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Description
TECHNICAL FIELD

[0001] The present invention relates to motion assis-
tive devices and maintenance management systems for
motion assistive devices. In particular, the present inven-
tion relates to a motion assistive device for managing an
operational status of adrive unitand a maintenance man-
agement system for such a motion assistive device.

BACKGROUND ART

[0002] In recent years, various aiding apparatuses
have been developed for aiding the movements of the
physically disabled or the elderly persons. For example,
Patent Document 1 discloses a wearable motion assis-
tive device that has a joint that mutually rotatably connect
plural arms. An actuator rotates one arm relative to an-
other, and a rotation angle of the arm is detected by an
angle sensor.

[0003] In another example, Patent Document 2 dis-
closes a rotation angle detecting apparatus in which a
detection element is disposed in a radial direction of a
rotating axle. In this rotation angle detecting apparatus,
a reflective tape is spirally fixed on a circumferential sur-
face of the rotating axle. Light is projected in a direction
intersecting the reflective tape, and reflected light from
the reflective tape is captured with the detection element.
Based on the amount of displacement in the incident po-
sition of the reflected light from the reflective tape as the
rotating axle is rotated, the rotation angle of the rotating
axle is detected.

[0004] In another example, Patent Document 3 dis-
closes a monitoring system for monitoring an operating
status of a motor. In this monitoring system, plural sen-
sors are used to monitor the operating status of the motor.
If data regarding the operating status exceeds a thresh-
old, an alert is displayed.

Patent Document 1: Japanese Laid-Open Patent
Application No. 2005-95561

Patent Document 2: Japanese Laid-Open Patent
Application No. 9-14941

Patent Document 3: Japanese Laid-Open Patent
Application No. 2005-25751

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, in the aforementioned motion assis-
tive device, there are several possible problems. For ex-
ample, the motor may fail after a long period of use of a
drive unit generating a driving force. The drive unit may
not be able to generate the same driving force in re-
sponse to the input of the same drive signal due to aging.
Further, the motor may be subjected to excess load and
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overheat.

[0006] Insome wearers of the motion assistive device,
the drive unit for driving a joint is embedded inside the
body of the wearer. In this case, it is difficult to examine
the operating status of the motor externally. In addition,
when some trouble is suspected in the motor, the motor
cannot be easily repaired.

[0007] Itistherefore an object of the present invention
to detect a situation where a motor may fail or excess
load is applied to the motor, and control the driving of the
motor depending on the detected situation.

MEANS OF SOLVING THE PROBLEMS

[0008] In order to solve the aforementioned problems,
the present invention provides the following:

(1) A motion assistive device comprising a drive unit
configured to aid or execute an operation of a joint,
and a control unit configured to control the drive unit,
the drive unit including:

a motor configured to provide an inputted driving
force; and

a circuit board on which a controller is mounted, the
controller producing a drive signal supplied to the
motor based on a control signal sent from the control
unit,

wherein the controller includes:

a motor monitoring unit configured to monitor an op-
erational status of the motor; and

amotor control unit configured to limit the drive signal
supplied to the motor based on a result of monitoring
by the motor monitoring unit in order to prevent an
overload state of the motor.

(2) The motion assistive device according to claim
1, further comprising:

a physical quantity detecting unit configured to
detect a physical quantity concerning the oper-
ation of the joint; and

a biosignal detecting unit configured to detect a
biosignal that is generated when the joint is
moved,

wherein the control unit controls the drive unit
based on the physical quantity detected by the
physical quantity detecting unit and the biosignal
detected by the biosignal detecting unit.

(3) The motion assistive device according to claim 1
or 2, wherein the motor control unit includes:

a determination unit configured to determine
whether a total integrated value of electric cur-
rent inputted to the motor exceeds a preset
threshold; and

a motor control unit configured to decrease the
drive signal supplied to the motor gradually at a
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predetermined rate when the determination unit
determines that the total integrated value of the
electric current exceeds the preset threshold.

(4) The motion assistive device according to claim 1
or 2, wherein the motor control unit includes:

a determination unit configured to determine
whether a temperature of the circuit board ex-
ceeds a preset threshold; and

a motor limiting unit configured to gradually de-
crease the drive signal supplied to the motor at
a predetermined rate when the determination
unit determines that the temperature of the con-
trol unit exceeds the preset threshold.

(5) The motion assistive device according to claim 1
or 2, wherein the motor control unit includes:

a determination unit configured to determine
whether a temperature of the motor exceeds a
preset threshold; and

a motor limiting unit configured to gradually de-
crease the drive signal supplied to the motor at
a predetermined rate when the determination
unit determines that the temperature of the con-
trol unit exceeds the preset threshold.

(6) A motion assistive device comprising a drive unit
configured to aid or execute an operation of a joint,
and a control unit configured to control the drive unit,
the drive unit including:

a motor configured to provide an inputted driving
force; and

a controller configured to produce a drive signal sup-
plied to the motor based on a control signal sent from
the control unit,

wherein the controller includes:

a motor monitoring unit configured to calculate a re-
maining lifetime of the motor by subtracting a total
operation time of the motor from a lifetime of the mo-
tor; and

amotor control unit configured to gradually decrease
the drive signal supplied to the motor at a predeter-
mined rate when the remaining lifetime of the motor
calculated by the motor monitoring unit reaches a
preset value.

(7) The motion assistive device according to claim
3, wherein the controller includes:

a storage unit configured to store a first accept-
able value of the electric current supplied to the
motor, and a second acceptable value that is
higher than the first acceptable value;

a calculating unit configured to integrate an elec-
tric currentvalue in excess of the first acceptable
value; and
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a motor limiting unit configured to gradually de-
crease the value of the electric current supplied
to the motor at a predetermined rate when an
integrated value calculated by the calculating
unit exceeds the threshold.

(8) The motion assistive device according to claim
7, wherein the motor control unit is configured to
gradually decrease the value of the electric current
supplied to the motor to or below the first acceptable
value when the value of the electric current supplied
to the motor exceeds the second acceptable value.

(9) The motion assistive device according to any one
of claims 1 through 6, wherein the drive unitincludes:

a motor;

a case housing the motor;

a rotating body housed within the case and hav-
ing a circumferential surface that rotates relative
to the case when the motor is driven;

a fluorescent band disposed on and extending
along the circumferential surface of the rotating
body while inclined with respect to a circumfer-
ential direction of the rotating body;
alight-emitting portion configuredto irradiate the
fluorescent band with light;

a detecting unit that remains stationary relative
tothe case andincludes alight-receiving surface
opposite the fluorescent band, the detecting unit
being configured to detect position information
about the fluorescent band in an axial direction
of the rotating body by receiving light emitted by
the fluorescent band; and

a calculating unit configured to calculate a rela-
tive rotation angle between the case and the ro-
tating body based on the position information
about the fluorescent band detected by the de-
tecting unit.

(10) The motion assistive device according to claim
9, wherein the light-emitting portion is configured to
turn on and off alternately when irradiating the fluo-
rescent band with light, and

the detecting unit is configured to detect the position
information about the fluorescent band by receiving
light emitted by the fluorescent band when the light-
emitting portion is turned off.

(11) The motion assistive device according to any
one of claims 1 through 6, wherein the drive unit in-
cludes:

a motor;

a case housing the motor;

a rotating body housed within the case and hav-
ing a circumferential surface that rotates relative
to the case when the motor is driven;
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a reflecting band disposed on and extending
along the circumferential surface of the rotating
body while inclined with respect to a circumfer-
ential direction of the rotating body,

a first light-emitting portion configured to irradi-
ate the reflecting band with light;

a second light-emitting portion disposed away
from the first light-emitting portion in an axial di-
rection of the rotating body and configured to
irradiate the reflecting band with light;

a detecting unit that remains stationary relative
tothe case and includes alight-receiving surface
opposite the reflecting band, the detecting unit
being configured to detect position information
about the reflecting band in the axial direction
of the rotating body by receiving light from the
first light-emitting portion that is reflected by the
reflecting band and light from the second light-
emitting portion that is reflected by the reflecting
band; and

a calculating unit configured to calculate a rela-
tive rotation angle between the case and the ro-
tating body based on the position information
aboutthe reflecting band detected by the detect-
ing unit.

(12) The motion assistive device according to claim
11, wherein the first light-emitting portion and the
second light-emitting portion are configured to turn
on alternately, and

the detecting unit detects the position information
about the reflecting band based on a distribution of
reflected light that is detected when the first light-
emitting portion is turned on and a distribution of re-
flected light that is detected when the second light-
emitting portion is turned on.

(13) The motion assistive device according to claim
9, wherein the rotating body comprises a gear case
in which one or plural gears are housed.

(14) The motion assistive device according to claim
13, including a slit member disposed between the
detecting unit and the rotating body and having a slit
formed in the axial direction of the rotating body.

(15) The motion assistive device according to any
one of claims 1 through 6, wherein the drive unit in-
cludes a communication unit configured to transmit
information including history information about a
drive status of the motor.

(16) A maintenance management system for a mo-
tion assistive device, the system comprising:

the motion assistive device according to claim
15;
areceiver unit provided at a center for managing
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an operational status of the motion assistive de-
vice and configured to receive the history infor-
mation about the drive status of the motor that
the drive unit transmits via the communication
unit and a communication network;

a database configured to store the history infor-
mation about the drive status of the motor that
is inputted via the receiver unit;

an analyzing unit configured to generate infor-
mation about a lifetime of the drive unit or a pres-
ence or an absence of an overload state in the
drive unit by analyzing the history information
stored in the database; and

a transmitter unit configured to transmit mainte-
nance information to the drive unit when itis de-
termined that the motor needs maintenance
based on a result of analysis by the analyzing
unit.

EFFECTS OF THE INVENTION

[0009] In accordance with the present invention, the
drive unit includes a motor monitoring unit configured to
monitor an operational status of the motor, and a motor
control unit configured to limit a drive signal fed to the
motor based on a monitoring result provided by the motor
monitoring unit, in order to prevent an overload state of
the motor. Thus, the problems caused by the forcible
driving of the motor when the motor performance is low-
ered, or by the overheating of the motor or the circuit
board can be prevented. Thus, when it is likely that the
motor will be put in an overload state if a normal drive
signal is fed to the motor when the performance of the
motor is dropped due to aging or the like, the drive signal
is gradually decreased so that the driving force of the
motor can be reduced, thereby extending the life of the
motor. In particular, when the drive unitis embedded with-
in the body of the wearer, the motor cannot be replaced
easily. In this case, the burden on the wearer can be
reduced by extending the life of the motor.

[0010] Inaccordance with the present invention, when
the remaining lifetime of the motor has reached a preset
value, the drive signal fed to the motor is gradually de-
creased at a predetermined rate. Thus a sudden drop in
motor performance in response to a drive signal can be
prevented, thereby preventing a sudden stop of the motor
and the resultant total loss of the motor driving force
against the will of the wearer.

