and
44b; a voluntary control unit 420 which controls driving of each of the motors 20, 22, 24, and 26 based on a nerve transfer
signal and a muscular line potential signal; a drive signal generating unit 430 which generates a drive signal according
to a control signal output from the voluntary control unit 420 and outputs the drive signal to each motor; and a centroid
position detecting unit 440 which detects a position of the center of gravity of the wearing person 12 based on the
detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b, 52a and 52b. In this embodiment, an exemplary
motor control method which controls the current to be supplied to each motor as a drive signal will be described.
[0095] The biosignal processing unit 410 generates a nerve transfer signal and a muscular line potential signal from
a myoelectricity potential produced when the right or left foot is operated according to the intention of the wearing person
12. The voluntary control unit 420 outputs a control signal to the drive signal generating unit 430 based on a command
signal from the biosignal processing unit 410. The drive signal generating unit 430 generates a driving current according
to the control signal from the voluntary control unit 420 and outputs the driving current to each of the motors 20, 22, 24,
and 26.

[0096] During a walk action by the wearing person 12, the reaction sensors 50a, 50b, 52a and 52b output the detection
signals Ra, Rb, La and Lb according to the walk action (which signals indicate the capacitance of the capacitor). These
detection signals Ra, Rb, La and Lb are converted into digital signals by an A/D converter 450, and the digital signals
are stored in the memory 460, Furthermore, the digital signals from the memory 460 are supplied to the centroid position
detecting unit 440.

[0097] Next, a reaction sensor calibration process which is performed by the control device 400 will be described with
reference to FIG. 12. The control process illustrated in FIG. 12 is performed after the wearing person 12 wears the
action-assisting wearing frame 18 and has the shoes 84 on the feet of the wearing person 12.

[0098] Asillustratedin FIG. 12, ifitis detected in S11 that the power switch of the action assistance device 10 is turned
ON by the wearing person 12 who wears the action-assisting wearing frame 18, the control by the control device 400
progresses to S12. In S12, the control device 400 reads out the detection signals Ra, Rb, La and Lb of the reaction
sensors 50a, 50b, 52a and 52b (which indicate the capacitance of the capacitor) and stores the capacitances indicated
by the detection signals Ra, Rb, La and Lb in the memory 460.

[0099] Subsequently, itis detected in S13 whether a predetermined time (for example, 5 to 10 seconds) has elapsed.
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If the detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b, 52a and 52b are changed before the
predetermined time has elapsed, the detection data previously stored in the memory 460 are updated by a latest version
of the detection data.

[0100] When itis detected in S13 that the predetermined time has elapsed, the control progress to S14. In S14, the
final values of the detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b, 52a and 52b are set to reference
values (initial values).

[0101] Subsequently, it is detected in S15 whether the wearing person 12 has started a walk action. For example,
when the biosignals are output from the biosignal detecting sensors 38a, 38b, 40a, 40b, 42a, 42b, 44a and 44b accom-
panied with a standup action of the wearing person 12 started from the sitting position in which the wearing person 12
has been sitting on a chair, it is determined that the walk action is started. As for the detection of the centroid position
accompanied with a standup action of the wearing person 12 from the sitting position, by using output data of sensors
other than the reaction sensors 50a, 50b, 52a and 52b (for example, capacitance-type reaction sensors may be disposed
in the hip part of the wearing person 12) additionally, it can be detected that the standup action is started.

[0102] Subsequently, it is detected in S16 whether a change of the load on the right-foot tiptoe is detected by the
reaction sensor 50a. When it is detected in S16 that the detection signal Ra of the reaction sensor 50a is changed, the
control progresses to S17. It is detected in S17 whether a change of the load on the right-foot heel is detected by the
reaction sensor 50b.

[0103] When it is detected in S17 that the detection signal Rb of the reaction sensor 50b is changed, the control
progresses to S18. It is detected in S18 whether a change of the load on the right-foot tiptoe is detected by the reaction
sensor 52a. When it is detected in S18 that the detection signal La of the reaction sensor 52a is changed, the control
progresses to S19. It is detected in S19 whether a change of the load on the left-foot heel is detected by the reaction
sensor 52b.

[0104] When it is detected in S19 that a change of the load on the left-foot heel is detected by the reaction sensor
52b, the control progresses to S20. In S20, the detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b,
52a and 52b in the standup position in which the wearing person 12 stands up and does not move are read.

[0105] Subsequently, in S21, the control device 400 performs a calibration process of the reference values (initial
values) of the reaction sensors 50a, 50b, 52a and 52b. Namely, the detection signals Ra, Rb, La and Lb of the reaction
sensors 50a, 50b, 52a and 52b which are output when the walking position is shifted to the standup position are read,
and the initially stored signals are updated by the currently read signals as the newest reference values. Hence, the
reference values detected immediately after the wearing person 12 wears the action-assisting wearing frame 18 are
updated by the newest reference values to which the detection data are changed by the walk action of the wearing
person 12. Thereby, the reference values may be updated by the calibration process even when the fittings between
the feet of the wearing person 12 and the shoes 84 are modified or the action of the wearing person 12 fluctuates on a
daily basis according to his physical condition.

[0106] It is detected in S22 whether the calibration process is completed for the reference values of the respective
reaction sensors. When itis detected in S22 that the calibration process is completed, this control process is terminated.
[0107] When itis detected in S16 that the detection signal Ra of the reaction sensor 50a is not changed, the control
progresses to S23. Itis determined in S23 that an error of the reaction sensor 50a takes place, and the control progresses
to S27. In S27, the reference value of the reaction sensor 50a is reset.

[0108] When itis detected in S17 that the detection signal Rb of the reaction sensor 50b is not changed, the control
progresses to S24. Itis determined in S24 that an error of the reaction sensor 50b takes place, and the control progresses
to S27. In S27, the reference value of the reaction sensor 50b is reset.

[0109] When it is detected in S18 that the detection signal La of the reaction sensor 52a is not changed, the control
progresses to S25. Itis determined in S25 that an error of the reaction sensor 52a takes place, and the control progresses
to S27. In S27, the reference value of the reaction sensor 52a is reset.

