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(57) ABSTRACT

A method of recommending an assistive device for a user
includes: (A) providing a recommendation system that
includes a measuring device, an output device and a pro-
cessing device; (B) the measuring device performing mea-
surement associated with a body part of a user to generate
measurement information associated with the body part of
the user; (C) the processing device receiving the measure-
ment information from the measuring device, and generating
recommendation of an assistive device according to the
measurement information; and (D) the output device out-
putting a message associated with the recommendation.
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METHOD OF RECOMMENDING AN
ASSISTIVE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Pat-
ent Application No. 105127203, filed on Aug. 25, 2016.

FIELD

[0002] The disclosure relates to a method of recommend-
ing an assistive device for a user.

BACKGROUND

[0003] Conventionally, when a patient requires an assis-
tive device, a medical professional may determine a suitable
one for the patient by evaluating severeness of the patient’s
symptom(s). However, subjective evaluation, such as feel-
ing the patient’s muscle power by hand, may easily result in
misjudgment even if the medical professional is highly
experienced.

SUMMARY

[0004] Therefore, an object of the disclosure is to provide
a method of recommending an assistive device for a user
based on automatic objective analysis of measurement data.
[0005] According to the disclosure, the method includes
steps of: (A) providing a recommendation system that
includes a measuring device, an output device and a pro-
cessing device; (B) the measuring device performing mea-
surement associated with a body part of a user to generate
measurement information associated with the body part of
the user; (C) the processing device receiving the measure-
ment information from the measuring device, and generating
recommendation of an assistive device according to the
measurement information; and (D) the output device out-
putting a message associated with the recommendation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Other features and advantages of the disclosure
will become apparent in the following detailed description
of the embodiment (s) with reference to the accompanying
drawings, of which:

[0007] FIG. 1 is a block diagram illustrating a recommen-
dation system for implementing a first embodiment of the
method of recommending an assistive device according to
the disclosure;

[0008] FIG. 2 is a flow chart illustrating steps of the first
embodiment;
[0009] FIG. 3 is a flowchart illustrating one implementa-

tion of the first embodiment;

[0010] FIG. 4 is a block diagram illustrating a recommen-
dation system for implementing a second embodiment of the
method of recommending an assistive device according to
the disclosure;

[0011] FIG. 5 is a flow chart illustrating steps of the
second embodiment;

[0012] FIG. 6 is a flow chart illustrating a first implemen-
tation of the second embodiment; and

[0013] FIG. 7 is a flow chart illustrating a second imple-
mentation of the second embodiment.
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DETAILED DESCRIPTION

[0014] 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.

[0015] Referring to FIGS. 1 and 2, the first embodiment of
the method for recommending an assistive device for a user
includes steps S1-S3, and is implemented using a recom-
mendation system 100 that includes a measuring device 1
for performing measurement associated with a body part of
a user to generate measurement information associated with
the body part of the user, an output device 2 (e.g., a display
device), and a processing device 3 (e.g., a computer)
coupled to the measuring device 1 and the output device 2.
[0016] In step S1, the processing device 3 receives the
measurement information from the measuring device 1. In
step S2, the processing device 3 generates recommendation
of an assistive device according to the measurement infor-
mation. In step S3, the processing device 3 controls the
output device 2 to output the recommendation.

[0017] In a first implementation of the first embodiment,
the measuring device 1 includes a three-dimensional (3D)
scanner for scanning the user’s body, the measurement
information includes 3D point cloud information that is
generated by the 3D scanner according to a scanning result,
and the recommendation includes design information of a
customized assistive device that is generated by the process-
ing device 3 according to the 3D point cloud information,
that is associated with geometry of the customized assistive
device (e.g., a thickness, a margin of each part of the
customized assistive device) for the user, and that is pro-
vided for assistive device vendors to manufacture the assis-
tive device. In detail, the 3D point cloud information is
associated with a plurality of physical states of the body part,
and the physical states include different poses the body part
is in and/or different external loads (e.g., weights) the body
part bears. Accordingly, the geometry of the customized
assistive device thus recommended may fit the exterior
shape of the user’s muscle under different poses or external
loads of the body part of the user. For example, the 3D point
cloud information may be associated with the exterior shape
of the muscles around the thighs, the knees and the shanks
when the user is in a standing pose, a seated pose, and
intermediate poses between the standing pose and the seated
pose, and the geometry of the customized assistive device
(e.g., kneecap) thus generated may fit each of the standing
pose, the seated pose and the intermediate poses. It is noted
that this disclosure is not limited to the abovementioned
poses. In practice, poses to be measured during the scanning
of the user’s body should be determined according to the
user’s demand (e.g., a pose of the user while at work).
[0018] In addition, although the first implementation is
exemplified using the 3D scanner, the measuring device 1
may include a magnetic resonance imaging (MRI) device or
a computed tomography (CT) scanning device that is used to
scan the body part of the user, and the processing device 3
would thus generate the design information according to
images generated by the MRI device or the CT scanning
device.