[0011] In accordance with the present invention, his-
tory information about the drive status of the motor that
is transmitted from the drive unit via a communication
unitand acommunication network is stored in a database
at a center for managing the operational status of the
motion assistive device. The history information stored
in the database is analyzed based on information about
the life of the drive unit or the presence or absence of an
overload state. Depending on an analysis result, main-
tenance information is transmitted to the drive unit. Thus,
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whether the drive unit is normal can be analyzed con-
stantly. In addition, should some form of abnormality de-
velop in the drive unit, an alert is issued immediately to
notify the wearer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 shows a perspective view of a wearable mo-
tion assistive device according to a first embodiment
of the present invention;

FIG. 2 shows a perspective view of a drive unit ac-
cording to the first embodiment;

FIG. 3 shows a cross section of the drive unit ac-
cording to the first embodiment;

FIG. 4 shows a plan view of a detected member ac-
cording to the first embodiment;

FIG. 5 shows a partially cross-sectional side view of
the drive unit according to the first embodiment;
FIG. 6 shows a cross section of the drive unit taken
along line F6-F6 of FIG. 5;

FIG. 7 shows a diagram of a maintenance manage-
ment system including the wearable motion assistive
device according to the first embodiment;

FIG. 8 shows a diagram of the drive unit according
to the first embodiment;

FIG. 9 shows a diagram of a rotation angle detecting
unit according to the first embodiment;

FIG. 10 shows a temperature detecting unit accord-
ing to the first embodiment;

FIG. 11 shows a diagram of a distortion/vibration de-
tecting unit according to the first embodiment;

FIG. 12A shows a diagram of a current information
detecting unit according to the first embodiment;
FIG. 12B shows a graph plotting drive current for a
motor 31 versus time;

FIG. 13A shows a flowchart of a main control process
performed by a controller 45 for the drive unit ac-
cording to the first embodiment;

FIG. 13B shows a flowchart of a maintenance proc-
ess for the drive unit according to the first embodi-
ment performed by the controller 45;

FIG. 14 shows a partially cross-sectional side view
of a drive unit of a wearable motion assistive device
according to a second embodiment of the present
invention;

FIG. 15 shows a cross section of the drive unit taken
along line F15-F15 of FIG. 14;

FIG. 16 shows a rotation angle detecting unit accord-
ing to the second embodiment;

FIG. 17 shows a side view of a drive unit of a wear-
able motion assistive device according to a third em-
bodiment of the present invention;

FIG. 18 shows a cross section of the drive unit taken
along line F18-F18 of FIG. 17;

FIG. 19 shows a side view of a drive unit of a wear-
able motion assistive device according to a fourth
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embodiment of the present invention;

FIG. 20 shows a cross section of the drive unit taken
along line F20-F20 of FIG. 19;

FIG. 21 shows a partially cross-sectional side view
of a drive unit of a wearable motion assistive device
according to a fifth embodiment of the present inven-
tion;

FIG. 22 shows a cross section of the drive unit taken
along line F22-F22 of FIG. 21;

FIG. 23 shows a side view of an embedded motion
assistive device 200 according to a sixth embodi-
ment of the present invention; and

FIG. 24 shows a perspective view of an embedded
motion assistive device 500 according to a seventh
embodiment of the present invention.

DESCRIPTION OF THE REFERENCE NUMERALS

[0013]

1,91, 101, 111, 121 Wearable motion assistive de-
vice

2 Body member

3 Upper arm member

4 Forearm member

5 Shoulder joint mechanism

6 Elbow joint mechanism

11, 92, 102, 112, 122, 290, 550 Drive unit
23, 24 Flange member

31 Motor

34 Inner case

35 Outer case

41 Circuit board

45 Controller

51, 93, 103, 113, 123 Rotation angle detecting unit
52 Temperature detecting unit

53 Distortion/vibration detecting unit

54 Current information detecting unit

61, 94 Detected member

62, 95, 96 Light-emitting portion

63 Position detecting unit

63a Light-receiving surface

64 Angle calculating unit

66 Slit member

68 Main body

69 Fluorescent band

83 Communication network

84 Information management apparatus
85 Communication unit

86 Storage unit

87 Analyzing unit

88 Database

97 Reflecting band

100 Control unit

200, 500 Embedded motion assistive device
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BEST MODE OF CARRYING OUT THE INVENTION

[0014] Wearable motion assistive devices and drive
units according to various embodiments of the present
invention are described with reference to the drawings.
[0015] FIGs. 1through 13 show a wearable motion as-
sistive device 1 according to a first embodiment of the
present invention. FIG. 1 shows, as a representative ex-
ample, an upper-right portion of the wearable motion as-
sistive device 1 corresponding to the right arm portion of
a wearer P. The wearable motion assistive device 1 in-
cludes a body member 2, an upper arm member 3, and
a forearm member 4. The body member 2 is attached to
the body of the wearer P. The upper arm member 3 is
attached to and extends along the upper arm of the wear-
er P. The forearm member 4 is attached to and extends
along the forearm of the wearer P.

[0016] The wearable motion assistive device 1 in-
cludes an angle sensor (physical quantity detecting unit)
for detecting a physical quantity regarding a movement
of ajoint, such as the shoulder or elbow joint; a biological
sensor (biosignal detecting unit) for detecting a myopo-
tential signal (biosignal) that is generated when the joint
at the shoulder, elbow, etc., is moved; and a torque sen-
sor for detecting a driving force transmitted from a motor
to the joint.

[0017] Thebody member 2 andthe upperarm member
3 are mutually rotatably coupled by a shoulder joint mech-
anism 5. The upper arm member 3 and the forearm mem-
ber 4 are mutually rotatably coupled by an elbow joint
mechanism 6. The wearable motion assistive device 1
may have a structure similar to the above-described up-
per-right portion in an upper-left portion thereof.

[0018] The shoulder joint mechanism 5 and the elbow
joint mechanism 6 aid the movements of the joint at the
shoulder and the elbow, respectively. The wearable mo-
tion assistive device 1 also includes a control unit 100
having a control circuit for controlling drive units 11 for
the shoulder joint mechanism 5 and the elbow joint mech-
anism 6. The control unit 100 controls each drive unit 11
based on the physical quantities and the biosignal de-
tected by the angle sensor, the torque sensor, and the
biosignal detecting sensor.

[0019] The control unit 100 controls the drive unit 11
using an autonomous control unit 100A and a voluntary
control unit 100B in combination. The autonomous con-
trol unit 100A, when fed with a sensor signal (physical
information signal) detected by each sensor, compares
the detection value from each sensor with a reference
parameter stored in a database to estimate a task and a
phase of the wearer. The autonomous control unit 100A
then generates an autonomous control signal for causing
the drive units 11 to generate a driving force correspond-
ing to the estimated phase. The voluntary control unit
100B generates a voluntary control signal based on a
biopotential signal detected by a biopotential sensor 310.
A control signal composing unit 100C generates a control
signal for the drive units 11 by composing the voluntary
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control signal from the voluntary control unit 100B and
the autonomous control signal from the autonomous con-
trol unit 100A.

[0020] In the following, the shoulder joint mechanism
5 is described in detail. Because the elbow joint mecha-
nism 6 has substantially the same structure as the shoul-
der joint mechanism 5, corresponding parts or compo-
nents with the same functions are designated by similar
reference numerals while omitting the detailed descrip-
tion of the elbow joint mechanism 6.

[0021] With reference to FIGs. 2 and 3, the shoulder
joint mechanism 5 includes first and second connecting
members 12 and 13, as well as the drive unit 11. As
shown in FIG. 1, one end of the first connecting member
12 is secured to the body member 2. One end of the
second connecting member 13 is secured to the upper
arm member 3.

[0022] As shown in FIG. 3, the drive unit 11 includes
a drive portion 21, a gear head 22, and first and second
flange members 23 and 24 that are rotatable relative to
each other. The drive portion 21 has a motor 31 as a
drive source. The motor 31 includes a motor body 31a
and a drive shaft 31b. As shown in FIG. 3, the drive shaft
31b extends into the gear head 22. At the end of the drive
shaft 31b, there is mounted a sun gear 32a that forms a
part of a planetary gear mechanism 32.

[0023] The gear head 22 includes two housings: an
inner case 34 and an outer case 35. The inner case 34
is an example of what the present invention refers to as
a rotating body. The inner case 34 is also an example of
a first component. The inner case 34 is formed in the
cylindrical shape having one open end. The inner case
34 houses the planetary gear mechanism 32 inside. The
planetary gear mechanism 32, in addition to the afore-
mentioned sun gear 32a, may include plural planetary
gears 32b in meshed engagement with the sun gear 32a,
and an internal gear 32c (or so-called "ring gear") in
meshed engagement with the planetary gears 32b. The
planetary gear mechanism 32 is just an example of a
reduction mechanism; the gear head 22 may adopt other
types of reduction mechanism. The inner case 23 may
house a single gear rather than the plural gears.

[0024] Referring to FIG. 3, the first flange member 23
is fixed to the motor body 31a so that the first flange
member 23 is in thermal connection with the motor 31.
The planetary gear mechanism 32 includes a support
member 36, such as bolts, for supporting the planetary
gears 32b. The support member 36 may be fixed to the
first flange member 23, to which the inner case 34 is
fixed. Thus, the inner case 34 is stationary relative to the
motor 31.

[0025] The outer case 35 is formed in the cylindrical
shape having one open end. The outer case 35 houses
the inner case 34. Between the outer case 35 and the
inner case 34, there may be disposed plural bearing
members 37. The second flange member 24 may be
formed integrally with the internal gear 32c of the plane-
tary gear mechanism 32. The outer case 35 is fixed to
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the second flange member 24 so that they can rotate
together.

[0026] Referringto FIG. 2, the first connecting member
12 includes a ring-shaped fixing portion 12a and an ex-
tension 12b that extends from the fixing portion 12a. The
end of the extension 12b is attached to the body member
2. The fixing portion 12a may be fixed to the first flange
member 23 via plural bolts 38. The second connecting
member 13 includes a ring-shaped fixing portion 13a and
an extension 13b extending from the fixing portion 13a.
The end of the extension 13b is attached to the upper
arm member 3. The fixing portion 13a may be fixed to
the second flange member 24 via plural bolts 38.
[0027] Hereafter, an operation of the drive unit 11 is
described.

[0028] When the motor 31 is driven, the internal gear
32c rotates via the sun gear 32a and the planetary gears
32b. Thus, the second flange member 24 rotates relative
to the first flange member 23. As the second flange mem-
ber 24 rotates relative to the first flange member 23, an
inner circumferential surface 35a of the outer case 35
rotates relative to an outer circumferential surface 34a
of the inner case 34. The "rotation of B relative to A"
herein is intended to refer to B rotting with respect to A,
it also includes a rotation of A relative to a stationary B.
[0029] As the first flange member 23 rotates relative
to the second flange member 24, the upper arm member
3rotates relative to the body member 2. Thus, the motion
of the wearer P moving his or her upper arm around the
shoulder is assisted. Similarly, the drive unit 11 of the
elbow joint mechanism 6 is configured to rotate the fore-
arm member 4 relative to the upper arm member 3, there-
by assisting the mation of the wearer P moving the fore-
arm around the elbow.