[0110] When it is detected in S19 that the detection signal Lb of the reaction sensor 52b is not changed, the control
progresses to S26. It is determined in S26 that an error of the reaction sensor 52b takes place, and the control progresses
to S27. In S27, the reference value of the reaction sensor 52b is reset.

[0111] After the step S27 is performed, the control is returned to the step S12 and the subsequent steps are performed
repeatedly. If the load measuring part 50 or 52 is to be exchanged by a new part, this control process is stopped. The
repairing work of the reaction sensor can be performed in a short time.

[0112] After the above-described calibration process is completed, the wearing person 12 starts a walk action.
[0113] Next, a centroid position detection process 1 which is performed by the control device 400 accompanied with
a walk action will be described with reference to FIG. 13.

[0114] As illustrated in FIG. 13, in S31, the control device 400 reads out the detection signals Ra, Rb, La and Lb of
the reaction sensors 50a, 50b, 52a and 52b during a walk action (which indicates the capacitance of the capacitor) and
stores the detection data in the memory 460.

[0115] Subsequently, in S32, the detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b, 52a and 52b
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are compared with each other.

[0116] Subsequently, in S33, the reaction sensor that has output the maximum detection signal among the detection
signals Ra, Rb, La and Lb is selected from among the reaction sensors 50a, 50b, 52a and 52b. The position of the center
of gravity of the wearing person 12 is determined based on the position of the reaction sensor selected in S33 from
among the reaction sensors 50a, 50b, 52a and 52b.

[0117] Subsequently, it is determined in S34 whether the center of gravity is located in the right foot. When the result
of the determination in S34 is affirmative, in S35, the position of the center of gravity on the right foot is computed based
on the ratio of the tiptoe load WRa and the heel load WRb detected by the reaction sensors 50a and 50b of the right
foot. Subsequently, in S36, the data of the centroid position on the right foot (indicating a distance from the center of the
wearing person 12) are output.

[0118] When itis determined in S34 that the center of gravity is not located in the right foot, the control progresses to
S37. ltis determined in S37 whether the center of gravity is located in the left foot. When the result of the determination
in S37 is affirmative, in S38, the position of the center of gravity on the left foot is computed based on the ratio of the
tiptoe load WLa and the heel load WLb which are measured by the reaction sensors 52a and 52b of the left foot.
Subsequently, in S36, the data (indicating a distance from the center of the wearing person 12) of the centroid position
of the left foot are output.

[0119] When it is determined in S37 that the center of gravity is not located in the left foot, the control is returned to
S31 and the subsequent steps are performed again.

[0120] As the data of the centroid position, the coordinates of the center position of the wearing person 12 in an X-Y
coordinate system may be set to X= 0 and Y= 0, and the position of the center of gravity (the centroid position) may be
expressed by the X directional position and the Y directional position to this reference position.

[0121] Next, a centroid position detection process 2 which is performed by the control device 400 accompanied with
a walk action of a wearing person will be described with reference to FIG. 14.

[0122] In this centroid position detection process 2, a simplified detection method is used in which computation of an
accurate position of the center of gravity is not performed and an approximate position of the center of gravity is estimated
based on the data of the loads detected by the reaction sensors.

[0123] As illustrated in FIG. 14, in S41, the control device 400 reads out the detection signals Ra, Rb, La and Lb of
the reaction sensors 50a, 50b, 52a and 52b (which indicate the capacitance of the capacitor) and stores the capacitances
indicated by the detection signals Ra, Rb, La and Lb in the memory 460.

[0124] Subsequently, in S42, the detection signals Ra, Rb, La and Lb of the reaction sensors 50a, 50b, 52a and 52b
are compared with each other.

[0125] Subsequently, in S43, a load WRa detected by the reaction sensor 50a is compared with a load WLa detected
by the reaction sensor 52a, and it is detected in S43 whether the condition WRa > WLa is met. When it is detected in
S43 that the condition WRa > WLa is met, the control progresses to S44. In S44, the load WRa detected by the reaction
sensor 50a with a load WRb detected by the reaction sensor 52b, and it is detected in S44 whether the condition WRa
> WRb is met. When it detected in S44 that the condition WRa > WRb is met, the control progresses to S45. It is
determined in S45 that the center of gravity (centroid) is located at the right foot tiptoe. The control progresses to S55.
In S55, the result of the determination of the centroid position is output.

[0126] Whenitis detected in S43 the condition WRa > WLa is not met, the control progresses to S46. In S46, the load
WRa detected by the reaction sensor 50a is compared with the load WLa detected by the reaction sensor 52a, and it is
detected whether the condition WRa < WLa is met. When it is detected in S46 that the condition WRa < WLa is met,
the control progresses to S47. In S47, the load WLa detected by the reaction sensor 52a is compared with a load WLb
detected by the reaction sensor 52b, and it is detected whether the condition WLa > WLb is met. When it is detected in
S47 that the condition WLa > WLb is met, the control progresses to S48. In S48, it is determined that the center of gravity
(centroid) is located at the left foot tiptoe. The control progresses to S55. In S55, the result of the determination of the
centroid position is output.

[0127] When itis detected in S46 that the condition WRa < WLa is not met, the control progresses to S49. In S49, a
load WRb detected by the reaction sensor 50b is compared with the load WLb detected by the reaction sensor 52b, and
it is detected whether the condition WRb > WLDb is met. When it is detected in S49 that the condition WRb > WLb is met,
the control progresses to S50. In S50, the load WRa detected by the reaction sensor 50b is compared with the load
WRb detected by the reaction sensor 52a, and it is detected whether the condition WRb > WRa is met. When it is
detected in S50 that the condition WRb > WRa is met, the control progresses to S51. It is determined in S51 that the
center of gravity (centroid) is located at the right foot heel. The control progresses to S55. In S55, the result of the
determination of the centroid position is output.

[0128] Whenitis detected in S49 that the condition WRb > WLb is not met, the control progresses to S52. In S52, the
load WRb detected by the reaction sensor 50b is compared with the load WLb detected by the reaction sensor 52b, and
it is detected whether the condition WRb < WLDb is met. When it is detected in S52 that the condition WRb < WLb is met,
the control progresses to S53. In S53, the load WLb detected by the reaction sensor 52b is compared with the load WLa
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detected by the reaction sensor 52a, and it is detected whether the condition WLb > WLa is met. When it is detected in
S53 that the condition WLb > WLa is met, the control progresses to S54. It is determined in S54 that the center of gravity
(centroid) is located at the left foot heel. The control progresses to S55. In S55, the result of the determination of the
centroid position is output.

