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Description

TECHNICAL FIELD

[0001] The present invention relates to an electric
walking assistance device configured to assist elderly
people, disabled people, patients and others with a gait
impairment. The invention also relates to a program and
a method for controlling the electric walking assistance
device.

BACKGROUND

[0002] Walking aids including a wheeled walker (a rol-
lator, a rolling walker) that assists the elderly’s outing,
and a walker that assists disabled people or patients to
gait have been used. For instance, Patent Literature 1
(Japanese Patent Application Publication 2009-183407)
disclosed a walking aid device which a user can easily
maneuver to travel straight or turn.

[0003] The walking aid device disclosed in Patent Lit-
erature 1 (Japanese Patent Application Publication
2009-183407) includes a frame body having a handle
bar which a user holds, more than one wheel provided
on the right and left sides of the frame body, more than
one driving motor that drives each wheel rotatably, and
a control means that detects a counter electromotive
force generated at the driving motor and then controls
the driving motor based on the detected counter electro-
motive force.

[0004] Patent Literature 2 (Japanese Patent Hei
8-280763) disclosed a motor-driven four-wheel handcart
which can be easily and safely used by elderly people
and the like who need to use a cane for walking.

[0005] In the motor-driven four-wheel handcart dis-
closed in Patent Literature 2 (Japanese Patent Hei
8-280763), a direct-current motor is rotatably driven by
power of a battery and the motor speed is reduced by a
reducer thatincludes a combination of a worm wheel and
aworm gear with a self-locking feature. The rotative force
is transmitted to a main drive shaft of a differential gear
mechanism through a clutch that enables coupling and
separation of the rotative force. A pair of driving wheels
is configured to be rotated by differential rotative forces
distributed to a left driving shaft and a right driving shaft
by the differential gear mechanism. Left and right hand-
pushing springs are provided on an internal supporting
member that are supported by leftandright fixed handles.
A movable hand-pushing outer cylinder disposed at the
center of the handle is pushed equally in the left and right
sides from the inner side to a rear upper direction oppo-
site to the forward direction of the handcart by the hand-
pushing springs. Left and right hand-pushing sensing
switches are disposed on the internal supporting member
adjacent to the left and right hand-pushing springs re-
spectively. When the movable hand-pushing outer cylin-
der is pushed with the force of more than or equal to 2kgf
to a forward lower side direction, both of the left and right
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hand-pushing sensing switches are configured to be
turned ON. When the clutch is set to couple the driving
force, the DC motor is powered by the battery only when
both of the hand-pushing sensing switches are turned
ON and the rotative force of the DC motor is transmitted
to the pair of the driving wheels and thereby the handcart
is traveled forward by electric power.

[0006] Patent Literature 3 (Japanese Patent Applica-
tion Publication Hei 11-267162) disclosed a rollator or a
wheeled walker equipped with an electric motor in which
battery power consumption by the electric motor is saved
as much as possible and a drive force by human power
is utilized. Moreover the rollator or the wheeled walker
including a baby stroller and a baby carriage can be ac-
celerated or decelerated to a speed at which the rollator
can autonomously travel uphill and downhill so that the
elderlies and people with a weak walking ability can easily
use the rollator or the wheeled walker.

[0007] The rollator disclosed in the Patent Literature 3
(Japanese Patent Application Publication Hei
11-267162) is equipped with an inclination detector.

RELEVANT REFERENCES

LIST OF RELEVANT PATENT LITERATURE

[0008]

Patent Literature 1: Japanese Patent Application
Publication No. 2009-183407

Patent Literature 2: Japanese Patent Application
Publication No. Hei 8-280763

Patent Literature 3: Japanese Patent Application
Publication Hei 11-267162

SUMMARY

[0009] In the field of the walking assistance device, it
is well-known that the wheel drive is adjusted in accord-
ance with the human power added thereto like the walk-
ing aid device disclosed in Patent Literature 1.

[0010] Patent Literature 2 disclosed that the motor-
driven four-wheel handcart is stopped when either one
or both of the hand-pushing sensing switches disposed
at the handle is turned on/off (see paragraph 0006 of
Patent Literature 2). Patent Literature 3 also disclosed
that a photoelectric switch of the electric-motor equipped
rollator is turned off when a user loses his/her grip from
a handle, and the rotation of the motor is stopped while
the clutch is working. Consequently a reducer serves as
brakes even when the rollator travels downhill and the
rollator can be remained standstill (see paragraph 0011
of Patent Literature 3).

[0011] However, when the elderlies use such walking
assistance devices, they sometime fall as they are still
holding the handle of the walking assistance device. In
this case, only with the detection means provided at the
handle, it is not possible to determine that the walking
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assistance device should be brought to a halt, and there-
foreitis not possible to prevent the user from falling down.
[0012] Oneobjectofthe inventionis to provide an elec-
tric walking assistance device with which it is possible to
prevent an elderly user who is holding a handle of the
device and about to fall from actually falling down, and
to provide a program and method for controlling the elec-
tric walking assistance device.

[1] According to one aspect of the invention, an elec-
tric walking assistance device is a walking assist-
ance device that has wheels or a continuous track.
The electric walking assistance device includes a
motor that drives the wheels or the continuous track,
a control unit that controls the motor in accordance
with an operating force applied to the walking assist-
ance device by a user, and a speed limiting unit that
limits revolutions of the wheels or the continuous
track when it is determined that the revolutions of
the wheels or the continuous track or a speed of the
electric walking assistance device is equal to or larg-
er than a predetermined value.

In the electric walking assistance device according
to one aspect of the invention, revolutions of the
wheels or the continuous track is controlled in ac-
cordance with an operating force (generally, a push-
ing and pulling force) applied to the walking assist-
ance device by a user (this control may be hereunder
referred to as an "assist control"). A resultant force
in which the operating force and the rotational force
of the wheels are combined makes it possible for the
user to walk as utilizing the user’s ability even when
the user walks on a slope, a rough road or other
disadvantageous factors for walking. Moreover, the
number of the revolutions of the wheels or the con-
tinuous track is limited when it is determined that the
revolutions of the wheels or the continuous track or
a speed of the electric walking assistance device is
equal to or larger than a predetermined value. In oth-
erwords, anincrease in the revolutions of the wheels
or the continuous track or the speed of the electric
walking assistance device just before a user falls is
detected to limit the revolutions of the wheels so that
itis possible to prevent the user from actually falling.
Here, the revolutions of the wheels or the continuous
track encompasses an angular acceleration of the
wheels, an angular velocity of the wheels, and the
number of revolutions of the wheels per unit hour.
The speed of the walking assistance device encom-
passes a velocity and an acceleration of the walking
assistance device.

The control unit of the power-assisted rollator may
turn OFF the assist control and put the rollator in a
free state (no load on the wheels) when the speed
of the rollator or the number of revolutions of the
wheels exceeds a predetermined value. Further-
more, the control unit of the power-assisted rollator
may turn ON the assist control to resume the oper-
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ation when the speed of the rollator or the number
of revolutions of the wheels falls below a predeter-
mined value.

The control unit of the power-assisted rollator may
put a weak brake through the assist control when
the speed of the wheels is further increased. The
control unit may set a certain hysteresis such that
the speed of the wheel is reduced to below the pre-
determined value. In this way, turning ON/OFF of
the brakes will not be frequently repeated.

The control unit may put a hard brake when the
speed is further increased. In this case, the speed
of the electric walking assistance device becomes
substantially zero.

However, if the control unit suddenly lifts the brake
in response to the detected speed, the rollator may
perform off-and-on behavior such that the rollator is
accelerated again with an unstable attitude such as
fall. Therefore, once a hard brake is applied, release
of the brake should be triggered by other signal in-
dicating that the user for example, a user released
his/her hand from the device, the user’s body is sit-
uated close to the device or the like.

[2] According to a second aspect of the invention,
when the number of rotations of the motor is equal
to or larger than a predetermined value, the speed
limiting unit may cause a torque to be generated in
the motor to reduce the number of rotations of the
motor to less than a predetermined value.

In this case, it becomes possible to easily set any
number of rotations of the motor. In other words, the
number of rotations of the motor can be set in ac-
cordance with a walking capability of the user so that
it is possible to prevent the fall of the user from oc-
curring.

Here, setting any number of rotations of the motor
means that a "fall" is detected through an accelera-
tion of the walking assistance device. More specifi-
cally, a turnover force generated when the rollator
falls have a front-downward direction vector. The
electric walking assistance device is generally ac-
celerated in parallel to the ground surface.