[0030] Inthe present embodiment, the relative rotation
of the inner case 34 to the outer case 35 is achieved by
rotating the outer case 35 about the stationary inner case
34. In another embodiment, the first connecting member
12 may be fixed to the upper arm member 3 and the
second connecting member 13 may be fixed to the body
member 2. In this case, the inner case 34 rotates within
the stationary outer case 35.

[0031] As shown in FIG. 2, the drive unit 11 includes
a circuit board 41 for controlling the motor 31. The circuit
board 41 is formed in the shape of a ring larger than the
outer shape of the motor body 31a. The circuit board 41
is mounted on the first flange member 23 in thermal con-
nection therewith. The circuit board 41 utilizes the first
flange member 23 as a heatsink. On the first flange mem-
ber, a packing 42 is provided to cover the circuit board
41 so that the circuit board 41 is not exposed to the out-
side. As shown in FIG. 8, the circuit board 41 includes a
controller 45 that generally controls the drive unit 11, a
motor driver 46 for controlling the motor 31, a memory
unit 47, and a database 48.

[0032] The drive unit 11 may include a rotation angle
detecting unit 51, a temperature detecting unit 52, a dis-
tortion/vibration detecting unit 53, and a current informa-
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tion detecting unit 54.

[0033] As shown in FIGs. 3 and 9, the rotation angle
detecting unit 51 includes a detected member 61, a light-
emitting portion 62, a position detecting unit 63, an angle
calculating unit 64, a controller 65, and a slit member 66.
[0034] As shown in FIG. 4, the detected member 61
includes a main body 68 and a fluorescent band 69 pro-
vided on the main body 68. One example of the main
body 68 is a thin band of flexible material. The main body
68 may be made of any material, such as resin, rubber,
paper, etc., as long as its fluorescence is small.

[0035] With reference to FIGs. 5 and 6, the main body
68 is wound around the outer circumferential surface 34a
of the inner case 34 along a circumferential direction
thereof. The main body 68 according to the present em-
bodiment is formed in the shape of a closed loop that is
wound around the outer circumferential surface 34a of
the inner case 34 once. The main body 68 may be formed
in the ring shape in advance. The main body 68 may be
formed in the arc shape adapted to a necessary range
of rotation angles to be detected, rather than the closed-
loop shape.

[0036] As shown in FIG. 4, the fluorescent band 69
extends while inclined relative to the longitudinal direction
of the main body 68. As shown in FIG. 5, when the main
body 68 is wound around the inner case 34, the fluores-
cent band 69 extends spirally, i.e., inclined with respect
tothe circumferential direction of the inner case 34. Thus,
when a specific point on the outer circumferential surface
34a of the inner case 34 is observed from the outside as
the inner case 34 rotates relatively, the position of the
fluorescent band 69 shifts along the axis of the inner case
34 (i.e., laterally in FIG. 5).

[0037] The "circumferential direction of the inner case
34" is herein intended to refer to a direction in which the
inner case 34 rotates as it executes its relative rotation.
Namely, it is a direction along the circumference of the
cylindrical inner case 34 in accordance with the present
embodiment. The fluorescent band 69 extends along the
rotating direction of the inner case 34 so that the position
of the fluorescent band 69 shifts in a direction perpen-
dicular to the rotation direction of the inner case 34.
[0038] The fluorescent band 69 may comprise a fluo-
rescent tape affixed to the main body 68; or it may be
drawn on the main body 68 using fluorescent paint. Al-
ternatively, the fluorescent band 69 may be directly pro-
vided on the outer circumferential surface 34a ofthe inner
case 34. The "fluorescence" herein is intended to refer
to the light emitted by substances in general that emit
light upon irradiation with light, thus including the phos-
phorescence, in which light emission persists after the
exciting source is removed. The fluorescent band 69 may
have a width in a range from 10 pm to 20 pm. The width
of the fluorescent band 69 is not limited to such range,
however.

[0039] The light-emitting portion 62 may be fixed to the
outer case 35 as shown in FIG. 6. The light-emitting por-
tion 62 irradiates the detected member 61 with light. The
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light-emitting portion 62 may comprise a point light
source including a light-emitting diode (LED).

[0040] The controller 65 controls the timing of light ir-
radiation by the light-emitting portion 62. The controller
65 may send a pulsed control signal to the light-emitting
portion 62 so that the light-emitting portion 62 can repeat-
edly turn on and off alternately, thereby irradiating the
detected member 61 intermittently. In a non-limiting ex-
ample, the light-emitting portion 62 is turned on and off
at the cycle of 1kHz.

[0041] The position detecting unit 63 may include a
one-dimensional position detector element. One exam-
ple of the one-dimensional position detector element is
a position sensitive detector (PSD). The position detect-
ing unit 63 may be attached to the outer case 35 as shown
in FIGs. 5 and 6. Namely, the position detecting unit 63
is stationary relative to the outer case 35. The position
detecting unit 63 has a light-receiving surface 63a that
is disposed opposite the detected member 61.

[0042] The position detecting unit 63 is disposed with
a one-dimensional detection line thereof lying along the
axis of the inner case 34. When a spot of light is incident
on the position detecting unit 63, the position detecting
unit 63 can detect the position of entry of the spot light
along the axis of the inner case 34. Thus, the position
detecting unit 63 can detect the location of the fluorescent
band 69 (position information about the fluorescent band
69 in the axial direction of the inner case 34) within an
area opposite the light-receiving surface 63a.

[0043] The controller 65 sends a control signal to the
position detecting unit 63 that is synchronized with the
control signal sent to the light-emitting portion 62. The
controller 65 controls the position detecting unit 63 so
that the position detecting unit 63 performs the position
detection process for the fluorescent band 69 when the
light-emitting portion 62 is turned off (i.e., when the light-
emitting portion 62 is not emitting light).

[0044] The position information about the fluorescent
band 69 detected by the position detecting unit 63 is sent
to the angle calculating unit 64. The angle calculating
unit 64 performs a process for calculating a relative ro-
tation angle between the outer case 35 and the inner
case 34 from the position information about the fluores-
cent band 69. The calculation may be based on informa-
tion regarding the inclined angle of the fluorescent band
69, or the position information about the fluorescent band
69 at a reference position (at the rotation angle 0°). The
angle calculating unit 64 sends the information about the
calculated rotation angle to the controller 45.

[0045] The slit member 66 is disposed between the
position detecting unit 63 and the inner case 34. The slit
member 66 may be fixed to the outer case 35 so that
they can move together. The slit member 66 has a slit
66a opposite the light-receiving surface 63a of the posi-
tion detecting unit 63. The slit 66a extends along the axis
of the inner case 34.

[0046] Hereafter, an operation of the rotation angle de-
tecting unit 51 is described.
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[0047] When the control signal regarding the irradia-
tion timing is sent from the controller 65 to the light-emit-
ting portion 62, the light-emitting portion 62 irradiates the
detected member 61 with light intermittently in accord-
ance with the irradiation timing. The controller 65 causes
the position detecting unit 63 to stand by when the light-
emitting portion 62 is on and perform detection when the
light-emitting portion 62 is off.

[0048] When the light-emitting portion 62 is on, the de-
tected member 61 is irradiated with light so that the flu-
orescent band 69 is charged with light energy. When the
light-emitting portion 62 is off, the fluorescent band 69
emits light. Light emitted by the fluorescent band 69 lo-
cated along the detection line of the position detecting
unit 63 passes through the slit 66a and becomes incident
on the position detecting unit 63. Light emitted by the
fluorescent band 69 that is located outside the detection
line is blocked by the slit member 66 and therefore does
not become incident on the position detecting unit 63.
[0049] The position detecting unit 63 detects position
information concerning the fluorescent band 69 opposite
the position detecting unit 63 based on the incident po-
sition of light. The angle calculating unit 64 calculates a
rotation angle based on the position information about
the fluorescent band detected by the position detecting
unit 63, and then sends the calculated information to the
controller 45.

[0050] Hereafter, the temperature detecting unit 52 is
described.
[0051] With reference to FIG. 10, the temperature de-

tecting unit 52 includes a temperature sensor 71 for de-
tecting a temperature of the circuit board 41 on which the
controller 45 is mounted, and a motor temperature cal-
culating unit 72. The temperature sensor 71 is in contact
with the circuit board 41, as shown in FIG. 3. Thus the
temperature sensor 71 can directly detect the tempera-
ture of the circuit board 41. The temperature sensor 71
sends information about the detected temperature to the
controller 45 and also to the motor temperature calculat-
ing unit 72.

[0052] The motor temperature calculating unit 72,
based on the detected temperature received from the
temperature sensor 71, calculates a temperature of the
motor 31 by solving a one-dimensional heat equation.
The motor temperature calculating unit 72 sends infor-
mation about the calculated temperature of the motor 31
to the controller 45. The detection of the temperature of
the circuitboard 41 and that of the motor 31 are performed
continuously during the operation of the drive unit 11. In
another embodiment, the temperature detecting unit 52
may comprise a separate temperature sensor 71a for
directly detecting the temperature of the motor 31, as
indicated by two-dot chain lines in FIG. 3, instead of the
motor temperature calculating unit 72.

[0053] Hereafter, the distortion/vibration detecting unit
53 is described.
[0054] With reference to FIG. 11, the distortion/vibra-

tion detecting unit 53 includes a distortion/vibration sen-
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sor 73. The distortion/vibration sensor 73 is attached to
the first flange member 23, as shown in FIG. 3. The dis-
tortion/vibration sensor 73 detects an amount of distor-
tion in the first flange member 23 and also a state of
vibration (such as the presence or absence of chattering
vibration) of the first flange member 23. The detection of
the distortion amount and the vibration state is performed
continuously during the operation of the drive unit 11.

[0055] Hereatfter, the currentinformation detecting unit
54 is described.
[0056] With reference to FIG. 12A, the current infor-

mation detecting unit 54 includes a current detecting unit
75 and a calculating unit 76. The current detecting unit
75 may detect a value of electric current that flows in the
motor 31 by measuring an electric current flowing in the
motor driver 46. The current detecting unit 75 sends in-
formation about the detected current value to the calcu-
lating unit 76. The calculating unit 76 integrates the value
of electric current flow in the motor 31 since the initial
startup of the drive unit 11 with respect to time, to calcu-
late how much current has flowed through the motor 31
since the initial startup time of the drive unit 11 up to the
present time. The calculating unit 76 sends a time-inte-
grated currentvalue (total operation time) to the controller
45,

[0057] In the database 48, there is stored data con-
cerning an allowable temperature of the circuit board 41
for preventing malfunction; an allowable temperature of
the motor 31 for preventing malfunction; an allowable
distortion amount of the first flange member 23; and the
life of the motor 31, for example.