[0019] Referring to FIGS. 1-3, a second implementation of
the first embodiment according to this disclosure differs
from the first implementation in that the measuring device 1
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includes a strength measuring device (e.g., a force gauge, a
force plate, etc.) which is used to perform measurement
associated with a joint of the user to generate strength
measurement information associated with the joint of the
user, and differs in that the recommendation includes species
information which is associated with a modular assistive
device and which is generated according to the strength
measurement information. The modular assistive device is
produced by assistive device vendors according to several
predetermined specifications (e.g., sizes).

[0020] In the second implementation of the first embodi-
ment, the strength measurement information is associated
with a knee joint of the user, and step S2 includes sub-steps
S201-S206.

[0021] Insub-step S201, the processing device 3 generates
a muscle power (MP) grade according to the strength
measurement information. Candidate MP grades correspond
to a medical research council (MRC) scale as shown in Table
1.

TABLE 1
MP grade Description
0 No movement
1 Only a trace or flicker of movement
2 Active movement with gravity eliminated
3 Active movement against gravity without resistance
4 Active movement against gravity with resistance
5 Normal power
[0022] In sub-step S202, the processing device 3 deter-

mines whether or not the MP grade is higher than or equal
to a first predetermined MP grade threshold (e.g., grade 4).
The flow goes to sub-step S203 when the determination is
affirmative, and goes to sub-step S204 when otherwise.
[0023] In sub-step S203, the processing device 3 controls
the output device 2 to output a message indicating that the
knee joint is normal.

[0024] In sub-step S204, the processing device 3 deter-
mines whether or not the MP grade is higher than or equal
to a second predetermined MP grade threshold (e.g., grade
3) that is lower than the first predetermined MP grade
threshold. The flow goes to sub-step S205 when the deter-
mination is affirmative, and goes to sub-step S206 when
otherwise.

[0025] Insub-step S205, the processing device 3 generates
the species information associated with a knee assistive
intervention device whose joint can rotate freely in the
user’s saggital plane.

[0026] Insub-step S206, the processing device 3 generates
the species information associated with a lock-type knee
assistive device whose joint is locked at a fixed position (a
straight posture of the user).

[0027] Referring to FIGS. 4-6, a second embodiment of
the method for recommending an assistive device for a user
is implemented using a recommendation system 100 that
includes, in addition to the abovementioned measuring
device 1, the output device 2, and the processing device 3,
an input device 4 that is coupled to the processing device 3
and that is for information input by the user. The second
embodiment differs from the first embodiment in that the
second embodiment further includes step SO in which the
processing device 3 receives, from the input device 4, input
information which is inputted through the input device 4 and
which is associated with the user, and further differs in that
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the processing device 3 generates recommendation of an
assistive device according to the measurement information
and the input information in step S2.

[0028] In a first implementation of the second embodi-
ment, the measuring device 1 includes a strength measuring
device that is used to perform measurement associated with
a joint of the user to generate strength measurement infor-
mation associated with the joint of the user, and the recom-
mendation includes species information that is associated
with a modular assistive device and that is generated accord-
ing to the strength measurement information and the input
information.

[0029] In this implementation, the strength measurement
information is associated with a hip joint of the user, the
input information includes a hip parameter associated with
a hip joint condition of the user (e.g., “1” for hip dislocation,
and “0” for no hip dislocation), and step S2 includes
sub-steps S207-S212.

[0030] Insub-step S207, the processing device 3 generates
an MP grade according to the strength measurement infor-
mation.