[0129] In the above embodiment, the case in which a shift of the position of the center of gravity during the walk action
accompanied with the shift of the weight detected by the reaction sensors 50a, 50b, 52a and 52b is detected has been
described. Similarly, detection of the centroid position during another action other than the walk action (for example,
detection of the centroid position for a standing position, a standup action of a person who stands up from a chair, or
detection of the centroid position accompanied with a stairway rising or falling action) may also be performed.

[0130] Next, some modifications of the load measuring parts 50 and 52 will be described.

[0131] FIG. 15 is a bottom view of a modification 1 of the load measuring part 50 or 52. Although FIG. 15 illustrates
only the bottom surface of the left foot, the bottom surface of the right foot is arranged in the same manner, and a
description thereof will be omitted.

[0132] Asillustratedin FIG. 15, the load measuring part 50A or 52A of the modification 1 includes a first tiptoe electrode
132, a second tiptoe electrode 134, center-section electrode 136, and a heel electrode 140. Hence, the bottom surface
of each foot of the wearing person 12 is divided in the longitudinal direction into four parts, and the load measuring part
50A or 52A detects a capacitance according to the load on each part.

[0133] Each of the load measuring parts 50A and 52A of the modification 1 includes four reaction sensors which are
formed by the first tiptoe electrode 132, the second tiptoe electrode 134, the center-section electrode 136 and the heel
electrode 140. Therefore, it is possible to detect the centroid position on the bottom surfaces of the feet of the wearing
person 12 more accurately than in the case of the reaction sensors disposed at the two places, the tiptoe and the heel.
[0134] FIG. 16 is a bottom view of a modification 2 of the load measuring part 50 or 52. Although FIG. 16 illustrates
only the bottom surface of the left foot, the bottom surface of the right foot is arranged in the same manner, and a
description thereof will be omitted.

[0135] Asillustrated in FIG. 16, the bottom surface of each foot of the wearing person 12 is divided into 12 parts, and
first to twelfth electrodes 501-512 are arranged at these parts so that the load measuring parts 50B and 52B of the
modification 2 can measure the loads at these parts. In this modification 2, the number of electrodes is increased from
thatin the above-mentioned modification 1, twelve reaction sensors are disposed at the respective parts, and itis possible
to detect the centroid position on the bottom surface of each foot of the wearing person 12 more accurately than that of
the modification 1.

[0136] FIG. 17 is an exploded perspective view of a modification 3 of the load measuring part 50 or 52. As illustrated
in FIG. 17, load measuring parts 50C and 52C of the modification 3 are arranged by a flexible wiring board configuration,
and the structure of each load measuring part is constructed by five layers including electrode layers, an insulating layer
and an elastic layer, which are laminated on a flexible substrate made of a resin.

[0137] Specifically, each of the load measuring parts 50C and 52C includes a lower ground electrode 610, a lower
elastic layer 620, an electrode layer 630 in which the tiptoe electrode 130 and the heel electrode 140 are formed, an
upper elastic layer 640, and an upper ground electrode 650 which are laminated and bonded together by an adhesive
agent.

[0138] In the lower ground electrode 610, a net-like electrode pattern 614 (a pattern of wire lines having a diameter
smaller than that of the first embodiment) is formed on the top surface of a flexible wiring board 612 of a resin by plating.
A connector terminal land 616 which extends transversely is formed at the center portion of the flexible wiring board 612.
[0139] The lower elastic layer 620 is formed of a sponge-like elastic material having an insulating characteristic, and
has a thickness (about 1 mm) smaller than that of the first embodiment previously described.

[0140] In the electrode layer 630, a net-like electrode pattern (a pattern of wire lines having a diameter smaller than
that of the first embodiment) as the tiptoe electrode 130 and the heel electrode 140 is formed on the top surface of the
flexible wiring board 632 by plating. A connector terminal land 634 which extends transversely is formed at the center
portion of the flexible wiring board 632.

[0141] Similar to the lower elastic layer 620, the upper elastic layer 640 is formed of a sponge-like elastic material
having an insulating characteristic and has a thickness (about 1 mm) smaller than that of the first embodiment previously
described.

[0142] Similar to the lower ground electrode 610, in the upper ground electrode 650, a net-like electrode pattern 654
(a pattern of wire lines having a diameter smaller than that of the first embodiment) is formed on the bottom surface of
the flexible wiring board 652 of a resin by plating. A connector terminal land 656 which extends transversely is formed
at the center portion of the flexible wiring board 652.

[0143] In this manner, the load measuring parts 50C and 52C are arranged so that the above-described flexible wiring
boards 612, 632 and 652 are laminated, and have a thickness smaller than that of the first embodiment. Moreover, in
the load measuring parts 50C and 52C, the electrode patterns are formed on the flexible wiring boards 612, 632 and
652 which are capable of absorbing elastic deformation, and interposed between the elastic layers 620 and 640 in the
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vertical direction. It is possible to prevent open-circuiting of the wires over an extended period of use.

[0144] The thicknesses and materials of the lower elastic layer 620 and the upper elastic layer 640 are not restricted
to the above-described examples. Arbitrary thicknesses and materials may be selected depending on the use conditions,
such as the weight of the wearing person 12 weight or the frequency of use, and the load measuring parts 50C and 52C
suitable for the wearing person 12 may be provided.

[0145] Similar to the first embodiment previously described, the load measuring parts 50C and 52C of the modification
3 are arranged so that the tiptoe electrode 130 and the heel electrode 140, and the upper ground electrode 650 and the
lower ground electrode 610 may constitute the capacitor C and a capacitance of the capacitor C according to the load
can be detected. Therefore, if the load acts accompanied with a walk action of the wearing person 12, the lower elastic
layer 620 and the upper elastic layer 640 are compressed, the distance between the electrodes is changed, and the
detected capacitance is changed. Thereby, with the load measuring parts 50C and 52C of the modification 3, it is possible
to accurately detect the centroid position accompanied by a walk action of the wearing person 12.

