US 20170189259A1

a2y Patent Application Publication o) Pub. No.: US 2017/0189259 A1

a9y United States

SONG et al. 43) Pub. Date: Jul. 6, 2017
(54) METHOD FOR CONTROLLING A WALKING  (52) U.S. ClL
ASSISTANT APPARATUS CPC ... AGTH 3/04 (2013.01); AGIH 2201/5064

(71)  Applicant: NATIONAL CHIAO TUNG
UNIVERSITY, Hsinchu City (TW)

(72) Inventors: Kai-Tai SONG, New Taipei City (TW);
Shang-Yang WU, Taoyuan City (TW);
Sin-Yi JIANG, New Taipei City (TW)

(21) Appl. No.: 15/368,316

(22) Filed: Dec. 2, 2016
(30) Foreign Application Priority Data
Jan. 6,2016  (TW) i 105100238
Publication Classification
(51) Imt. ClL
AG6IH 3/04 (2006.01)

21

(2013.01); A61H 2201/5007 (2013.01); A61H
2003/043 (2013.01)

(57) ABSTRACT

A method for controlling a walking assistant apparatus
includes: scanning a user so as to generate information
associated with gait of the user; detecting a torque applied to
a torque sensor; estimating a speed of the user based on the
information; calculating a compliant motion speed, and a
compliant rotational speed; and controlling the motion unit
to move at the compliant motion speed and to turn at the
compliant rotational speed. This disclosure provides an
autonomous obstacle avoidance mechanism; by combining
the obstacle avoidance mechanism and the compliance con-
trols, the walking-assistance apparatus is able to help user
prevent from collisions with obstacles when walking in an
environment with obstacles.
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METHOD FOR CONTROLLING A WALKING
ASSISTANT APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Pat-
ent Application No. 105100238, filed on Jan. 6, 2016, the
disclosure of which is incorporated herein in its entirety by
reference.

FIELD

[0002] The disclosure relates to a method for controlling a
walking assistant apparatus, and more particularly to a
method for controlling a walking assistant apparatus by
employing gathered information regarding gait of a user and
force applied by the user.

BACKGROUND

[0003] A walking aid device may be designed to assist a
user who cannot walk normally on his own or her own (e.g.,
one afflicted by Parkinson’s disease).

[0004] Conventionally, a walking aid device may be cat-
egorized into one of a passive walking aid device and an
active walking aid device. While a passive walking aid
device, such as an assistive cane, is relatively lighter and
easy to operate, the weight of the passive walking aid device
must be carried by the user during a walk.

[0005] For example, when a user operates a quadricane in
a walk, the user needs to move the quadricane to a position
in front of the user to serve as a supporting point, before
taking a step toward the supporting point. Additionally, after
one or two steps, the user is required to move the quadricane
again in order to continue walking.

[0006] An active walking aid device is typically equipped
with a set of wheels, motors for driving the set of wheels,
and means for detecting an intention of the user so as to
move the active walking aid device accordingly.

[0007] A number of ways may be implemented for detect-
ing the intention of the user. For example, one or more force
detectors may be incorporated into the active walking aid
device. Additionally, one or more laser detectors may be
employed to detect gait of the user, in order to deduce the
user’s intention to move.

SUMMARY

[0008] An object of the disclosure is to provide a method
for controlling a walking assistant apparatus.

[0009] According to one embodiment of the disclosure,
the walking assistant apparatus includes a processor, a
motion unit, a support unit that is disposed on the motion
unit and that includes a handle component operable by a
user, a first scanning device disposed on the support unit,
and a torque sensor disposed on the handle component. The
method includes the steps of:

[0010] a) scanning, by the first scanning device, the user
s0 as to generate information associated with gait of the user;
[0011] b) detecting, by the torque sensor, a detected torque
applied thereto about a vertical axis;

[0012] c) estimating, by the processor, a moving speed of
the user based on the scanning information;

[0013] d) calculating, by the processor, a compliant
motion speed based at least on the moving speed of the user,
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and a compliant rotational speed based on the detected
torque detected in step b); and

