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This article describes experiments which were conducted with two groups of people: healthy and with cerebral palsy. The purpose of the experiments
was to verify two hypothesis: 1) that people with cerebral palsy can interact with computer using their natural gestures, 2) that games for tablets can
be a research tool in experiments with young disabled people. Two games, which require the user to make simple gestures to accomplish given tasks,
were designed and implemented on a tablet device with a built-in camera. Because of the camera limitations, the tracking process employs blue
markers. By moving hand with a blue marker it was possible to perform navigation tasks in both games. In the first game the user had to gather, in
30 seconds, as many objects as possible. The objects were placed on the screen in a grid pattern. In the second game the user had to catch one object
20 times. The position of the object changed after each catch. Results obtained by healthy people were considered as a reference. However there are
significant differences between measured parameters in both groups, all persons - healthy and with cerebral palsy - were able to accomplish the tasks
by using simple gestures. Games for tablets turned out to be a very attractive research tool from the perspective of young, disabled users. They par-
ticipated in measurement sessions much more willingly than in experiments without games.
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Introduction

Cerebral Palsy (CP) is a group of permanent neurological
disorders of the development of movement and posture,
which causes limitations in normal activities. It is caused
by non-progressive disturbances that occurred in the motor
control centers of the developing brain [1]. There are three
main types of motor impairments related with CP: spastic,
ataxic and athetoid. Spastic motor impairment manifests
itself in spasticity, hypertonia, or, in simpler words, in mus-
cle tightness. Ataxic type is its opposite and is connected
with hypotonia, which is the state of very low muscle tone
and tremors. The last one, athetoid type, is associated with
the problems with controlling muscles tone and thus is
characterized by the mixture of hypotonia and hypertonia
with involuntary motions. There are a number of problems
in everyday life that people with CP have to face. Starting
from the problems with balance and walking, sitting or just
holding steady upright position, through speaking, writing,
typing, holding objects, precise motions like getting hand to
a specific point or dealing with involuntary motions. Studies
have shown that, apart from the fact that among people
with CP there are individuals intellectually disabled, large
percentage of them has IQ level in norm and there are also
individuals with outstanding intellectual abilities [2, 3].

Unfortunately, due to the reduced mobility, young people
with CP have to use many improvements to develop at a
similar rate as their healthy peers. Nowadays, computers
can offer support for people with CP in learning, commu-
nication or working.

Human-computer interaction (HCI), as defined in
[4], is a field of science which focuses on design, imple-
mentation and evaluation of computer systems enabling
communication between the human and the computer,
with regard to the users‘ needs and all processes which
occur during this type of communication. Human com-
puter interaction combines elements of many disciplines
such as computer science, ergonomics, psychology and so-
cial communication. From a technical point of view, com-
munication with computer is possible due to user interface
and different types of interaction techniques. User interface
consists of the set of all devices handled by the user and
supporting software which converts human actions to the
tasks performed by the computer. These actions are called
interaction techniques [4]. 

As technology improves, there are more and more al-
ternative ways of communication with computer. Interac-
tion techniques such as simple gestures or touching 
a switch are used in systems of Alternative Augmentative
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Communication (ACC) which are interfaces designed es-
pecially for disabled people to help or enable their commu-
nication with computer [5]. Variety of interfaces causes that
communication with computer becomes easier or possible
for people with reduced mobility. A disabled user can con-
trol the computer by dedicated switches, keyboards, by
head or eyes movement or, in extreme cases, by the brain
waves. Each of these interfaces has its limitations and is not
universal for all users with cerebral palsy. For those who
are not able to move their body, ideal solution are brain-
computer interfaces [6], head or eyes movement trackers
[7]. Unfortunately working with these devices is very bur-
densome for people with CP who have a completely oppo-
site problem and they cannot keep the body motionless. In
addition to involuntary movements, they are able to per-
form intentional gestures. Thus, intentional gestures can
become means of interaction with computer for people for
whom working with the standard ‘mouse and keyboard’ is
a big challenge. There exist solutions which use natural ges-
tures of CP children to interact with computer: simple ges-
ture recognition system based on inertial sensor attached
to hand as an interface for simple computer game [5], in-
frared pointer attached to selected body part, simulating
the mouse [8], simple gestures on touch screen used to de-
velop simple hand activities [9]. Controlling computer by
natural touchless gestures is now possible due to devices such
as embedded cameras or dedicated sensors designed for users
of computer games, for example Microsoft Kinect or Leap
Motion [10, 11]. Such interfaces and gestures can be tested
by users while playing simple computer games. Games are a
great tool for CP therapists, because they support treatment
of children with CP, help in rehabilitation process, especially
in developing or upgrading hand activities [8, 9, 12]. We
claim that games are also a great experimental tool for devel-
opers of HCI designers, because they can be based on dif-
ferent interfaces which depend on children abilities. 