[0146] The flexible wiring boards 652 and 612 are formed on the top surface and the bottom surface of the load
measuring parts 50C and 52C. Hence, coating of the load measuring parts 50C and 52C with an insulating material,
after the lamination, may be omitted. It is possible to decrease the number of manufacturing steps.

[0147] FIG. 18 is an exploded perspective view of a modification 4 of the load measuring part 50 or 52. As illustrated
in FIG. 18, the load measuring part 50D or 52D of the modification 4 is arranged so that a lower electrode sheet (first
electrode sheet) 710, an elastic sheet (elastic plate) 720, and an upper electrode sheet (second electrode sheet) 730
are laminated in a vertical direction and bonded together by an adhesive agent.

[0148] In the lower electrode sheet 710, a plurality of electrode wires 712 (7124-712,,) extending in the direction X are
arranged in parallel with the direction X at a given spacing. The lower electrode sheet 710 is formed of a film-like flexible
substrate of an insulating material having a flexibility, and this lower electrode sheet 710 has a thickness of about 0.5
mm, for example.

[0149] As a method of fixing the electrode wires 712, molding may be performed so that the electrode wires 712 are
embedded on the surface or the core of the lower electrode sheet 710, or a thin film fabrication method, such as an
electroplating method, a vapor-depositing method or a spattering method may be performed to form a pattern of thin
electrodes on the surface of the lower electrode sheet 710.

[0150] Forexample, the elastic sheet 720 is formed from a sponge-like elastic plate having an insulating characteristic,
and has a very small thickness (about 1 mm) which is smaller than that of the embodiment 1 described above.

[0151] In the upper electrode sheet 730, a plurality of electrode wires 732 (732,4-732,,) extending in the direction Y
which is perpendicular to the extending direction of the electrode wires 712 of the lower electrode sheet 710 are arranged
in parallel with the direction Y at a given spacing. Similar to the lower electrode sheet 710 described above, the upper
electrode sheet 730 is formed of a film-like flexible substrate of an insulating material having a flexibility, and this upper
electrode sheet 730 has a thickness of about 0.5 mm, for example. The electrode wires 732 may be arranged by the
same method as the electrode wires 712.

[0152] The spacing of the electrode wires 712 or 32 may be set up to an arbitrary distance. For example, when the
thickness of the core of the electrode wires 712 or 732 is in a range of 0.1-0.3 mm, the spacing of the electrode wires
712 or 732 may be set up to be in a range of 1-3 mm.

[0153] After the lower electrode sheet 710, the elastic sheet (elastic layer) 720, and the upper electrode sheet 730
are laminated in the vertical direction, the laminated sheet is cut into a configuration according to the outline of a footprint
740 of the wearing person 12. In the laminated condition in which the elastic sheet 720 is sandwiched between the lower
electrode sheet 710 and the upper electrode sheet 730, the lower electrode sheet 710, the elastic sheet 720, and the
upper electrode sheet 730 are bonded together. Each wire of a flexible cable is connected to each of the electrode wires
712 and 732 so that electrical connection of each wire is made.

[0154] The load measuring parts 50D and 52D are arranged so that the lower electrode sheet 710 and the upper
electrode sheet 730, which are made of a film-like resin material, are laminated and bonded on the bottom surface and
the top surface of the elastic sheet 720, respectively, and the load measuring parts 50D and 52D are flexibly expanded
and contracted according to a change of the load accompanied with a shift of the weight of the wearing person during
a walk action. Therefore, the impact on the wearing person 12 during a walk action can be eased, and open circuiting
of the electrode wires 712 and 732 can be prevented. The walk action of the wearing person 12 can be assisted without
giving a sense of incongruity.

[0155] One method of bonding the load measuring parts 50D and 52D is that an adhesive agent is applied to the
interfaces between the lower electrode sheet 710, the elastic sheet 720 and the upper electrode sheet 730, and they
are pressurized in the vertical direction and bonded together. Another bonding method is that high-frequency heating is
applied to the peripheral parts of the lower electrode sheet 710 and the upper electrode sheet 730 corresponding to the
outline of the footprint 740, the peripheral parts are locally heated and fused, and the peripheral parts are bonded together
through the fused heating.

[0156] In the load measuring parts 50D and 52D, the elastic sheet 720 is interposed between the lower electrode
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sheet 710 and the upper electrode sheet 730, and the lower electrode sheet 710, the elastic sheet 720 and the upper
electrode sheet 730 are laminated. The electrode wires 712 (7124-712,,) extending in the direction X and the electrode
wires 732 (7324-732,)) extending in the direction Y are arranged to form a matrix of rows and columns, and each of the
intersections between the electrode wires 712 (7124-712,) and the electrode wires 732 (7321-732n) forms a capacitor.
Therefore, one of the electrode wires 712 (7124-712,) and the electrode wires 732 (7324-732,) are connected to the
constant-voltage power source and the other are grounded (on the ground side). By measuring a capacitance at each
of the intersections sequentially, it is possible to measure a distribution of loads on the whole sole surface of the wearing
person 12.

[0157] A number of load measuring parts with different sizes in which the lower electrode sheet 710, the elastic sheet
720 and the upper electrode sheet 730 are laminated and bonded may be prepared beforehand. In such a case, if the
outline of footprints of a wearing person 12 is measured, it is possible to efficiently manufacture the load measuring
parts 50D and 52D that are suitable for the size of the feet of the wearing person 12.

[0158] For example, electric conduction of each of the electrode wires 712 and 732 may be made by switching of a
selector switch. Alternatively, the timing of electric conduction of each of the electrode wires 712 and 732 may be switched
at intervals of 0.05-0.2 seconds by using the control by the software. If a rate of change of a capacitance (which is
determined by the gradient angle of the graph illustrated in FIG. 7) at the intersecting point of the activated electrode
wire 712 and the electrode 732 facing the activated electrode wire 712 is detected instantaneously, it is possible to
efficiently detect the capacitances of all the intersecting points of the electrode wires 712 and 732.