[0014] e) controlling, by the processor, the motion unit to
move at the compliant motion speed and to turn at the
compliant rotational speed so as to bring the walking assis-
tant apparatus to move at the compliant motion speed and to
turn at the compliant rotational speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Other features and advantages of the disclosure
will become apparent in the following detailed description
of the embodiments with reference to the accompanying
drawings, of which:

[0016] FIG. 1 is a block diagram illustrating a controlling
module for controlling movement of a walking assistant
apparatus, according to one embodiment of the disclosure;
[0017] FIG. 2 illustrates a user operating the walking
assistant apparatus;

[0018] FIG. 3 illustrates the hands of the user handling the
handle component of the walking assistant apparatus;
[0019] FIG. 4 illustrates a three-axis torque sensor and
definition of the three axes;

[0020] FIG. 5 is a flowchart illustrating steps of a method
for controlling the walking assistant apparatus, according to
one embodiment of the disclosure;

[0021] FIG. 6 illustrates calculation of a first distance
between the user and a first scanning device at a first time
instance, according to one embodiment of the disclosure;
[0022] FIG. 7 illustrates calculation of a second distance
between the user and the first scanning device at a second
time instance, according to one embodiment of the disclo-
sure;

[0023] FIG. 8 illustrates a virtual mass-spring-damper
system used for calculating a virtual force, according to one
embodiment of the disclosure;

[0024] FIG. 9 illustrates the user, intending to turn right,
and operating the handle component accordingly;

[0025] FIG. 10 illustrates the user, intending to turn left,
and operating the handle component accordingly;

[0026] FIG. 11 is a block diagram illustrating a controlling
module for controlling movement of a walking assistant
apparatus, according to one embodiment of the disclosure;
[0027] FIG. 12 illustrates a user operating the walking
assistant apparatus, which incorporates a second scanning
device;

[0028] FIG. 13 is a flowchart illustrating steps of a method
for controlling the walking assistant apparatus, according to
one embodiment of the disclosure;

[0029] FIG. 14 illustrates the calculation of a location
vector associated with an obstacle, according to one embodi-
ment of the disclosure; and

[0030] FIG. 15 illustrates the calculation of an autono-
mous speed based on an avoidance speed and a compliant
motion speed, according to one embodiment of the disclo-
sure.

DETAILED DESCRIPTION

[0031] Before the disclosure is described in greater detail,
it should be noted that where considered appropriate, refer-
ence numerals or terminal portions of reference numerals
have been repeated among the figures to indicate corre-
sponding or analogous elements, which may optionally have
similar characteristics.
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[0032] FIG. 1 illustrates a controlling module 1 included
in a walking assistant robot 2 (see FIG. 2) for controlling
movement of the same, according to one embodiment of the
disclosure. The controlling module 1 includes a processor
11, a first scanning device 12, and a torque sensor 13.
[0033] As shown in FIG. 2, the walking assistant appara-
tus 2 includes a motion unit 21 and a support unit 22, and is
implemented as a walking assistant robot.

[0034] The motion unit 21 includes a plurality of wheels
and a plurality of motors for driving the wheels to move the
walking assistant apparatus 2 in any direction.

[0035] The support unit 22 is disposed on the motion unit
21, and includes a handle component 221 operable by a user.
In this embodiment, the support unit 22 is made to resemble
an upper part of human body in form, including a torso part,
two extending arm parts and a head part. The handle
component 221 is disposed on one of the two arms for the
user to handle.

[0036] The processor 11 may be embodied using a micro-
computer or an industrial personal computer (IPC). The first
scanning device 12 may be embodied using a laser scanner
disposed on the torso part of the support unit 22, so as to
perform scanning to detect a distance between the first
scanning device 12 and an object, presumably a leg of the
user.

