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A REHABILITATION DEVICE AND A METHOD OF MONITORING HAND MOVEMENT

A rehabilitation device is for monitoring hand

movement of a user in which one or both forearms are
supported on a forearm support region of a support, and
an upward facing camera is mounted with a field of view
forwards beyond the front of the forearm support to cap-
ture an image of the hand or hands, which extend in front
of the forearm support region. This avoids the need for
the user to wear a sensor glove but also enables a com-
pact system without needing an overhead camera or a
large table arrangement.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to a rehabilitation device,
and in particular to a hand rehabilitation device which
monitors movement of a user’s hand.

BACKGROUND OF THE INVENTION

[0002] Movement therapy is used to rehabilitate pa-
tients who have diminished motor control; for example,
movement therapy may be suitable for a stroke patient
who has reduced control of their hand. Rehabilitation de-
vices are used to facilitate movement therapy. These de-
vices may guide, monitor and measure how patients con-
duct exercises, give feedback on exercise quality and
motivate patients to comply with a training plan.

[0003] Some rehabilitation devices use video cameras
to track a user’s hand movements, whilst other rehabili-
tation devices use active sensors to detect hand move-
ments. Active sensor rehabilitation devices are, in gen-
eral, more expensive than video camera rehabilitation
devices. Furthermore, an active sensor system typically
requires a glove to be worn by the user, which may be
uncomfortable as a result of the injury being treated.
[0004] Fora camerabased system, a tracking system
may be used which includes a video camera for capturing
hand movementinthe RGB color field and a depth sensor
for obtaining depth information. The video camera
records an image of the patient's hand, which is proc-
essed to localize the hand in the image and to segment
the hand from the background of the image, in order to
track the position of the patient’'s hand. Segmentation
may be performed based on color, since skin color maybe
easily distinguished from the background of the image.
The patient may wear colored markers to improve the
accuracy of detection. Other 3D camera designs are also
known.

[0005] A problem with camera based systems is that
they take up a lot of space and are not easily portable.
For example, a camera is typically mounted on a frame
over the top of a table which has a support for the user’'s
forearms.

[0006] There is therefore a need for an improved hand
rehabilitation device which is more compact and portable.

SUMMARY OF THE INVENTION

[0007] The invention is defined by the claims.

[0008] According to examples in accordance with an
aspect of the invention, there is provided a rehabilitation
device for monitoring hand movement of a user, com-
prising:

a frame having a display mounting for attachment of
a display;
a support mounted to the frame, wherein the support
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comprises a base and a top, the top having aforearm
support region; and

a camera mounted on the base facing the top, such
that a field of view of the camera comprises a region
which extends in front of the forearm support region.

[0009] This device provides a compact way to image
the hands of a user, by arranging the hand (or hands) to
overhang the end of a forearm support region. The hand
projects to a region in front of the forearm support region,
and hence into the field of view of the camera. The device
provides imaging of the hand or hands from below. It
avoids the need for the user to wear a sensor glove but
also enables a compact system without needing an over-
head camera or a large table arrangement.

[0010] The camera is at a fixed position relative to the
hand or hands of the user and it is in relatively close
proximity. As a result, the camera does not need a large
field of view, and its field of view may extend only slightly
beyond the volume occupied by the hands of the user.
[0011] The support may further comprises a hand sup-
port region. This may be used to support the wrist and
part of the palm near the wrist. This may provide support
for auserwho does not have sufficient strength to support
their hand when only a forearm support is provided.
[0012] At least part of the hand support region is pref-
erably made of a transparent material. This enables an
image to be taken through the support.

[0013] As mentioned above, the hand support region
may be for supporting the wrist and part of the palm of
the hand. The device may further comprise a second
hand support region for supporting the remainder of the
palm of the hand, wherein the second hand support re-
gion is removably mounted.

[0014] This means the device can be adapted to the
needs of different users, having different requirements
for the support of their hand or hands. More freedom to
perform exercise movements is available without the sec-
ond hand support region, since more vertical space is
available to do different types of movements. The second
hand support region may fully support the hand, by pro-
viding support for the fingers as well.

[0015] The frame may comprise an upright member,
wherein the support is mounted to the upright member
with adjustable height.

[0016] This enables the user to position the support in
the most comfortable way. The camerais attached to the
support so that this adjustment does not need any rec-
alibration of the camera. Of course, the user may addi-
tionally or alternatively adjust the height of a chair they
are sitting on.

[0017] The support may be mounted to the upright
member with an adjustable elevation angle.

[0018] This angle may be used to set different types
of rehabilitation exercise and difficulty. Again, because
the camera moves with the support, this requires no rec-
alibration of the camera.