[0058] The controller 45 includes a motor monitoring
unit 45A for monitoring an operational status of the motor
31, and a motor controller 45B for limiting a drive signal
to the motor 31 based on a result of monitoring by the
motor monitoring unit 45A in order to prevent an overload
state of the motor 31. Further, the motor monitoring unit
45A includes a determination unit 45C for determining
whether the total integrated value of the current supplied
to the motor 31 exceeds a preset threshold, and a re-
maining life calculating unit 77. When the determination
unit 45C determines that the total integrated value of cur-
rent exceeds the preset threshold, the motor controller
45B controls the motor 31 so that the drive signal supplied
tothe motor 31is gradually decreased ata predetermined
rate (such as decreasing at the rate of 5% to 10% of the
maximum output per second).

[0059] The controller 45 compares information about
the temperatures of the circuit board 41 and the motor
31 received from the temperature detecting unit 52 with
the acceptable values stored in the database 48 and the
total operation time of the motor 31 with an average life
of the motor 31. When it is likely that either the temper-
ature of the circuit board 41 or that of the motor 31 will
exceed the acceptable values, the controller 45 reduces
or terminates the driving of the motor 31 by, e.g., switch-
ing to a slower speed. The controller 45 compares the
distortion amount or the state of vibration sent from the
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distortion/vibration detecting unit 53 with the acceptable
values stored in the database, and reduces or terminates
the driving of the motor 31 as needed.

[0060] Thus, the drive unit 11 can prevent the forcible
driving of the motor 31 when the performance of the motor
31 is lowered, or the overheating of the motor 31. Thus,
when it is likely that the motor 31 and the circuit board
41 will be putin an overload state if a normal drive signal
is fed to the motor 31 when the performance of the motor
31 is dropped due to aging or the like, the drive signal is
gradually decreased so that the driving force of the motor
31 canbe reduced, thereby extending the life of the motor
31. Such extension of life of the motor 31 particularly
contributes to the lessening of burden on the wearer
when the drive unit 11 is embedded within the wearer’s
body (see FIGs. 23 and 24) where the motor 31 cannot
be easily replaced.

[0061] Whentheremaining lifetime of the motor 31 has
reached a preset value, the drive signal supplied to the
motor 31 is gradually decreased at the predetermined
rate (such as at the rate of 5% to 10% of the maximum
output per second). Thus sudden performance drop in
the motor 31 in response to the drive signal can be pre-
vented. This enables the prevention of sudden deactiva-
tion of the motor 31 and the resultant total loss of driving
force in the motor 31 against the will of the wearer.
[0062] AsshowninFIG. 12A,the controller 45 includes
the remaining life calculating unit 77. The remaining life
calculating unit 77 receives from the current information
detecting unit 54 information about the time-integrated
value of the electric current that has flowed through the
motor 31. In the database 48, there is stored information
about the time-integrated current values associated with
the end of life of the motor as determined by experiment
or actual use (such as a preset reference value for de-
termining a lifetime). The remaining life calculating unit
77 compares the time-integrated current value received
from the current information detecting unit 54 with the
information stored in the database, in order to calculate
a remaining life of the motor 31. For example, the con-
troller 45 determines that it is the replacement time when
the time-integrated value of the electric current flow
through the motor 31 exceeds a predetermined reference
value. The detection of remaining life is performed con-
tinuously during the operation of the drive unit 11.
[0063] As shown in FIG. 8, the drive unit 11 includes
a communication unit 78. The memory unit 47 receives
various information about the values detected or calcu-
lated by the temperature detecting unit 52, the distortion/
vibration detecting unit 53, the current information de-
tecting unit 54, and the controller 45. The memory unit
47 also stores history information about the above infor-
mation. The communication unit 78 may comprise aradio
communication unit. The communication unit 78 may
transmit the various information detected or calculated
by the temperature detecting unit 52, the distortion/vibra-
tion detecting unit 53, the current detecting unit 75, and
the controller 45 to the outside periodically.
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[0064] FIG. 12B shows a graph plotting the drive cur-
rent in the motor 31 versus time. As shown in FIG. 12B,
the drive current in the motor 31 changes over time de-
pending on the angle and torque when the shoulder or
elbow joint is driven. In accordance with the present em-
bodiment, a first acceptable value 1, and a second ac-
ceptable value Ig of the drive current are set in the data-
base 48 in advance (I5<Ig).

[0065] The drive unit 11 includes the database (stor-
age unit) 48, in which the first acceptable value |, and
the second acceptable value Ig higher than the first ac-
ceptable value I, of the current value supplied to the mo-
tor 31 are stored. The remaining life calculating unit 77
calculates a remaining life by integrating an excess cur-
rent value above the first acceptable value 1, and sub-
tracting the total use time up to the present time from an
average life. When the calculated integrated value ex-
ceeds a threshold, the motor controller 45B controls the
motor 31 so that the electric current supplied to the motor
31 gradually decreases at a predetermined rate (such as
at the rate of 5% to 10% of the first acceptable value I,
per second).

[0066] Also, the motor controller 45B, when the drive
current exceeds the second acceptable value I, controls
the motor 31 so that the electric current supplied to the
motor 31 gradually decreases at a predetermined rate.
The rate at which the current value is decreased may be
set as follows. For example, the current value in excess
of the second acceptable value Ig is reduced to the sec-
ond acceptable value Ig instantaneously (such as within
one second), or to the first acceptable value within sev-
eral seconds. Alternatively, the drive current may be re-
duced smoothly by using a sigmoid function, a Bézier
curve, or a spline curve.

[0067] Whenthe exceeding ofthe drive current beyond
the second acceptable value I is detected repeatedly,
the control unit 100 automatically sets an assist ratio (the
ratio of torque produced by the drive unit to torque pro-
duced by the wearer) lower. The aforementioned prede-
termined rate may be set to any desired value depending
on the particular situation. For example, the drive current
is reduced at the rate in a range from 0.1% to 1% of the
maximum output per second before the motor 31 is
stopped.

[0068] Hereafter, a main control process for the motor
31 performed by the controller 45 of the drive unit 11 is
described with reference to FIG. 13A.

[0069] Inresponse to a drive instruction from the con-
trol unit 100 to the drive unit 11, the controller 45 starts
to drive the motor 31 in a first step S1. Following the first
step S11, in a second step S12, the current information
detecting unit 54 detects a value of electric current that
flows in the motor 31 and calculates a time-integrated
value of the current value (monitoring unit). In a third step
S13, the temperature detecting unit 52 detects a temper-
ature of the circuit board 41 and calculates a temperature
of the motor 31 (monitoring unit). In a fourth step S14,
the distortion/vibration detecting unit 53 detects an
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amount of distortion and a vibration state in the firstflange
member 23 (monitoring unit). In accordance with the
present embodiment, the second to the fourth steps S2,
S3, and S4 are performed simultaneously. Alternatively,
these steps may be performed sequentially in any order.
[0070] In a fifth step S5, the controller 45 compares
the various information detected in the second through
the fourth steps S2, S3, and S4 with the acceptable val-
ues or reference values stored in the database 48, and
determines whether the operating status of the drive unit
11 is normal (determination unit). For example, the con-
troller 45 determines whether the time-integrated value
of the current flow through the motor 31 is below the
predetermined amount; whether the temperature of the
circuit board 41 is below the acceptable value; whether
the temperature of the motor 31 is below the acceptable
value; whether the distortion amount of the first flange
member 23 is below the acceptable value; and whether
there is any sign of chattering vibration based on the vi-
bration state.

[0071] When all of those values are below the respec-
tive acceptable values, the rotation angle detecting unit
51 in a sixth step S6 detects a relative rotation angle of
the first and the second flange members 23 and 24. In a
seventh step S7, the controller 45 determines whether a
stop position is reached based on the detected rotation
angle. When the controller 45 determines that the stop
position is not yet reached, the process is repeated from
the second step S2 sequentially. When the controller 45
determines that the stop position is reached, the motor
31 is stopped in an eighth step S8, thereby completing
the process.

[0072] When any of the time-integrated value of the
current flow through the motor 31, the temperature of the
circuit board 41, the temperature of the motor 31, and
the distortion amount of the first flange member 23 ex-
ceeds the acceptable value or the reference value, or
when a sign of chattering vibration is observed in the fifth
step S5, the routine of the process branches to a ninth
step S9. In the ninth step S9, the driving of the motor 31
is reduced by, e.g., entering into a low-speed operation
(motor control unit). Thus, when any of the acceptable
values is exceeded in S5, a deceleration control is per-
formed whereby the driving of the motor 31 is switched
to a low-speed rotation at a predetermined rate, for ex-
ample, in S9, thereby reducing the driving of the motor 31.
[0073] Inatenth step S10, information detected by the
various detecting units is transmitted to the outside by
the communication unit 78. The driving of the motor 31
is stopped at about the same time as the step S10.
[0074] Hereafter, a maintenance control process for
the motor 31 performed by the controller 45 of the drive
unit11isdescribed with reference to FIG. 13B. The main-
tenance control process is performed in parallel with the
above-described main control process (FIG. 13A), as an
interrupt process at preset time intervals (such as at one-
minute or 10-minutes intervals).

[0075] With reference to FIG. 13B, the first through
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sixth steps S11 to S16 are the same as the first through
the fifth steps S1 to S5 and the ninth step S9 of FIG. 13A
described above and are therefore not described.
[0076] The process shown in FIG. 13B differs from the
process of FIG. 13Ain the seventh step S17. In step S17,
the controller 45 transmits the operating status of the
motor 31 (such as whether the time-integrated value of
current flow through the motor 31 is below the predeter-
mined amount; whether the temperature of the circuit
board 41 is below the acceptable value; whether the tem-
perature of the motor 31 is below the acceptable value;
whether the distortion amount of the first flange member
23 is below the acceptable value; and whether there is
a sign of chattering vibration based on the vibration state)
to an information management apparatus 84 at a center
(see FIG. 7) via the communication network 83. Thus,
the operating status of the individual wearable motion
assistive device 1 can be analyzed in the information
management apparatus 84 based on a database 88 at
the center.

[0077] Finally, amaintenance management system 81
of the wearable motion assistive device 1 is described.
[0078] Asshown in FIG. 7, the maintenance manage-
ment system 81 includes the wearable motion assistive
device 1 and the radio terminal 82 provided on the part
of each user, and the information management appara-
tus 84 provided on the part of the supplier and connected
to the user-side radio terminal 82 via the communication
network 83, such as the Internet.

[0079] The information management apparatus 84 at
the center is configured to manage the operational status
of the wearable motion assistive device 1. The informa-
tion management apparatus 84 includes a communica-
tion unit 85 connected to the communication network 83;
a storage unit 86 including the database 88 for succes-
sively storing information (including the history informa-
tion about the motor 31) about the operational status of
the individual wearable motion assistive device 1 that is
inputted via the communication unit 85; and an analyzing
unit 87 for analyzing the wearable motion assistive device
1 based on the information about the individual opera-
tional status stored in the storage unit 86.