In our study we have conducted an experiment with a
touchless interface, in order to verify if people with CP, suf-
fering from involuntary movements, are able to accomplish
simple tasks using touchless intentional gestures and if it is
possible to use simple games on tablets as research tools.

Methods

Elementary tasks can be distinguished in the process of in-
teraction with computer, these are: navigation, selection,
manipulation and system control. As the name suggest,
navigation task involves moving a point in a virtual space
[4]. Navigation consists of two elements: logic – choosing
the road, and motor – controlling the process of move-
ment. Selection is the choice of an object, manipulation –
change of the object attributes and system control is com-
munication with the application runtime environment. In
our study we decided to focus on the least difficult task,
which is navigation. Therefore the tasks formulated for the

users, described further, involved controlling a pointer and
moving it to required points of the screen. 

Development of our experiment was conducted in three
stages. First, a device for touchless interaction had to be se-
lected, that would be the most appropriate for people with
CP. Secondly, a reliable hand motion tracking method had
to be devised. The requirement was to create such an in-
terface than would allow healthy users to smoothly interact
with the system in order to ensure that the results obtained
for the people with CP would not be affected by the limi-
tations of the interface itself. Finally, the tasks for the users
had to be formulated, such that would verify the ability to
control the interface in an intentional way. The tasks were
prepared in form of games, to make the study more attrac-
tive and engaging for the users.

Device selection
As we have mentioned in the introduction section, there
are multiple devices available which allow for gesture-based
interaction with the computer. Particularly interesting for
this application are 3D sensors such as Kinect or Leap Mo-
tion, as the depth maps acquired by these sensors allow for
a precise tracking of hands. Nevertheless, tablets have other
advantages: they are a much less expensive solution than 
a set consisting of a computer and a 3D sensor, and they
are small and mobile devices, so they can be easily moved
to special schools while performing experiments. Moreover,
they are already used in the rehabilitation of people with
CP [13]. Therefore, we decided to employ a camera built
in the tablet for the hand tracking. 

Hand motion tracking
Multiple methods for hand motion tracking have been pro-
posed in the recent years [14-16]. However, most of them
employ either a 3D sensor or a high-quality RGB camera.
As stated before, in our scenario we propose to employ
tablets, which are widely available and not expensive. How-
ever, this imposes certain technical obstacles, as the cameras
in tablets are usually of low-quality and do not allow to
control all the parameters, such as white-balance or expo-
sure compensation. Furthermore, for fast moving objects
the acquired images are often blurred, making some image
processing techniques, such as edge detection, impossible.
Additional limitation is the computing power of the tablet
– the hand tracking must be quick enough to allow for flu-
ent, real-time interaction.

In our study we found that tracking of the hand itself
was not possible due to the low-quality of the embedded
cameras without using sophisticated algorithms, which de-
velopment was not the main goal of our study. The shape
of the hand cannot be reliably tracked due to aforemen-
tioned blurring, which occurs for fast hand movements.
The color of the hand in the image is illumination-depen-
dent. Moreover, when the hand is moving, the automatic
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exposure compensation of the camera introduces additional
change in the color of the hand. 

Therefore, instead of tracking the hand, we propose to
use a color marker, which can be tracked much more reli-
ably. The advantage of the marker is that it can have any
arbitrary color, distinguishing it well from the background.
Furthermore, the tracking algorithm does not have to
search for a specific value of the color, it can find pixels
with color closest to the required. We have tested multiple
colors of the markers, on different backgrounds and with
different lighting conditions and as a result we employ blue
markers, as being the best recognizable. Therefore the ob-
jective of the tracking algorithm is to find the blue-most
pixel.

