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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an electric ve-
hicle for assisting elderly people, disabled people, pa-
tients and others with a gait impairment in walking. The
invention also relates to a method of braking the electric
vehicle.

BACKGROUND

[0002] There have conventionally been used a
wheeled walker (a rollator, a rolling walker) that assists
the elderly’s outing, a walker that assists disabled people
or patients in walking, and other walking aid devices. For
example, Patent Literature 1 discloses a walking aid de-
vice that can be easily operated by a user to travel straight
or turn.

[0003] The walking aid device (an electric rolling walk-
er) disclosed in Patent Literature 1 includes a frame body
having a handle portion to be gripped by a user, more
than one wheel provided on left and right sides of the
frame body, more than one driving motor that drives each
of the wheels to rotate, and a controller that detects a
counter electromotive force generated at the driving mo-
tor and controls the driving motor based on the counter
electromotive force.

[0004] The walking aid device of Patent Literature 1
also includes a grip sensor (touch sensor) on the handle
portion, for detecting whether a user is gripping the han-
dle portion. When determining that a user is not gripping
the handle portion based on a detection signal of the grip
sensor, the walking aid device applies brakes to the
wheels. In such a conventional walking aid device, how-
ever, the grip sensor needs to be used to determine
whether a user is gripping the handle portion. The grip
sensor, therefore, is provided on the handle portion,
which might result in a cost increase of the walking aid
device.

RELEVANT REFERENCES
LIST OF RELEVANT PATENT LITERATURES

[0005] Patent Literature 1: Japanese Patent Applica-
tion Publication No. 2009-183407

SUMMARY

[0006] Itis an object of the presentinvention to provide
an electric vehicle capable of determining, without using
a grip sensor or the like, whether a user is operating the
electric vehicle, and a method of braking the same.

[0007] An electric vehicle (10) according to the present
invention is an electric vehicle (10) provided with a wheel
(13) or an endless track and characterized by including
a brake unit (20) for braking the wheel (13) or the endless
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track and a control unit (16) for determining, based on a
change in acceleration of the electric vehicle (10), wheth-
er a user is operating the electric vehicle (10) and con-
trolling the brake unit (20) based on a result of the deter-
mination. Herein, when a user is gripping handles of the
electric vehicle with his/her hands, the term "operating"
refers to a case where a part of a body of the user or
his/her belonging leans against, rests on, or contacts with
the electric vehicle, in addition to a case where the user
is pushing or pulling the electric vehicle with his/her
hands. Furthermore, the term "gripping" refers to holding
the handles so as to cover them, which also includes a
case where the handles are held lightly in addition to a
case where the handles are gripped tightly.

[0008] In the electric vehicle (10) according to the
present invention, it may also be possible that, when an
amount of the change in acceleration is smaller than a
predetermined threshold value, the control unit (16) de-
termines that the user is not operating the electric vehicle
(10).

[0009] In the electric vehicle (10) according to the
present invention, it may also be possible that, when the
acceleration exceeds a predetermined upper limit value,
the control unit (16) assumes that the acceleration is
equal to the upper limit value.

[0010] In the electric vehicle (10) according to the
present invention, it may also be possible that, when the
acceleration is at least either smaller than a predeter-
mined positive threshold value or larger than a predeter-
mined negative threshold value, the control unit (16) de-
termines that the user is not operating the electric vehicle
(10).

[0011] In the electric vehicle (10) according to the
present invention, it may also be possible that upon de-
termining thatthe useris not operating the electric vehicle
(10), the control unit (16) controls the brake unit (20) to
brake the wheel (13) or the endless track.

[0012] In the electric vehicle (10) according to the
present invention, it may also be possible that, after a
start of braking the wheel (13) or the endless track, during
a time in which the acceleration of the electric vehicle
(10) is zero or negative, the control unit (16) continues
to brake the wheel (13) or the endless track.

[0013] In the electric vehicle (10) according to the
present invention, it may also be possible that a speed
sensor (22) for sensing a rotation speed of the wheel (13)
or the endless track is further provided, and the control
unit (16) calculates acceleration of the electric vehicle
(10) based on a signal from the speed sensor (22).
[0014] In the electric vehicle (10) according to the
present invention, it may also be possible that an incli-
nation sensor (23) for sensing aninclination of the electric
vehicle (10) is further provided, and when the inclination
sensor (23) has determined that the electric vehicle (10)
is positioned on an upward inclined surface and the wheel
(13) or the endless track is rotating backward, the control
unit (16) determines that the user is not operating the
electric vehicle (10).
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[0015] In the electric vehicle (10) according to the
present invention, the following configuration may also
be adopted. Thatis, an inclination sensor (23) for sensing
an inclination of the electric vehicle (10) is further provid-
ed. As the wheel (13) or the endless track, a left-right pair
of wheels (13) or endless tracks are provided. When the
inclination sensor (23) has determined that the electric
vehicle (10) is positioned on a laterally inclined surface,
and one of the left-right pair of wheels (13) or endless
tracks which is positioned at one of an upper side and a
lower side on the inclined surface is stationary or rotating
forward, while the other of the left-right pair of wheels
(13) or endless tracks which is positioned at the other of
the upper side and the lower side on the inclined surface
is stationary or rotating backward, the control unit (16)
determines that the user is not operating the electric ve-
hicle (10).

[0016] An electric vehicle (10) according to the present
invention is an electric vehicle (10) provided with a wheel
(13) or an endless track and characterized by including
a brake unit (20) for braking the wheel (13) or the endless
track, an inclination sensor (23) for sensing an inclination
of the electric vehicle (10), and a control unit (16) for
controlling the brake unit (20) based on a determination
that a useris not operating the electric vehicle (10), which
is made when the inclination sensor (23) has determined
that the electric vehicle (10) is positioned on an upward
inclined surface and the wheel (13) or the endless track
is rotating backward.