[0159] With the load measuring parts 50D and 52D, the capacitances of 50-100 points (intersections) on the sole side
of a wearing person can be detected, and measurement of the loads at the respective points is possible. Hence, it is
possible to accurately measure a distribution of the loads on the back surfaces of the right and left feet of the wearing
person 12 accompanied with a walk action of the wearing person 12. For example, when a wearing person 12 who
wears the action assistance device 10 walks for the first time, the measurement and storage of the data covering the
habitual walk action specific to the wearing person 12, and positional deviations of the center of gravity (changes of the
right, left, front and rear loads) can be easily performed for each individual person. By using the accumulated data
obtained through the measurement and storage, simulation of the walk action, inclination conditions, deviations of the
forward direction, etc. by the wearing person 12 who wears the action assistance device 10 can be performed on the
computer display.

[0160] As a modification of the load measuring parts 50D and 52D, a plurality of electrode wires 712 and a plurality
of electrode wires 732 may be fabricated directly on the bottom surface and the top surface of an elastic sheet 720, and
a resin film having an insulating characteristic may be fabricated on the top and bottom surfaces of the elastic sheet 720
and the surface of the electrode wires 712 and 732.

Claims
1. A centroid position detector device comprising:

a load measuring part (50, 52) fitted in contact with the sole side of a foot (300) of a person (12)and configured
to measure a value of a load on the sole side of the foot (300) of the person (12); and

a centroid detecting unit (440) configured to detect a position of a center of gravity of the person (12) based on
a change in the load value measured by the load measuring part (50, 52);

characterised in that:

the load measuring part (50, 52) is configured to measure the value of the load on the sole side of the foot
(300) of the person (12) based on a capacitance that varies according to a shift of a weight of the person
(12); and

the load measuring part (50, 52) comprises:

a sheet-like elastic plate having elasticity,

an upper electrode bonded to a top surface of the elastic plate, and

a lower electrode bonded to a bottom surface of the elastic plate;

wherein the load measuring part (50, 52) is arranged to detect a capacitance between the upper
electrode and the lower electrode; and

wherein one of the upper and lower electrodes is grounded, the other of the upper and lower electrodes
is connected to a constant-voltage power source, and the capacitance is computed based on a time
taken by a value of a voltage between the upper electrode and the lower electrode to reach a prede-
termined value.
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The centroid position detector device according to claim 1, wherein the load measuring part (50, 52) is arranged to
measure loads at two positions, corresponding to a tiptoe (320) and a heel (310), on the sole side of the foot (300).

The centroid position detector device according to claim 1, wherein the load measuring part (50, 52) is arranged in
an insole of a shoe (84).

A centroid position detector device, comprising:

a load measuring part (50, 52) fitted in contact with a sole side of a foot (300) of a person (12) and configured
to measure a value of a load on the sole side of the foot (300) of the person (12); and

a centroid detecting unit (400) configured to detect a position of a center of gravity of the person (12) based on
a change in the load value measured by the load measuring part (50, 52);

characterised in that:

the load measuring part (50, 52) is configured to measure the value of the load on the sole side of the foot
(300) of the person based on a capacitance that varies according to a shift of a weight of the person (12); and
the load measuring part (50, 52) comprises:

a lower ground electrode (100, 610);

a lower elastic plate (110, 620) laminated on a top surface of the lower ground electrode (100, 610);
a voltage sensing electrode (130, 140, 630) laminated on a top surface of the lower elastic plate (110,
620) ;

an upper elastic plate (160, 640) laminated on a top surface of the voltage sensing electrode (130, 140,
630); and

an upper ground electrode (170, 650) laminated on a top surface of the upper elastic plate (160, 640);
wherein the load measuring part (50, 52) is arranged to detect the capacitance based on a time taken
by a voltage detected from the voltage sensing electrode (130, 140, 630) to reach a predetermined
reference voltage.

The centroid position detector device according to claim 4, wherein the load measuring part (50, 52) is arranged so
that the lower ground electrode (100, 610), the lower elastic plate (110, 620), the voltage sensing electrode (130,
140, 630), the upper elastic plate (160, 640), and the upper ground electrode (170, 650) are laminated and bonded
together.

The centroid position detector device according to claim 4 or claim 5, wherein the load measuring part (50, 52) is
arranged to measure loads at two positions, corresponding to a tiptoe (320) and a heel (310), on the sole side of
the foot (300).

The centroid position detector device according to any one of claims 4 to 6, wherein the load measuring part (50,
52) is arranged in an insole of a shoe (84).

The centroid position detector device according to any one of claims 1 to 3, wherein:

the lower electrode is a first electrode sheet (710) having a plurality of electrode wires (712) arranged in parallel
with a first direction at intervals of a predetermined distance;

the elastic plate is an elastic sheet (720) laminated on a top surface of the first electrode sheet (710); and

the upper electrode is a second electrode sheet (730) laminated on a top surface of the elastic sheet (720) and
having a plurality of electrode wires (732) arranged in parallel with a second direction at intervals of a prede-
termined distance, the second direction being not parallel to the first direction;

wherein a capacitance is sequentially detected at each of a plurality of points where the electrode wires (712)
of the first electrode sheet (710) and the electrode wires (732) of the second electrode sheet (730) intersect
each other.

The centroid position detector device according to claim 8, wherein the first electrode sheet (710) and the second
electrode sheet (730) are formed of a film-like flexible substrate, the elastic sheet (720) is interposed between the
first electrode sheet (710) and the second electrode sheet (730), and the first electrode sheet (710), the elastic sheet
(720), and the second electrode sheet (730) are laminated and bonded together.
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10. The centroid position detector device according to any one of claims 1 to 9, wherein the load measuring part (50,
52) includes:
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a first load measuring part (50) for measuring a right foot load acting on a bottom surface of a right foot of the
wearing person (12); and

a second load measuring part (52) for measuring a left foot load acting on a bottom surface of a left foot of the
wearing person (12).

11. A wearing type action assistance device (10) comprising:

the centroid position detector device according to any one of claims 1 to 9;

an actuator (20, 22, 24, 26) to generate an action assisting force;

aframe (18) to transmit a driving force of the actuator (20, 22, 24, 26) to the foot (300) of the wearing person (12);
a biosignal detecting part (38, 40, 42, 44) to detect a biosignal from the wearing person (12) accompanied with
a walk action of the wearing person (12); and

a control unit (36) to control the driving force of the actuator (20, 22, 24, 26) based on the biosignal detected
by the biosignal detecting part (38, 40, 42, 44) and the position of the center of gravity detected by the centroid
position detector device (440).