[0031] In sub-step S208, the processing device 3 deter-
mines whether or not the MP grade is higher than or equal
to a third predetermined MP grade threshold (e.g., grade 3).
The flow goes to sub-step S209 when the determination is
negative, and goes to sub-step S210 when otherwise.
[0032] Insub-step S209, the processing device 3 generates
the species information associated with an assistive device
of reciprocal gait orthosis.

[0033] In sub-step S210, the processing device 3 deter-
mines whether or not the hip parameter of the input infor-
mation indicates hip dislocation. The flow goes to sub-step
S211 when the determination is affirmative, and goes to
sub-step S212 when otherwise.

[0034] Insub-step S211, the processing device 3 generates
the species information associated with a hip abduction and
adduction assistive device.

[0035] In sub-step S212, the processing device 3 controls
the output device 2 to output a message indicating that the
hip joint is normal.

[0036] Referring to FIGS. 4, 5 and 7, a second implemen-
tation of the second embodiment differs from the first
implementation of the second embodiment in that the mea-
suring device 1 further includes an angle measuring device
which is used to perform measurement associated with an
angle of the joint of the user to generate angle measurement
information, and differs in that the species information is
generated according to the strength measurement informa-
tion, the input information and the angle measurement
information.

[0037] In this implementation, the strength measuring
device and the angle measuring device are used to perform
measurements associated with an ankle of the user to
generate the strength measurement information and the
angle measurement information associated with the ankle of
the user; the input information includes a walking parameter
associated with a demand to walk of the user (e.g., “0” for
no demand to walk and “1” for having demand to walk); and
step S2 includes sub-steps S213-S220.

[0038] Insub-step S213, the processing device 3 generates
an MP grade according to the strength measurement infor-
mation.

[0039] Insub-step S214, the processing device 3 generates
a spasticity grade according to the angle measurement
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information. Candidate spasticity grades correspond to a
modified Ashworth scale (MAS) as shown in Table 2.

TABLE 2
Spasticity
grade Description
0 No increase in muscle tone
1 Slight increase in muscle tone, manifested by a catch and

release, or by minimal resistance at the end of passive
range of motion (PROM)

1+ Slight increase in muscle tone manifested by a catch and
release followed by minimal resistance through the
remainder of the PROM (less than half)

2 More marked increase in tone throughout most of PROM
but parts easily moved
3 Considerable increase in muscle tone, passive movement
difficult
4 Affected parts rigid in flexion or extension
[0040] In sub-step S215, the processing device 3 deter-

mines whether or not the spasticity grade is higher than or
equal to a predetermined spasticity grade threshold.

[0041] The flow goes to sub-step S216 when the determi-
nation is affirmative, and goes to sub-step S217 when
otherwise.

[0042] Insub-step S216, the processing device 3 generates
the species information associated with an assistive device
of posterior ankle-foot orthosis.

[0043] In sub-step S217, the processing device 3 deter-
mines whether or not the MP grade is lower than or equal to
a fourth predetermined MP grade threshold (e.g., grade 2).
The flow goes to sub-step S218 when the determination is
negative, and goes to sub-step S219 when otherwise.
[0044] In sub-step S218, the processing device 3 controls
the output device 2 to output a message indicating that the
ankle joint is normal.

[0045] In sub-step S219, the processing device 3 deter-
mines whether or not the walking parameter indicates that
the user has the demand to walk. The flow goes to sub-step
S220 when the determination is affirmative, and goes to
sub-step S221 when otherwise.

[0046] Insub-step S220, the processing device 3 generates
the species information associated with an assistive device
of anterior ankle-foot orthosis.

[0047] Insub-step S221, the processing device 3 generates
the species information associated with an assistive device
of posterior ankle-foot orthosis.

[0048] In one implementation of the second embodiment,
the input information may include a distance parameter
associated with a demand in terms of walking distance (e.g.,
short distance walking, long distance walking) of the user.
When the distance parameter indicates the short distance
walking, the recommended assistive device may have stron-
ger supporting strength and a heavier weight; and when the
distance parameter indicates the long distance walking, the
recommended assistive device may have less supporting
strength and a lighter weight.

[0049] In one implementation of the second embodiment,
the input information may include a color parameter asso-
ciated with a color (e.g., red color, green color, blue color,
grey color, brown color, etc.) of the assistive device, and the
recommended assistive device corresponds to the color
indicated by the color parameter. Accordingly, the user may
select a favorite color to increase motivation of using the
assistive device.
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[0050] In one implementation of the second embodiment,
the input information may include a position parameter
associated with a wearing position of the assistive device
(e.g., inside or outside of the trousers), and a wearing
position of the recommended assistive device corresponds to
that indicated by the position parameter.