In other words, the cosine of the turnover force and
the slope of the ground can be detected as the ac-
celeration. Therefore, the acceleration at the time of
turnover on the upward slope is detected smaller
than that on the flat ground. Consequently if athresh-
old value of the revolutions is set equally for the flat
ground and the upward slope, the turnover on the
upward slope will be less sensitive to the sensor. By
correcting the threshold depending on a slope, this
problem can be solved.

[3] According to a third aspect of the invention, in the
electric walking assistance device according to the
first and second aspects, when an acceleration of
the walking assistance device is equal to or larger
than a predetermined value, the control unit may stop
the rotations of the motor or reverse the motor by a
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prescribed amount.

Inthis case, the rotation of the motor is stopped when
the acceleration exceeds the predetermined value,
so that it is possible to at least prevent the electric
walking assistance device from leaving the user be-
hind. Moreover even if the electric walking assist-
ance device temporarily moves away from a position
where the user can easily operate the walking as-
sistance device, it is possible to bring the walking
assistance device back to the position by reversing
the motor by a prescribed amount. In this way, it is
possible to effectively prevent the fall of the user.
[4] According to a fourth aspect of the invention, the
electric walking assistance device according to the
first to third aspects may further include a leg move-
ment detector sensing a back side of the electric
walking assistance device, wherein the control unit
controls the rotations of the motor depending on a
sensing result of the leg movement detector.

In this case, the movements/distance of foot
(feet)/leg(s) of the user is detected and then the ro-
tations of the motor is controlled. Therefore, when
the leg or foot of the user stops, the rotation of the
motor can be stopped. Furthermore, when the dis-
tance from the rollator to the foot/leg of the user is
increased, the rotation of the motor can be stopped
or reversed to prevent the user from falling over.
Note that the all of the legs of the user may be de-
tected. For instance, each knee of the user may be
detected by a respective leg movement detector.
[5] According to a fifth aspect of the invention, the
electric walking assistance device according to the
second to fourth aspects may further include an at-
titude detection sensor detecting an attitude of the
electric walking assistance device, wherein the con-
trol unit controls the rotations of the motor depending
on a detection result of the attitude detection sensor.
Inthis case, itis possible to determine that the rollator
is situated on an upward slope, a flat ground, or a
downward slope by detecting an attitude of the walk-
ing assistance device. Moreover it is possible to con-
trol the wheels or the continuous track to obtain an
adequate revolution. In this way, it is possible to
maintain a constant relationship between the user
and the walking assistance device, for example, a
constant distance therebetween, sothat itis possible
to prevent the user from falling.

[6] According to a sixth aspect of the invention, the
electric walking assistance device according to the
second to fifth aspects may further include a ground
sensor detecting whether the wheels or the contin-
uous track touches the ground, wherein the control
unit controls the rotations of the motor depending on
a detection result of the ground sensor.

In this case, it is possible to determine whether the
wheels or the continuous track of the electric walking
assistance device touches the ground or not by the
ground sensor. Accordingly, it is possible to whether
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the walking assistance device is situated at a place
having steps such as stairs. Therefore the rotation
of the motor can be controlled in accordance with a
use state of the walking assistance device by the
user. In this way, it is possible to effectively prevent
the fall of the user.

[7] According to a seventh aspect of the invention,
in the electric walking assistance device according
to the second to sixth aspects, when the attitude de-
tection sensor detects that an attitude of the electric
walking assistance device is changed from a hori-
zontal state to a downwardly inclined state, the ro-
tations of the motor is reduced from a normal state
or reversed by a predetermined amount.

When the electric walking assistance device accord-
ing to this aspect is inclined downwardly from the
horizontal state, the rotation of the motor is reduced
gradually or in a step-by-step manner or reversed
by a predetermined amount to prevent the electric
walking assistance device from leaving the user be-
hind. Therefore the user can use the electric walking
assistance device reliably when the user starts walk-
ing on a downward slope. In this way, it is possible
to effectively prevent the fall of the user.

Here, the normal state means the rotation state of
the power-assisted motor when the electric walking
assistance device is in the horizontal state.

[8] According to an eighth aspect of the invention, in
the electric walking assistance device according to
the second to sixth aspects, when the attitude de-
tection sensor detects that an attitude of the electric
walking assistance device is changed from a forward
tilting state (the downward inclined state) to the hor-
izontal state, the rotations of the motor may be in-
creased from a reduced state to the normal state.
When the attitude of the electric walking assistance
device according to this aspect is changed from the
forward tilting state (the downward inclined state) to
the horizontal state, the rotation of the motor is in-
creased gradually or in a step-by-step mannerto pre-
vent the electric walking assistance device from be-
ing brought too close to the user. Therefore the user
can use the electric walking assistance device reli-
ably when the userwalking from the downward slope
toaflat ground. In this way, itis possible to effectively
prevent the fall of the user.

[9] According to a ninth aspect of the invention, in
the electric walking assistance device according to
the second to eighth aspects, when the attitude de-
tection sensor detects that an attitude of the electric
walking assistance device is changed from the hor-
izontal state to a backward tilting state (an upward
inclined state), the rotations of the motor may be in-
creased from the normal state.

When the attitude of the electric walking assistance
device according to this aspect is changed from the
horizontal state to the backward tilting state (the up-
ward inclined state), the rotation of the motor is in-
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creased gradually or in a step-by-step manner to pre-
vent the electric walking assistance device from slip-
ping down on the slope toward the user. Therefore
the user can use the electric walking assistance de-
vice reliably when the user starts walking on the up-
ward slope. In this way, it is possible to effectively
prevent the fall of the user.

[10] According to a tenth aspect of the invention, in
the electric walking assistance device according to
the second to ninth aspects, when the attitude de-
tection sensor detects that an attitude of the electric
walking assistance device is changed from the back-
ward tilting state (the upward inclined state) to the
horizontal state, the rotations of the motor may be
reduced from the increased state.

When the attitude of the electric walking assistance
device according to this aspect is changed from the
backward tilting state (the upward inclined state) to
the horizontal state, the rotation of the motor is de-
creased gradually or in a step-by-step manner to pre-
ventthe electric walking assistance device fromleav-
ing the user behind. Therefore the user can use the
electric walking assistance device reliably when the
user starts walking on the flat ground. In this way, it
is possible to effectively prevent the fall of the user.
[11]According to an eleventh aspect of the invention,
the electric walking assistance device according to
the second to tenth aspects may further include a
handle coupled to the frame, and the handle may
have an operating force sensor.

In this case, it is possible to determine whether a
user tries to operate the electric walking assistance
device or not by the operating force sensor. Accord-
ingly, when the user does not try to operate the elec-
tric walking assistance device, the revolutions of the
wheels or the continuous track can be stopped. In
this way, it is possible to effectively prevent the fall
of the user.

[12] According to a twelfth aspect of the invention,
in the electric walking assistance device according
to the second to eleventh aspects, the handle may
have a horseshoe shape.

Since the shape of the handle is a horseshoe shape
on which the user can place his/her both elbows so
that the user can easily operate the electric walking
assistance device. In this way, it is possible to effec-
tively prevent the fall of the user. Note that both the
pole-like handle and the horseshoe-like handle may
be provided to the electric walking assistance device.
[13] According to a thirteenth aspect of the invention,
the electric walking assistance device according to
the second to twelfth aspects may further include a
handle coupled to the frame, and a connecting por-
tion that couples the handle to the frame, wherein
the handle extends from the connection portion in a
horizontally downward direction.

In this case, since the handle extends from the con-
nection portion of the frame in a horizontally down-
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ward direction so that it is possible to enhance the
operability of the electric walking assistance device.
In this way, it is possible to effectively prevent the
fall of the user.

[14] According to a fourteenth aspect of the inven-
tion, the electric walking assistance device accord-
ing to the second to thirteenth aspects may further
include a handle coupled to the frame, and the han-
dle extends in one direction and has a movable grip,
wherein the rotations of the motor may be controlled
depending on a position of the grip.

In this case, when the grip is moved forward, the
user intends to travel forward so that the rotation of
the motor is power assisted. Whereas when the grip
is moved backward, the user intends to stop using
the electric walking assistance device so that the ro-
tation of the motor may be stopped. According to this
operation method, the user’s intention can be easily
reflected to the electric walking assistance device
andthe userless likely to make an operation mistake.
Therefore, itis possible to effectively prevent the fall
of the user.