[0019] The frame may comprise an upright member,
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wherein the display mounting has an adjustable height
along the upright member. Thus, the display may have
an adjustable height, for best comfort of the user.
[0020] The frame may comprise a wheeled trolley.
[0021] The device is then a portable unit which can be
wheeled to any location. The user simply brings a chair
to sit in front of the device and perform the rehabilitation
procedure.

[0022] The forearm support region may comprise two
forearm support channels which are spaced apart and
taper inwardly in a direction towards the front surface.
[0023] This provides a comfortable rest position for the
arms and hands of the user.

[0024] The base and the top are for example spaced
by between 10cm and 30cm. This spacing is sufficient
for the camera to have a field of view of the volume oc-
cupied by the hands but also enables a compact overall
device.

[0025] Thetopisforexampleremovablefromthebase.
The top may be removed for cleaning, but also there may
be different tops to suit people with different arm sizes
or even different angular positions of the arms which are
most comfortable, or different arm positions for different
exercises.

[0026] The base may comprise a tab which projects
forwards from a front of the base, and the camera is
mounted on the tab. The camera is thus mounted in front
of the forearm support region facing upwardly to the vol-
ume where the overhanging (supported by the hand sup-
port region or unsupported) hands will be located. This
provides a compact arrangement.

[0027] Alternatively, the base may be larger, and the
camera is mounted at a central area of the base.
[0028] The camera may comprise a 3D camera. There
are commercially available suitable depth sensing cam-
eras, such as the Leap Motion (trade mark) camera.
[0029] The device may comprise a display mounted to
the display mounting. The device then includes the dis-
play. The device thus includes all the units required for
performing hand rehabilitation, other than a chair on
which the user can sit.

[0030] The device preferably further comprises a con-
troller, which is adapted to:

generate a display output comprising instructions for
a user to perform particular hand rehabilitation ex-
ercises;

analyze movement of a hand or both hands of the
user; and

generate an output which indicates a success level
in performing the hand rehabilitation exercises.

[0031] By assessing the performance of the user in
performing the rehabilitation exercises, the motivation of
the user can be improved.

[0032] The invention also provides a method of moni-
toring hand movement of a user of a rehabilitation sys-
tem, comprising:
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capturing images of one or both hands of the user
when the users arms are resting on a support which
comprises a base and a top, the top having aforearm
support region, wherein the user’s hand or hands
extend in front of the forearm support region,
wherein the images are captured using a camera
which is mounted on the base facing the top, such
that a field of view of the camera comprises a region
which extends in front of the forearm support region
in which the user’s hands are present.

[0033]
images.
[0034] The invention also provides a rehabilitation
method, comprising:

Capturing images may comprise capturing 3D

generating a display output comprising instructions
for a user to perform particular hand rehabilitation
exercises;

monitoring hand movement using the method de-
scribed above;

analyzing the hand movement; and

generating an output which indicates a success level
in performing the hand rehabilitation exercises.

[0035] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] For abetter understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Figure 1 shows a rehabilitation device according to
an example;

Figure 2 shows the orientation of the user when using
the device of Figure 1;

Figure 3 shows a first alternative design of the sup-
port used in the system of Figure 1; and

Figure 4 shows a second alternative design of the
support used in the system of Figure 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037] The invention will be described with reference
to the Figures.
[0038] It should be understood that the detailed de-

scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
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should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.

[0039] The invention provides a rehabilitation device
for monitoring hand movement of a user in which one or
both forearms are supported on a forearm support region
of a support, and an upward facing camera is mounted
with a field of view forwards beyond the front of the fore-
arm support to capture an image of the hand or hands.
The hand or hands extend in front of the forearm support
region. This avoids the need for the user to wear a sensor
glove but also enables a compact system without need-
ing an overhead camera or a large table arrangement.
[0040] Figure 1 shows a rehabilitation device 10 for
monitoring hand movement of a user. It comprises a
frame 12 having a display mounting 14 for attachment of
a display 16. The display 16 is positioned in front of and
above a support 17 also mounted to the frame 12. The
support17 comprises abase 18 and atop 20. The support
is mounted on a shelf.

[0041] Figure 1 shows a first possible design of the
support 17. In this design, the top 20 of the support com-
prises two forearm support channels 22, 24 which end
at a front surface 26 of the top.

[0042] The two forearm support channels 22, 24 |are
spaced apart and taper inwardly in a direction towards
the front surface 26. This provides a comfortable rest
position for the arms and hands of the user.