12. The wearing type action assistance device (10) according to claim 11, wherein the load measuring part (50, 52)
includes:

a first load measuring part (50) for measuring a right foot load acting on a bottom surface of a right foot of the
wearing person (12); and

a second load measuring part (52) for measuring a left foot load acting on a bottom surface of a left foot of the
wearing person (12);

wherein the centroid detecting unit (440) is configured to detect a position of the center of gravity of the wearing
person (12) based on a ratio of the right foot load measured by the first load measuring part (50) and the left
foot load measured by the second load measuring part (52).

Patentanspriiche

Schwerpunktpositions-Detektorvorrichtung, umfassend:

einen Belastungs-Messteil (50, 52), der mit der Sohlenseite eines FuRes (300) einer Person (12) kontaktschlis-
sig ist und der ausgelegt ist, um einen Wert einer Belastung auf die Sohlenseite des FulRes (300) der Person
(12) zu messen,

und eine Schwerpunkts-Detektiereinheit (440), die ausgelegt ist, um auf der Grundlage einer Anderung in dem
durch den Belastungs-Messteil (50, 52) gemessenen Belastungswert eine Position eines Schwerkraftzentrums
der Person (12) zu detektieren,

dadurch gekennzeichnet, dass der Belastungs-Messteil (50, 52) ausgelegt ist, um den Wert der Belastung
auf die Sohlenseite des FuRes (300) der Person (12) auf der Grundlage einer Kapazitdt zu messen, die sich
entsprechend einer Gewichtsverlagerung der Person (12) andert,

und dass der Belastungs-Messteil (50, 52) umfasst:

eine scheibenartige elastische Platte mit einer Elastizitat,

eine mit einer oberen Flache der elastischen Platte verbundene obere Elektrode und eine mit einer unteren
Flache der elastischen Platte verbundene untere Elektrode,

wobei der Belastungs-Messteil (50, 52) angeordnet ist, um eine Kapazitat zwischen der oberen Elektrode
und der unteren Elektrode zu detektieren,

wobei eine der oberen und unteren Elektroden geerdet ist,

wobei die andere der oberen und unteren Elektroden mit einer Konstantspannungs-Stromquelle verbunden
ist

und wobei die Kapazitat auf der Grundlage einer Zeit berechnet wird, die von einem Wert der Spannung
zwischen der oberen Elektrode und der unteren Elekirode benétigt wird, um einen bestimmten Wert zu
erreichen.
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Schwerpunktpositions-Detektorvorrichtung nach Anspruch 1, wobei der Belastungs-Messteil (50, 52) angeordnet
ist, um Belastungen an zwei Stellen entsprechend einer Zehenspitze (320) und einem Hacken (310) auf der Soh-
lenseite des FulRes (300) zu messen.

Schwerpunktpositions-Detektorvorrichtung nach Anspruch 1, wobei der Belastungs-Messteil (50, 52) in einer Brand-
bzw. Einlegesohle eines Schuhs (84) angeordnet ist.

Schwerpunktpositions-Detektorvorrichtung, umfassend:

einen Belastungs-Messteil (50, 52), der mit einer Sohlenseite eines Fules (300) einer Person (12) kontakt-
schlissig ist und der ausgelegt ist, um einen Wert einer Belastung auf die Sohlenseite des FuBes (300) der
Person (12) zu messen,

und eine Schwerpunktpositions-Detektiereinheit (400), die ausgelegt ist, um auf der Grundlage einer Anderung
des durch den Belastungs-Messteil (50, 52) gemessenen Belastungswerts eine Position eines Schwerkraft-
zentrums der Person (12) zu detektieren,

dadurch gekennzeichnet, dass der Belastungs-Messteil (50, 52) ausgelegt ist, um den Wert der Belastung
auf die Sohlenseite des FuRes (300) der Person auf der Grundlage einer Kapazitdt zu messen, die sich ent-
sprechend einer Gewichtsverlagerung der Person (12) &ndert,

und dass der Belastungs-Messteil (50, 52) umfasst:

eine untere Erdungselektrode (100, 610),

eine untere elastische Platte (110, 620), die auf eine obere Flache der unteren Erdungselektirode (100,
610) laminiert ist,

eine Spannungs-Feststellungselektrode (130, 140, 630), die auf eine obere Flache der unteren elastischen
Platte (110, 620) laminiert ist,

eine obere elastische Platte (160, 640), die auf eine obere Flache der Spannungs-Feststellungselektrode
(130, 140, 630) laminiert ist,

und eine obere Erdungselektrode (170, 650), die auf eine obere Flache der oberen elastischen Platte (160,
640) laminiert ist,

wobei der Belastungs-Messteil (50, 52) angeordnet ist, um die Kapazitat auf der Grundlage einer Zeit zu
detektieren, die von einer von der Spannungs-Feststellungselektrode (130, 140, 630) detektierten Span-
nung bendtigt wird, um eine bestimmte Referenzspannung zu erreichen.

Schwerpunktpositions-Detektorvorrichtung nach Anspruch 4, wobei der Belastungs-Messteil (50, 52) derart ange-
ordnet ist, dass die untere Erdungselektirode (100, 610), die untere elastische Platte (110, 620), die Spannungs-
Feststellungselektrode (130, 140, 630), die obere elastische Platte (160, 640) und die obere Erdungselektrode (170,
650) laminiert und zusammen verbunden sind.

Schwerpunktpositions-Detektorvorrichtung nach Anspruch 4 oder 5, wobei der Belastungs-Messteil (50, 52) ange-
ordnet ist, um Belastungen an zwei Stellen entsprechend einer Zehenspitze (320) und einem Hacken (310) auf der
Sohlenseite des FuBes (300) zu messen.

Schwerpunktpositions-Detektorvorrichtung nach einem der Anspriiche 4 bis 6, wobei der Belastungs-Messteil (50,
52) in einer Brand- bzw. Einlegesohle eines Schuhs (84) angeordnet ist.