[15] According to a fifteenth aspect of the invention,
in the electric walking assistance device according
to the first to fourteenth aspects, the handle has a
flip-up mechanism, and when the handle is flipped
up, the control unit may stop the rotations of the mo-
tor to stop the wheels or the continuous track.
When the handle is flipped up, the rotation of the
motor is stopped and thereby the wheels or the con-
tinuous track is stopped. When the handle is flipped
up by a user, the user intends to stop walking so that
itis preferable that the wheels or the continuous track
is stopped. In this way, the electric walking assist-
ance device will not move involuntarily so that it is
possible to effectively prevent the user from falling.
[16] According to a sixteenth aspect of the invention,
the electric walking assistance device according to
the first to fifteenth aspects may further include a
storage disposed below a handle and above the
wheels or the continuous track, wherein the control
unit may be disposed in a part of the storage.
Since the storage is disposed below a handle and
above the wheels or the continuous track, the sta-
bility of the electric walking assistance device will be
maintained even when the storage stores something
therein. Inthis way, itis possible to effectively prevent
the fall of the user. Moreover, since the control unit
is disposed in a portion of the storage, wirings ex-
tending from the control unit to the wheels can be
made short.

[17] According to a seventeenth aspect of the inven-
tion, in the electric walking assistance device, the
speed limiting unit may include a centrifugal brake
disposed within the wheels or a driving wheel of the
continuous track.

Since a mechanical centrifugal brake is provided in-
side the wheels or the driving wheel of the continuous
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track, electric power is not used to put brakes. There-
fore the power can be saved and it is possible to
extend a duration of the assist control. Moreover,
adjustment of the speed limiting can be mechanically
performed. In this way, it is possible to prevent the
fall of the user from actually occurring.

[18] According to another aspect of the invention,
provided is a program for controlling an electric walk-
ing assistance device. The program may include ro-
tating a motor that drives wheels or a continuous
track in accordance with a human power applied to
the electric walking assistance device by a user; de-
termining whether revolutions of the wheels or the
continuous track or a speed of the electric walking
assistance device is equal to or larger than a prede-
termined value; and limiting the revolutions of the
wheels or the continuous track when it is determined
that the revolutions or the speed of the electric walk-
ing assistance device is equal to or larger than the
predetermined value.

The revolution of the wheels or the continuous track
is controlled in accordance with the operating force
applied to the walking assistance device by the user.
A resultant force in which the operating force and
the rotational force of the wheels are combined
makes it possible for the user to walk as utilizing the
user’s ability even when the user walks on a slope,
a rough road or other disadvantageous factors for
walking. Moreover, whether the revolutions of the
wheels or the continuous track or a speed of the elec-
tric walking assistance device is equal to or larger
than a predetermined value is determined. When it
is, the revolutions of the wheels are limited. In other
words, an increase in the revolutions of the wheels
or the continuous track or the speed of the electric
walking assistance device just before a user falls is
detected to limit the revolutions of the wheels or the
continuous track so that it is possible to prevent the
user from actually falling.

Here, the revolutions of the wheels or the continuous
track encompasses an angular acceleration of the
wheels, an angular velocity of the wheels, and the
number of revolutions of the wheels per unit hour.
The speed of the walking assistance device encom-
passes a velocity and an acceleration of the walking
assistance device.

[19] According to another aspect of the invention,
provided is a method for controlling an electric walk-
ing assistance device. The method may include: ro-
tating a motor that drives wheels or a continuous
track in accordance with a human power applied to
the electric walking assistance device by a user; de-
termining whether revolutions of the wheels or the
continuous track or a speed of the electric walking
assistance device is equal to or larger than a prede-
termined value; and limiting the revolutions of the
wheels or the continuous track when it is determined
that the revolutions or the speed of the electric walk-
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ing assistance device is equal to or larger than the
predetermined value.

[0013] The revolution of the wheels or the continuous
track is controlled in accordance with the operating force
applied to the walking assistance device by the user. A
resultant force in which the operating force and the rota-
tional force of the wheels are combined makes it possible
for the user to walk as utilizing the user’s ability even
when the user walks on a slope, a rough road or other
disadvantageous factors for walking. Moreover, whether
the revolutions of the wheels or the continuous track or
a speed of the electric walking assistance device is equal
to or larger than a predetermined value is determined.
Whenitis, the revolutions of the wheels or the continuous
track are limited. In other words, an increase in the rev-
olutions of the wheels or the continuous track or the
speed of the electric walking assistance device just be-
fore a user falls is detected to limit the revolutions of the
wheels or the continuous track so that it is possible to
prevent the user from actually falling.

Here, the revolutions of the wheels or the continuous
track encompasses an angular acceleration of the
wheels, an angular velocity of the wheels, and the
number of revolutions of the wheels per unit hour. The
speed of the walking assistance device encompasses a
velocity and an acceleration of the walking assistance
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a schematic perspective view of a power-
assisted rollator according to a first embodiment,
showing its appearance.

Fig. 2 is a side view of the power-assisted rollator of
Fig. 1.

Fig. 3 is a schematic view of the power-assisted rol-
lator showing its major internal structural compo-
nents.

Fig. 4 is a schematic view of an example of a leg/foot
detection sensor.

Fig. 5 is a schematic view for explaining an operating
force sensor.

Fig. 6 is a schematic view for explaining the operating
force sensor.

Fig. 7 is a flowchart for explaining one example of
the behavior of a control unit.

Fig. 8 is a flowchart for explaining one example of
the behavior of a speed limiting unit.

Fig. 9 is a flowchart for explaining one example of
the behavior of the speed limiting unit.

Fig. 10 is a flowchart for explaining one example of
the behavior of the speed limiting unit.

Fig. 11 illustrates an example of characteristics of
the speed limiting.

Fig. 12 is a flowchart for explaining one example of
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the behavior of the speed limiting unit.

Fig. 13 is a flowchart for explaining one example of
the behavior of the speed limiting unit.

Fig. 14 is a schematic perspective view of a power-
assisted rollator according to a second embodiment,
showing its major structural components.

Fig. 15 is a schematic perspective view of a power-
assisted rollator according to a third embodiment.
Fig. 16 is a schematic perspective view of the power-
assisted rollator according to the third embodiment.
Fig. 17 is a schematic view of another example of
the leg/foot detection sensor of Fig. 4.

Fig. 18 is a schematic illustration for a control exam-
ple of a control unit.

Fig. 19 is a schematic illustration for a control exam-
ple of the control unit.

Fig. 20 is a schematic illustration for a control exam-
ple of the control unit.

Fig. 21 is a schematic illustration for a control exam-
ple of the control unit.

LIST OF REFERENCE NUMBERS

[0015]

100, 100a, 100b power-assisted rollator
210 frame

220 front wheels

230 rear wheels

240 handle

250 brake unit

251b seat

260 fall prevention member
271b storage

310 battery

320 motor

400 control unit

500 speed limiting unit

592 substrate unit

610 speed detection sensor
620 gyro sensor

630, 630b leg/foot detection sensor
640 ground sensor

650 operating force sensor
670 alarm device

700 control brake unit

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0016] Embodiment of the present invention will be
now described with reference to the accompanying draw-
ings. In the following description, like elements may be
numbered and labeled similarly. Functions of the like el-
ements are also same so that descriptions of such ele-
ments will be hereunder omitted.
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First Embodiment

[0017] An electric rollator (hereunder referred to as a
power-assisted rollator) is now described as an example
of a walking assistance device. Fig. 1 is a schematic per-
spective view of a power-assisted rollator 100 according
to the first embodiment, showing its appearance. Fig. 2
is a side view of the power-assisted rollator 100 of Fig.
1, and Fig. 3 is a schematic view of the power-assisted
rollator 100 showing its major internal structural compo-
nents.

Structure Of Power-Assisted Rollator

[0018] Referring to Figs. 1-3, the power-assisted rol-
lator 100 may include a frame 210, a pair of front wheels
220, a pair of rear wheels 230, a pair of handles 240, a
brake unit 250, and a fall prevention member 260.
[0019] The power-assisted rollator 100 may further in-
clude a battery 310, motors 320, a display 330, a control
unit 400, a main power supply 480, a speed limiting unit
500, a speed detection sensor 610, a gyro sensor 620,
a leg/foot detection sensor 630, a ground sensor 640, an
operating force sensor 650, and an alarm device 670.
[0020] Note that the display 330, the gyro sensor 620,
the leg/foot detection sensor 630, the ground sensor 640,
and the alarm device 670 may be omitted as appropriate.
[0021] Referring to Figs. 1 and 2, the frame 210 may
include a left-right pair of pipe frames 211, 212, and a
frame 213 that couples the pair of pipe frames 211, 212.
[0022] On front ends of the pipe frames 211, 212, a
pair of wheels 221, 222, which are front wheels 220, may
be provided respectively. The wheels 221, 222 in the
front-wheel pair 220 may be configured to wheel in a
front-rear direction and also rotate about a vertical axis.
[0023] Onrearends ofthe pipe frames 211, 212, a pair
of wheels 231, 232, which are rear wheels 230, may be
provided respectively.

[0024] The wheels 231, 332 may be configured to
wheel in the front-rear direction.