[0037] The torque sensor 13 is disposed on the handle
component 221. Referring to FIG. 3, the torque sensor 13 is
disposed in a manner that when the user handles the handle
component 221 using both hands, the torque sensor 13 is at
a location between the hands of the user. Referring to FIG.
4, in this embodiment, the torque sensor 13 is embodied
using a three-axis torque sensor, and the three axes are
defined as follows: an X-axis is a vertical axis, a Y-axis is a
front-rear axis with respect to the user when the user is
looking at the torque sensor 13, and a Z-axis is an axial
direction associated with the handle component 221.
[0038] FIG. 5 is a flowchart illustrating steps of a method
for controlling the walking assistant apparatus 2, according
to one embodiment of the disclosure.

[0039] It is noted that, in order to control the walking
assistant apparatus 2 to move correspondingly to an inten-
tion of the user (e.g., how fast the user intends to walk, what
direction the user intends to turn to, etc.), the processor 11
needs to obtain associated information such as a compliant
motion speed, a compliant rotation speed, etc.

[0040] As such, in step 31, the first scanning device 12 is
controlled to scan the user so as to generate scanning
information associated with gait of the user.

[0041] Specifically, the first scanning device 12 generates
a first entry of distance information scanned at a first time
instance (t-1), and a second entry of distance information
scanned at a second time instance (t) after the first time
instance (t-1).

[0042] As shown in FIG. 6, the first scanning device 12 is
configured to perform a 180-degree scan of an area in front,
and obtain a scanned distance every degree. This scan is
performed at the first time instance (t-1) and the second time
instance (t).

[0043] The first entry of distance information obtained by
the scan may include a plurality of laser distances (L,,) and
a plurality of scanned angles 6 each corresponding to a
respective one of the laser distances (L,). In FIG. 6, the first
entry of distance information defines a coordinate plane,
with the first scanning device 12 serving as an origin of the
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coordinate plane. Each of the laser distances (L) and the
corresponding one of the scanned angles 6 may then yield a
coordinate position (C,).

[0044] In this embodiment, a laser ray emitted by the first
scanning device 12 is able to travel one meter, which is
defined as a maximum laser distance.

[0045] FIG. 7 illustrates the first scanning device 12
performing the scan in the second time instance (t). The
second entry of distance information defines a same coor-
dinate plane.

[0046] In step 32, the processor 11 is programmed to
calculate a first distance d,(t-1) (see FIG. 6) between the
first scanning device 12 and the user at the first time instance
(t-1) based on the first entry of distance information, to
calculate a second distance d,(t) (see FIG. 7) between the
first scanning device 12 and the user at the second time
instance (t) based on the second entry of distance informa-
tion, and to estimate a moving speed of the user.

[0047] Specifically, for calculating the first distance d(t—
1), the following process is employed. Referring back to
FIG. 6, the processor 11 calculates a difference between one
of the laser distances (I;) and an immediately subsequent
one of the laser distances (L,), expressed by the term
IL,-L;l. When this difference is larger than a predetermined
threshold, the processor 11 determines that an edge of an
object is detected. Since in this embodiment, the user has
two legs, and each of the legs has two associated edges (one
to appear, one to disappear during the scan), four such
detections will be made.

[0048] As a result, two coordinate positions may be
detected to serve as different edge points of a left leg of the
user. Subsequently, a centre of a line segment defined by the
two coordinate positions is calculated as a location of the left
leg of the user on the coordinate plane, and assigned a first
coordinate set (M,).

[0049] A similar process is applied to detect two coordi-
nate positions serving as two different edge points of a right
leg of the user. Subsequently, a centre of a line segment
defined by the two coordinate positions is calculated as a
location of the right leg of the user on the coordinate plane,
and assigned a second coordinate set (M,).

[0050] Next, the location of the user at the first time
instance (t-1) may be obtained by calculating a centre of a
line segment defined by the first coordinate set (M) and the
second coordinate set (M,) to serve as the location of the
user (M,). The first distance d,(t-1) may then be obtained
from the location of the user (M,,) with respect to the origin.