[0017] Anelectric vehicle (10) according to the present
invention is an electric vehicle (10) provided with wheels
(13) or endless tracks and characterized by including a
brake unit (20) for braking the wheels (13) or endless
tracks, an inclination sensor (23) for sensing an inclina-
tion of the electric vehicle (10), and a control unit (16) for
controlling the brake unit (20) based on a determination
that a useris not operating the electric vehicle (10), which
is made when the inclination sensor (23) has determined
that the electric vehicle (10) is positioned on a laterally
inclined surface, and one of the wheels (13) or endless
tracks which is positioned at one of an upper side and a
lower side on the inclined surface is stationary or rotating
forward, while the other of the wheels (13) or endless
tracks which is positioned at the other of the upper side
and the lower side on the inclined surface is stationary
or rotating backward.

[0018] A method of braking an electric vehicle (10) ac-
cording to the present invention is a method of braking
an electric vehicle (10) provided with a wheel (13) or an
endless track and characterized by determining, based
on a change in acceleration of the electric vehicle (10),
whether a user is operating the electric vehicle (10) and
braking the wheel (13) or the endless track based on a
result of the determination.

[0019] A method of braking an electric vehicle (10) ac-
cording to the present invention is a method of braking
an electric vehicle (10) provided with a wheel (13) or an
endless track and characterized by braking the wheel
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(13) or the endless track based on a determination that
a user is not operating the electric vehicle (10), which is
made when the electric vehicle (10) is positioned on an
upward inclined surface and the wheel (13) orthe endless
track is rotating backward.

[0020] A method of braking an electric vehicle (10) ac-
cording to the present invention is a method of braking
an electric vehicle (10) provided with a left-right pair of
wheels (13) or endless tracks and characterized by brak-
ing the left-right pair of wheels (13) or endless tracks
based on a determination that a user is not operating the
electric vehicle (10), which is made when the electric ve-
hicle (10) is positioned on a laterally inclined surface, and
one of the left-right pair of wheels (13) or endless tracks
which is positioned at one of an upper side and a lower
side on the inclined surface is stationary or rotating for-
ward, while the other of the left-right pair of wheels (13)
or endless tracks which is positioned at the other of the
upper side and the lower side on the inclined surface is
stationary or rotating backward.

ADVANTAGES

[0021] According to the present invention, without us-
ing a grip sensor or the like, it is possible to determine
whether a user is operating an electric vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a perspective view showing a power-assist-
ed rollator according to one embodiment of the
present invention.

Fig. 2 is a flowchart explaining one example of a
method of braking the power-assisted rollator ac-
cording to one embodiment of the present invention.
Fig. 3 is a graph showing an actual measured value
of rotational acceleration of rear wheels and a low
frequency component of the rotational acceleration
of the rear wheels.

Fig. 4 is a flowchart explaining Variation 1 of the
method of braking the power-assisted rollator.

Fig. 5 is a schematic view showing the power-assist-
ed rollator positioned on an upward inclined surface.
Fig. 6 is a flowchart explaining Variation 2 of the
method of braking the power-assisted rollator.

Fig. 7 is a schematic view showing the power-assist-
ed rollator positioned on a laterally inclined surface.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0023] The following details one embodiment of the
present invention with reference to Fig. 1 to Fig. 3. In the
following description, like elements are numbered and
labeled similarly. The like elements also have the same
names and functions. The descriptions of such elements
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will appear once.

[0024] Fig. 1isaviewshowingan electricrollator (here-
inafter referred to as a power-assisted rollator) as one
example of an electric vehicle. Fig. 1 is a schematic per-
spective view showing one example of an external ap-
pearance of a power-assisted rollator 10 according to the
embodiment.

[0025] (Configuration of Power-Assisted Rollator) As
shown in Fig. 1, the power-assisted rollator 10 includes
a frame 11, a pair of front wheels 12 and a pair of rear
wheels (wheels) 13 provided on the frame 11, and a pair
of handles 14 connected to the frame 11.

[0026] Each of the pair of rear wheels 13 has a motor
20 coupled thereto for assisting movement of the each
of the pair of rear wheels 13 corresponding thereto. A
battery 21 and a control unit 16 are mounted to the frame
11. Furthermore, the control unit 16 has a speed sensor
(sensing unit) 22 and an inclination sensor 23.

[0027] Next, constituent elements of the power-assist-
ed rollator 10 will further be described.

[0028] The frame 11 has a left-right pair of pipe frames
31. On front ends of the left-right pair of pipe frames 31,
there are provided the pair of front wheels 12, respec-
tively. The pair of front wheels 12 are each provided so
as to be rotatable in a front-rear direction and swivelable
also about vertical axes. In this case, the pair of front
wheels 12 are universal wheels that can be freely turned
around. In this specification, the terms "front/forward",
"rear/backward", "left", and "right" refer to "front/forward",
"rear/backward", "left", and "right" with respect to a
traveling direction of the power-assisted rollator 10, re-
spectively.

[0029] Furthermore, on rear ends of the left-right pair
of pipe frames 31, there are provided the pair of rear
wheels 13, respectively. The rear wheels 13 are provided
so as to be rotatable in the front-rear direction. Accord-
ingly, the power-assisted rollator 10 is easily movable
forward and backward and, moreover, can be easily
moved in a left-right direction or turned around.