[0025] Accordingly, the power-assisted rollator 100
can be easily moved forward and backward, moreover,
can be easily maneuvered in a left-right direction or easily
turn around.

[0026] Brake shoes 255, 256 may be provided on the
periphery of the wheels 231, 232 respectively such that
they mechanically contact with the wheels 231, 232. The
brake shoes 255, 256 may be coupled to brake levers
251, 252 of a hereunder-described brake unit 250
through wires 253, 254 respectively. The brake shoes
255, 256 are activated in accordance with operation of
the brake levers 251, 252. The mechanical brakes are
notlimited to this but any mechanical brakes can be used.
[0027] The fall prevention member 260 may be provid-
ed on the rear end of each of the pipe frames 211, 212.
The fall prevention member 260 is configured to prevent
the power-assisted rollator 100 from being toppled in the
rear direction when the pair of front wheel 220 is lifted off
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the ground. Note that other mechanism or structures may
be used to prevent the rollator from falling instead of the
above-described fall prevention member 260. In this
case, the fall prevention member 260 may be omitted.
[0028] On upper ends of the pipe frames 211, 212, a
pair of handles 240 may be provided. The pair of handles
240 may include poles 241, 242. The poles 241, 242 may
have grips 243, 244 respectively.

[0029] Brake levers 241, 242 may be provided on the
poles 241, 242 respectively.

Battery

[0030] A battery 310 may be fixedly provided on the
frame 213 disposed between the pair of pipe frames 211,
212. Over the battery 310, a storage 315 where an user
can store his/her belongings may be provided.

Motor

[0031] In this embodiment, the motor 320 is respec-
tively provided inside the pair of wheels 231, 232 of the
rear wheels 230.

[0032] The motor 320 may be any motor such as a
servomotor, a stepper motor, an AC motor, and a DC
motor. Moreover, a reducer can be integrated with the
motor.

[0033] Although the motor 320 is provided within each
of the wheels 231, 232 in the above embodiment, the
motor 320 may be stored only within the wheels 221, 222
of the front wheel pair 220, or within all of the pair of front
wheels 220 and the pair of rear wheels 230.

[0034] The control unit 400 and the speed limiting unit
500 may be provided in proximity to the battery 310. De-
tails of the control unit 400 and the speed limiting unit
500 will be described below.

[0035] The speed detection sensor 610 may be dis-
posed in proximity to the control unit 400 and the speed
limiting unit 500. Alternatively the speed detection sensor
610 may be provided within each of the wheels 231, 232
of the rear wheel pair 230 of the power-assisted rollator
100. Alternatively, the speed detection sensor 610 may
be provided within each of the wheels 221, 222 of the
front wheel pair 220 in the same manner as the motor
320, or within all of the pair of front wheels 220 and the
pair of rear wheels 230.

[0036] In this case, when the motor 320 is a brushless
motor, the speed detection sensor 610 may be config-
ured to calculate the number of revolutions or a speed
of the wheel or a speed of the power-assisted rollator
100 using a hall element.

[0037] Whenthe speed canbe detected from a counter
electromotive force of the motor 320, the number of rev-
olutions or a speed of the wheel or a speed of the power-
assisted rollator 100 can be calculated from the counter
electromotive force. When angular velocities of the
wheels 231, 232 of the rear wheel pair 230 or the wheels
221, 222 of the front wheel pair 220 can be detected, the
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number of revolutions or a speed of the wheel or a speed
of the power-assisted rollator 100 can be calculated from
the angular velocities.

[0038] The speed detection sensor 610 may be mount-
ed to any of the components such as the frame 210 and
the pair of handles 240, not limited to the pair of the front
wheels 220 and the pair of the rear wheels 230. In this
case, whenthe speed detection sensor is an acceleration
detection sensor, the speed may be calculated by inte-
grating acceleration components. When the speed de-
tection sensor includes a global positioning system
(GPS), the speed may be calculated by differentiating
location information.

[0039] The gyro sensor 620 may be provided in the
upper portion of the power-assisted rollator 100, for ex-
ample, inside the pair of handles 240. Alternatively the
gyro sensor 620 may be provided in the lower portion of
the power-assisted rollator 100. However, when the gyro
sensor 620 is provided in the upper portion, it is possible
to detect the attitude of the power-assisted rollator 100
more accurately. Note that the attitude of the power-as-
sisted rollator 100 may be detected by a two or more-
axis acceleration detection sensor instead of the gyro
Sensor.

[0040] The control unit 400 of the power-assisted rol-
lator 100 may turn OFF the power assist control and put
the rollator in a free state (no load on the wheels) when
the number of revolutions of the wheels 220, 230 exceeds
a first predetermined value.

[0041] The control unit 400 of the power-assisted rol-
lator 100 may turn ON the power assist control and
resume the power assist control when the number of rev-
olutions of the wheels 220, 230 decreases and becomes
lower than the first predetermined value by a certain
amount.

[0042] The control unit 400 of the power-assisted rol-
lator 100 may control the assist control to put a weak
brake on the rollator when the number of revolutions of
the wheels 220, 230 increases and exceeds a second
predetermined value (the first predetermined value < the
second predetermined value).

[0043] Thecontrolunit400 may seta certain hysteresis
such that it may lift the brakes when the speed of the
wheel is reduced to below a predetermined value. In this
way, turning ON/OFF of the brakes will not be frequently
repeated. In other words, only when the speed is reduced
by a predetermined amount from the second predeter-
mined value, the control unit releases the brake.

[0044] Moreover, the control unit 400 may put a hard
brake on the rollator when the number of revolutions of
the wheels 220, 230 increases and exceeds a third pre-
determined value (the second predetermined value < the
third predetermined value). In this case, the speed of the
power-assisted rollator 100 becomes substantially zero.
[0045] If the control unit 400 suddenly lifts the brake in
response to the detected speed, the rollator may perform
off-and-on behavior such that the rollator is accelerated
again with an unstable attitude including turnover.
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[0046] To avoid this, after a hard brake is applied, the
control unit lifts the brake in response to other signal in-
dicating that, for example, an user released his/her hand
from the handle 240, the leg/foot detection sensor 630
detects thatthe user's body is situated close to the power-
assisted rollator 100 or the like.

[0047] Moreover, the control unit 400 of the power-as-
sisted rollator 100 can set any number of revolutions of
the wheel in order to prevent the fall of the rollator.
[0048] More specifically, a turnover force generated
when the rollator falls have a front-downward direction
vector. Acceleration of the electric walking assistance
device works generally in parallel with the ground sur-
face. More specifically, when a road is flat, the walking
assistance device is accelerated in a horizontal direction
and when a road is an upward slope, the walking assist-
ance device is accelerated in parallel with the upward
slope.

[0049] In other words, the cosine of the turnover force
and the slope of the ground can be detected as the ac-
celeration.

[0050] Therefore, the acceleration at the time of turn-
over on the upward slope is detected smaller than that
of the flat ground. Consequently if a threshold value of
the revolutions is set equally for the flat ground and the
upward slope, the turnover on the upward slope will be
less sensitive to the sensor. For this reason, the prede-
termined number of revolutions is set such that the
threshold value is corrected in accordance with the slope
in this embodiment.

[0051] Fig. 4 is a schematic view of an example of the
leg/foot detection sensor 630.

[0052] Referring to Fig. 4, the leg/foot detection sensor
630 may be mounted on the frame 213. The footdetection
sensor 630 may be an image sensor, an infrared sensor,
or the like.

[0053] The foot detection sensor 630 can detect be-
havior of a user’s foot by measuring a distance from a
foot of the user of the power-assisted rollator 100.
[0054] More specifically, the leg/foot detection sensor
630 shown in Fig. 4 may determine whether the user’s
foot in the area 630AR is moving, stays still, or moving
closer/away, or the user is turning his/her back and about
to sit on a seat 270.

[0055] The ground sensor 640 may be provided on an
axle of the pair of front wheels 220 and the pair of rear
wheels 230. More specifically, the ground sensor 640
may detect whether each wheel touches the ground or
not.

[0056] When the front wheels of the rollator are lifted
up to climb over a step, the ground sensor 640 at the
front wheels are in an OFF state and an inclined state of
the rollator are detected from the signal from the above-
described gyro sensor 620.

[0057] When the rollator moves on a slope, an inclined
state is detected from a signal of the gyro sensor 620
and the ground sensors 640 in all the wheels are also in
an ON state. In this way, it is possible to detect that the
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rollator is moving on the slope.

[0058] Figs.5and 6 are schematic views for explaining
the operating force sensor 650.