[0051] A similar process may be applied to the second
entry of distance information, as illustrated by FIG. 7. As a
result, a location of the user (M, ) at the second time instance
(t) and the second distance d,(t) may be obtained. Using the
first and second distances d,(t-1) and d, (t), a moving speed
of the user may be estimated using the following equation:

&,(1) —dy(1-1)

V0=
(D) Ar

where Vu(t) represents the moving speed of the user, and At
represents a difference between the first time instance (t-1)
and the second time instance (t) and is for instance 0.1
seconds.
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[0052] In step 33, the processor 11 calculates a compliant
motion speed based at least on the moving speed of the user.
[0053] Specifically, as shown in FIG. 8, the processor 11
first calculates a virtual force for moving the walking
assistant apparatus 2 based on the moving speed of the user
and the second distance d,(t) in a mass-spring-damper
system.

[0054] The mass-spring-damper system is employed for
creating a scenario that the walking assistant apparatus 2
moves at a speed that is dictated by the moving speed of the
user.

[0055] As such, a virtual spring 41 and a virtual damper 42
are provided to interconnect the walking assistant apparatus
2 and the user. When the walking assistant apparatus 2 is to
be moved, it is assumed that the force needed (referred to as
a virtual force) is provided by the virtual spring 41 and the
virtual damper 42.

[0056] The virtual force is calculated by the following
equation:

F 0B, Vot (hmd ) (@)

where T, (t) represents the virtual force, B, represents a
positive virtual damping coefficient of the virtual damper 41
in the mass-spring-damper system, k,, represents a positive
virtual spring constant of the virtual spring 42 in the mass-

spring-damper system, Vu(t) represents the moving speed of
the user, k, represents an equilibrium length of the virtual
spring 41 that corresponds with an arm length of the user,
and d,(t) represents the second distance. That is to say, the
virtual force is positively correlated to the moving speed of
the user, and is negatively correlated to the second distance
d, .

[0057] After the virtual force is obtained, the processor 11
is programmed to apply the virtual force to a first admittance
model so as to obtain the compliant motion speed.

[0058] Specifically, the compliant motion speed is calcu-
lated using the following equation:

M 0+B 4T (O=F 1)

where V,(t) represents the compliant motion speed, M,
represents an expected mass in the mass-spring-damper
system that is predetermined, and B, represents an expected
damping coefficient of the virtual damper 42. It is noted that
since the use of an admittance model to obtain the compliant
motion speed is readily appreciated by ones skilled in the art,
details regarding the admittance model are omitted herein
for the sake of brevity.

[0059] While the above described steps 31 to 33 are
implemented for obtaining the compliant motion speed, the
processor 11 is further programmed to calculate a compliant
rotational speed for controlling the walking assistant appa-
ratus 2 to turn.

[0060] Specifically, in step 34, the torque sensor 13
detects, at the second time instance (t), a detected torque
M, (t) applied thereto about a vertical axis (the X-axis as
defined above).

[0061] For example, in one instance as illustrated in FIG.
9, when the user operating the walking assistant apparatus 2
intends to turn right, the right hand of the user pulls a
right-hand part of the handle component 221 backward
(toward the user) and the left hand of the user pushes a
left-hand part of the handle component 221 forward (away
from the user). As a result, the detected torque detected by
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the torque sensor 13 is one that drives the handle component
221 to turn in a clockwise direction about the X-axis.
Similarly, in another instance as illustrated in FIG. 10, when
the user operating the walking assistant apparatus 2 intends
to turn left, the right hand of the user pushes the right-hand
part of the handle component 221 forward and the left hand
of the user pulls the left-hand part of the handle component
221 backward. As a result, the detected torque detected by
the torque sensor 13 is one that drives the handle component
221 to turn in a counterclockwise direction about the X-axis.

[0062] Then, in step 35, the processor 11 is programmed
to apply the detected torque to a second admittance model so
as to obtain the compliant rotational speed.

[0063] Specifically, the compliant rotational speed is cal-
culated using the following equation:

Lo (0+B,0 (-, (1)

where 1\7[x(t) represents the detected torque, 3,(0 represents
the compliant rotational speed, I, represents an expected
moment of inertia that is predetermined, and B, represents
an expected damping coefficient of the virtual damper 42. It
is noted that since the use of an admittance model to obtain
the compliant rotational speed is readily appreciated by
those skilled in the art, details regarding the admittance
model are omitted herein for the sake of brevity.