[0030] On upper ends of the left-right pair of pipe
frames 31, there are provided the pair of handles 14 to
be operated by a user. The embodiment will be described
for a case where the pair of handles 14 are gripped with
hands of a user, for example. The pair of handles 14 are
coupled to each other via a bar handle 17 extending hor-
izontally. Furthermore, the pair of handles 14 and the bar
handle 17 constitute a substantial U-shape. The pair of
handles 14 are provided further with ahorseshoe-shaped
portion 27 that can support elbows of a user. The horse-
shoe-shaped portion 27 has openings in which the han-
dles 14 can be inserted respectively for mounting. A con-
figuration of the handles 14 is not limited thereto, and,
for example, it may also be possible that an individual
handle 14 is provided on each of the left-right pair of pipe
frames 31.

[0031] In the embodiment, the power-assisted rollator
10 has no grip sensor, strain sensor, proximity sensor,
pressure sensor or the like that directly detects whether
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a user grips the pair of handles 14.

[0032] Between the left-right pair of pipe frames 31,
there is provided a seat 37 on which a user can sit as
necessary.

[0033] The battery 21 supplies power to the elements
of the power-assisted rollator 10 such as the motors 20
and the control unit 16. The battery 21 is provided below
the seat 37 positioned between the pair of pipe frames 31.
[0034] Inthe embodiment, the motors 20 are provided
inside the rear wheels 13, respectively. The motors 20
can be any motors such as servomotors, stepper motors,
AC motors, and DC motors. Moreover, a speed reducer
may be integrated with the motors.

[0035] Inthe embodiment, the motors 20 assist move-
ment of the rear wheels 13 and also serve as power-
generating brakes. That is, in the embodiment, the mo-
tors 20 serve as drive units for driving the rear wheels 13
and as brake units for braking the rear wheels 13. When
the motors 20 brake the rear wheels 13, the motors 20
serve as power generators while braking the rear wheels
13 with resistance forces thereof. When the motors 20
serve as brake units, the motors 20 may be used as re-
verse brakes for reversely driving the motors 20 or as
short-circuit brakes for causing interphase short circuit
in the motors 20. Alternatively, it may also be possible
that the motors 20 serve only as drive units for driving
the rear wheels 13, and the brake units for braking the
rear wheels 13 are provided separately from the motors
20. Such brake units are, for example, electromagnetic
brakes or mechanical brakes. It may also be possible
that when the power-assisted rollator 10 is positioned on
an inclined surface (an upward, downward, or laterally
inclined surface), the motors 20 are used as reverse
brakes, while when the power-assisted rollator 10 is po-
sitioned on a flat surface (a surface perpendicular to a
vertical direction), the motors 20 are used as power-gen-
erating brakes. That is, it is necessary that when a user
has let go of the handles 14 or the like on an inclined
surface, the power-assisted rollator 10 become station-
ary on the spot. For this reason, preferably, the motors
20 are used as reverse brakes. On the other hand, when
a user has let go of the handles 14 or the like on a flat
place, there is a possibility that a hand-free state such
as when the user is seated continues for a long time. For
this reason, preferably, the motors 20 are used as power-
generating brakes so that power consumption is sup-
pressed.

[0036] While in the embodiment, the rear wheels 13
have the motors 20 mounted thereto, respectively, there
is no limitation thereto. It may also be possible that only
the pair of front wheels 12 have the motors 20 mounted
thereto, respectively, or that all of the pair of front wheels
12 and the pair of rear wheels 13 have the motors 20
mounted thereto, respectively.

[0037] The control unit 16 controls the entirety of the
power-assisted rollator 10 including the motors 20 and
so on. In this case, the control unit 16 is provided adja-
cently to the battery 21. A detail of how control is per-
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formed by the control unit 16 will be described later.
[0038] The speed sensor (sensing unit) 22 senses the
number of rotations or a rotation speed of the rear wheels
13 and transmits a signal representing the number of
rotations or the rotation speed to the control unit 16. In
this case, based on the signal from the speed sensor 22,
the control unit 16 differentiates the rotation speed of the
rear wheels 13 to calculate rotational acceleration of the
rear wheels 13. The speed sensor 22 may be installed
inside each of the pair of rear wheels 13 of the power-
assisted rollator 10. Alternatively, similarly to the motors
20, the speed sensor 22 may be installed only inside
each of the pair of front wheels 12 or inside all of the pair
of front wheels 12 and the pair of rear wheels 13.
[0039] In a case where the motors 20 are brushless
motors, it may also be possible that the speed sensor 22
calculates the number of rotations or a speed of the
wheels or a speed of the power-assisted rollator 10 by
using a Hall element installed in each of the motors 20.
[0040] In a case where a speed can be detected from
a counter electromotive force of the motors 20, the
number of rotations or the speed of the wheels or the
speed of the power-assisted rollator 10 can be calculated
from the counter electromotive force. In a case where
angular velocities of the rear wheels 13 or the front
wheels 12 can be detected, the number of rotations or
the speed of the wheels or the speed of the power-as-
sisted rollator 10 can be calculated from the angular ve-
locities.

[0041] Furthermore, with no limitation to a configura-
tion in which the speed sensor 22 is installed in each of
the pair of front wheels 12 and/or the pair of rear wheels
13, it may also be possible that the speed sensor 22 is
mounted in any other component such as the frame 11
and the pair of handles 14. Alternatively, it may also be
possible that the speed sensor 22 is disposed adjacently
to the control unit 16.

[0042] Alternatively, it may also be possible that the
sensing unit is constituted by an acceleration sensor. In
this case, without using rotational acceleration of the rear
wheels 13, the acceleration sensor directly senses ac-
celeration of the power-assisted rollator 10 and transmits
a signal representing the acceleration to the control unit
16. Furthermore, the control unit 16 is configured to cal-
culate a speed by integrating the acceleration.