[0059] The operating force sensor 650 may be provid-
ed on the grips 243, 244 of the pair of handles 240 to
detect a pushing/pulling force of a user who is pushing
or pulling the power-assisted rollator 100. Displacement
of the operating force sensor 650 in the pushing and/or
pulling direction with respect to the poles 241, 242 may
be restricted by an elastic member such as a spring (not
shown). The operating force sensor 650 may further in-
clude a potentiometer to detect the displacement.
[0060] The pair of handles 240 may be disposed with
an angle of 81 in the downward direction with respect to
the horizontal plane. Accordingly a user of the rollator
can easily place his/her hands on the handles 240.
[0061] As mentioned above, the grips 243, 244 are
movable in the front-rear direction with respect to the
poles 241, 242. When the grips are moved in the front
direction indicated by the arrow in Fig. 6, it may be de-
termined that the power-assisted rollator 100 is pushed
by a user. When the grips are moved in the rear direction,
it may be determined the power-assisted rollator 100 is
pulled by the user. When the grips are not moved, it may
be determined that the rollator is neither pushed nor
pulled.

[0062] In this manner, it is possible to determine that
the user tries to move the power-assisted rollator 100
forward or backward, or the user does not have the in-
tention to change the state of the power-assisted rollator
100.

[0063] With this configuration, the user can easily op-
erate the power-assisted rollator 100 since the user can
operate the power-assisted rollator 100 in the same man-
ner as a manual rollator.

[0064] Referring again to Fig. 6, strain sensors 651,
652 (for example, strain gauges) may be provided on the
grips 243, 244 to detect moments on the grips 243, 244
or the pair of pipe frames 211, 212, and the strain sensors
may serve as the operating force sensor 650.

[0065] In this case, the grips 243, 244 are fixed on the
poles 241, 242 so that the structure becomes simple.
[0066] Alternatively, a joy stick or a push button may
be provided on the grips 243, 244 and these may be used
as the operating force sensor 650.

[0067] As described above, the control unit 400 and
the speed limiting unit 500 control the behavior of the
motor 320 based on the detection signals from the speed
detection sensor 610 and the operating force sensor 650.
Moreover, the motor 320 can be controlled based on the
detection signals from the gyro sensor 620, the leg/foot
detection sensor 630, and the ground sensors 640. More
details will be hereunder described.

Behavior Of Control Unit

[0068] Fig. 7 is a flowchart for explaining one example
of the behavior of the control unit 400.
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[0069] Referring to Fig. 7, after the main behavior 480
is turned on, the control unit 400 may determine a re-
ceived power from the battery 310 and display it on the
display (step S1).

[0070] If the ground sensors 640 are provided, it may
be determined whether the ground sensors 640 at all of
the wheels are ON state or not (step S2). When all the
ground sensors 640 are not ON state, the control unit
400 waits until the ground sensors 640 at all of the wheels
turn to ON state (No in the step S2).

[0071] If the leg/foot detection sensor 630 is provided,
the leg/foot detection sensor 630 may determine whether
a foot of a user exists within a predetermined area or not
(step S3) after it is determined that the ground sensors
640 at all of the wheels become ON state (step S3).
[0072] When the leg/foot detection sensor 630 deter-
mines that the user’s leg/foot is not situated within the
predetermined area, the control unit 400 waits until a
leg/foot of the user is situated within the predetermined
area (No in the step S3).

[0073] Whereas when the leg/foot detection sensor
630 determines that the user’s leg/foot is situated within
the predetermined area (Yes in the step S3), it may be
determined whether the operating force sensor 650 is
ON state or not (whether one or both of the grips 243,
244 is/are displaced in the pushing/pulling direction more
than a predetermined amount of the displacement) (step
S4). When the operating force sensor 650 is not ON state
(No in the step S4), the control unit 400 waits until the
operating force sensor 650 becomes ON state.

[0074] When the operating force sensor 650 is turned
to ON state (Yes in the step S4), the control unit 400
drives (assist-control) the motor 320 in accordance with
the ON state of the sensor (in accordance with the
amount of the displacement of the grips 243, 244 in the
pushing/pulling direction) (step S5).

[0075] When the gyro sensor 620 is provided, the as-
sist control may be applied only when the rollator travels
uphill instead of applying the assist control all the time.
In this case, it is possible to save the battery while main-
taining the usability of the rollator to a certain level.
[0076] The control unit 400 may cause the speed lim-
iting unit 500 to perform processing based on the detec-
tion states detected by each sensor (step S6). The speed
limiting unit 500 may perform processing such that the
power-assisted rollator 100 will not move at a speed ex-
ceeding a predetermined speed. For instance, the speed
limiting unit 500 stops the driving of the motor 320, causes
adynamicbraking or a regenerative braking on the motor,
or causes a drive force of the motor in the opposite di-
rection when a value of the speed detection sensor 610
exceeds a predetermined value.

[0077] The control unit 400 may repeat the above-de-
scribed process until the main behavior 480 is turned off
(step S7).
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Behavior Of Speed Limiting Unit

[0078] Fig. 10isaflowchartforexplaining one example
of the behavior of the speed limiting unit 500. Fig. 11
illustrates an example of characteristics of the speed lim-
iting. When the leg/foot detection sensor 630 is provided,
the process of the flow chart shown in Fig. 8 is further
performed. When the gyro sensor 620 and the ground
sensor 640 are provided, the processes of Figs. 12 and
13 are further performed. The speed limiting unit 500 may
be configured to perform the processes concurrently.

Leg/Foot Detection Sensor

[0079] Referring to Fig. 8, the speed limiting unit 500
may determine whether the leg/foot detection sensor 630
detects a leg/foot of a user within a predetermined area
or not (step S21).

[0080] More specifically, it is determined whether the
leg/foot of the user who stretches his/her arms to the
handles is situated between the pair of rear wheels 230
or within 50 cm distance from the rear wheels 230 in the
backward direction.

[0081] When the leg/foot of the user is not detected
(No in the step S21), the speed limiting unit 500 goes
standby.

[0082] Whenitis determined thatthe leg/foot detection
sensor 630 detected the leg/foot (Yes in the step S21),
whether the leg/foot of the user is moving or not is deter-
mined (step S22). When it is determined that the leg/foot
of the user stays still (No in the step S22), the speed
limiting unit 500 halts or puts brakes on the operation of
the motor 320 (step S23).

[0083] After the braking process, it is determined
whether a leg/foot is detected or not (step S24). When
no leg/foot of the user is detected (Yes in the step S24),
the speed limiting unit 500 may cause the motor 320 to
reverse by a certain amount, for example, 20 cm (step
S25).

[0084] When the leg/foot of the user is not detected
(No in the step S24), the speed limiting unit 500 does not
perform the process and goes back to the step S21.
[0085] Whereas whenitis determined that the leg/foot
of the user is moving (Yes in the step S22), the speed
limiting unit 500 goes back to the step S21 without per-
forming the steps S23-S25 and repeats the above-de-
scribed process.

[0086] Although not shown in Fig. 8, note that when
the leg/foot detection sensor 630 detects that the detect-
ed foot of the user is a heel, the rotation of the motor 320
may be stopped. This is because there is a possibility
that the user turns his/her back and is about to sit on the
seat of the power-assisted rollator 100.

Operating Force Sensor

[0087] Referring to Fig. 9, the speed limiting unit 500
may determine whether a switch for the main behavior
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480 or the display 330 is turned ON or not (step S31).
When the switch for the main behavior 480 or the display
330is notturned ON (No in the step S31), a stop process
step (step S32) is performed. When the switch for the
main behavior 480 is not turned ON, the motor is not
driven so that the device is in a standby state until the
switch for the main behavior 480 is turned ON.

[0088] When the switch for the main behavior 480 or
the display 330 is turned ON (Yesinthe step S31), wheth-
er the operating force sensor 650 is ON or not (step S33)
is determined. When it is determined that the operating
force sensor 650 is OFF (No in the step S33), a drive
instruction is not transmitted from the control unit 400 to
the motor 320 but the speed limiting unit 500 controls the
motor 320 to be excited so that the wheels will not be
rotated (step S34). In this case, there is a possibility that
the rollator is moving by an inertial force. Therefore when
a value detected by the speed detection sensor 610 is
equal to or smaller than a predetermined value, not a
hard braking but a soft braking may be applied.

[0089] When it is determined that the operating force
sensor 650 is ON (Yes in the step S33), whether the ON
state of the operating force sensor 650 is detected only
on one side or only partially in the vertical direction is
determined to perform a deceleration process (step S36).
[0090] In the deceleration process, for example, when
the operating force sensor 650 is ON only on one side
(the right side) or an amount of the operation is larger in
the right side, a driving amount of the motor 320 disposed
in the right wheel may be increased or a driving amount
of the motor 320 disposed in the left wheel may be de-
creased so that the rollator can turn left. Whereas when
the operating force sensor 650 is ON only on the left side
or an amount of the operation is larger in the left side, a
drivingamount of the motor 320 disposed in the left wheel
may be increased or a driving amount of the motor 320
disposed in the right wheel may be decreased so that
the rollator can turn right.