[0064] After both the compliant motion speed and the
compliant rotational speed are obtained, in step 36, the
processor 11 controls the motion unit 21 to move at the
compliant motion speed, and controls the motion unit 21 to
turn at the compliant rotational speed. This in turn brings the
walking assistant apparatus 2 to move at the compliant
motion speed and to turn at the compliant rotational speed.

[0065] It is noted that the method as described above
incorporates both the first scanning device 11 and the torque
sensor 13 in an attempt to deduce the intention of the user
operating the walking assistant apparatus 2. As a result, the
walking assistant apparatus 2 implementing the method is
capable of moving and turning in a speed that corresponds
with the gait of the user.

[0066] For example, for a user afflicted with the Parkin-
son’s disease (PD), his/her steps during a walk may abruptly
become erratic due to the PD. In such a case, the walking
assistant apparatus 2 may actively adjust the compliant
motion speed and the compliant rotational speed in order to
accommodate the change.

[0067] FIG. 11 illustrates a controlling module 1 included
in a walking assistant apparatus 2 (see FIG. 12) for control-
ling the movement of the same, according to one embodi-
ment of the disclosure. The controlling module 1 includes a
processor 11, a first scanning device 12, a torque sensor 13,
and a second scanning device 14. In this embodiment, the
second scanning device 14 is a laser scanner similar to the
first scanning device 12, and is disposed on the support unit
22 opposite to the first scanning device 12 (that is, when the
user operates the walking assistant apparatus 2, the first
scanning device 12 faces the user, and the second scanning
device 14 faces away from the user).

[0068] One object of the second scanning device 14 is to
detect potential obstacles in front of the user while the user
is walking. When the processor 11, aided by the detection of
the second scanning device 14, determines that there exists
an obstacle in front of the user, an auto avoidance procedure
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may be implemented in order to allow the walking assistant
apparatus 2 to move automatically in an attempt to avoid the
obstacle.

[0069] FIG. 13 is a flowchart illustrating steps of a method
for controlling the walking assistant apparatus 2, according
to one embodiment of the disclosure.

[0070] Specifically, steps 501 to 505 correspond respec-
tively with steps 31 to 35 as illustrated in FIG. 5. In step 506,
while the compliant motion speed and the compliant rota-
tional speed are being calculated, the second scanning
device 14 is configured to scan an area ahead of the walking
assistant apparatus 2 in a moving direction thereof. In this
manner, the second scanning device 14 is able to generate
obstacle scanning information defining another coordinate
plane, with the second scanning device 14 as an origin.
[0071] For example, FIG. 14 illustrates the second scan-
ning device 14 performing the scan on the another coordi-
nate plane thus defined. Similar to the manner in which the
first scanning device 12 scans for detecting the legs of the
user, the obstacle scanning information may include a plu-
rality of laser distances (L,) and a plurality of scanned
angles (0) each corresponding to a respective one of the laser
distances (L,).

[0072] Each of the laser distances (L) and corresponding
one of the scanned angles (0) may then yield a coordinate
position (C,).

[0073] Afterward, in step 507, the processor 11 determines
whether an obstacle 61 exists in the area ahead. Specifically,
for the example in FIG. 14, the processor 11 determines, for
each of the laser distances (L), whether at least one of laser
distances (I,) is smaller than a predetermined distance.
When that is the case, the processor determines that there
exists at least one obstacle 61 is in the area ahead.

[0074] When it is determined by the processor 11 that at
least one obstacle 61 is in the area ahead, the flow proceeds
to step 508 in order to perform an avoidance process.
Otherwise, the flow proceeds to step 513, which corresponds
with step 36 of the method illustrated in FIG. 5 (that is to say,
the walking assistant apparatus 2 is controlled to move at the
compliant motion speed and to turn at the compliant rota-
tional speed).