[0051] In one implementation of the second embodiment,
the input information may include a skin parameter associ-
ated with a skin condition of the user.

[0052] In one implementation of the second embodiment,
the input information may include a time parameter associ-
ated with a demand regarding a time length of use of the
assistive device.

[0053] In one embodiment, the measuring device 1 may
include a camera device that is used to acquire kinetic image
information associated with actions of the user, and the
recommendation may include kinetic simulation image
information that is associated with the actions of the user
when wearing the recommended assistive device and that is
generated according to the kinetic image information. This
implementation may be realized using techniques relevant to
muscle and skeleton simulation. Accordingly, the user may
become aware of appearance of wearing the recommended
assistive device in advance by watching the kinetic simula-
tion image information outputted by the output device 2.
[0054] In one embodiment, the recommendation includes
instructions of wearing the recommended assistive device.
The instructions may be either still images or kinetic images.
Accordingly, the user may clearly understand how to wear
the recommended assistive device.

[0055] In one embodiment, the measuring device 1 may
include a pressure measuring device that is used to perform
measurement associated with a plantar pressure of the user
to generate pressure measurement information, and the
recommended assistive device would thus be capable of
sustaining the plantar pressure of the user.

[0056] In one embodiment, the measuring device 1 may
include a motion capture system, an inertial measurement
device, a force plate and an electromyography (EMG)
device.

[0057] To sum up, the embodiments according to this
disclosure use the processing device 3 to provide, based on
the measurement information (e.g., 3D point cloud infor-
mation, strength measurement information, angle measure-
ment information, kinetic image information, pressure mea-
surement information, etc.) and/or the input information
(e.g., hip parameter, walking parameter, distance parameter,
color parameter, position parameter, skin parameter, time
parameter, etc.), the recommendation associated with an
assistive device for the user (e.g., design information of a
customized assistive device, species information of a modu-
lar assistive device, kinetic simulation image information,
instructions of wearing the recommended assistive device,
etc.), so the assistive device thus recommended may fit the
requirement of the user.

[0058] 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 embodiment(s).
It will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
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
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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 of various inventive aspects.
[0059] While the disclosure has been described in con-
nection with what is (are) considered the exemplary embodi-
ment(s), it is understood that this disclosure is not limited to
the disclosed embodiment(s) 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 of recommending an assistive device for a
user, comprising steps of:

(A) providing a recommendation system that includes a
measuring device, an output device and a processing
device;

(B) the measuring device performing measurement asso-
ciated with a body part of a user to generate measure-
ment information associated with the body part of the
user;

(C) the processing device receiving the measurement
information from the measuring device, and generating
recommendation of an assistive device according to the
measurement information; and

(D) the output device outputting a message associated
with the recommendation.

2. The method of claim 1, wherein the measurement
information is associated with geometry of the body part,
and the recommendation includes design information of a
customized assistive device that is associated with geometry
of the customized assistive device for the user.

3. The method of claim 2, wherein the measurement
information is associated with a plurality of physical states
of the body part, and each of the physical states is one of an
individual pose or an individual load born by the user.

4. The method of claim 3, wherein the measuring device
includes a three-dimensional (3D) scanner, the measurement
information includes 3D point cloud information, and step
(C) includes the processing device generating the design
information according to the 3D point cloud information.

5. The method of claim 1, wherein the measuring device
includes a strength measuring device, step (B) includes the
strength measuring device performing measurement associ-
ated with a joint of the user to generate strength measure-
ment information associated with the joint of the user, and
the recommendation includes species information that is
associated with a modular assistive device and that is
generated according to the strength measurement informa-
tion.

6. The method of claim 5, wherein the strength measure-
ment information is associated with a knee joint of the user,
and step (C) includes sub-steps of:

(CO01) the processing device generating a muscle power
grade according to the strength measurement informa-
tion;

(C02) the processing device generating the species infor-
mation associated with a knee assistive intervention
device when the processing device determines that the
muscle power grade is lower than a first predetermined
muscle power grade threshold and is higher than or
equal to a second predetermined muscle power grade
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threshold that is lower than the first predetermined
muscle power grade threshold; and

(C03) the processing device generating the species infor-
mation associated with a lock-type knee assistive
device when the processing device determines that the
muscle power grade is lower than the second predeter-
mined muscle power grade threshold.

