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The feasibility of using the Microsoft Kinect™ to measure the degree of
movements’ precision for affected upper limbs motion of children with
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Abstract Home-based therapy, that base on haptic-virtual games systems, increases the overall time of the
therapy for hemiplegic children. Low cost depth sensors might be needed to evaluate the joint coordinates in
order to produce movements. In this study, a body modulation and clinically-based angle calculations for
random upper limb movements in 3D space have been created and validated. The shoulder joint flexion-
extension angle, shoulder abduction-adduction angle, elbow flexion-extension, wrist flexion-extension angle
and wrist abduction-adduction angle has been performed by a subject. Kinect™ system and the Vicon motion
capture system have been used to measure those movements. Results illustrate a clinically acceptable error of
these movements and its angles which around 4.9% for shoulder joint, around 3.9% for elbow joint, and around
4.8% for wrist joint for most cases.
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I. INTRODUCTION

Hemiplegia is a part of Cerebral Palsy (CP) in
which one side of the body is paralyzed as a result
of brain damage [1]. As consequences of this
illness, many abilities weaknesses including upper
limbs have been noticed [2, 3]. Considerable
improvements of Upper Limbs (UL) functions have
been pointed from different rehabilitation therapy
[4].

Robotics therapy can be defined as that training
patient to improve their abilities which have been
affected, like stroke and CP [5]. Robotics can be
used in the therapy field as assistive or resistive
therapy. Haptic devices have been used as a
resistive therapy in order to facilitate repetitive
movements training for individuals [6, 7]. Those
haptics can be integrated with virtual
environments to provide its tactile feedback
according to virtual reality VR scenes. By using a
portable haptic device, rather than high costly and
heavy robots, with virtual environment, we can

provide children with hemiplegia with motivated
home-based therapy.

VR provides visual and audio feedback to the
patients; also it provides a useful data, about the
activities that have been done by the patients, to
the therapists [8, 9, and 10]. By using VR, patients
can instantly see visual and audio feedback.
Meanwhile, tactile feedback is provided by the
haptic device, which will help them to recover
functions of their upper limbs. But therapists need
to know the data about the movement of the upper
limb during performing tasks at home such as
shoulder flexion-extension, shoulder abduction-
adduction, shoulder rotation, elbow flexion-
extension and so on.

Inexpensive assessment device the Microsoft
kinect™ might be used in order to translate this
information to the therapists. Kinect™ is a
promising solution for home-based assessment
because of its portability, work-space and price. In
fact, this motion assessment device (kinect™) has
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been used in home-care: 1) To track the motion
performance [11]. 2) In fall risk assessment at
homes [12]. 3) To record posture and movements in
3D space to determine the risk of musculoskeletal
injury in the workplace [13]. In these experiments,
kinect™ has been used mainly to provide the
position of the body joints in 3D according to the
position of the kinect, and give the trajectories
which have been made by each joint. Whereas the
type of the movements along with thetas that have
been made in each movement are needed by the
therapist to observe the use of joint coordinate
system by the hemiplegic children. For example,
has the child make shoulder flexion-extension to
perform certain movement that required flexion-
extension? Or, has he performed other
compensations like shoulder abduction-adduction
to perform that movement?

There is a study which has used the kinect™ to
determine the type of shoulder movements and the
created thetas during those movements [14]. They
have used the circle which was created by the
movement of the arm to determine the type of the
shoulder movement (flexion-extension, and
abduction-adduction) and the related theta. In this
study, we have used the collected joints’ data from
the kinect™ to determine the type of the
movements of all upper limbs segments and the
related thetas to be given to the therapists of
children with hemiplegia to enable them to judge
the joint coordination system during movements
for those children in home-based therapy.

II. PROPOSED SYSTEM

The purpose of this proposed system is to
accurately determine the type of the upper limb
movements and the exact thetas that were created
during those movements in 3D space. We based on
the classification of the upper limb joints defined
by Theresa Bissell and Laura Steele [15] to build
our new upper limb module which will allow us to
determine those different types of upper limb
movements in 3D space as can be seen in Fig.1.
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Figure 1: The upper limb description

a) The upper limb module

As can be seen from Fig.1 there are the three main
body planes coronal, sagittal and transverse which
markers in the figure as 1, 2, and 3 respectively.
And for each upper limb joint we create the related
three planes based on the fixed index to that joint.
For example, the fixed index for the shoulder joint
planes is the center shoulder-right shoulder vector,
the fixed index for the elbow joint planes is the right
shoulder-right elbow vector, and the fixed index for

the wrist joint planes is the right elbow-right wrist
vector. And in the same order for the left upper
limb.

Theresa Bissell and Laura Steele [15] have
classified the shoulder joint under the synovial
joint classification, in which the Angular
movements increase or decrease the angle between
two bones. Then, flexion movement decreases the
angle of the joint and brings the articulating bones
closer together see Fig. 2.a; extension movement
increases the angle between the articulating bones
see Fig. 2.b; abduction is the movement of a limb
away from the midline body see Fig. 2.c; and
adduction is the movement of a limb toward the
midline of the body see Fig. 2.d. But they have also
classified the pivot joints as a type of the synovial
joint, these pivot joints consist of a rounded
structure that protrudes into a sleeve or ring, and
allow uniaxial rotation of a bone around the long
axis, which gives the shoulder the possibility to
move from the flexion movement to the abduction
movement in the same or different thetas. From
this definition, we need to define the exact shoulder
flexion-extension movements, the exact abduction-
adduction movements and most common in-
between flexion-abduction movements in 3D space.