[0075] The avoidance process includes the following
steps. In step 508, for each one of the laser distances (L)
that is smaller than the predetermined distance, the processor
11 calculates a location vector 62 starting from a corre-
sponding one of the coordinate positions (C,) (i.e., the
location of the at least one obstacle 61) and ending at a
location of the second scanning device 14 in the another
coordinate plane. The processor 11 further calculates an
inverse location vector 63 that starts from the location of the
second scanning device 14 in the another coordinate plane,
projects in a direction opposite to the location vector 62, and
has a magnitude that is identical with the location vector 62.
[0076] For example, as shown in FIG. 14, the processor
calculates three location vectors 62, each associated with a
respective one of the coordinate positions, and three corre-
sponding inverse location vectors 63.

[0077] In step 509, the processor 11 calculates an avoid-

ance speed Vo(t) that is positively correlated to the inverse
location vectors 63.

[0078] Specifically, the avoidance speed Vo(t) is calcu-
lated using the following equation:

T (H=aZw - (D)
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where ?i(t) represents an i”” one of the location vectors 62

(that is to say, —?i(t) represents an i one of the inverse
location vectors 63), w, represents a weight associated with
the i” one of the inverse location vectors 63, and is calcu-
lated using the equation

" Dy ~[F0)
" Dy xR0l

the parameter a represents a predetermined ratio, D,,,.
represents a predetermined maximum safety distance that is
between the walking assistant apparatus 2 and the obstacle
61, and that is no larger than the maximum travelled
distance. FIG. 15 illustrates a calculated avoidance speed
V..
[0079]
mous speed Vs(t) based on the avoidance speed Vo(t) and

In step 510, the processor 11 calculates an autono-

the compliant motion speed vt(t). Specifically, the autono-
mous speed vs(t) is calculated using the equation VS (=

V.(0O+V (0.
[0080] In step 511, the processor 11 calculates a weighted

speed of the avoidance speed Vs(t) and the compliant

motion speed V,(t).
[0081] Specifically, the processor 11 assigns a weight to

each of the autonomous speed Vs(t) and the compliant

motion speed V,(t), represented by the terms G, (1) (referred
to as an autonomous weight) and G,(t) (referred to as a
compliant weight), respectively. In this embodiment, G,(t)
=1-G,(t) (i.e., the sum of the weights assigned to the
autonomous speed and the compliant motion speed equals
D).
[0082]
equation:

Then, the weighted speed is calculated using the

T 0= GOx T, (O+G, ()X V (1)

where Vw(t) represents the weighted speed.

[0083] In this embodiment, the compliant weight G, (t) is
calculated using the equation G, (t)=Max(E (1),E (1)), where
E_(t) represents an avoidance confidence factor, and E(t)
represents a safety confidence factor.

[0084] The avoidance confidence factor E (1) is calculated
using the equation:

%

Eq(n) =
‘ Dipax

where ?a(t) represents one of the location vectors 62 having
a shortest length. That is to say, the compliant weight G,,(t)
may be positively correlated to one of the location vectors
having a shortest length.

[0085] The avoidance confidence factor E (1) serves as an
indicator regarding how the user operating the walking
assistant apparatus 2 is capable of avoiding the obstacle 61.
Accordingly, as the distance between the walking assistant

apparatus 2 and the obstacle 61 (represented by ?a(t))
decreases, the avoidance confidence factor E (t) decreases
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as well. On the other hand, as the distance between the
walking assistant apparatus 2 and the obstacle 61 increases,
the avoidance confidence factor E (1) increases as well.
[0086] The safety confidence factor E(t) is calculated
using the equation:

Vol ]p

E,(0) = [1
|V el

where (p) is a constant smaller than 1, and Vmax represents
a predetermined upper limit of the compliant motion speed

V,(t). That is to say, the compliant weight G,(t) may be
negatively correlated to a value of the compliant motion

speed V,(t). The safety confidence factor E_(t) serves as an
indicator regarding how the user operating the walking
assistant apparatus 2 is capable of staying in a safe state.
Accordingly, as the value of the compliant motion speed |

V,(t)l decreases, the safety confidence factor E (1) increases.
On the other hand, as the value of the compliant motion

speed |V,(t)| increases, the safety confidence factor E (t)
decreases.