[0043] Furthermore, it may also be possible that the
sensing unitis constituted by a global positioning system
(GPS) device. In this case, the GPS device detects a
position of the power-assisted rollator 10 without using
rotational acceleration of the rear wheels 13. Further-
more, the control unit 16 can be configured to differentiate
positional information from the GPS device to calculate
a speed of the power-assisted rollator 10, and differen-
tiate the positional information from the GPS device twice
to calculate acceleration.

[0044] Theinclination sensor 23 senses an inclination
ofthe power-assistedrollator 10, i.e., forexample, wheth-
er the power-assisted rollator 10 is on a flat surface or
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an inclined surface, and transmits to the control unit 16
a signal related to the inclination of the power-assisted
rollator 10 in the front-rear direction and/or the left-right
direction. In this case, the inclination sensor 23 is con-
stituted by an acceleration sensor having two or more
axes. The inclination sensor 23 is provided adjacently to
the control unit 16. Alternatively, the inclination sensor
23 may be provided in an upper portion of the power-
assisted rollator 10. It may also be possible that the in-
clination sensor 23 is constituted by a gyrosensor, in-
stead of an acceleration sensor, for sensing an attitude
of the power-assisted rollator 10.

[0045] In the embodiment, based on a change in ac-
celeration of the power-assisted rollator 10, the control
unit 16 determines whether a user is operating the han-
dles 14 or the like of the power-assisted rollator 10. Fur-
ther, when it is determined that a user is not operating
the power-assisted rollator 10 and has let go of the han-
dles 14 (a both hands-off state), the control unit 16 con-
trols the motors 20 (brake units) to brake the rear wheels
13. The following describes, as an example, a case where
based on a signal sent from the speed sensor 22, the
control unit 16 calculates rotational acceleration of the
rear wheels 13, and based on a change in the rotational
acceleration, the control unit 16 determines whether a
user is operating the power-assisted rollator 10.

[0046] (Control Method by the Control Unit) Next, a
method of controlling the power-assisted rollator 10 by
the control unit 16 will be described. Fig. 2 is a flowchart
for explaining one example of an operation of the control
unit 16.

[0047] First, it is assumed that the control unit 16 is
implementing an assist control mode (Step S11 in Fig.
2). In this case, rotation of the rear wheels 13 of the pow-
er-assisted rollator 10 is assisted by the motors 20, and
the motors 20 are driven to generate a force to offset a
deficiency of an operating force of a user.

[0048] Subsequently, the control unit 16 determines
whether the user is operating the handles 14 or the like
of the power-assisted rollator 10 (Step S12 in Fig. 2).
[0049] Specifically, based on a signal representing a
rotation speed from the speed sensor 22, the control unit
16 differentiates said rotation speed to calculate a value
of rotational acceleration of the rear wheels 13. The thus
calculated value of the rotational acceleration is an actual
measured value of the rotational acceleration of the rear
wheels 13 and corresponds to momentary acceleration
before the rotational acceleration is subjected to signal
processing. In Fig. 3, a solid line indicates a change in
the thus calculated value of rotational acceleration of the
rear wheels 13.

[0050] Subsequently, the control unit 16 processes a
signal representing the thus calculated value of the rota-
tional acceleration of the rear wheels 13 by passing the
signal through a low-pass filter and extracts only a low-
frequency component of the signal of the rotational ac-
celeration. The low-frequency component thus extracted
corresponds to an average or chronological change in
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the rotational acceleration of the rear wheels 13. In Fig.
3, a broken line indicates the thus determined low-fre-
quency component of the rotational acceleration of the
rear wheels 13. It may also be possible that the control
unit 16 performs signal processing by determining a mov-
ing average of a signal representing rotational accelera-
tion of the rear wheels 13. In this case, it may also be
possible that alow-frequency component of the rotational
acceleration of the rear wheels 13 is calculated from a
moving average of an actual measured value of the ro-
tational acceleration.

[0051] Next, the control unit 16 calculates, as a high-
frequency component (vibration component) of the rota-
tional acceleration, a mean square of a difference be-
tween the actual measured value of the rotational accel-
eration (the momentary acceleration, the solid line in Fig.
3) and the low-frequency component thereof (the aver-
age or chronological acceleration, the broken line in Fig.
3). In Fig. 3, an area of each diagonally shaded region
represents the difference (a value of the high-frequency
component before being squared) between the actual
measured value of the rotational acceleration and the
low-frequency component thereof. It may also be possi-
ble that a value of the high-frequency component of the
rotational acceleration is determined as an absolute val-
ue of the difference between the actual measured value
of the rotational acceleration and the low-frequency com-
ponent thereof.

[0052] Herein, typically, when a user is operating the
handles 14 or the like of the power-assisted rollator 10,
rotational acceleration of the rear wheels 13 is likely to
momentarily change (increase/decrease) as the user
walks. For this reason, when a user is operating the pow-
er-assisted rollator 10, the actual measured value of the
rotational acceleration (the solid line in Fig. 3) is likely to
deviate from the low-frequency component of the rota-
tional acceleration (the broken line in Fig. 3).

[0053] On the other hand, when a user has let go of
the handles 14 or the like of the power-assisted rollator
10 and thus the power-assisted rollator 10 is freely run-
ning down an inclined surface or the like, the rotational
acceleration of the rear wheels 13 has a substantially
constant value. For this reason, when a user has let go
of the power-assisted rollator 10, the actual measured
value of the rotational acceleration (the solid line in Fig.
3) tends to approximate to the low-frequency component
of the rotational acceleration (the broken line in Fig. 3).
Accordingly, by determining how much the actual meas-
ured value of the rotational acceleration deviates from
the low-frequency component of the rotational accelera-
tion, it can be determined whether a user has let go of
the power-assisted rollator 10.