[0080] The analyzing unit 87 analyzes the history in-
formation stored in the database 88 to generate analysis
information which may concern the life of the drive unit
11 or the presence or absence of an overload state in
the drive unit 11. When serious analyzed result is ob-
tained, the analyzing unit 87 transmits the related anal-
ysis information to the relevant wearable motion assistive
device 1.

[0081] The communication unit 85 includes a receiver
unit 85A and a transmitter unit 85B. The receiver unit 85A
receives history information about the drive status of the
motor 31 that is transmitted from the drive unit 11 via the
communication unit 78 and the communication network
83. The transmitter unit 85B, when it is determined that
maintenance of the motor 3 is required based on the anal-
ysis result obtained by the analyzing unit, transmits main-
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tenance information to the relevant drive unit 11.

[0082] The wearable motion assistive device 1 thus
includes the communication unit 78 for the individual
drive unit 11 as described above. Specifically, the wear-
able motion assistive device 1 includes plural communi-
cation units 78, such as the communication unit 78 pro-
vided for the drive unit 11 of the shoulder joint mechanism
5, and the communication unit 78 provided for the drive
unit 11 for the elbow joint mechanism 6. These plural
communication units 78 send information about the op-
erating status of each drive unit 11 onto the communica-
tion network 83 periodically, for example, via the radio
terminals 82. Similarly, another wearable motion assis-
tive device 1 being used by another user also sends in-
formation aboutthe individual drive units 11 onto the com-
munication network 83. The information management
apparatus 84 provided on the supplier end receives the
information from each user via the communication net-
work 83, and centrally manages the information on the
database 88.

[0083] Thus, the history information about the drive
status of the motor 31 transmitted from the drive unit 11
via the communication unit and the communication net-
work 83 is stored in the database 88 at the center for
managing the operational status of the motion assistive
device. The history information stored in the database
88 is analyzed to obtain an analysis result based on the
information about the life of the drive unit 11 or the pres-
ence or absence of an overload state. Based on such
analysis result, maintenance information is transmitted
to the relevant drive unit 11. In this way, whether the drive
unit 11 is normal can be constantly analyzed, so that the
wearer can be immediately notified via aradio alert signal
in the event of some form of abnormality in the drive unit
11.

[0084] In accordance with the wearable motion assis-
tive device 1 or the drive unit 11 having the above-de-
scribed structures, the influence of the scattering of light
in the rotation angle detecting unit 51 can be curbed, so
that an improved rotation angle detection accuracy can
be achieved. Namely, in the rotation angle detecting unit
51 according to the present embodiment, because the
fluorescent band 69 emits light by itself, there is no prob-
lem of the scattering of light at the edge of the fluorescent
band 69, whereby the light without scattering becomes
incident on the position detecting unit 63. Thus, the use
of the fluorescent band 69 prevents an error due to the
scattering of light, thereby improving the rotation angle
detection accuracy.

[0085] The light-emitting portion 62 emits light inter-
mittently and the position detecting unit 63 receives the
light emitted by the fluorescent band 69 when the light-
emitting portion 62 is turned off. Thus, the light emitted
by the fluorescent band 69 can be reliably detected with-
outinterference from the lightemitted by the light-emitting
portion 62.

[0086] The detected member 61 comprises the main
body 68 with the fluorescent band 69 attached thereon.
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This structure enables more accurate setting of the incli-
nation angle of the fluorescent band 69 relative to the
circumferential direction than when the fluorescent band
69 is directly attached to a rotating body. The mounting
of the fluorescent band 69 is also simplified.

[0087] Generally, in many angle detecting units, a ro-
tating shaft coupled to a motor shaft is fitted with an angle
detecting portion. Consequently, the size of a drive unit
having such an angle detecting unit becomes large in the
axial direction. On the other hand, in the detected mem-
ber 61 according to the present embodiment, the detect-
ed member 61 is attached to the outer circumferential
surface 34a of the inner case 34, which is a gear case.
This eliminates the need for an angle detecting portion
on the rotating axle, thereby reducing the size of the drive
unit 11.

[0088] When an angle detector such as a potentiom-
eter is used, a detection error may be caused by a mis-
alignment or distortion between the potentiometer shaft
and the rotating shaft. On the other hand, in accordance
with the present embodiment, because the rotation angle
detecting unit 51 is directly built inside the gear/motor
system, detection error does not easily occur and a highly
reliable detection can be realized.

[0089] The slit member 66 is not necessarily required
and may be omitted. The slit member 66, when provided,
blocks excess light from the front or rear of the detection
line, thereby improving the rotation angle detection ac-
curacy.

[0090] For example, in the monitoring system accord-
ing to Patent Document 3, the operating status of the
motor is monitored by a sensor, and an alert is issued if
data concerning the operating status exceeds a thresh-
old. When a drive unitis equipped with such a monitoring
system, a supplier of the drive unit needs to respond to
individual drive units every time an alert is issued.
[0091] In an aspect of the present invention, a drive
unit is provided in which an operating status of the motor
31 is monitored, and an active corrective operation is
performed to achieve an appropriate operating status.
[0092] Because the firstflange member 23 is thermally
connected with the motor 31, the temperature of the first
flange member 23 increases when the motor 31 is driven.
If a circuit board, which also generates heat, is mounted
on such flange member, the temperature of the circuit
board may become excessively high. For this reason,
circuit boards are generally located away from motors.
[0093] In accordance with the present embodiment, in
the drive unit 11, the circuit board 41 is mounted on the
first flange member 23. The drive unit 11 includes the
temperature detecting unit 52 for detecting the temper-
ature of the circuitboard 41. The temperature of the circuit
board 41 is constantly monitored by the temperature de-
tecting unit 52. When it is likely that the temperature will
exceed an acceptable value, the amount of heat trans-
ferred from the motor 31 to the first flange member 23 is
reduced by, for example, reducing the driving of the motor
31. In this way, the first flange member 23 can function
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properly as a heatsink for the circuit board 41, thereby
controlling the temperature increase in the circuit board
41. By thus monitoring the temperature status of the cir-
cuit board 41 and controlling the motor 31 by the control-
ler 45, the circuit board 41 can be mounted on the first
flange member 23, which is thermally connected to the
motor 31. Because the circuit board 41 can be located
adjacent the motor 31, the size of the drive unit 11 can
be reduced.

[0094] For example, as the temperature detecting unit
52 monitors the temperature of the motor 31 and when
the temperature of either the motor 31 or the circuit board
41 is likely to exceed the acceptable value, the driving of
the motor 31 is reduced. As a result, with the first flange
member 23 functioning as a heatsink for the motor 31 or
the circuit board 41, excess temperature increase can
be prevented. Thus, the size of the drive unit 11 can be
reduced and improved reliability can be obtained.
[0095] The motor 31 used in the wearable motion as-
sistive device 1 is not so much rotated a great number
of times during its life as it is typically used in an overload
state for supporting a heavy load, forexample. As a meth-
od of detecting the remaining life of the motor 31, the
total number of revolutions of the motor could be counted.
However, this is not suitable for the motor 31 for the wear-
able motion assistive device 1.

[0096] In the derive unit 11 according to the present
embodiment, the controller 45 determines the life of the
motor 31 by time-integrating the value of electric current
that flows in the motor 31 from the time of initial operation.
The overload state of the motor 31 is largely dependent
on the magnitude of the electric current that flows through
the motor 31. Thus, by calculating the time-integrated
value of the electric current, the degree of overloading
of the motor 31 can be roughly determined. In this way,
the drive unit 11 can appropriately determine the life of
the motor 31 in an overload state.

[0097] The memory unit 47 in the drive unit 11 stores
various detected information or the like, providing infor-
mation about the kind of environment that the drive unit
11 has been used in up to the present time. Such infor-
mation enables improvement in maintenance efficiency,
for example.

[0098] The communication unit 78 in the drive unit 11
transmits the various detected information to the outside,
enabling the monitoring of the operating status and the
determination of the remaining life of the individual drive
unit 11 externally. Thus, it becomes possible for the sup-
plier end to indicate a suggested replacement time, or to
prepare replacement parts for the drive unit 11 that is
about to reach its replacement time.

[0099] When each of the plural drive units 11 is con-
structed as an independent unit having the various de-
tecting units 52, 53, and 54, the circuit board 41 including
the controller 45, and the communication unit 78, the in-
dividual drive units 11 need to be only connected via pow-
er supply cables, thus making the wearable motion as-
sistive device 1 more convenient to use.
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[0100] In the present embodiment, the fluorescent
band 69 is installed on the inner case 34 and the position
detecting unit 63 is mounted on the outer case 35. In
another embodiment, the fluorescent band 69 may be
installed on the outer case 35 and the position detecting
unit 63 may be mounted on the inner case 34.

[0101] The position detecting unit 63 may not be con-
figured to detect light when the light-emitting portion 62
is turned off. For example, the frequency of the light emit-
ted by the fluorescent band 69 may be made different
from that of the light emitted by the light-emitting portion
62, and the position detecting unit 63 may be configured
to respond to the frequency of the fluorescent band 69.
In this way, the position detecting unit 63 can perform
the position detection process based on the light emitted
by the fluorescent band 69 even when the light-emitting
portion 62 is turned on. However, the selection or adjust-
ment of the position detecting unit 63 is easier and de-
tection error is less likely to develop by performing the
detection process when the light-emitting portion 62 is
turned off.

[0102] Hereafter, a wearable motion assistive device
91 according to a second embodiment of the present
invention is described with reference to FIGs. 14 to 16.
Parts or elements having the same functions as those of
the wearable motion assistive device 1 of the first em-
bodiment are designated with similar reference numerals
and their description is omitted.

[0103] The wearable motion assistive device 91 in-
cludes a shoulder joint mechanism 5 and an elbow joint
mechanism 6, each having a drive unit 92. The drive unit
92 is similar to the drive unit of the first embodiment, with
the exception of a rotation angle detecting unit 93 which
differs from the rotation angle detecting unit 51 of the first
embodiment. Specifically, the drive unit 92 includes a
controller 45, a motor driver 46, a memory unit 47, a da-
tabase 48, a temperature detecting unit 52, a distortion/
vibration detecting unit 53, and a current information de-
tecting unit 54.

[0104] The rotation angle detecting unit 93 includes a
detected member 94, a first light-emitting portion 95, a
second light-emitting portion 96, a position detecting unit
63, an angle calculating unit 64, a controller 65, and a
slit member 66.

[0105] The detected member 94 includes a main body
68 and a reflecting band 97 installed on the main body
68. In an example, the main body 68 is painted black to
reduce light reflectivity.