[0091] When the operating force sensor 650 is ON only
partially in the vertical direction, the inclined state of the
rollator is detected and the deceleration process may per-
formed after the user’s intention is confirmed.

Speed Detection Sensor

[0092] Referring to Fig. 10, the speed limiting unit 500
may check the speed detection sensor 610 and deter-
mine whether the revolutions of the pair of front wheels
220/rear wheels 230 or the speed of the power-assisted
rollator 100 is equal to or less than a predetermined value
(step S41).

[0093] Whenitis determined thatthe revolutions of the
wheels or the speed of the power-assisted rollator 100
is equal to or smaller than the predetermined value (Yes
in the step S41), the speed limiting unit 500 may not per-
form a process but the control unit 400 may perform the
control.

[0094] Whereas when it is determined that the revolu-

10

15

20

25

30

35

40

45

50

55

1"

tions of the wheels or the speed of the power-assisted
rollator 100 exceeds the predetermined value (No in the
step S41), the speed limiting unit 500 may stop the assist
control, halt driving of the motor 320, cause a dynamic
braking or a regenerative braking, or cause a drive force
of the motor in the opposite direction to perform the brak-
ing process (step S42).

[0095] Inthe chart of Fig. 11, the vertical axis indicates
a brake force or a braking load on the power-assisted
rollator 100, and the horizontal axis indicates the number
of revolutions of the wheel.

[0096] Referring to Fig. 11, when the number of revo-
lutions of the wheel is equal to or smaller than a prede-
termined value, the braking load may remain at zero. But
when the number of revolutions of the wheel exceeds
the predetermined value, the braking load or the braking
force may be set as indicated by the segment BP that
increases in accordance with the number of revolutions
of the wheel.

[0097] The braking load is not limited to this. For in-
stance, a constant braking load may be applied.

[0098] Alternatively, the speed limiting unit 500 may
control the motor 320 based on rotational acceleration
or acceleration of the power-assisted rollator. In this
case, the motor can be decelerated before the speed of
the rollator increases so that the rollator can promptly
slow down. Moreover, since it is not necessary to set the
rollator to a reduced speed so that the usability will not
be affected. Furthermore, by combining the limitations
based on the speed and the acceleration, it is possible
to satisfy both the usability and safety at a high level.
[0099] Moreover,whenthe power-assisted rollator 100
travels more than a predetermined distance, forinstance,
more than 30 cm, the motor 320 may be reversed imme-
diately after the power-assisted rollator 100 is stopped
and then the power-assisted rollator 100 may be brought
closer to the user by, for example, 20 cm. In this way, it
is possible to promptly shorten the distance between the
user and the power-assisted rollator 100 so that the user
can restore a stable posture.

Gyro Sensor

[0100] Inthefollowingdescriptionwithreferenceto Fig.
12, it is assumed that the ground sensors 640 at all the
wheels (the pair of front wheels 220 and the pair of rear
wheels 230) detect that all the wheels touch the ground.
A case where the ground sensors 640 at all the wheels
detect that all the wheels do not touch the ground will be
hereunder described with reference to Fig. 13.

[0101] Referring to Fig. 12, the speed limiting unit 500
may check the attitude of the rollator by using the gyro
sensor 620, and determine whether the power-assisted
rollator 100 is on a flat ground or not (step S51). When
itis determined that the power-assisted rollator 100 is on
the flat ground (Yes in the step S51), the speed limiting
unit 500 may not perform the process but the control unit
400 may perform the control.
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[0102] Whereas when it is determined that the power-
assisted rollator 100 is not on the flat ground (No in the
step S51), the speed limiting unit 500 determines whether
the power-assisted rollator 100 is situated on an upward
slope or not (step S52).

[0103] When it is determined that the power-assisted
rollator 100 is on the upward slope (Yes in the step S52),
the speed limiting unit 500 may not perform the process
but the control unit 400 may perform the control.

[0104] The control unit 400 may control to increase an
amount of torque with its assisting function. Alternatively,
the amount of torque may be increased in proportion to
an amount of tilt detected by the gyro sensor 620.
[0105] When it is determined that the power-assisted
rollator 100 is not on the upward slope (No in the step
S52), the predetermined value for the speed limiting unit
500 sets the number of revolutions of the wheels or the
speed of the power-assisted rollator 100 shown in Fig.
11 to a lower value, thereby the braking load is applied
at a speed lower than that of the flat ground (step S53).
As aresult, it is possible to increase the operability of the
power-assisted rollator 100 on the upward slope and the
flat ground as well as the safety of the rollator on a down-
ward slope.

Ground Sensor

[0106] Referring to Fig. 13, the speed limiting unit 500
may determine whether all the wheels (the pair of front
wheels 220 and the pair of rear wheels 230) touch the
ground or not by using the ground sensors 640 (step
S61). When it is determined that all of the wheels touch
the ground (Yes in the step S61), the processes de-
scribed above with reference to Figs. 8-10 and 12 may
be performed (step S62).

[0107] Whereas when it is determined that not all the
wheels touch the ground (No in the step S61), whether
only the pair of rear wheels 230 touches the ground is
determined (step S63). When it is determined that not
only the pair of rear wheels 230 touches the ground (No
in the step S63), the speed limiting unit 500 performs an
alarm process to trigger the alarm device 670 (step S64).
[0108] More specifically, the above detection result in-
dicates that the wheels on only one side, only any one
of the wheels, or only the pair of front wheels 220 is/are
lifted from the ground so that the user is alerted. Here,
the alarm device 670 may be any device such as a dis-
play, a buzzer that makes an alarm sound, and a vibrator
that imparts vibration on the grips 243, 244.

[0109] When it is determined that only the pair of rear
wheels 230 touch the ground (Yes in the step S63), the
speed limiting unit 500 detects the attitude of the rollator
by using the gyro sensor 620 and determine whether the
detected value is equal to or smaller than a predeter-
mined value (step S65).

[0110] When the detected attitude using the gyro sen-
sor 620 is within a predetermined range (Yes in the step
S65), a braking process is applied by controlling the mo-
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tor 320 (step S66).

[0111] Whereas when the detected attitude using the
gyro sensor 620 exceeds the predetermined range (No
in the step S65), the motor 320 is reversed (step S67).
[0112] Judging from the attitude detected through the
gyro sensor 620, more specifically, when itis determined
that the power-assisted rollator 100 is not about to over-
turn considering the tilted angle of the rollator, a load can
be applied so as to prevent the pair of front wheels 220
from lifting further from the ground. When it is determined
that the power-assisted rollator 100 almost falls, the mo-
tor may be controlled to reverse in order to bring the pair
of front wheels 220 down to the ground.

Second Embodiment

[0113] A second embodiment of the invention will be
now described. In the following description of the second
embodiment, differences from the first embodiment will
be mainly described and descriptions of like elements as
those of the first embodiment will be omitted.

[0114] Fig. 14 is a schematic perspective view of a
power-assisted rollator 100a according to the second
embodiment, showing its major structural components.
[0115] Referringto Fig. 14, the power-assisted rollator
100a may include a limiting brake unit 700 instead of the
speed limiting unit 500 in the power-assisted rollator 100
of the first embodiment.

[0116] The limiting brake unit 700 may have the same
braking characteristics as that of Fig. 11 and may be a
centrifugal brake. In this case, the limiting brake unit 700
may be provided at least in the pair of rear wheels 230.
For instance, the limiting brake unit 700 may be provided
within the pair of rear wheels 230.

[0117] The limiting brake unit 700 may be provided in
the pair of front wheels 220 instead of the pair of rear
wheels 230.

[0118] In this case, the speed can be mechanically re-
duced so that the power of the power-assisted rollator
100a is not consumed by the speed limiting unit 500.
[0119] Inaddition, a switch may be provided for adjust-
ing the braking characteristics externally and thereby the
adjustment of the speed limiting can be performed me-
chanically. Moreover, since electric power is not used to
put brakes, the power can be saved and it is possible to
extend a duration of the assist control.

[0120] Although the braking is performed by only the
limiting brake unit 700 in the second embodiment, this is
not limited. In order to generate a high braking force, a
dynamic braking, a regenerative braking, or a drive force
of the motor 320 generated in the opposite direction to
the traveling direction may also be used in addition to the
limiting brake unit 700. In this case, itis possible to reduce
the size of the limiting brake unit 700 and to save the
battery.
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Third Embodiment

[0121] A third embodiment of the invention will be now
described. In the following description of the third em-
bodiment, differences from the first and second embod-
iments will be mainly described and descriptions of like
elements as those of the first and second embodiments
will be omitted.