[0054] Specifically, as described above, the control
unit 16 determines, as the high-frequency component, a
mean square of a difference between the actual meas-
ured value of the rotational acceleration and the low-fre-
quency component thereof, and determines whether a
value of the high-frequency component per unit time is
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larger than a predetermined threshold value. Then, when
the value of the high-frequency component is smaller
than the predetermined threshold value, the control unit
16 determines that a user is not operating the power-
assisted rollator 10 and has let go of the handles 14. In
this case, the control unit 16 controls the motors (brake
units) 20 to serve as, for example, power-generating
brakes and thus brakes the rear wheels 13 (Step S13 in
Fig. 2). With this configuration, the power-assisted rolla-
tor 10 can be prevented from accidentally moving when
a user is not operating the power-assisted rollator 10. In
a possible case, a value of the high-frequency compo-
nent temporarily becomes smaller than the predeter-
mined threshold value due to, for example, a vibration
applied to the power-assisted rollator 10 while being op-
erated. At this time, in order to prevent the rear wheels
13 from being braked based on erroneous sensing that
"a user is not operating the power-assisted rollator 10",
it may also be possible that when a value of the high-
frequency component has been smaller than the prede-
termined threshold value for a given time or longer, it is
determined that "a user is not operating the power-as-
sisted rollator 10".

[0055] On the other hand, when a value of the high-
frequency component per unit time is larger than the pre-
determined threshold value, the control unit 16 deter-
mines that a user is operating the power-assisted rollator
10 and walking while gripping the handles 14. In this case,
the control unit 16 continues to assist movement of the
rear wheels 13 via the motors 20 without braking the rear
wheels 13.

[0056] The controlunit 16 repeats the above-described
process until a main power supply of the power-assisted
rollator 10 is turned off. In this manner, the control unit
16 can determine whether a user is operating the power-
assisted rollator 10.

[0057] In addition to the above or as an alternative to
the above, the control unit 16 may optionally perform the
following control. It may also be possible that the following
control steps (1) to (4) are performed individually, or a
plurality of steps among the following control steps (1) to
(4) are performed in combination.

(1) When the inclination sensor 23 has sensed that
the power-assisted rollator 10 is on a downward in-
clined surface and a value of a high-frequency com-
ponent of rotational acceleration of the rear wheels
13 is smaller than a predetermined threshold value,
itis determined that a user has let go of the handles
14 or the like of the power-assisted rollator 10 on the
downward inclined surface. In this case, the control
unit 16 brakes the rear wheels 13 as described
above, and in a possible case, at a moment when
the rear wheels 13 are braked, the rotational accel-
eration of the rear wheels 13 abruptly changes, caus-
ing a momentary increase in the high-frequency
component. In this case, the control unit 16 might
erroneously determine that the user has operated
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the power-assisted rollator 10. Accordingly, it may
also be possible that, after a start of braking the rear
wheels 13, during atime in which an actual measured
value of the rotational acceleration of the rear wheels
13 is zero or a negative value, regardless of a value
of the high-frequency component, the control unit 16
continues to brake the rear wheels 13.

(2) In a case where a signal representing rotational
acceleration of the rear wheels 13 is processed by
being passed through a low-pass filter, when an ac-
tual measured value of the rotational acceleration
immediately therebefore is large, even if a user ac-
tually lets go of the handles 14, it might take time for
a value of a high-frequency component of the rota-
tional acceleration to decrease to the threshold value
or lower. In this case, it takes a longer time to brake
the rear wheels 13 to stop the power-assisted rollator
10. To avoid this, it may also be possible that when
an actual measured value of rotational acceleration
exceeds a predetermined upper limit value, the con-
trol unit 16 processes a signal representing the ro-
tational acceleration by using a low-pass filter on an
assumption that the rotational acceleration is equal
to the upper limit value. With this configuration, even
when an actual measured value of rotational accel-
eration momentarily increases, it is possible to re-
duce a time taken to brake the rear wheels 13 after
a user has let go of the handles 14.

(3) Typically, when walking, a human moves his left
and right legs alternately, so that rotational acceler-
ation of the rear wheels 13 changes as the user
moves his/her legs. Based on this, it is conceivable
that when there is no change in acceleration for a
time longer than a walking cycle, the human is not
operating the power-assisted rollator 10. There are
various methods of observing a cyclic variation in
acceleration. A simple way of determining a cycle of
this variation is to determine whether the accelera-
tion has exceeded a threshold value. It may also be
possible that when rotational acceleration of the rear
wheels 13 is smaller than a predetermined positive
threshold value, it is determined that a user has let
go of the handles 14 or the like of the power-assisted
rollator 10. In this case, the control unit 16 can be
effectively prevented from erroneously sensing ac-
celeration based on an output of the motors 20 as
acceleration based on an operation by a user, thus
erroneously determining that the user has let go of
the handles 14. Furthermore, it may also be possible
that when rotational acceleration of the rear wheels
13 is larger than a predetermined negative threshold
value, it is determined that a user has let go of the
handles 14 or the like of the power-assisted rollator
10. In this case, the control unit 16 can be effectively
prevented from erroneously sensing downward
movement of the power-assisted rollator 10 due to
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gravity as downward movement thereof based on an
operation by a user, thus erroneously determining
that the user has let go of the handles 14. Moreover,
this determination may be made based on both of
the positive threshold value and the negative thresh-
old value. Furthermore, it may also be possible that
when an absolute value of rotational acceleration of
therear wheels 13 is not more than athreshold value,
atime is counted up (a duration in which the absolute
value of the rotational acceleration continues to be
not more than the threshold value is measured), and
in a case where the time thus counted up exceeds
a given amount, it is determined that a user has let
go of the handles 14 or the like of the power-assisted
rollator 10.