Our method processes data from the tablet camera
which is coded in the YUV color space. The ratio of U/V
components is a robust manner of finding the blue-most
pixel in the image and therefore the marker. However, a
limitation is imposed, that the marker must be the only
blue object in the scene. In order to provide smooth motion
of the cursor we buffer the last 5 positions of the blue-most
pixel and use the average as the cursor position. It compen-
sates for both noisy images and small, unintentional hand
movements (effect of shaking hands). 

Different blue objects may be employed as the marker
– such as ribbons, balls, bands etc. For the purpose of the
experiments we employed, in most cases, a small band
made from blue tape or a blue ball. We found these objects
to be convenient for the user as well as suitable for the
tracking method.

Games
As mentioned before, the task for the users was to perform
intentional navigation. We formulated the task as two
games which utilize the hand motion tracking method. In
both of them the player has to gather items displayed on
the screen by moving an avatar, which is controlled by the
movements of the marker. The rules in the games are as fol-
lows:
a) Game 1 – There are 28 items displayed on the screen,

aligned in a grid pattern. The player has to gather as

much items as possible in 30 seconds. The score is the
number of remaining items (the lower the better). 

b) Game 2 – There is only one item displayed at a time.
When the player collects the item, another one is dis-
played at a different, random location. The player has
to collect 20 items. The score is the time of the game
(the lower the better). 
Both games are presented in Figure 1. The first game

requires less precision and rewards even unintentional
movements as long as they are contained in the space of
the hand movement tracking, which corresponds to the
board of the displayed game. Performing gestures which
are only roughly appropriate for the game already results
in gathering points and gives a sense of accomplishment.
On the other hand, collecting all items requires more effort
and more precision, therefore the game can measure the
improvement of the user’s ability to control the interface.

Second game is focused on single movement from point
to point. It requires a series of precise movements, making
it more difficult than the first game and at the same time
closer to the scenario of using the interface to control var-
ious applications. Successful point-to-point navigation is
the first step to introducing the next step of interaction –
namely object selection.

Experiments
The experiment involved two groups: persons with CP and
healthy persons. Persons with CP were students of one of
special schools in Cracow, who agreed to participate in ex-
periments. According to observations made during the
study described in [17], many factors affect the way of
making gestures by healthy persons. We expected that the
same problem can occur with disabled persons, thus we de-
cided to conduct the measurements with CP group in 2 ses-
sions at the interval of two weeks. In the first session
4 persons with CP participated, in the second 3 persons.
Both games described in previous Section were tested. Im-
portant aspect was user convenience and the ease of use of
the games, therefore depending on a person a different blue
object was carried (blue ball) or placed on a hand (blue
band) and used in tracking. Individual preference was
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Figure 1: Left: Game 1 – navigating to multiple items aligned on a grid; Right: Game 2 – navigating to a single item
placed in random location.
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caused by different motor abilities. Healthy persons were
tested in a single session. In this group a blue tape put on
a finger was used as the marker. During experiments user
was sitting on a wheelchair or chair, having tablet kept by
person who was managing experiment in front of him/her-
self. Gestures performed by the users were hand movements
done in the area between the user and tablet. Depending
on a user, area of the movement was very small and the ges-
tures were done only nearby chest or gesticulation area was
as huge as it was possible to reach by hands. Measured pa-
rameters were:
Game 1: 1) items left, 2) in the case of successful task ac-
complishment – time left; 3) places on the screen that were
the hardest to reach.
Game 2: time needed to accomplish the task;

In the first session each person with CP played each
game 5 times, in the second session number of repetitions
increased to 10. Healthy users performed the same tasks,
with the same number of repetitions.