[0122] Figs. 15 and 16 are schematic perspective
views of a power-assisted rollator 100b according to the
third embodiment.

[0123] Referring to Figs. 15, 16, unlike the power-as-
sisted rollator 100 of the first embodiment, the power-
assisted rollator 100b may have a structure that can be
elongated and contracted in the front-rear direction of the
power-assisted rollator 100b. This structure will be de-
scribed in detail below.

[0124] Referring to Figs. 15, 16, the power-assisted
rollator 100b may include a horseshoe-like member 240b
provided on the pair of handles 240. On the front side of
the horseshoe-shaped member 240b, a pipe frame 241b
may be formed so as to be connected with the pair of
handles.

[0125] The horseshoe-like member 240b and the pipe
frame 241b may be configured to be turnable with respect
to a pair of pipe frames 211b, 212b. A lock (not shown)
for the turning of the horseshoe-like member 240b and
the pipe frame 241b may be also provided.

[0126] When the horseshoe-like member240b and the
pipe frame 241b are turned, the wheels 221, 222, 231,
232 are stopped by the limiting brake unit 700 or the
motor 320. In this case, the user can sit on a seat 251b
provided between the pair of pipe frames 211b, 212b.
[0127] The seat 251b may be configured to be flipped
up as illustrated in Figs. 15 and 16.

[0128] Frames 541, 543 may be provided such that
they extend in the horizontal direction with respect to the
pair of pipe frames 211b, 212b. A frame 571 may extend
obliquely downward from the frame 541. Members 551,
552 that can be folded may be extended from the frame
543 and connected to the center of the frame 571.
[0129] When the foldable members 551, 552 are ex-
tended, the power-assisted rollator 100b becomes in a
usable state for a user as shown in Fig. 15. When the
foldable members 551, 552 are folded by operating a bar
591, the power-assisted rollator 100b becomes in a fold-
ed state to be stored as illustrated in Fig. 16.

[0130] Referring again to Fig. 16, a storage 271b may
be provided under the seat 251b of the power-assisted
rollator 100b. A substrate unit 592 which may include the
control unit 400, the speed limiting unit 500 and the like
may be provided in a portion of the storage 271b.
[0131] Fig. 17 is a schematic view of another example
of the leg/foot detection sensor 630 of Fig. 4.

[0132] Referringto Fig. 17, a leg/foot detection sensor
630b may be mounted on the substrate unit 592 in the
storage 271b. Like the leg/foot detection sensor 630, the
leg/foot detection sensor 630b may be an image sensor,
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an infrared sensor, or the like.

[0133] The leg detection sensor 630b can detect be-
havior of user’s legs by measuring distances from right
and left legs of the user of the power-assisted rollator
100b.

[0134] More specifically, the leg/foot detection sensor
630b shown in Fig. 17 may determine whether the user’s
leg within the area 630BR is moving, stays still, or moving
closer/away, or the user is turning his/her back and about
to sit on the seat 251b.

[0135] Figs. 18-21 are schematic illustrations for con-
trol examples of the control unit 400.

[0136] Thedrawing (a)ineach ofFigs. 18-21 illustrates
an actual state of a slop and a flat ground. The drawing
(b) in each of Figs. 18-21 illustrates an example of an
amount of assist from the control unit 400 to the motor
according to the conventional device. The drawing (c) in
each of Figs. 18-21 illustrates an example of an amount
of assist from the control unit 400 to the motor according
tothe embodiment. The drawing (d) in each of Figs. 18-21
illustrates another example of the amount of assist from
the control unit 400 to the motor according to the embod-
iment.

[0137] In the following description, state transitions of
the power-assisted rollator 100b from a horizontal state
to an upward slope state, the horizontal state to a down-
ward slope state, the downward slope state to the hori-
zontal state, and the upward slope state to the horizontal
state, which are detected by using the gyro sensor 620,
will be described. When the amount of assist is positive,
the motor 320 is rotated in the forward direction. When
the amount of assist is negative, the motor 320 is re-
versed and the power-assisted rollator 100b travels at a
low speed.

[0138] When the power-assisted rollator 100b travel at
a low speed, in other words, when the amount of assist
is negative, the limiting brake unit 700 may be used.
[0139] When a conventional rollator travels from the
horizontal state to the downward slope state as illustrated
in Fig. 18(a), the amount of assist is sharply changed
from positive to negative as illustrated in Fig. 18(b).
[0140] Whereas in an exemplary embodiment of the
invention, the amount of assist gradually transitions (in-
dicated by "CU") from positive to negative, subsequently
overshot (indicated by "OS") and then settled to a pre-
determined negative value as illustrated in Fig. 18(c).
[0141] Inanother exemplary embodiment of the inven-
tion, the amount of assist is gradually transitioned (indi-
cated by "CU") from a positive value to a negative value
as illustrated in Fig. 18(d).

[0142] When a conventional rollator travels from the
upward slope state to the horizontal state as illustrated
in Fig. 19(a), an amount of assist is sharply changed from
a positive value to a smaller positive value as illustrated
in Fig. 19(b).

[0143] Whereas in an exemplary embodiment of the
invention, the amount of assist gradually transitions (in-
dicated by "CU") from a positive value to a smaller pos-
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itive value, subsequently overshot (indicated by "OS")
and then settled to a predetermined small value as illus-
trated in Fig. 19(c).

[0144] Inanother exemplary embodiment of the inven-
tion, the amount of assist gradually transitions (indicated
by "CU") from a positive value to a smaller positive value
as illustrated in Fig. 19(d).

[0145] When a conventional rollator travels from the
downward slope state to the horizontal state as illustrated
in Fig. 20(a), the amount of assist is sharply changed
from a negative value to a positive value as illustrated in
Fig. 20(b).

[0146] Whereas in an exemplary embodiment of the
invention, the amount of assist gradually transitions (in-
dicated by "CU") from a negative value to a positive value,
subsequently overshot (indicated by "OS") and then set-
tled to a predetermined positive value as illustrated in
Fig. 20(c).

[0147] Inanother exemplary embodiment of the inven-
tion, the amount of assist is gradually transitioned (indi-
cated by "CU") from a negative value to a positive value
as illustrated in Fig. 20(d).

[0148] When a conventional rollator travels from the
horizontal state to the upward slope state as illustrated
in Fig. 21(a), the amount of assist is sharply changed
from a small positive value to a large negative value as
illustrated in Fig. 21(b).

[0149] Whereas in an exemplary embodiment of the
invention, the amount of assist gradually transitions (in-
dicated by "CU") from a small positive value to a large
positive value, subsequently overshot (indicated by
"0OS") and then settled to a predetermined large positive
value as illustrated in Fig. 21(c).

[0150] Inanother exemplary embodiment of the inven-
tion, the amount of assist gradually transitions (indicated
by "CU") from a small positive value to a large positive
value as illustrated in Fig. 21(d).

[0151] According to the embodiments, the amount of
assist generated by the motor 320 is not sharply changed
but gradually transitions (CU) so that it is possible to pre-
vent the power-assisted rollator 100b from leaving the
user behind.

[0152] Moreover, since the amount of assist gradually
changes, itis possible to provide a sense of safety to the
user.

[0153] As described above, according to the embodi-
ment, when a user uses the power-assisted rollator 100,
100a, 100b for a normal walk, the revolutions of the pair
of rear wheels 230 are assist-controlled to facilitate the
gait of the user. Moreover, in the power-assisted rollator
100, 100a, 100b, when it is determined that the number
of revolutions of the pair of rear wheels 230 is equal to
or larger than a predetermined value, the revolutions of
the rear wheels 230 can be reduced so that revolutions
of the front wheels 220 and the rear wheels 230 imme-
diately before the user falls can be controlled. Conse-
quently it is possible to prevent the user from actually
falling over.
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[0154] Furthermore, if a rotation speed of the motor
320 exceeds a predetermined value, the motor 320 can
be reduced automatically by the speed limiting unit 500
or by the limiting brake unit 700. Therefore, it is possible
to prevent the power-assisted rollator 100, 100a, 100b
from leaving the user behind and consequently the user
is less likely to fall.

[0155] Moreover,the leg/foot detection sensor 630 and
the leg/foot detection sensor 630b can detect the move-
ments/distance of foot (feet)/leg(s) of the user and then
the revolution of the pair of rear wheels 230 is controlled.
Therefore, the revolution of the pair of wheels 230 can
be stopped. Furthermore, when the distance from the
rollator to the foot/leg of the user is increased, the revo-
lution of the pair of rear wheels 230 can be stopped or
reversed to prevent the user from falling over.