(4) As rotational acceleration of the rear wheels 13,
a sum of the respective values of the rotational ac-
celeration of the left and right rear wheels 13 may
be used. Alternatively, the following configuration
may also be adopted. That is, in a case where a
determination is made for each of the left and right
rear wheels 13, and both of the respective values of
a high-frequency component of the left and right rear
wheels 13 are smaller than the predetermined
threshold value (an AND condition) or either one of
the respective values of the high-frequency compo-
nent of the left and right rear wheels 13 is smaller
than the predetermined threshold value (an OR con-
dition), it is determined that a user has let go of the
handles 14 or the like of the power-assisted rollator
10.

[0058] As discussed above, according to the embodi-
ment, based on a change in rotational acceleration of the
rear wheels 13, the control unit 16 determines whether
a user is operating the power-assisted rollator 10. With
this configuration, without the need to provide a grip sen-
sor or the like on the handles 14, it can be determined
whether a user is operating the power-assisted rollator
10. Thus, itis possible to prevent a trouble that the power-
assisted rollator 10 accidentally moves when a user has
let go of the handles 14. Furthermore, it is also possible
to prevent a cost increase of the power-assisted rollator
10 caused by mounting a grip sensor on the handles 14.
Moreover, since a grip sensor or the like is not provided
on the handles 14, there is also no need to dispose wiring
of the grip sensor or the like around the handles 14. Par-
ticularly in a case where the handles 14 are formed to be
height-adjustable, it is no longer needed to lay out wiring
in amovable portion used for height adjustment, and thus
the movable portion can be structurally simplified.

[0059] Furthermore, according to the embodiment, the
control unit 16 processes a signal representing rotational
acceleration of the rear wheels 13. When a high-frequen-
cy component of the rotational acceleration is smaller
than a predetermined threshold value, the control unit 16
determines that a user is not operating the power-assist-
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ed rollator 10. With this configuration, without the need
to provide a grip sensor or the like on the handles 14, it
can be determined with high accuracy whether a user is
operating the power-assisted rollator 10.

[0060] Furthermore, according to the embodiment,
when rotational acceleration of the rear wheels 13 ex-
ceeds a predetermined upper limit value, a signal repre-
senting the rotational acceleration is processed on an
assumption that the rotational acceleration is equal to
the upper limit value. With this configuration, even when
an actual measured value of rotational acceleration mo-
mentarily increases, it is possible to reduce a time taken
to brake the rear wheels 13 after a user has let go of the
handles 14.

[0061] Furthermore, according to the embodiment, up-
on determining that a user is not operating the power-
assistedrollator 10, the control unit 16 controls the motors
20 to brake the rear wheels 13. With this configuration,
even when, for example, a user has let go of the handles
14 on an inclined surface such as a slope, there is no
fear that the power-assisted rollator 10 moves uninten-
tionally.

[0062] Furthermore, according to the embodiment, af-
ter a start of braking the rear wheels 13, during a time in
which rotational acceleration of the rear wheels 13 is zero
or negative, the rear wheels 13 continue to be braked.
With this configuration, the control unit 16 is prevented
from erroneously determining that the power-assisted
rollator 10 is operated by a user.

[0063] Furthermore, according to the embodiment,
based on a signal from the speed sensor 22, the control
unit 16 calculates rotational acceleration of the rear
wheels 13. In this case, by using the speed sensor 22
provided beforehand in each of the rear wheels 13, the
control unit 16 can determine whether a user is operating
the power-assisted rollator 10. With this configuration,
without the need to provide a grip sensor or the like on
the handles 14, it can be determined whether a user is
operating the power-assisted rollator 10.

[0064] While the foregoing embodiment has de-
scribed, as an example, a case where the control unit 16
controls the motors (brake units) 20 to brake the pair of
rear wheels 13, there is no limitation thereto, and it may
also be possible to brake the rear wheels 13 and/or the
front wheels 12. Furthermore, while the embodiment has
been described as including the pair of rear wheels
(wheels) 13 as an example, there is no limitation thereto,
and it may also be possible to use any endless track such
as a loop of track shoes or a caterpillar that forms a belt
surrounding a drive wheel, a track roller, and an idling
wheel (idle wheel).

[0065] (Variations of Control Method in the Embodi-
ment) Next, variations of the method of controlling the
motors 20 by the control unit 16 in the embodiment will
be described. Control methods according to the varia-
tions described below may be performed in parallel with
the control method according to the embodiment de-
scribed above or independently of the above-described
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control method. Furthermore, only one of the following
variations may be performed or a plurality of variations
among the following variations may be performed in com-
bination.

[0066] (Variation 1 of Control Method) It may also be
possible that when the inclination sensor 23 has sensed
that the power-assisted rollator 10 is on an upward in-
clined surface and the rear wheels 13 are rotating back-
ward, the control unit 16 determines that a user is not
operating the power-assisted rollator 10. In this specifi-
cation, the term "upward" refers to ascending from a low-
er position to a higher position with respect to a traveling
direction of the power-assisted rollator 10, and the term
"downward" refers to descending from a higher position
to a lower position with respect to the traveling direction
of the power-assisted rollator 10.

[0067] In this case, first, the control unit 16 is imple-
menting an assist control mode (Step S21 in Fig. 4). Dur-
ing this time, rotation of the rear wheels 13 of the power-
assisted rollator 10 is assisted by the motors 20.

[0068] Subsequently, based on a signal from the incli-
nation sensor 23, the control unit 16 determines whether
the power-assisted rollator 10 is positioned on an upward
inclined surface (Step S22 in Fig. 4). Specifically, based
on a measured value obtained by the inclination sensor
23, the control unit 16 determines whether the power-
assisted rollator 10 is positioned on an upward inclined
surface inclined at a predetermined angle or more.
[0069] In a case where the power-assisted rollator 10
is positioned on an upward inclined surface, as a next
step, the control unit 16 determines whether a user is
operating the handles 14 or the like of the power-assisted
rollator 10 (Step S23 in Fig. 4).