Schwerpunktpositions-Detektorvorrichtung nach einem der Anspriiche 1 bis 3, wobei die untere Elektrode eine erste
Elektrodenschicht (710) ist, die eine Vielzahl von Elektrodendréhten (712) aufweist, welche parallel zu einer ersten
Richtung in Intervallen eines bestimmten Abstands angeordnet sind,

wobei die elastische Platte eine elastische Schicht (720) ist, die auf eine obere Flache der ersten Elektrodenschicht
(710) laminiert ist,

und wobei die obere Elektrode eine zweite Elektrodenschicht (730) ist, die auf eine obere Flache der elastischen
Schicht (720) laminiert ist und die eine Vielzahl von Elektrodendrahten (732) aufweist, welche parallel zu einer
zweiten Richtung in Intervallen eines bestimmten Abstands angeordnet sind, wobei die zweite Richtung nicht parallel
zu der ersten Richtung verlauft,

und wobei an jedem von einer Vielzahl von Punkten, wo sich die Elektrodendrahte (712) der ersten Elektrodenschicht
(710) und die Elektrodendrahte (732) der zweiten Elektrodenschicht (730) einander kreuzen, eine Kapazitat se-
quentiell detektiert wird.
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9. Schwerpunktpositions-Detektorvorrichtung nach Anspruch 8, wobei die erste Elektrodenschicht (710) und die zweite

10.

Elektrodenschicht (730) aus einem filmartigen flexiblen Substrat gebildet sind,

wobei die elastische Schicht (720) zwischen der ersten Elektrodenschicht (710) und der zweiten Elektrodenschicht
(730) eingeschichtet ist

und wobei die erste Elektrodenschicht (710), die elastische Schicht (720) und die zweite Elektrodenschicht (730)
laminiert und zusammen verbunden sind.

Schwerpunktpositions-Detektorvorrichtung nach einem der Anspriiche 1 bis 9, wobei der Belastungs-Messteil (50,
52) enthalt:

einen ersten Belastungs-Messteil (50) zum Messen einer auf eine Bodenflache eines rechten FulRes der tra-
genden Person (12) wirkenden Belastung des rechten Fulies und einen zweiten Belastungs-Messteil (52) zum
Messen einer auf eine Bodenflache eines linken Fulles der tragenden Person (12) wirkenden Belastung des
linken FuBes.

11. Aktionsunterstiitzungsvorrichtung (10) vom Tragtyp, umfassend:

die Schwerpunktpositions-Detektorvorrichtung nach einem der Anspriiche 1 bis 9, eine Bestatigungseinrichtung
(20, 22, 24, 26) zum Erzeugen einer Aktions-Unterstiitzungskraft,

ein Gestell (18) zum Ubertragen einer Antriebskraft der Betatigungseinrichtung (20, 22, 24, 26) auf den Fuf}
(300) der tragenden Person (12),

einen Biosignal-Detektierteil (38, 40, 42, 44) zum Detektieren eines Biosignals von der tragenden Person (12),
welches mit einer Gehaktion der tragenden Person (12) verbunden ist,

und eine Steuereinheit (36) zum Steuern der Antriebskraft der Betatigungseinrichtung (20, 22, 24, 26) auf der
Grundlage des durch den Biosignal-Detektierteil (38, 40, 42, 44) detektierten Biosignals und der durch die
Schwerpunktpositions-Detektorvorrichtung (440) detektierten Position des Schwerkraftzentrums.

12. Aktions-Unterstitzungsvorrichtung (10) vom Tragtyp nach Anspruch 11, wobei der Belastungs-Messteil (50, 52)

enthalt:

einen ersten Belastungs-Messteil (50) zum Messen einer auf eine Bodenflache eines rechten FulRes der tra-
genden Person (12) wirkenden Belastung des rechten Fulies und einen zweiten Belastungs-Messteil (52) zum
Messen einer auf eine Bodenflache eines linken Fulles der tragenden Person (12) wirkenden Belastung des
linken Fules,

wobei die Schwerpunkt-Detektiereinheit (440) ausgelegt ist, um eine Position des Schwerkraftzentrums der
tragenden Person (12) auf der Grundlage eines Verhaltnisses der durch den ersten Belastungs-Messteil (50)
gemessenen Belastung des rechten Fules und der durch den zweiten Belastungs-Messteil (52) gemessenen
Belastung des linken Fuflles zu detektieren.

Revendications

1.

Dispositif de détection de position de centroide comprenant :

une partie de mesure de charge (50, 52) installée en contact avec le c6té semelle d’un pied (300) d’'une personne
(12) et configurée pour mesurer une valeur d’'une charge sur le c6té semelle du pied (300) de la personne (12) ; et
une unité de détection de centroide (440) configurée pour détecter une position d’'un centre de gravité de la
personne (12) sur la base d’'un changement de la valeur de charge mesurée par la partie de mesure de charge
(50, 52) ;

caractérisé en ce que :

la partie de mesure de charge (50, 52) est configurée pour mesurer la valeur de la charge sur le cbté
semelle du pied (300) de la personne (12) sur la base d’une capacité qui varie en fonction d’'un changement
d’un poids de la personne (12) ; et

la partie de mesure de charge (50, 52) comprend :

une plaque élastique de type feuille ayant une élasticite,
une électrode supérieure liée a une surface supérieure de la plaque élastique, et
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une électrode inférieure liée a une surface inférieure de la plaque élastique ;
dans lequel la partie de mesure de charge (50, 52) est agencée pour détecter une capacité entre
I'électrode supérieure et I'électrode inférieure ; et

dans lequel I'une des électrodes supérieure et inférieure est reliée a la terre, I'autre des électrodes supérieure
et inférieure est connectée a une source d’alimentation a tension constante, et la capacité est calculée sur la
base d’un temps pris par une valeur d’'une tension entre I'électrode supérieure et I'électrode inférieure pour
atteindre une valeur prédéterminée.

Dispositif de détection de position de centroide selon la revendication 1, dans lequel la partie de mesure de charge
(50, 52) est agencée pour mesurer des charges dans deux positions, correspondant a une extrémité des orteils
(320) et a un talon (310), sur le c6té semelle du pied (300).

Dispositif de détection de position de centroide selon la revendication 1, dans lequel la partie de mesure de charge
(50, 52) est agencée dans une semelle intérieure d’'une chaussure (84).