[0156] Moreover,the attitude of the power-assisted rol-
lator 100, 100a, 100b, is detected by using the gyro sen-
sor 620 and thereby it is possible to determine that the
rollator is situated on an upward slope, a flat ground, or
a downward slope as well as controlling the pair of front
wheels 220 and/or the pair of rear wheels 230 to obtain
an adequate revolution of the wheels.

[0157] Furthermore, itis possible to determine whether
each of the four wheels of the rollator touches the ground
by the ground sensors 640. Accordingly it is possible to
determine that the rollator 100, 100a, 100b is situated on
steps, only the pair of rear wheels 230, only the pair of
front wheels 220, only the right wheels, or only the left
wheels touch the ground. Therefore, the rotational accel-
eration of the pair of front wheels 220 and the pair of rear
wheels 230 can be controlled.

[0158] In the above exemplary embodiments, the
speed limiting unit 500 controlled the motor 320 based
on the revolutions of the pair of rear wheels 230 or the
speed of the power-assisted rollator. However, the em-
bodiment is not limited to this. The motor 320 may be
controlled based on the rotational acceleration of the rear
wheels 230 and /or the front wheels 220 or the acceler-
ation of the power-assisted rollator 100, 100a, 100b.
[0159] In this case, the motor can be decelerated be-
fore the speed of the rollator increases so that the rollator
can promptly slow down. Moreover, since it is not nec-
essary to set the rollator to a reduced speed so that the
usability will not be affected. Furthermore, by combining
the limitations based on the speed and the acceleration,
it is possible to satisfy both the usability and safety at a
high level.

[0160] In the above exemplary embodiments, the pair
of rear wheels 230 have been illustrated but the embod-
iments are not limited to this. Alternatively, any continu-
ous track such as a track shoe, a caterpillar and the like
that surrounds a drive wheel, a track roller, aniidling (idle)
wheel, and a vertical trunk roller may be used.

[0161] Moreover, in the above exemplary embodi-
ments, the pole-like handle or the horseshoe-like handle
have been described as the pair of handles 240. How-
ever, both the pole-like handle (extending in the horizon-
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tal direction or the vertical direction) and the horseshoe-
like handle may be provided to the rollator. In this case,
a user can choose one of the two handle types which the
user prefers.

[0162] Although the electric wheeled walker has been
described but the embodiments are not limited to this.
The embodiments may also include a walker and the like.
[0163] In the invention, the motor 320 corresponds to
a "motor," the control unit 400 corresponds to a "control
unit," the pair of rear wheels 230 corresponds to "wheels
or continuous track," the speed limiting unit 500 corre-
sponds to a "speed limiting unit," the limiting brake unit
700 corresponds to a "centrifugal brake," the power-as-
sistedrollator 100, 100a, 100b corresponds to an "electric
walking assistance device," the speed detection sensor
610 corresponds to a " speed detector," the seat 251b
corresponds to a "seat," the storage 271 corresponds to
a "storage," the leg/foot detection sensor 630, 630b cor-
responds to a" leg movement detector," the gyro sensor
620 corresponds to an "attitude detection sensor," the
ground sensor 640 corresponds to a "ground sensor,"
the operating force sensor 650 corresponds to an "oper-
ating force sensor," the handle 240 corresponds to a
"handle," the angle 6 corresponds to "extending from a
connection portion in a horizontally downward direction,"
and the grips 243, 244 correspond to "grips."

[0164] The forgoing preferred embodiments of the in-
vention are not intended to limit the invention to the dis-
closed examples. The disclosed embodiments can be
modified as appropriate in various ways unless departing
from the spirit of the present invention. It will be under-
stood that are not limited to the aforementioned embod-
iments, but various changes or modifications may be
made to the extent not to depart from the spirit of the
invention.

[0165] Thedisclosed operations and advantageous ef-
fects of the invention in accordance with the aforemen-
tioned embodimentare presented for an explanation pur-
pose of the invention, but not intended to limit the scope
of the present invention.

Claims

1. Anelectric walking assistance device having wheels
or a continuous track, comprising:

a motor driving the wheels or the continuous
track;

a control unit controlling the motorin accordance
with an operating force applied to the electric
walking assistance device by a user; and

a speed limiting unit limiting revolutions of the
wheels or the continuous track when it is deter-
mined that the revolutions of the wheels or the
continuous track or a speed of the electric walk-
ing assistance device is equal to or larger than
a predetermined value.
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2

The electric walking assistance device of claim 1,
wherein when the number of rotations of the motor
is equal to or larger than a predetermined value, the
speed limiting unit causes a torque to be generated
in the motor to reduce the number of rotations of the
motor.

The electric walking assistance device of claim 1 or
2, wherein when an acceleration of the electric walk-
ing assistance device is equal to or larger than a
predetermined value, the control unit stops the rota-
tions of the motor or reverses the motor by a prede-
termined amount.

The electric walking assistance device of any one of
claims 1 to 3, further comprising:

aleg movement detector sensing a back side of
the electric walking assistance device,

wherein the control unit controls the rotations of
the motor depending on a sensing result of the
leg movement detector.

The electric walking assistance device of any one of
claims 1 to 4, further comprising:

an attitude detection sensor detecting an atti-
tude of the electric walking assistance device,
wherein the control unit controls the rotations of
the motor depending on a detection result of the
attitude detection sensor.

The electric walking assistance device of any one of
claims 1 to 5, further comprising:

a ground sensor detecting whether the wheels
or the continuous track touches the ground;
wherein the control unit controls the rotations of
the motor depending on a detection result of the
ground sensor.

The electric walking assistance device of any one of
claims 1 to 6, wherein when the attitude detection
sensor detects that an attitude of the electric walking
assistance device is changed from a horizontal state
to a forward tilting state, the rotations of the motor is
reduced from a normal state or reversed by a pre-
determined amount.

The electric walking assistance device of any one of
claims 1 to 7, wherein when the attitude detection
sensor detects that an attitude of the electric walking
assistance device is changed from a forward tilting
state to a horizontal state, the rotations of the motor
is increased from a reduced state.

The electric walking assistance device of any one of
claims 1 to 8, wherein when the attitude detection
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sensor detects that an attitude of the electric walking
assistance device is changed from a horizontal state
to a backward tilting state, the rotations of the motor
is increased from a normal state.

The electric walking assistance device of any one of
claims 1 to 9, wherein when the attitude detection
sensor detects that an attitude of the electric walking
assistance device is changed from a backward tilting
state to a horizontal state, the rotations of the motor
is decreased from an increased state.

The electric walking assistance device of any one of
claims 1 to 10, further comprising:

a handle coupled to the frame, and the handle
having an operating force sensor.

The electric walking assistance device of any one of
claims 1 to 11, further comprising:

a handle coupled to the frame, and the handle
having a horseshoe shape.

The electric walking assistance device of any one of
claims 1 to 12, further comprising:

a handle coupled to the frame;

wherein the handle has a connecting portion
coupled to the frame; and

wherein the handle extends from the connection
portion in a horizontally downward direction.

The electric walking assistance device of any one of
claims 1 to 13, further comprising:

a handle coupled to the frame, the handle ex-
tending in one direction and having a movable
grip,

wherein the rotations of the motor is controlled
depending on a position of the grip.

The electric walking assistance device of any one of
claims 11 to 14, wherein the handle has a flip-up
mechanism, and when the handle is flipped up, the
control unit stops the rotations of the motor to stop
the wheels or the continuous track.

The electric walking assistance device of any one of
claims 1 to 15, further comprising:

a storage disposed below a handle and above
the wheels or the continuous track,

wherein the control unit is disposed in a part of
the storage.

The electric walking assistance device of claim 1,
wherein the speed limiting unit includes a centrifugal
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brake disposed within the wheels or a driving wheel
of the continuous track.

18. A program for controlling an electric walking assist-

ance device, comprising:

rotating a motor that drives wheels or a contin-
uous track in accordance with a human power
applied to the electric walking assistance device
by a user;

determining whether revolutions of the wheels
or the continuous track or a speed of the electric
walking assistance device is equal to or larger
than a predetermined value; and

limiting the revolutions of the wheels or the con-
tinuous track when it is determined that the rev-
olutions or the speed of the electric walking as-
sistance device is equal to or larger than the
predetermined value.

19. A method for controlling an electric walking assist-

ance device, comprising:

rotating a motor that drives wheels or a contin-
uous track in accordance with a human power
applied to the electric walking assistance device
by a user;

determining whether revolutions of the wheels
or the continuous track or a speed of the electric
walking assistance device is equal to or larger
than a predetermined value; and

limiting the revolutions of the wheels or the con-
tinuous track when it is determined that the rev-
olutions or the speed of the electric walking as-
sistance device is equal to or larger than the
predetermined value.
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