[0070] Specifically, based on a signal representing a
rotation speed from the speed sensor 22, the control unit
16 senses whether the rear wheels 13 have been rotating
backward for a predetermined determination time or
longer. In the case where the power-assisted rollator 10
is positioned on an upward inclined surface, if braking of
the rear wheels 13 is delayed, the power-assisted rollator
10 might run down toward a user who is behind it and
scare the user. For this reason, preferably, the above-
described determination time is set to be shorter com-
pared with a case where it is determined whether a user
is operating the handles 14 on a flat surface.

[0071] Herein, typically, it is conceivable that when a
user is operating the handles 14 or the like of the power-
assisted rollator 10 on an upward inclined surface, the
rear wheels 13 are rotating forward or stationary. On the
other hand, it is conceivable that when a user is not op-
erating the handles 14 or the like of the power-assisted
rollator 10, on an upward inclined surface, the rearwheels
13 rotate backward (see Fig. 5).

[0072] Accordingly, when the power-assisted rollator
10 is on an upward inclined surface and the rear wheels
13 are rotating backward, it can be determined that a
user is not operating (has let go of) the power-assisted
rollator 10. In this case, the control unit 16 controls the
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motors (brake units) 20 to serve as, for example, power-
generating brakes and thus brakes the rear wheels 13
(Step S24 in Fig. 4). With this configuration, the power-
assisted rollator 10 can be prevented from accidentally
moving when a user is not operating the power-assisted
rollator 10 on an upward inclined surface.

[0073] (Variation 2 of Control Method) The following
configuration may also be adopted. That is, when the
inclination sensor 23 has determined that the power-as-
sisted rollator 10 is positioned on a laterally inclined sur-
face, and one of the pair of rear wheels 13 which is po-
sitioned at an upper side on the inclined surface is sta-
tionary or rotating forward, while the other of the pair of
rear wheels 13 which is positioned at a lower side on the
inclined surface is stationary or rotating backward, the
control unit 16 determines that a user is not operating
the power-assisted rollator 10.

[0074] Thatis, first, the control unit 16 is implementing
an assist control mode (Step S31 in Fig. 6). In this case,
rotation of the rear wheels 13 of the power-assisted rol-
lator 10 is assisted by the motors 20.

[0075] Subsequently, based on a signal from the incli-
nation sensor 23, the control unit 16 determines whether
the power-assisted rollator 10 is positioned on a laterally
inclined surface (Step S32 in Fig. 6). Specifically, based
on a measured value obtained by the inclination sensor
23, the control unit 16 determines whether the power-
assisted rollator 10 is positioned on a laterally inclined
surface inclined at a predetermined angle or more.
[0076] In a case where the power-assisted rollator 10
is positioned on a laterally inclined surface, the control
unit 16 determines whether a user is operating the han-
dles 14 or the like of the power-assisted rollator 10 (Step
S33in Fig. 6).

[0077] Specifically, based on a signal representing a
rotation speed from the speed sensor 22, the control unit
16 senses whether each of the left and right rear wheels
13 is rotating forward or backward or is stationary. In this
case, the speed sensor 22 measures the respective val-
ues of a rotation speed of the left and right rear wheels
13 independently of each other and transmits each of the
respective values of the rotation speed in the form of a
signal to the control unit 16.

[0078] Herein, typically, it is conceivable that when a
user is operating the handles 14 or the like of the power-
assisted rollator 10 on a laterally inclined surface, both
of the rear wheels 13 are stationary or rotate forward. On
the other hand, it is conceivable that when a user is not
operating the handles 14 or the like of the power-assisted
rollator 10 on a laterally inclined surface, one of the rear
wheels 13 which is positioned at an upper side is station-
ary or rotates forward, while the other of the rear wheels
13 which is positioned at a lower side is stationary or
rotates backward (see Fig. 7). This is because the power-
assisted rollator 10 moves downward, starting from the
front wheels 12, which are universal wheels.

[0079] Accordingly, when the power-assisted rollator
10 is on a laterally inclined surface, and one of the rear
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wheels 13 which is positioned at an upper side has been
stationary or rotating forward for a predetermined deter-
mination time or longer, while the other of the rear wheels
13 which is positioned at a lower side has been stationary
orrotating backward for the predetermined determination
time or longer, it can be determined that a user is not
operating the power-assisted rollator 10. In this case, the
control unit 16 controls the motors (brake units) 20 to
serve as, forexample, power-generating brakes and thus
brakes the rear wheels 13 (Step S34 in Fig. 6). With this
configuration, the power-assisted rollator 10 can be pre-
vented from accidentally moving when a user is not op-
erating the power-assisted rollator 10 on a laterally in-
clined surface. In a case where the power-assisted rol-
lator 10 is positioned on a laterally inclined surface, if
braking of the rear wheels 13 is delayed, the power-as-
sisted rollator 10 starts to rotate, causing the rotatable
wheels (front wheels 12) to tilt. As a result, even when
the rear wheels 13 are braked later on, a holding force
generated thereby might not be sufficient to hold the pow-
er-assisted rollator 10, which, therefore, continues to tilt.
For this reason, preferably, the above-described deter-
mination time is set to be shorter compared with a case
where it is determined whether a user is operating the
handles 14 on a flat surface. With this configuration, the
rear wheels 13 can be braked at early timing before the
power-assisted rollator 10 starts to rotate on a laterally
inclined surface.