We redefine the flexion extension movements in
3D space as the intersection of the transverse plane
-6- of the shoulder with the sagittal plane of the
body -2-. If there is no intersection then we are in
the exact flexion-extension movement. In order to
facilitate the intersection determination between
these two planes, we calculate the normal vector of
each of those two planes, to determine whether
they are: a) parallel (no intersection) as in (1), b)
perpendicular which means the movement is the
exact abduction-adduction movement as in (2),
theta of these two movements can be calculated
from the created angle between the right shoulder-
right elbow vector (S1) and the shafted center
shoulder-neck vector (SO) as in (3), c) or they are
not parallel and not perpendicular. So, we are in-
between flexion-abduction movement and we need
to calculate the angle of rotation in the Y axis of the
shoulder to find the degree of affiliation of that
movement to flexion or abduction movement. In
this case we calculate the angle between the planes
-4- and -3- as in (4).
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Where V1 represent the normal vector of plane -4-,

and V2 represent the normal vector of plane -3-

For the elbow joint, they [15] have related the
flexion-extension movements to the hinge joint
which makes a smooth stable movement. In our
system, the elbow angle is calculated in 3D from
the angle between the two vectors (S1, S2) as in (3)

where V1 and V2 represent S1 and S2 respectively.

Knowing that the projection of the vector -S2- is
always on the plane -9-

For the wrist joint, the wrist flexion-extension
angle is created by the projection of the vector -S3-
onto the plane -10- which has the normal vector
D1, the vector D1 is created by the null product of
the vector -S2- as in (5). The wrist abduction-
adduction angle is created by the projection of the
vector -S3- onto the plane -12- which has the
normal vector D2, the vector D2 is created by the
null product of the vector -S2- as in (6).

D = null (S2), and then D1 = D (:1) (5)
D = null (S2), and then D2 = D (:2) (6)

The projection of the vector -S3- onto plane D1
and D2 is called P1 and P2 respectively. The flexion
extension angle and the abduction adduction angle
can be found by calculating the angle between the
vector -S2- and P1 in the flexion-extension, and the
angle between the vector -S2- and P2 in the
abduction-adduction as in (3).

a) Shoulder b)Shoulder
flexion extension
movement movement

gy ’:
c) Shoulder d)Shoulder
abduction adduction
movement movement

Figure 2: the shoulder different movements
III. EQUIPMENTS
A. Kinect

The Kinect consists of three sensors: a projector
(an infrared IR emitter), a camera (a RGB color
sensor) and an IR camera (an IR depth sensor) as
in Fig. 3. Body tracking is performed using the
depth sensor, so the coordinates (X, Y and Z) of the
body joints are correctly aligned with the depth
frame only. The Kinect for Windows version 2 SDK
2:0 determines skeleton position information from
the provided depth image. The result is Cartesian

coordinates of joint positions related in meters with
the Kinect depth sensor center as the origin. These
skeletons acquire at a rate of about 20 to 26
samples per second [16].

IREmitter  Color Sensor
IR Depth Sensor

Tilt Motc

Figure 3: Kinect™ for Figure 4: Vicon
windows system

B. Vicon

The 3D motion capture system of the
Valenciennes Movement Analysis Laboratory is a
VICON® system (Vicon Motion Systems Ltd.,
Oxford, UK) with 8 MX T20 cameras, with a
sampling frequency of 100 Hz Fig. 4.
IV. CASE STUDY
Procedure

In order to use kinect™ to find out the type of
the movement and to measure the related angles,
we confirm its performance with the Vicon measure
device. The subject, 28 years old, 172 cm, 75 kg,
male has participated in 2018 at Polytechnic
University of Hauts-de-France. He has performed
most of movements which are needed in the upper
limb therapy for children with hemiplegia. The
subject was instructed to make shoulder flexion-
extension, shoulder abduction-adduction, elbow
flexion-extension, wrist flexion-extension and wrist
abduction-adduction. Each type of movement has
been repeated 3 times. These movements were
measured by using both Vicon and kinect™ devices
as in Fig. 5.
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5: The Vicon and Kinect™ systems
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V. RESULTS AND DISCUSSION

Since the two data sets, the frame rates and
time, between the Vicon and Kinect™ are widely
different, to make a comparison we have based on
the values that related to each type of movement
and its angles for each peak point as can be seen
in Fig. 6. In children with hemiplegia therapy
processes, the therapists need to know whether or
not children can perform a certain movement, for
how much amplitude and can they do it separately
or with other compensation movement. So, the
assessment system should provide the therapists
with all activities of all joints at all times along with
the angles that have been performed by each joint.
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For example in shoulder joint Flexion-Extension
movement, the therapists need to know that: Is the
child able to perform shoulder Flexion-Extension?
To which angle they can go? Is there any other
compensation movement during performing this
movement like elbow flexion? To that end, we have
developed our assessment system and compare its
results with the Vicon results.
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Figure 6: The right and left upper limb
movements