[0087] It is noted that, the constant (p) is set to be smaller
than 1 in order to ensure that the resulting safety confidence
factor E(t) is higher when the walking assistant apparatus 2
is moving at a slow speed.

[0088] In step 512, the processor 11 controls the motion
unit 21 to move at the weighted speed so as to bring the
walking assistant apparatus 2 to move at the weighted speed,
and to turn at the compliant rotational speed.

[0089] From the above calculations, it may be apparent
that when at least one of the avoidance confidence factor
E,(t) and the safety confidence factor E(t) is large enough,
a determination that the user is capable of operating the
walking assistant apparatus 2 properly may be made. As
such, the compliant weight G,,(t) is also high, reducing the
interference applied to the walking assistant apparatus 2.
[0090] In brief, this embodiment detects whether an
obstacle is present, and incorporates the avoidance process
to determine whether the user is able to avoid the obstacle
on his/her own. When it is determined that the user may not
be able to avoid the obstacle (the distance is too short and/or
the speed is too fast), the processor 11 intervenes to move the
walking assistant apparatus 2 away from the obstacle.
[0091] To sum up, the method described in the disclosure
utilizes the first scanning device 12 to obtain scanning
information associated with gait of the user, and utilizes the
torque sensor 13 to detect a detected torque applied thereto
about the vertical axis. Using the above information, the
processor 11 is able to deduce the intention of the user, and
to accordingly calculate the compliant motion speed and the
compliant rotational speed. Additionally, the avoidance pro-
cess enables the processor 11 to bring the walking assistant
apparatus 2 away from a detected obstacle under the assis-
tance of the second scanning device 14, therefore rendering
the operation of the walking assistant apparatus 2 safer.
[0092] In the description above, for the purposes of expla-
nation, numerous specific details have been set forth in order
to provide a thorough understanding of the embodiments. It
will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
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of these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding various inventive aspects.
[0093] In addition, this disclosure provides an autonomous
obstacle avoidance mechanism; by combining the obstacle
avoidance mechanism and the compliance controls, the
walking-assistance apparatus is able to help user prevent
from collisions with obstacles when walking in an environ-
ment with obstacles.
[0094] While the disclosure has been described in con-
nection with what are considered the exemplary embodi-
ments, it is understood that this disclosure is not limited to
the disclosed embodiments but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifi-
cations and equivalent arrangements.
What is claimed is:
1. A method for controlling a walking assistant apparatus,
the walking assistant apparatus including a processor, a
motion unit, a support unit that is disposed on the motion
unit and that includes a handle component operable by a
user, a first scanning device disposed on the support unit,
and a torque sensor disposed on the handle component, the
method comprising the steps of:
a) scanning, by the first scanning device, the user so as to
generate scanning information associated with gait of
the user;
b) detecting, by the torque sensor, a detected torque
applied thereto about a vertical axis;
¢) estimating, by the processor, a moving speed of the user
based on the scanning information;
d) calculating, by the processor, a compliant motion speed
based at least on the moving speed of the user, and a
compliant rotational speed based on the detected torque
detected in step b); and
e) controlling, by the processor, the motion unit to move
at the compliant motion speed and to turn at the
compliant rotational speed so as to bring the walking
assistant apparatus to move at the compliant motion
speed and to turn at the compliant rotational speed.
2. The method of claim 1, wherein:
step a) includes scanning the user so as to generate the
scanning information that includes a first entry of
distance information scanned at a first time instance
and a second entry of distance information scanned at
a second time instance after the first time instance;
step ¢) includes the sub-steps of
calculating a first distance between the first scanning
device and the user at the first time instance based on
the first entry of distance information,

calculating a second distance between the first scanning
device and the user at the second time instance based
on the second entry of distance information, and