[0080] In a case where, while the rear wheels 13 have
been braked in this manner, a speed at which one of the
rear wheels 13 which is positioned at an upper side on
an inclined surface rotates forward has reached a pre-
determined value or higher, it can be conceived that a
user is trying to turn the power-assisted rollator 10. Ac-
cordingly, in the case where a speed at which one of the
rear wheels 13 which is positioned at an upper side on
an inclined surface rotates forward has reached a pre-
determined value or higher, the control unit 16 may re-
lease braking of the rear wheels 13.

[0081] As another variation, in a case where the rear
wheels 13 are formed to be universal wheels and rotation
of the front wheels 12 is sensed, the rear wheels 13,
which are the universal wheels, move downward. Thus,
it is conceivable that when a user is not operating the
handles 14 or the like of the power-assisted rollator 10,
one of the front wheels 12 which is positioned at an upper
side is stationary or rotates backward, while the other of
the front wheels 12 which is positioned at a lower side is
stationary or rotates forward. In this case, when one of
the rear wheels 13 which is positioned at an upper side
is stationary or rotating backward, while the other of the
rear wheels 13 which is positioned at a lower side is sta-
tionary or rotating forward, the control unit 16 determines
that a user is not operating the power-assisted rollator
10, and thus brakes the rear wheels 13.

[0082] Furthermore, while in the above description, ro-
tation of the front wheels 12 and/or the rear wheels 13 is
sensed, it is also possible to perform similar control by
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using an inclination sensor such as the inclination sensor
23 or a gyrosensor to sense a rotational movement of a
vehicle body of the power-assisted rollator 10.

[0083] (Variation of Constituent Elements of Power-
Assisted Rollator) Next, a variation of the constituent el-
ements of the power-assisted rollator 10 will be de-
scribed. While the embodiment has been described as
including the pair of rear wheels (wheels) 13 as an ex-
ample, there is no limitation thereto, and it may also be
possible to use any endless track such as a loop of track
shoes or a caterpillar that forms a belt surrounding a drive
wheel, a track roller, and an idling wheel (idle wheel).
[0084] The embodiments of the present invention de-
scribed above are mere examples and are not intended
to limit the scope of the invention. The foregoing embod-
iments have various other forms and are susceptible to
omission, replacement, and modification of various ele-
ments thereof within the scope of the invention. The fore-
going embodiments and the variations thereof are includ-
ed in the scope and the purport of the invention and are
also included in the inventions recited in the claims and
equivalents thereof.

LIST OF REFERENCE NUMBERS
[0085]

10  power-assisted rollator
11 frame

12  front wheel

13  rear wheel

14 handle

16  control unit

20  motor (brake unit)

21 battery

22  speed sensor

23  inclination sensor

Claims

1. An electric vehicle (10) provided with a wheel (13)
or an endless track, comprising:

a brake unit (20) for braking the wheel (13) or
the endless track; and

a control unit (16) for determining, based on a
change in acceleration of the electric vehicle
(10), whether a user is operating the electric ve-
hicle (10) and controlling the brake unit (20)
based on a result of the determination.

2. Theelectric vehicle (10) according to claim 1, where-
in when an amount of the change in acceleration is
smaller than a predetermined threshold value, the
control unit (16) determines that the user is not op-
erating the electric vehicle (10).
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3. Theelectric vehicle (10) according to claim 2, where-
in when the acceleration exceeds a predetermined
upper limit value, the control unit (16) assumes that
the acceleration is equal to the upper limit value.

4. Theelectric vehicle (10) according to claim 1, where-
in when the acceleration is smaller than a predeter-
mined positive threshold value and/or larger than a
predetermined negative threshold value, the control
unit (16) determines that the user is not operating
the electric vehicle (10).

5. The electric vehicle (10) according to any one of
claims 1to 4, wherein upon determining that the user
is not operating the electric vehicle (10), the control
unit (16) controls the brake unit (20) to brake the
wheel (13) or the endless track.

6. The electric vehicle (10) according to claim 5, where-
in after a start of braking the wheel (13) or the endless
track, during a time in which the acceleration of the
electric vehicle (10) is zero or negative, the control
unit (16) continues to brake the wheel (13) or the
endless track.

7. The electric vehicle (10) according to any one of
claims 1 to 6, further comprising:

a speed sensor (22) for sensing a rotation speed
of the wheel (13) or the endless track,

wherein the control unit (16) calculates acceler-
ation of the electric vehicle (10) based on a sig-
nal from the speed sensor (22).

8. The electric vehicle (10) according to any one of
claims 1 to 6, further comprising:

an inclination sensor (23) for sensing an inclina-
tion of the electric vehicle (10),

wherein when the inclination sensor (23) has de-
termined that the electric vehicle (10) is posi-
tioned on an upward inclined surface and the
wheel (13) or the endless track is rotating back-
ward, the control unit (16) determines that the
user is not operating the electric vehicle (10).

9. The electric vehicle (10) according to any one of
claims 1 to 7, further comprising:

an inclination sensor (23) for sensing an inclina-
tion of the electric vehicle (10),

whereinthe wheel (13) or the endless track com-
prises a left-right pair of wheels (13) or endless
tracks, and

when the inclination sensor (23) has determined
that the electric vehicle (10) is positioned on a
laterally inclined surface, and one of the left-right
pair of wheels (13) or endless tracks which is
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positioned at one of an upper side and a lower
side on the inclined surface is stationary or ro-
tating forward, while the other of the left-right
pair of wheels (13) or endless tracks which is
positioned at the other of the upper side andthe 5
lower side on the inclined surface is stationary
or rotating backward, the control unit (16) deter-
mines that the user is not operating the electric
vehicle (10).
10
10. A method of braking an electric vehicle (10) provided
with a wheel (13) or an endless track, comprising a
step of:

determining, based on a change in acceleration 15
of the electric vehicle (10), whether a user is
operating the electric vehicle (10) and braking
the wheel (13) or the endless track based on a

result of the determination.
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