[0106] The reflecting band 97 extends while inclined
inthe longitudinal direction of the main body 68. As shown
in FIG. 14, when the main body 68 is wound around the
inner case 34, the reflecting band 97 extends spirally in
the circumferential direction of the inner case 34. Thus,
when the inner case 34 is relatively rotated, the position
of the reflecting band 97 changes in the axial direction
of the inner case 34. The reflecting band 97 is formed of
a material with high light reflectivity. The reflecting band
97 may be provided by a light reflective tape affixed to
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the main body 68, or may be drawn with a light reflective
paint. Alternatively, the reflecting band 97 may be directly
provided on the outer circumferential surface of the inner
case 34. In an example, the reflecting band 97 has a
width in a range from 10 pm to 20 pm. The width of the
reflecting band 97 however is not limited to such range.
[0107] The first and the second light-emitting portions
95 and 96 may be fixed to the outer case 35, as shown
in FIG. 14. The first and second light-emitting portions
95 and 96 are spaced apart from each other in the axis
direction of the inner case 34. The first and second light-
emitting portions 95 and 96 may be spaced apart from
the center of the detected member 94 by the same dis-
tance in the opposite directions, along the axis of the
inner case 34. The firstand second light-emitting portions
95 and 96 are configured to irradiate the detected mem-
ber 94 with light.

[0108] The controller 65 controls the timing of irradia-
tion of the first and second light-emitting portions 95 and
96. The controller 65 may be configured to send a pulsed
control signal to the first and second light-emitting por-
tions 95 and 96 so that the first and second light-emitting
portions 95 and 96 are turned on alternately. The first
and second light-emitting portions 95 and 96 may be
turned on and off at the period of 1kHz; however, the first
and second light-emitting portions may be turned on and
off at other periods.

[0109] The position detecting unit 63 receives the light
from the first light-emitting portion 95 that is reflected by
the reflecting band 97 when the first light-emitting portion
95 is turned on. The position detecting unit 63 receives
the light emitted by the second light-emitting portion 96
that is reflected by the reflecting band 97 when the sec-
ond light-emitting portion 96 is turned on. Based on a
distribution of the reflected light that is detected when the
first light-emitting portion 95 is turned on, and a distribu-
tion of the reflected light detected when the second light-
emitting portion 96 is turned on, the position detecting
unit 63 detects position information about the reflecting
band 97 in the axial direction of the inner case 34.
[0110] For example, the position detecting unit 63 de-
tects the position of a peak (“first peak") of the distribution
of the reflected light detected when the first light-emitting
portion 95 is turned on, and the position of a peak ("sec-
ond peak") of the distribution of the reflected light detect-
ed when the second light-emitting portion 96 is turned
on. The position detecting unit 63 then determines an
intermediate position between the first peak and the sec-
ond peak as an instantaneous position of the reflecting
band 97.

[0111] For example, the position detecting unit 63 de-
tects the first and second peaks at a reference position
(such as at the rotation angle 0°) and a predetermined
position (such as the rotation angle 180°). The position
detecting unit 63 then determines the intermediate posi-
tion at each position as reference position information
and predetermined position information about the reflect-
ing band 97, respectively. Such information is then stored
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in the angle calculating unit 64.

[0112] The angle calculating unit 64 receives the po-
sition information about the reflecting band 97 detected
by the position detecting unit 63 at an arbitrary angle.
Based on the reference position information and the pre-
determined position information and the like about the
reflecting band 97, the angle calculating unit 64 calcu-
lates a relative rotation angle between the outer case 35
and the inner case 34.

[0113] The position information about the reflecting
band 97 may be detected in other ways than by deter-
mining the intermediate position at the first and second
peaks. Any method capable of identifying a position cor-
responding to a rotation angle from the reflected light
distribution due to the first light-emitting portion 95 and
the reflected light distribution due to the second light-
emitting portion 96 can be suitably adopted.

[0114] In accordance with the wearable motion assis-
tive device 91 or the drive unit 92 as described above,
the influence of the scattering of light in the rotation angle
detecting unit 93 can be curbed, so thatimproved rotation
angle detection accuracy can be achieved. Specifically,
the reflected light distribution due to the first light-emitting
portion 95 and the reflected light distribution due to the
second light-emitting portion 96 are different. This is be-
cause the diffuse reflection caused at the edge of the
reflecting band 97 when the first light-emitting portion 95
is turned on differs from the diffuse reflection caused at
the edge of the reflecting band 97 when the second light-
emitting portion 96 is turned on, resulting in different scat-
tering characteristics.

[0115] Thus, in the drive unit 11 according to the
present embodiment, by detecting the position informa-
tion about the reflecting band 97 based on the two re-
flected light distributions having different scattering char-
acteristics, the probability of the detection result being
influenced by the scattering in the individual light distri-
bution can be reduced. In this way, the influence of the
scattering of light at the edge of the reflecting band 97
can be curbed, whereby improved rotation angle detec-
tion accuracy can be achieved.

[0116] The edges of the reflecting band 97 on either
side lie side by side along the axis of the inner case 34.
By providing the first and second light-emitting portions
95 and 96 side by side along the axis of the inner case
34, the reflected light distribution due to the first light-
emitting portion 95 and the reflected light distribution due
to the second light-emitting portion 96 tend to differ from
each other. As a result, the influence of the scattering of
light at the edges can be further curbed, so thatimproved
rotation angle detection accuracy can be obtained. When
the first and second light-emitting portions 95 and 96 are
spaced apart from the detected member 94 by the same
distance in the opposite directions along the axis of the
inner case 34, development of error becomes less likely
so that improved detection accuracy can be achieved.
[0117] When the first and second light-emitting por-
tions 95 and 96 emit light alternately, the mutually differ-
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enttwo light distributions can be reliably obtained. Name-
ly, by receiving the reflected light from the first light-emit-
ting portion 95 with the position detecting unit 63 when
the second light-emitting portion 96 is turned off, the re-
flected light from the first light-emitting portion 95 is not
contaminated by the reflected light from the second light-
emitting portion 96.

[0118] The first and second light-emitting portions 95
and 96 may not necessarily emit light alternately. For
example, the firstlight-emitting portion 95 and the second
light-emitting portion 96 may be configured to emit light
with different frequencies. In this case, the position infor-
mation about the reflecting band 97 can be detected from
the two reflected light distributions caused by the firstand
second light-emitting portions 95 and 96 as they emit
light simultaneously.

[0119] Whileinthe presentembodimentthe inner case
34 is fitted with the reflecting band 97 and the outer case
35 is fitted with the position detecting unit 63, the outer
case 35 may be fitted with the reflecting band 97 and the
inner case 34 may be fitted with the position detecting
unit 63.

[0120] Hereafter, a wearable motion assistive device
101 according to a third embodiment of the present in-
vention is described with reference to FIGs. 17 and 18.
Parts or elements with the same functions as those of
the wearable motion assistive device 1 according to the
first embodiment are designated with similar reference
numerals and their description is omitted.

[0121] The wearable motion assistive device 101 in-
cludes a shoulder joint mechanism 5 and an elbow joint
mechanism 6, each having a drive unit 102. The drive
unit 102 is similar to the drive unit of the first embodiment
with the exception of the rotation angle detecting unit 103
which differs from the rotation angle detecting unit 51 of
the first embodiment.

[0122] The rotation angle detecting unit 103 includes
a fluorescent band 69, a light-emitting portion 62, a po-
sition detecting unit 63, an angle calculating unit 64, a
controller 65, and a slit member 66. In accordance with
the present embodiment, the first flange member 23 is
an example of what the presentinvention refers to as the
first component; the second flange member 24 is an ex-
ample of the second component.

[0123] As shown in FIG. 18, the fluorescent band 69
is provided on an end face 23a of the first flange member
23. The fluorescent band 69 is disposed opposite the
second flange member 24 and extends spirally. Namely,
the fluorescent band 69 extends in the direction of rota-
tion of the second flange member 24 such that the posi-
tion of the fluorescent band 69 changes in a direction
perpendicular to the direction of rotation of the second
flange member 24 (which is the radial direction of the first
flange member 23 in the present embodiment).

[0124] The light-emitting portion 62 may be fixed to the
second flange member 24. The light-emitting portion 62
is turned on and off alternately so that the fluorescent
band 69 is irradiated with light intermittently.
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[0125] The position detecting unit 63 may be attached
to the second flange member 24 as shown in FIG. 17,
opposite the fluorescent band 69. The position detecting
unit 63 has a one-dimensional detection line lying in the
radial direction of the first flange member 23. The position
detecting unit 63 has a light-receiving surface 63a. The
position detecting unit 63 detects a location of the fluo-
rescent band 69 (i.e., position information about the flu-
orescent band 69 in the radial direction of the first flange
member 23) in an area opposite the light-receiving sur-
face 63a.

[0126] Based on information about the shape of the
spiral of the fluorescent band 69, or with reference to the
position information about the fluorescent band 69 at the
reference position (rotation angle 0°), the angle calculat-
ing unit 64 calculates a relative rotation angle between
the first and second flange members 23 and 24 from the
detected position information about the fluorescent band
69.

[0127] The slit member 66 is provided between the po-
sition detecting unit 63 and the first flange member 23.
The slit member 66, which is stationary relative to the
position detecting unit 63, includes a slit 66a lying in a
radius direction of the first flange member 23. The slit
member 66 is not necessarily required.

[0128] In accordance with the wearable motion assis-
tive device 101 or the drive unit 102 described above,
the influence of the scattering of light in the rotation angle
detecting unit 103 can be curbed, whereby rotation angle
detection accuracy can be improved. Namely, because
the fluorescent band 69 emits light by itself, the problem
of diffuse reflection of light at the edge of the fluorescent
band 69 is not caused, so that light with controlled scat-
tering becomes incident on the position detecting unit 63.
As a result, the fluorescent band 69 prevents the error
due to the scattering of light, thereby improving the rota-
tion angle detection accuracy. In another embodiment,
the fluorescent band 69 may be provided on the second
flange member 24 and the position detecting unit 63 may
be provided on the first flange member 23.

[0129] Hereafter, a wearable motion assistive device
111 according to a fourth embodiment of the present in-
vention is described with reference to FIGs. 19 and 20.
Parts or elements with the same functions as those of
the wearable motion assistive device 1, 91, or 101 ac-
cording to the first, second, or third embodiment are des-
ignated with similar reference numerals, and their de-
scription is omitted.

[0130] The wearable motion assistive device 111 in-
cludes a shoulder joint mechanism 5 and an elbow joint
mechanism 6, each having a drive unit 112. The drive
unit 112 is similar to the drive unit of the first embodiment
with the exception of a rotation angle detecting unit 113
that differs in structure from the rotation angle detecting
unit 51 according to the first embodiment.

[0131] The rotation angle detecting unit 113 includes
a reflecting band 97, a first light-emitting portion 95, a
second light-emitting portion 96, a position detecting unit
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63, an angle calculating unit 64, a controller 65, and a
slit member 66.

[0132] As shown in FIG. 20, the reflecting band 97 is
installed on an end face 23a of the first flange member
23, opposite the second flange member 24 and extending
spirally. Namely, the reflecting band 97 extends such that
its position changes in a direction perpendicular to the
direction of rotation of the second flange member 24 (i.e.,
in a radius direction of the first flange member 23 in the
present embodiment) as the second flange member 24
is rotated (in a circumferential direction).