[0043] The base and the top are for example spaced
by between 10cm and 30cm. This spacing is sufficient
for the camera to have a field of view of the volume oc-
cupied by the hands but also enables a compact overall
device.

[0044] The frame 12 has an upright member 28, and
the support 17 is mounted to the upright member with
adjustable height (i.e. the shelf may have adjustable
height). Similarly, the display 16 may optionally also have
an adjustable height on the frame 12.

[0045] The support 17 may be mounted to the upright
member 28 with an adjustable elevation angle (i.e. the
shelf may have adjustable angle). This angle may be
used to set different types of rehabilitation exercise and
difficulty.

[0046] In the example shown, the frame 12 is a
wheeled trolley having four feet 30 which have rollers at
their underside (not shown). The device is then a portable
unit which can be wheeled to any location. The user sim-
ply brings a chair to sit in front of the device and perform
the rehabilitation procedure.

[0047] In the example of Figure 1, a camera 32 is
mounted on a tab 34 which is part of the base 18. The
camera 32 faces the top, such that a field of view 40 of
the camera comprises a region which extends forwards
beyond the front surface 26. This is where the user’s
hand or hands are located when using the device.
[0048] A transparent material cover may be provided

10

15

20

25

30

35

40

45

50

55

over the camera for example to prevent water ingress.
The transparent part may only cover the camera, for other
parts the materials can be opaque.

[0049] This device provides a compact way to image
the hands of a user, by arranging the hands to overhang
the end of the support 17. The hands project into the field
of view 40 of the camera.

[0050] The camera is at a fixed position relative to the
hands of the user and it is in relatively close proximity.
As a result, the camera does not need a large field of
view 40, and its field of view may extend only slightly
beyond the volume occupied by the hands of the user.
[0051] Preferably, an image of the whole hand is cap-
tured by the camera in order to be able to conduct hand
gesture recognition.

[0052] The camera is attached to the support so that
adjustment of the forearm support does not need any
recalibration of the camera.

[0053] The device comprises a controller 42 which is
used to analyze the capture images and display informa-
tion relating to the rehabilitation. For example, the con-
troller generates a display output comprising instructions
for a user to perform particular hand rehabilitation exer-
cises. The movement of a hand or both hands of the user
is then analyzed. An output is then provided which indi-
cates a success level in performing the hand rehabilita-
tion exercises.

[0054] Asiswellknown,the exercises may be modified
in dependence on the performance of the user. The ex-
ercise may involves a game play situation to make the
experience more entertaining. This invention is not con-
cerned with the rehabilitation procedure itself so further
details will not be provided.

[0055] Figure 2 shows the position of the user when
using the device. As shown, the user’s hands 44 overlap,
i.e. project beyond, the end face 26 of the support 17.
Figure 2 also shows the camera 32 more clearly, and the
tab 34 which projects forwards from the front of the base
18.

[0056] The camera may comprise a 3D camera. There
are commercially available suitable depth sensing cam-
eras, such as the Leap Motion (trade mark) camera. The
3D camera with uses an array of infrared LEDs and has
a filtered camera lens. Image processing enables the
camerato segmentthe hand outof the background image
and recognize hand gestures.

[0057] Figures 1 and 2 show a first example of the sup-
port 17, for supporting both forearms and in which the
whole of the support 17 may be considered to be a fore-
arm support region.

[0058] Figure 3 shows a second example, for only one
hand. Often, a patient is paralyzed on one side of their
body so that only one hand needs to carry out the exer-
cise. Of course, a patient may simply use one channel
of the support of Figure 1, but a single hand support is
also possible as shown in Figure 3.

[0059] Furthermore, in this example, the support ex-
tends further forward so that there is a forearm support
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region 50 and a hand support region 52. The hand sup-
port region 52 comprises a rigid and transparent material
so that it provides support for the hand and also enables
images to be captured through the hand support region
52. The hand support region 52 supports the wrist 54 and
part of the palm 56 near the wrist side.

[0060] As explained above, the top 20 (and hence also
the hand support region which is part of the top) is ele-
vated by a certain height above the base 18. The camera
32 againfaces upwardly, forexample directed to the cent-
er of the palm 56.

[0061] The whole hand including part of the wrist is in
the field of view of the camera to make the hand gesture
recognition accurate. The support to the lower part of the
palm and part of the wrist enables hand rehabilitation
with weak muscle strength.

[0062] The camera includes an illumination source for
the imaging function, such as infrared LEDs, which
project illumination light upwardly as represented by the
line 35. The hand support region does not extend so far
forward that it extends directly over the infrared LEDs of
the camera. In this way, it is prevented that the hand
support region 52 provides direct reflections of the illu-
mination light to the camera and hence affect the hand
gesture recognition.