Fig. 6 illustrates the activities that have been
performed by each joint at all times. These
activities have been measured at the same time by
using the Kinect™ and the Vicon. Fig. 6.a. shows
the right shoulder activities during the time, this
joint has performed Flexion-Extension movements
for three times and then it has performed
Abduction-Adduction movements for three times.
This joint stays almost steady for the rest of the
time. Fig. 6.c. shows the right elbow activities
during the time, this joint has performed Flexion-
Extension movements for three times and then it
remains steady for the rest of the time. Fig. 6.e.
illustrates the right wrist activities during the time,
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this joint has performed Flexion-Extension
movements for three times, and then it has
performed Abduction-Adduction movements for
other three times and remains almost steady for the
rest of the time. Fig. 6.b, d, and f. illustrate the
activities that have been performed by the joints of
the left upper limb during the time. From this
comparison, it can be seen clearly that the kinect
shows the type of the movement for all joints of the
upper limb along with the other movements that
might be performed at the same time.

Now, we need to answer the other question about
the angles that have been performed by each joint
at each movement type. To this end, we have
calculated the errors (7) and its related percentage
errors (8) for each peak point for each type of
movement. Knowing that, each type of movement
has been performed three times. We have defined

error (E) and its related percentage (PE) as the
ratio of the difference of the observed angles of both

Kinect™: ROM k and Vicon: ROMV
Error = MeasuredVdue— ActualValle.  so,

E =ROM, —ROM,, (7)
|Error|
Percentage&error = ———  —  *100. So,
ActualValue
E|
PE=——"—7*100 (8)
ROM,,

Table 1 illustrates the percentage error at all
activities of each joint. We observe that the elbow
Flexion-Extension movements for both right and
left upper limb have the closest values and less
percentage error comparing with the other joints
percentage error 6.9 % and 3.1 % in average for
right and left elbow Flexion-Extension respectively.
Percentage errors of shoulder joint movements
show promise results of using kinect™ to measure
this joint. Percentage errors of wrist joint
movements are less reliable. For example, for right
wrist  Abduction-Adduction movements the
kinect™ has an important precision of about 5.03
% in average percentage error, but for the same
joint in Flexion-Extension movements it has less
precision for the first and third peaks and an
acceptable percentage error in the second peak. For
the left wrist, the results of the kinect™ can be
used in most cases.

Table 1: the percentage errors of all upper limb
joints during performing movements

1ere Qeme 3erne
peak peak peak
ioh F-E 2.9 % 6.2 % 4.0 %
Right s A 44% 46% 99%
Shoulder T, e 5o
Left F-E 11.6 % 3.4 % 1.9 %
A-A 4.3 % 6.6 % 4.9 %
Elbow Right F-E 3.3 % 13.6 % 3.8 %
Left F-E 0.4 % 0.8 % 8.2 %
Right F-E 81.1 % 6.2 % 74.8 %
Wrist B AA 2%  47% 4.2 %
Left F-E 13.3 % 11.6 % 46.9 %

A-A 11.7% 12.2% 92.5 %

In this paper, arm motions have been classified by
the researchers, measured by using Kinect™ device

and validated by comparing the results of the
Kinect™ with the Vicon results. Although the frame
rate of the Kinect™ (194 angles in the all period of
time) is largely smaller than the frame rate of the
Vicon (33847 angles in the same period of time), the
Kinect™ was able to provide the type of the
movement for each joint at each specified time, the
history of each joint movements and the combined
movements at each time point, and the angles
performed by each joint with an acceptable error in
most cases.

Nowadays, according to our knowledge, there is
a lack of markerless methods for quantitative
assessment especially in Home-based therapy. In
this work, we have presented results which help
the therapists to judge the therapy process for
children with hemiplegia based on the presented
objective assessment method. These results can be
gained by using inexpensive assessment device,
markerless and easy to install which is the best
choice for therapy at home.

VI. CONCLUSIONS & FUTURE WORK

Most motions, which related to all upper limb
joints, have been performed such as shoulder
Flexion-Extension, shoulder Abduction-Adduction,
Elbow Flexion-Extension, Wrist Flexion-Extension
and Wrist Abduction-Adduction. We have
developed a quantitative assessment method using
Microsoft Kinect™ and based on the existing
clinical definition of the upper limb motion. Finally
a comparison between the results of our system
and the results of the Vicon system has been done.
This comparison shows a potential use of the
Kinect™ in Home-based therapy for children with
hemiplegia.

We recognize that the medical specialists would
prefer a conclusion of the joint motion along with
the results of those motions. So, the future work
will concentrate on developing an algorithm that
will be based on the numeric data, which will be
collected by the Kinect™, to systematically provide
therapists with a summary of the joints motions.
An exploration of the effects of filtering methods on
the kinect’s results needs to be done in the future
work.
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