[0133] The first and second light-emitting portions 95
and 96 may be fixed to the second flange member 24.
The first and second light-emitting portions 95 and 96 are
spaced apart from each other in the radius direction of
the second flange member 24. The first and second light-
emitting portions 95 and 96 may be turned on alternately.
[0134] The position detecting unit 63 may be attached
to the second flange member 24 opposite the reflecting
band 97, as shown in FIG. 20. The position detecting unit
63 has a one-dimensional detection line lying in a radius
direction of the first flange member 23. For example, the
position detecting unit 63 detects the position of a peak
("firstpeak") in areflected light distribution detected when
the first light-emitting portion 95 is turned on, and the
position of a peak ("second peak") of a reflected light
distribution detected when the second light-emitting por-
tion 96 is turned on, as in the second embodiment. The
position detecting unit 63 may then determine an inter-
mediate position between the first and second peaks as
the instantaneous position information about the reflect-
ing band 97. The position detecting unit 63 may employ
other detection method.

[0135] Based on information about the shape of the
spiral of the reflecting band 97 or the position information
about the reflecting band 97 at the reference position
(rotation angle 0°), the angle calculating unit 64 calcu-
lates a relative rotation angle between the first flange
member 23 and the second flange member 24 from the
detected position information about the reflecting band
97.

[0136] The slit member 66 is disposed between the
position detecting unit 63 and the first flange member 23.
The slit member 66, which includes a slit 66a lying along
a radius direction of the first flange member 23, is sta-
tionary relative to the position detecting unit 63. The slit
member 66 is not necessarily required.

[0137] Inthe wearable motion assistive device 111 or
the drive unit 112 described above, the influence of the
scattering of light in the rotation angle detecting unit 113
is curbed, whereby improved rotation angle detection ac-
curacy can be obtained. Namely, in the rotation angle
detecting unit 113 according to the present embodiment,
position information about the reflecting band 97 is de-
tected based on the two reflected light distributions hav-
ing different scattering characteristics. In this way, the
influence of scattering in the individual light distribution
on a detection result can be reduced, whereby improved
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rotation angle detection accuracy can be obtained. The
reflecting band 97 may be provided on the second flange
member 24 while the position detecting unit 63 may be
installed on the first flange member 23.

[0138] Hereafter, a wearable motion assistive device
121 according to a fifth embodiment of the present in-
vention is described with reference to FIGs. 21 and 22.
Parts or elements having the identical or corresponding
functionstothose of the wearable motion assistive device
1 according to the first embodiment are designated by
similar reference numerals, and their description is omit-
ted.

[0139] The wearable motion assistive device 121 in-
cludes a shoulder joint mechanism 5 and an elbow joint
mechanism 6, each having a drive unit 122. The drive
unit 122 is similar to the drive unit of the first embodiment
with the exception of a rotation angle detecting unit 123
that differs in structure from the rotation angle detecting
unit 51 of the first embodiment.

[0140] The rotation angle detecting unit 123 includes
a detected member 61 with a fluorescent band 69, a light-
emitting portion 62, a position detecting unit 63, an angle
calculating unit 64, a controller 65, and a slit member 66.
In accordance with the present embodiment, the inner
case 34 is an example of what the present invention re-
fers to as the first component; the outer case 35 is an
example of the second component.

[0141] As shown in FIG. 22, the detected member 61
includes a main body 68 whose thickness gradually in-
creases in a circumferential direction of the inner case
34. The fluorescent band 69 is provided on the surface
of the main body 68. Specifically, the fluorescent band
69 extends along a direction of rotation of the inner case
34 (i.e., circumferential direction) such that the position
of the fluorescent band 69 changes in a direction (which
is in a radius direction of the inner case 34 in the present
embodiment) perpendicular to the direction of rotation of
the inner case 34 as the inner case 34 is rotated. Thus,
asthe inner case 34 and the outer case 35 rotate relative
to each other, the position of the fluorescent band 69
changes in the radius direction of the inner case 34.
[0142] The light-emitting portion 62 may be fixed to the
second flange member 24. The light-emitting portion 62
is turned on and off alternately so that the fluorescent
band 69 is irradiated with light intermittently.

[0143] The position detecting unit 63 may be attached
to the outer case 35 as shown in FIG. 17, opposite the
fluorescent band 69. The position detecting unit 63 is
configured to detect the amount of light that is incident
on the light-receiving surface 63a. Based on the amount
of light incident on the light-receiving surface 63a, the
position detecting unit 63 detects the location of the flu-
orescent band 69 (i.e., position information about the flu-
orescent band 69 in the radius direction of the inner case
34) within an area opposite the light-receiving surface
63a.

[0144] Based on the information about the change in
thickness of the detected member 61 or the position in-
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formation about the fluorescent band 69 at the reference
position (rotation angle 0°), for example, the angle cal-
culating unit 64 calculates a relative rotation angle be-
tween the outer case 35 and the inner case 34 from the
detected position information about the fluorescent band
69.

[0145] Inthe wearable motion assistive device 121 or
the drive unit 122 described above, the influence of the
scattering of light in the rotation angle detecting unit 123
can be curbed, so that improved rotation angle detection
accuracy can be obtained. Namely, because the fluores-
cent band 69 emits light by itself, the problem of diffuse
reflection in areas in front and the rear of the fluorescent
band 69 does not occur, whereby improved rotation angle
detection accuracy can be obtained. The detected mem-
ber 61 may be provided on the outer case 35 while the
position detecting unit 63 may be provided on the inner
case 34.

[0146] Hereafter, an embedded motion assistive de-
vice 200 according to a sixth embodiment of the present
invention is described. FIG. 23 shows a side view of the
embedded motion assistive device 200 according to the
sixth embodiment.

[0147] AsshowninFIG. 23, the embedded motion as-
sistive device 200, which is configured to aid the move-
ment of a joint 220 of a wearer, includes a movement
aiding unit 230 attached to the joint 220, and a control
unit 100. The control unit 100 includes a control circuit
for controlling the movement aiding unit 230 externally
by radio.

[0148] The movement aiding unit 230 includes a first
limb 250 coupled to a first bone 222 that is the upper arm
bone of the elbow joint 220; a second limb 260 coupled
to a second bone 224 that includes the radius on the
thumb side and the ulna on the little finger side below the
elbow joint 220; and a drive unit 290 disposed between
the first limb 250 and the second limb 260 and configured
to drive the second limb 260 relative to the first limb 250
in a direction of rotation of the joint. From the upper end
of the first limb 250 protrudes a coupling portion 252 con-
nected to the first bone 222. From the lower end of the
second limb 260 protrudes a coupling portion 262 con-
nected to the second bone 224.

[0149] The coupling portions 252 and 262 of the first
limb 250 and the second limb 60 may be made of a cor-
rosion-resistant material, such as titanium, a titanium al-
loy, or ceramics as these coupling portions 252 and 262
are directly attached to the bones. The coupling portions
252 and 262 may be connected to the bones by using a
fastening member, such as screws or rivets, made of a
corrosion resistant material such as titanium, a titanium
alloy, or ceramics.

[0150] On a side surface of the drive unit 290, there
are provided a radio transceiver and a control unit. The
radio transceiver is configured to transmit a drive infor-
mation signal to the outside of the body and to receive a
control signal from the outside. The control unit is con-
figured to supply a drive current to the drive unit 290.
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[0151] The drive unit 290 also includes a motor 292
which may be a DC motor, an AC motor, or an ultrasonic
motor. The motor 292 is made up of a stator and a rotor,
either one consisting of a coil while the other consisting
of a permanent magnet. A driving force generated by a
relative rotation between the stator and the rotor of the
motor 292 is transmitted to the second limb 260 via a
reduction mechanism, such as one comprising reduction
gears.

[0152] The controller 45 of the drive unit 290 generates
a drive current that is supplied to the coil of the motor
292, whereby the second limb 260 is rotated relative to
the first limb 250.

[0153] To the controller 45 of the drive unit 290, there
is connected a biopotential sensor 310 for detecting a
biopotential in the upper arm. When the wearer attempts
to move the arm, a biopotential signal is produced that
may include a neurotransmission signal or a myopoten-
tial signal. Because the biopotential sensor 310 is em-
bedded in the muscles of the upper arm, the biopotential
signal can be detected directly without the intermediary
of the skin. Thus, the biopotential signal can be detected
more accurately than when the sensor is affixed to the
upper surface of the skin of the upper arm.

[0154] Arechargeable battery unit 320 is housed within
each of the first limb 250 and the second limb 260. The
rechargeable battery unit 320 includes a rechargeable
battery 324 and a charger unit 322 for charging the re-
chargeable battery 324 from the outside via electromag-
netic induction. A pair of such rechargeable battery units
320 is provided in each limb, one being a main power
supply and the other being a standby power supply. Thus,
in the movement aiding unit 230, when the voltage of one
of the rechargeable batteries 324 decreases, the other
rechargeable battery 324 is automatically switched on,
thereby preventing a sudden stop. Furthermore, because
the rechargeable battery units 320 can be charged while
attached inside the body, they can be used for a long
time until their chargeable life ends (i.e., within their pos-
sible number of times of recharges) while attached to the
wearer. The rechargeable battery unit 320 may be pro-
vided for each of the first limb 250 and the second limb
260. Alternatively, the rechargeable battery unit 320 may
be provided inside either one of the limbs 250 and 260.
[0155] Thedrive unit290 also includes atorque sensor
(physical quantity sensor) 294 for detecting a torque T
generated with the supplied drive current, and an angle
sensor (physical quantity sensor) 296 for detecting a ro-
tation angle 6 between the first limb 250 and the second
limb 260. The torque sensor 294 and the angle sensor
296 output torque and angle detection signals to the drive
unit 290. The torque sensor 294 may comprise a mag-
netorestrictive torque sensor configured to detect a dis-
tortion in a shaft transmitting a rotary driving force, or an
electromagnetic torque sensor configured to detect a
phase difference between a drive-side gear and a load-
side gear of the motor 292 electromagnetically. The angle
sensor 296 may comprise a rotary encoder configured
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to output a number of pulses corresponding to a rotation
angle, or a potentiometer whose resistance value varies
depending on the rotation angle.

[0156] Onthe outside of the first limb 250 and the sec-
ond limb 260, there are provided stress sensors (physical
quantity sensors) 330 for detecting a stress (strain) that
is caused when the motor is driven. The stress sensor
330 may comprise a strain gauge configured to output a
detection signal corresponding to the stress applied to
the first limb 250 or the second limb 260 to the controller
45 of the drive unit 290.

[0157] The controller 45 transmits the individual detec-
tion signals received from the torque sensor 294, the an-
gle sensor 296, the biopotential sensor 310, and the
stress sensor 330 to the control unit 100 via the radio
transceiver. The control unit 100 then transmits informa-
tion about the operating status of the drive unit 290 ob-
tained from the controller 45 to the information manage-
ment apparatus 84 at the center via the communication
network 83.