[0063] Inthe example shown, the hand support region
has a notch 58 directly above the camera.

[0064] The hand support region 52 may be removable
so that supportis then only provided as a forearm support
region 50.

[0065] Figure 4 shows a modification in which a second
hand support region 60 is provided. This is an accessory
which can also be mounted on the base 18 with the same
height as the first hand support region 52. It supports the
remainder of the palm and also the fingers. Thus, the
second hand support region 60 is removably mounted,
and optionally also the first hand support region is re-
movably mounted.

[0066] To avoid direct reflection as explained above,
an opening 62 is provided over the illumination LEDs of
the camera. Thus, the area which would cause unwanted
direct reflection is left open. This combined full support
solution is appropriate for weak patients who need a full
support of the hand to perform the hand rehabilitation.
The full support may affect the ability to perform certain
exercises since the second hand support region will block
some finger movement, however, other unaffected exer-
cises can be done using the full support for weaker pa-
tients.

[0067] The top 20 is for example removable from the
base 18. The top may be removed for cleaning, but also
there may be different tops to suit people with different
arm sizes or even different angular positions of the arms
which are most comfortable, or different arm or hand po-
sitions for different exercises.

[0068] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
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ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality. A single processor or other unit
may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. A computer program may be stored/distrib-
uted on a suitable medium, such as an optical storage
medium or a solid-state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the Internet or other wired or
wireless telecommunication systems. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A rehabilitation device for monitoring hand move-
ment of a user, comprising:

a frame (12) having a display mounting (14) for
attachment of a display (16);

a support (17) mounted to the frame (12), where-
in the support comprises a base (18) and a top
(20), the top having a forearm support region
(50); and

a camera (32) mounted on the base facing the
top, such that a field of view (40) of the camera
comprises a region which extends in front of the
forearm support region.

2. A device as claimed in claim 1, wherein the support
further comprises a hand support region (52).

3. A device as claimed in claim 2, wherein at least part
of the hand support region (52) is made of a trans-
parent material.

4. Adevice as claimed in claim 2 or 3 wherein the hand
support region (52) is for supporting the wrist and
part of the palm of the hand, wherein the device fur-
ther comprises a second hand support region (60)
for supporting the remainder of the palm of the hand,
wherein the second hand support region (60) is re-
movably mounted.

5. A device as claimed in claim 1, wherein the frame
(12) comprises an upright member (28), wherein:

the support (17) is mounted to the upright mem-
ber (28) with adjustable height and/or

the display mounting (14) has an adjustable
height along the upright member; and/or

the support (17) is mounted to the upright mem-
ber (28) with an adjustable elevation angle.
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A device as claimed in claim 1, wherein the forearm
support region (50) comprises two forearm support
channels (22, 24) which are spaced apart and taper
inwardly in a direction towards the front surface (26).

A device as claimed in claim 1, wherein the base
(18) and the top (20) are spaced by between 10cm
and 30cm.

A device as claimed in claim 1, wherein the top (20)
is removable from the base.

A device as claimed in claim 1, wherein the base
(18) comprises a tab (34) which projects forwards
from a front of the base, and the camera is mounted
on the tab.

A device as claimed in claim 1, wherein the camera
(32) comprises a 3D camera.

A device as claimed in claim 1, comprising a display
mounted to the display mounting.

A device as claimed in claim 1, further comprising a
controller, which is adapted to:

generate a display output comprising instruc-
tions for a user to perform particular hand reha-
bilitation exercises;

analyze movement of a hand or both hands of
the user; and

generate an output which indicates a success
level in performing the hand rehabilitation exer-
cises.

A method of monitoring hand movement of a user of
a rehabilitation system, comprising:

capturing images of one or both hands of the
user when the users arms are resting on a sup-
port (17) which comprises a base (18) and a top
(20), the top having a forearm support region
(50), wherein the user’'s hand or hands extend
in front of the forearm support region,

wherein the images are captured using a cam-
era which is mounted on the base facing the top,
such that a field of view of the camera comprises
a region which extends in front of the forearm
support region in which the user's hands are
present.

14. A method as claimed in claim 13, wherein capturing

15.

images comprises capturing 3D images.
A rehabilitation method, comprising:

generating a display output comprising instruc-
tions for a user to perform particular hand reha-
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bilitation exercises;

monitoring hand movement using the method of
claim 13,

analyzing the hand movement; and

generating an output which indicates a success
level in performing the hand rehabilitation exer-
cises.
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