Dispositif de détection de position de centroide comprenant :

une partie de mesure de charge (50, 52) installée en contact avec un c6té semelle d’'un pied (300) d’'une
personne (12) et configurée pour mesurer une valeur d’'une charge sur le c6té semelle du pied (300) de la
personne (12) ; et

une unité de détection de centroide (440) configurée pour détecter une position d’'un centre de gravité de la
personne (12) sur la base d’'un changement de la valeur de charge mesurée par la partie de mesure de charge
(50, 52) ;

caractérisé en ce que :

la partie de mesure de charge (50, 52) est configurée pour mesurer la valeur de la charge sur le cbté
semelle du pied (300) de la personne sur la base d’'une capacité qui varie en fonction d’'un changement
d’un poids de la personne (12) ; et

la partie de mesure de charge (50, 52) comprend :

une électrode de masse inférieure (100, 610) ;

une plaque élastique inférieure (110, 620) stratifiée sur une surface supérieure de I'électrode de masse
inférieure (100, 610) ;

une électrode de détection de tension (130, 140, 630) stratifi€ée sur une surface supérieure de la plaque
élastique inférieure (110, 620) ;

une plaque élastique supérieure (160, 640) stratifiée sur une surface supérieure de I'électrode de
détection de tension (130, 140, 630) ; et

une électrode de masse supérieure (170, 650) stratifi€e sur une surface supérieure de la plaque élas-
tique supérieure (160, 640) ; et

dans lequel la partie de mesure de charge (50, 52) est agencée pour détecter la capacité sur la base d’un temps
pris par une tension détectée a partir de I'électrode de détection de tension (130, 140, 630) pour atteindre une
tension de référence prédéterminée.

Dispositif de détection de position de centroide selon la revendication 4, dans lequel la partie de mesure de charge
(50, 52) est agenceée de telle sorte que I'électrode de masse inférieure (100, 610), la plaque élastique inférieure
(110, 620), I'électrode de détection de tension (130, 140, 630), la plaque élastique supérieure (160, 640) et I'électrode
de masse supérieure (170, 650) sont stratifiées et liées ensemble.

Dispositif de détection de position de centroide selon la revendication 4 ou la revendication 5, dans lequel la partie
de mesure de charge (50, 52) est agencée pour mesurer des charges dans deux positions, correspondant a une

pointe des orteils (320) et a un talon (310), sur le c6té semelle du pied (300).

Dispositif de détection de position de centroide selon I'une quelconque des revendications 4 a 6, dans lequel la
partie de mesure de charge (50, 52) est agencée dans une semelle intérieure d’'une chaussure (84).

Dispositif de détection de position de centroide selon I'une des revendications 1 a 3, dans lequel
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I'électrode inférieure est une premiére feuille d’électrode (710) ayant une pluralité de fils d’électrode (712) agencés
parallélement a une premiére direction a intervalles d’une distance prédéterminée ;

la plaque élastique est une feuille élastique (720) stratifi€e sur une surface supérieure de la premiere feuille d’élec-
trode (710) ; et

I'électrode supérieure est une seconde feuille d’électrode (730) stratifiée sur une surface supérieure de la feuille
élastique (720) et comportant une pluralité de fils d’électrode (732) agencés parallélement a une seconde direction
a intervalles d’'une distance prédéterminée, la seconde direction n’étant pas paralléle a la premiére direction ;
dans lequel une capacité est séquentiellement détectée a chacun d’'une pluralité de points ou les fils d’électrode
(712) de la premiére feuille d’électrode (710) et les fils d’électrode (732) de la seconde feuille d’électrode (730) se
croisent.

Dispositif de détection de position de centroide selon la revendication 8, dans lequel la premiére feuille d’électrode
(710) et la seconde feuille d’électrode (730) sont constituées d’un substrat flexible de type film, la feuille élastique
(720) est intercalée entre la premiére feuille d’électrode (710) et la seconde feuille d’électrode (730), et la premiére
feuille d’électrode (710), la feuille élastique (720) et la seconde feuille d’électrode (730) sont stratifiées et liées
ensemble

Dispositif de détection de position de centroide selon 'une des revendications 1 a 9, dans lequel la partie de mesure
de charge (50, 52) inclut :

une premiére partie de mesure de charge (50) pour mesurer une charge de pied droit agissant sur une surface
inférieure d’un pied droit de I'utilisateur (12) ; et

une seconde partie de mesure de charge (52) pour mesurer une charge de pied gauche agissant sur une
surface inférieure d’un pied gauche de l'utilisateur (12).

Dispositif d’aide a I'action de type enfilement (10) comprenant :

le dispositif de détection de position de centroide selon I'une des revendications 1a 9 ;

un actionneur (20, 22, 24, 26) pour générer une force d’aide a I'action ;

un cadre (18) pour transmettre une force d’entrainement de I'actionneur (20, 22, 24, 26) au pied (300) de
l'utilisateur (12) ;

une partie de détection de signal biologique (38, 40, 42, 44) pour détecter un signal biologique depuis I'utilisateur
(12) accompagné d’une action de marche de I'utilisateur (12) ; et

une unité de commande (36) pour commander la force d’entrainement de I'actionneur (20, 22, 24, 26) sur la
base du signal biologique détecté par la partie de détection de signal biologique (38, 40, 42, 44) et de la position
du centre de gravité détectée par le dispositif de détection de position de centroide (440).

Dispositif d’aide a I'action de type enfilement (10) selon la revendication 11, dans lequel la partie de mesure de
charge (50, 52) inclut :

une premiére partie de mesure de charge (50) pour mesurer une charge de pied droit agissant sur une surface
inférieure d’un pied droit de I'utilisateur (12) ; et

une seconde partie de mesure de charge (52) pour mesurer une charge de pied gauche agissant sur une
surface inférieure d’un pied gauche de l'utilisateur (12) ;

dans lequel I'unité de détection de centroide (440) est configurée pour détecter une position du centre de gravité
de l'utilisateur (12) sur la base d’un rapport de la charge de pied droit mesurée par la premiére partie de mesure
de charge (50) et de la charge de pied gauche mesurée par la seconde partie de mesure de charge (52).
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