[0158] The information management apparatus 84
stores the received information about the operating sta-
tus of the drive unit 290 in the database 88 for analysis
by the analyzing unit 87. An analysis result is sent to the
control unit 100 via the communication network 83. De-
pending on the operational status of the drive unit 290,
the control unit 100 relaxes (reduces) the motor torque
or the rotation angle in order to prevent an overload state.
[0159] The aforementioned radio transceiver 280, the
motor 292, the torque sensor 294, and the angle sensor
296 are housed within the case of the drive unit 290. The
drive unit 290 installed within the joint 220 has a water-
proof structure to prevent the body fluid from entering
inside the case and causing malfunction of the motor
292. The control process in the embedded motion assis-
tive device 200 is similar to the sequence described with
reference to the flowcharts described above, and is there-
fore not described.

[0160] In another embodiment, the drive unit 290 may
include the control unit 100 so that the drive unit 290 can
transmit the operating status information directly to the
information management apparatus 84 at the center.
[0161] Hereafter, an embedded motion assistive de-
vice 500 according to a seventh embodiment is de-
scribed.

[0162] FIG. 24 shows a perspective view of the em-
bedded motion assistive device 500. As shown, the em-
bedded motion assistive device 500 is attached on the
outside of the joint 510. A drive unit 550 is closely at-
tached to each of the left and right sides of the joint 510
where the upper arm bone 520 is connected to the radius
530 and the ulna 540. The drive unit 550 includes a thin
motor housed within the water-proof structure case. The
inside of the drive unit 550 is curved to conform to the
shape of the joint 510, and is formed of a low-friction
material with a small friction coefficient for reduced fric-
tion with the joint 510.

[0163] A first limb 560 is coupled to the upper part of
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the drive unit 550 and is fixed to the upper arm bone 520
via a fastening member. The first limb 560 houses a thin,
electromagnetic charger unitand a thin rechargeable bat-
tery. At the upper part of the drive unit 550, there is con-
nected a second limb 570 that is fixed to the radius 530
and the ulna 540 via a fastening member. The second
limb 570 also houses a thin, electromagnetic charger unit
and a thin rechargeable battery.

[0164] The drive unit 550 is controlled by the control
unit 100 via a radio signal, as in the foregoing embodi-
ment. A control process in the embedded motion assis-
tive device 500 is similar to the sequence shown in the
flowcharts described above and is therefore not de-
scribed.

[0165] Thus, in the present embodiment, the embed-
ded motion assistive device 500 is attached externally to
the joint 510 by reducing the size of the drive units 550,
the first limbs 560, and the second limbs 570. Accord-
ingly, the motion assistive device can be concealed from
the outside and does not require attaching/detaching op-
erations, thus providing an enhanced user-friendliness
to people with disabled arms or legs.

[0166] The drive unit 550 also transmits operating sta-
tus information to the information management appara-
tus 84 at the center described above, via the communi-
cation network 83.

[0167] The information management apparatus 84
then stores the received operating status information
about the drive unit 550 in the database 88 for analysis
by the analyzing unit 87. An analysis result is then sent
to the control unit 100 via the communication network
83. Based on the operational status of the drive unit 550,
the control unit 100 relaxes (reduces) the motor torque
or the rotation angle in order to prevent an overload state.
[0168] In another embodiment, the drive unit 550 may
include the control unit 100 so that the drive unit 550 can
transmit the operating status information to the central
information management apparatus 84 directly.

[0169] Inthe foregoing, the wearable motion assistive
devicees 1, 91, 101, 111, and 121, and the embedded
motion assistive devices 200 and 500 according to the
first through seventh embodiments have been described.
Also, the drive units 11, 92, 102, 112, 122, 290, and 550
according to the first and second embodiments have
been described. These, however, are merely examples
of the present invention, and it goes without saying that
the presentinvention is not limited by any of the foregoing
embodiments.

[0170] The present application is based on the Japa-
nese Priority Applications No. 2006-272223 filed October
3, 2006, and No. 2007-242648 filed September 19, 2007,
the entire contents of which are hereby incorporated by
reference.

Claims

1. A motion assistive device comprising a drive unit
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34

configured to aid or execute an operation of a joint,
and a control unit configured to control the drive unit,
the drive unit including:

a motor configured to provide an inputted driving
force; and

a circuit board on which a controller is mounted, the
controller producing a drive signal supplied to the
motor based on a control signal sent from the control
unit,

wherein the controller includes:

a motor monitoring unit configured to monitor an op-
erational status of the motor; and

amotor control unit configured to limit the drive signal
supplied to the motor based on a result of monitoring
by the motor monitoring unit in order to prevent an
overload state of the motor.

2. The motion assistive device according to claim 1,
further comprising:

a physical quantity detecting unit configured to
detect a physical quantity concerning the oper-
ation of the joint; and

a biosignal detecting unit configured to detect a
biosignal that is generated when the joint is
moved,

wherein the control unit controls the drive unit
based on the physical quantity detected by the
physical quantity detecting unit and the biosignal
detected by the biosignal detecting unit.

3. The motion assistive device according to claim 1 or
2, wherein the motor control unit includes:

a determination unit configured to determine
whether a total integrated value of electric cur-
rent inputted to the motor exceeds a preset
threshold; and

a motor control unit configured to decrease the
drive signal supplied to the motor gradually at a
predetermined rate when the determination unit
determines that the total integrated value of the
electric current exceeds the preset threshold.

4. The motion assistive device according to claim 1 or
2, wherein the motor control unit includes:

a determination unit configured to determine
whether a temperature of the circuit board ex-
ceeds a preset threshold; and

a motor limiting unit configured to gradually de-
crease the drive signal supplied to the motor at
a predetermined rate when the determination
unit determines that the temperature of the con-
trol unit exceeds the preset threshold.

5.  The motion assistive device according to claim 1 or
2, wherein the motor control unit includes:



35

a determination unit configured to determine
whether a temperature of the motor exceeds a
preset threshold; and

a motor limiting unit configured to gradually de-
crease the drive signal supplied to the motor at
a predetermined rate when the determination
unit determines that the temperature of the con-
trol unit exceeds the preset threshold.

6. A motion assistive device comprising a drive unit

configured to aid or execute an operation of a joint,
and a control unit configured to control the drive unit,
the drive unit including:

a motor configured to provide an inputted driving
force; and

a controller configured to produce a drive signal sup-
plied to the motor based on a control signal sent from
the control unit,

wherein the controller includes:

a motor monitoring unit configured to calculate a re-
maining lifetime of the motor by subtracting a total
operation time of the motor from a lifetime of the mo-
tor; and

amotor control unit configured to gradually decrease
the drive signal supplied to the motor at a predeter-
mined rate when the remaining lifetime of the motor
calculated by the motor monitoring unit reaches a
preset value.

The motion assistive device according to claim 3,
wherein the controller includes:

a storage unit configured to store a first accept-
able value of the electric current supplied to the
motor, and a second acceptable value that is
higher than the first acceptable value;

a calculating unit configured to integrate an elec-
tric currentvalue in excess of the first acceptable
value; and

a motor limiting unit configured to gradually de-
crease the value of the electric current supplied
to the motor at a predetermined rate when an
integrated value calculated by the calculating
unit exceeds the threshold.

The motion assistive device according to claim 7,
wherein the motor control unit is configured to grad-
ually decrease the value of the electric current sup-
plied to the motor to or below the first acceptable
value when the value of the electric current supplied
to the motor exceeds the second acceptable value.

The motion assistive device according to claim 1 or
6, wherein the drive unit includes:

a motor;
a case housing the motor;
a rotating body housed within the case and hav-
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10.

11.
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ing a circumferential surface that rotates relative
to the case when the motor is driven;

a fluorescent band disposed on and extending
along the circumferential surface of the rotating
body while inclined with respect to a circumfer-
ential direction of the rotating body;
alight-emitting portion configured to irradiate the
fluorescent band with light;

a detecting unit that remains stationary relative
tothe case andincludes alight-receiving surface
opposite the fluorescent band, the detecting unit
being configured to detect position information
about the fluorescent band in an axial direction
of the rotating body by receiving light emitted by
the fluorescent band; and

a calculating unit configured to calculate a rela-
tive rotation angle between the case and the ro-
tating body based on the position information
about the fluorescent band detected by the de-
tecting unit.

The motion assistive device according to claim 9,
wherein the light-emitting portion is configured to turn
on and off alternately whenirradiating the fluorescent
band with light, and

the detecting unit is configured to detect the position
information about the fluorescent band by receiving
light emitted by the fluorescent band when the light-
emitting portion is turned off.

The motion assistive device according to claim 1 or
6, wherein the drive unit includes:

a motor;

a case housing the motor;

a rotating body housed within the case and hav-
ing a circumferential surface that rotates relative
to the case when the motor is driven;

a reflecting band disposed on and extending
along the circumferential surface of the rotating
body while inclined with respect to a circumfer-
ential direction of the rotating body,

a first light-emitting portion configured to irradi-
ate the reflecting band with light;

a second light-emitting portion disposed away
from the first light-emitting portion in an axial di-
rection of the rotating body and configured to
irradiate the reflecting band with light;

a detecting unit that remains stationary relative
tothe case andincludes alight-receiving surface
opposite the reflecting band, the detecting unit
being configured to detect position information
about the reflecting band in the axial direction
of the rotating body by receiving light from the
first light-emitting portion that is reflected by the
reflecting band and light from the second light-
emitting portion that is reflected by the reflecting
band; and
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13.

14.

15.

16.
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a calculating unit configured to calculate a rela-
tive rotation angle between the case and the ro-
tating body based on the position information
aboutthe reflecting band detected by the detect-
ing unit.

The motion assistive device according to claim 11,
wherein the first light-emitting portion and the second
light-emitting portion are configured to turn on alter-
nately, and

the detecting unit detects the position information
about the reflecting band based on a distribution of
reflected light that is detected when the first light-
emitting portion is turned on and a distribution of re-
flected light that is detected when the second light-
emitting portion is turned on.

The motion assistive device according to claim 9,
wherein the rotating body comprises a gear case in
which one or plural gears are housed.

The motion assistive device according to claim 13,
including a slit member disposed between the de-
tecting unit and the rotating body and having a slit
formed in the axial direction of the rotating body.

The motion assistive device according to any one of
claim 1 or 6, wherein the drive unit includes a com-
munication unit configured to transmitinformation in-
cluding history information about a drive status of
the motor.

A maintenance management system for a motion
assistive device, the system comprising:

the motion assistive device according to claim
15;

areceiver unit provided at a center for managing
an operational status of the motion assistive de-
vice and configured to receive the history infor-
mation about the drive status of the motor that
the drive unit transmits via the communication
unit and a communication network;

a database configured to store the history infor-
mation about the drive status of the motor that
is inputted via the receiver unit;

an analyzing unit configured to generate infor-
mation about a lifetime of the drive unit or a pres-
ence or an absence of an overload state in the
drive unit by analyzing the history information
stored in the database; and

a transmitter unit configured to transmit mainte-
nance information to the drive unit when it is de-
termined that the motor needs maintenance
based on a result of analysis by the analyzing
unit.
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