calculating the moving speed of the user based on the
first distance, the second distance and a difference
between the first time instance and the second time
instance; and
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step d) includes calculating the compliant motion speed

based on the detected torque and the second distance.
3. The method of claim 2, wherein in step d), the com-
pliant motion speed is positively correlated to the moving
speed of the user, and is negatively correlated to the second
distance.
4. The method of claim 2, the first scanning device being
implemented using a laser scanner, wherein each of the
sub-step of calculating a first distance and the sub-step of
calculating a second distance includes, for a respective one
of'the first entry of distance information and the second entry
of distance information defining a same coordinate plane,
assigning a first coordinate set of a location of a left leg
of the user on the coordinate plane, using the first
scanning device as an origin of the coordinate plane;

assigning a second coordinate set of a location of a right
leg of the user on the coordinate plane;
calculating a centre of a line segment defined by the first
coordinate set and the second coordinate set to serve as
a location of the user; and

calculating a respective one of the first distance and the
second distance based on the location of the user and
the origin.

5. The method of claim 4, wherein step d) includes the
sub-steps of:

calculating a virtual force for moving the walking assis-

tant apparatus based on the moving speed of the user
and the second distance in a mass-spring-damper sys-
tem,

applying the virtual force to a first admittance model so as

to obtain the compliant motion speed; and

applying the detected torque to a second admittance

model so as to obtain the compliant rotational speed.

6. The method of claim 5, wherein, in step d), the virtual
force is calculated by the following equation:

F o (0=B,, V (0, (k~d (1))

where T, (t) represents the virtual force, B,,. represents a
virtual damping coefficient of a virtual damper in the mass-
spring-damper system, k., represents a virtual spring con-
stant of a virtual spring in the mass-spring-damper system,
Vu(t) represents the moving speed of the user, k, represents
an equilibrium length of the virtual spring that corresponds
with an arm length of the user, and d,(t) represents the
second distance.

7. The method of claim 2, the walking assistant apparatus
further including a second scanning device disposed on the
support unit, the method further comprising the steps of:
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f) scanning, by the second scanning device, an area ahead
of the walking assistant apparatus in a moving direction
thereof so as to generate obstacle scanning information
defining another coordinate plane;

g) determining, by the processor, whether an obstacle is in
the area, according to the obstacle scanning informa-
tion;

h) when it is determined by the processor that at least one
obstacle is in the area, performing, by the processor, an
avoidance process that includes the steps of
1) calculating, by the processor, a location vector start-

ing from a location of the second scanning device
and ending at a location of the at least one obstacle
in the coordinate plane, and an avoidance speed that
is positively correlated to the location vector,

ii) calculating, by the processor, an autonomous speed
based on the avoidance speed and the compliant
motion speed,

iii) calculating, by the processor, a weighted speed of
the avoidance speed and the compliant motion speed
by assigning a weight to each of the autonomous
speed and the compliant motion speed, and

iv) controlling, by the processor, the motion unit to
move at the weighted speed so as to bring the
walking assistant apparatus to move at the weighted
speed.

8. The method of claim 7, wherein step i) includes:

calculating, by the processor, a plurality of location vec-
tors each from a location of a portion of the at least one
obstacle and ending at the location of the second
scanning device in the coordinate plane, and further
assigning a weight to each of the location vectors, the
weight being negatively correlated to a length of the
location vector; and

the avoidance speed is positively correlated to a weighted
sum of the location vectors.

9. The method of claim 7, wherein step ii) includes adding
the avoidance speed and the compliant motion speed to
obtain the autonomous speed.

10. The method of claim 8, wherein in step iii), the weight
assigned to the autonomous speed is positively correlated to
one of the location vectors having a shortest length, and a
sum of the weights assigned to the autonomous speed and
the compliant motion speed equals 1.

11. The method of claim 8, wherein in step iii), the weight
assigned to the compliant motion speed is negatively cor-
related to a value of the compliant motion speed, and a sum
of the weights assigned to the autonomous speed and the
compliant motion speed equals 1.
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