7. The method of claim 1, wherein the recommendation

system further includes an input device;

wherein step (C) further includes the processing device
receiving, from the input device, input information that
is inputted through the input device and that is associ-
ated with the user, and generating recommendation of
an assistive device according to the measurement infor-
mation and the input information.

8. The method of claim 7, wherein the measuring device
includes a strength measuring device, step (B) includes the
strength measuring device performing measurement associ-
ated with a joint of the user to generate strength measure-
ment information associated with the joint of the user, and
the recommendation includes species information that is
associated with a modular assistive device and that is
generated according to the input information and the
strength measurement information.

9. The method of claim 8, wherein the strength measure-
ment information is associated with a hip joint of the user,
the input information includes a hip parameter associated
with a hip joint condition of the user, and step (C) includes
sub-steps of:

(CO01) the processing device generating a muscle power
grade according to the strength measurement informa-
tion;

(C02) the processing device generating the species infor-
mation associated with a hip abduction and adduction
assistive device when the processing device determines
that the muscle power grade is higher than or equal to
a predetermined muscle power grade threshold and that
the hip parameter indicates hip dislocation; and

(C03) the processing device generating the species infor-
mation associated with an assistive device of reciprocal
gait orthosis when the processing device determines
that the muscle power grade is lower than the prede-
termined muscle power grade threshold.

10. The method of claim 8, wherein the measuring device
further includes an angle measuring device, step (B) further
includes the angle measuring device performing measure-
ment associated with an angle of the joint of the user to
generate angle measurement information, and the species
information is generated according to the input information,
the strength measurement information and the angle mea-
surement information.

11. The method of claim 10, wherein step (B) includes the
strength measuring device and the angle measuring device
performing measurement associated with an ankle of the
user to generate the strength measurement information and
the angle measurement information associated with the
ankle of the user, the input information includes a walking
parameter associated with a demand to walk of the user, and
step (C) includes sub-steps of:

(CO01) the processing device generating a muscle power
grade according to the strength measurement informa-
tion;

(C02) the processing device generating a spasticity grade
according to the angle measurement information;
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(C03) the processing device generating the species infor-
mation associated with an assistive device of posterior
ankle-foot orthosis when the processing device deter-
mines that the spasticity grade is higher than or equal
to a predetermined spasticity grade threshold;

(C04) the processing device generating the species infor-
mation associated with an assistive device of anterior
ankle-foot orthosis when the processing device deter-
mines that the spasticity grade is lower than the pre-
determined spasticity grade threshold, that the muscle
power grade is lower than or equal to a predetermined
muscle power grade threshold, and that the walking
parameter indicates that the user has the demand to
walk; and

(CO05) the processing device generating the species infor-
mation associated with an assistive device of posterior
ankle-foot orthosis when the processing device deter-
mines that the spasticity grade is lower than the pre-
determined spasticity grade threshold, that the muscle
power grade is lower than or equal to the predetermined
muscle power grade threshold, and that the walking
parameter indicates that the user has no demand to
walk.

12. The method of claim 7, wherein the input information
includes a distance parameter associated with a demand in
terms of walking distance of the user.
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13. The method of claim 7, wherein the input information
includes a color parameter associated with a color of the
assistive device.

14. The method of claim 7, wherein the input information
includes a position parameter associated of a wearing posi-
tion of the assistive device.

15. The method of claim 7, wherein the input information
includes a skin parameter associated with a skin condition of
the user.

16. The method of claim 7, wherein the input information
includes a time parameter associated with a demand regard-
ing time length of use of the assistive device.

17. The method of claim 1, wherein the measuring device
includes a camera device, step (B) includes the camera
device acquiring kinetic image information associated with
actions of the user, and the recommendation includes kinetic
simulation image information that is associated with the
actions of the user when wearing the assistive device and
that is generated according to the kinetic image information.

18. The method of claim 1, wherein the recommendation
includes instructions of wearing the assistive device.

19. The method of claim 1, wherein the measuring device
includes a pressure measuring device, and step (B) includes
the pressure measuring device performing measurement
associated with a plantar pressure of the user to generate
pressure measurement information.
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