Results and discussion

During the experiments robustness of the marker tracking
method was verified. As stated in previous section, different

6

Figure 1. Left: Game 1 – navigating to multiple items aligned on a grid; Right: Game 2 – navigating to a single item
placed in random location

Table 1. Summary of the observation made during the ex-
periments

111 Barczewska1:Layout 1  2015-09-08  17:36  Strona 4



Hand Motion Tracking with Tablet Devices as a Human-Computer Interface for People with Cerebral Palsy

Bi
om

ed
ic

al
 E

ng
in

ee
ri

ng
 

7

Figure  4. Boxplots of time needed to accomplish the task in the Game 1.  1–4 are persons with CP, 5–6 are healthy
users

Figure 2. The number of items collected per time unit measured during subsequent attempts to play the Game 1. On
the left results of healthy user, on the right – users with CP
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blue objects were employed as markers, depending on a
person - a band or a ball. Both objects were tracked cor-
rectly and fluently, allowing for undisturbed measurements
of the hand motion. It is worth noting however, that we
had to ensure that the user of the application was not wear-
ing blue clothes. In one case we had to ask the user to
change his clothes, so they would not influence the track-
ing. On the other hand, there were no problems with blue
colour in the surrounding area, therefore the users were not
limited to a single place. For persons with CP it is more
convenient not having to be moved to a specific place. 

Number of participants was relatively small, due to lim-
ited access to persons with CP. Nevertheless, even for a
small group, some interesting initial results can be obtained
and are worth discussing.

Observations made   during the measurements are sum-
marized in Table 1. Generally, healthy users had no prob-
lems with games. Persons with CP were able to accomplish
all the tasks, but depending on a person with smaller or
bigger problems, which the most often were related to the
problem of estimating the area where they can perform ges-
tures to interact with the tablet.

Results obtained by healthy users are treated as the ref-
erence for the analysis of the CP users’ results. As Figure 2
presents, with subsequent attempts in the Game 1, healthy
users gather items faster. It can be expected that with the
number of attempts, gathering velocity (measured in num-
ber of items collected per time unit) will stop rising and
will reach constant value, as it happened after just a few at-
tempts for the person 7 on Figure 2. Period of time when
the velocity grows corresponds to the process of learning
how to interact with computer using gestures and assuming
that this relation is linear during the learning process, the
slope of the regression line corresponds to the learning rate.
For Person 3 (with CP) it can be observed that the slope of
line is negative. This may indicate that gestures are not ap-
propriate way to communicate with computer for this per-
son, and interaction with computer using gestures causes
fatigue. The regression lines for two other persons with CP
(Person 1 and 2) has positive slope and the clear progress
can be observed with the training as on the graphs for
healthy persons: Person 5 and Person 6.

Figure 3 presents the time needed to accomplish the
task in the Game 2 in subsequent attempts for healthy and
CP users (the lower the better). It can be observed that all
healthy users very quickly get to the level of constant value
of the time needed, while CP users (Persons 1 and 2) need
more time to learn how to use their gestures in the Game
2. As in experiment with the Game 1, the results for Person
3 become progressively worse in subsequent attempts.
Progress was observed in results obtained for Persons 1 and
2. All the users were able to accomplish the task in the
Game 2. The summary of these results is presented on box-
plots on Figure 4. Results for healthy users are much better
and less varied. Bigger variation of results obtained for the

CP group is caused by the fact that their results were chang-
ing in subsequent attempts, as they learned how to interact
with gestures or, as in the case of person 3, gestures caused
fatigue and results were worse.

Conclusions

For a more extensive and reliable statistical analysis, the
number of both participants and repetitions in further in-
vestigations should be increased. However, already at this
stage of research, it is possible to draw some conclusions.
First, and the most important, is that simple games on the
tablet can be a research tool that allows to investigate the
interaction with computer performed by young persons
with CP using intentional gestures. 

Measurements performed with assistance of games are
attractive for young disabled users. Thanks to games young
computer users have motivation to use their gestures to in-
teract with computer. They participate in such studies
much more willingly than in the case of measurements per-
formed without game elements.

The second important conclusion is that they are able
to accomplish the navigation tasks on the tablet using their
gestures, therefore proposed method is promising for them
as a human-computer interface. However, they need more
time than the healthy users to learn how to use their ges-
tures to interact with computer and their results are more
varied. 

Nevertheless, in both groups, healthy and with CP, im-
provement with the training can be observed. 

In the future, in addition to perform experiments on
larger number of participants, we plan to use the Microsoft
Kinect interface, dedicated to interact with computer using
gestures. Using this interface will allow to test other types
of interaction performed with gestures: selection and ma-
nipulation. 
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