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ABSTRACT

Cerebral palsy (CP) is the most common motor disability in childhood. Therefore,
children with CP require the aid of a wheelchair. Nevertheless, the use of a manual
or even a wheelchair commanded by joysticks is complicated. Since the ocular
muscles are one of the few that still fulfill their function in people with CP, in this
paper we present the design and implementation of a system for the control of an
electric wheelchair through gaze tracking, using an eye-tracking device for children
with spastic and mixed CP. Eight children with CP participated in three experiments
to validate the efficiency and safety of the system. Each experiment was developed
in an internal and external environment with three different soils: cement, ceramic,
and wood. The results showed a 100% efficiency and safety of the system for children
use.
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INTRODUCTION

Human Cerebral Palsy (CP) is a set of non-progressive alterations which affect
muscle tone, posture, and movement (Ricard and Loza, 2005). CP is produced by a
congenital or acquired brain injury or malformation in one or more brain areas that
control movement (Hercberg, 2021; Ricard and Loza, 2005). There are various types
of CP. Children with CP may have two or more types of impairment. The CP types
depend on: i) tone and posture: spastic, athetoid, ataxic, and mixed; ii) affected body
part, and iii) degree of mobility: mild, moderate, and severe (Bangash et al. 2014;
Hercberg, 2021).

Spastic is the most common type of CP, in which the muscles appear stiff, and the
movements look stiff and jerky. Depending on the affected body part, this is classified
as diplegic, hemiplegic, and quadriplegic. Diplegic CP affects the legs and sometimes
the arms. Hemiplegic CP affects the right or left side of the body. And quadriplegic
CP affects the legs, arms, and trunk. This last type is the most severe (Bangash et al.
2014; Sankar and Mundkur, 2005).

The motor deficit is the most common characteristic among children with CP, which
can be mild to very severe (Bangash et al. 2014; Hercberg, 2021; Sankar and
Mundkur, 2005). Motor disabilities affect the autonomy, quality of life, socialization,
and emotional sphere of children, and generate great pressure on the family. In some
cases, the cerebral injury may generate alterations in other superior functions and
interfere with the development of the Central Nervous System (CNS) generating
language, communication, cognitive, and emotional problems (Hercberg, 2021,
Sankar and Mundkur, 2005).

The CP is a physical disability that may be accompanied to a greater or lesser degree
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by a sensory or intellectual disability (Ricard and Loza, 2005). According to the
National Disability Council of Ecuador (CONADIS, 2021), there are registered
27,651 children (0 to 12 years old) with disabilities. Of them, 38.43% suffer a physical
disability, 39.98% an intellectual disability, 7.01% a hearing disability, 4.12% a
visual disability, and 10.46% a psychosocial disability. Therefore, children with CP
require the aid of a wheelchair (Boninger, 2012). Manual wheelchairs are driven by
the user or pushed by another person, meaning a barrier for the autonomy of children
and their families (Boninger, 2012). For children with CP, even the use of a
wheelchair controlled with a joystick or other manual aid becomes complicated
because these depend on the control of gross and fine motor skills (Boninger, 2012;
Valle, 2013). Then, it is necessary a more amicable and accessible way to control a
wheelchair.

The eye-tracking technology is of great interest in this proposal since the ocular
muscles are one of the few that still fulfill their function (Ghasia et al. 2008). Children
with the most severe CP level are at the highest risk for presenting strabismus (a motor
deficit condition marked by turning the eyes in different directions) (Ghasia et al.
2008). However, strabismus is rare or absent in children with the mildest CP level
(Ghasia et al. 2008). Eye-tracking technology allows to measure and record the
behavior of the gaze, knowing the gaze localization on a surface at all times (Dickson,
2017). Some studies used eye-tracking systems for the application of an intelligence
test (Andrade-Castro et al. 2020), the evaluation of mathematics performance
(Alvarado-Cando et al. 2019), and reading vowels in inclusive education of children
CP (Jara et al. 2018). Similarly, eye tracking systems have been used as assistive
technology to improve patients with CP communication through the creation of daily
use phrases (Galante and Menezes, 2012). However, these studies have not used eye-
tracking technology as a tool to help with motor disability, which is the major problem
in CP.

Some studies propose the use of different systems to control wheelchairs such as a
trackball (Sreejith et al. 2018), a voice recognition system (Yunanto and Setyaki,
2017), electromyography (Hardiansyah et al. 2016), electroencephalography
(Maksud et al. 2017), brain-computer interaction (Shinde and George, 2016) and
electrooculography (Pingali et al. 2014) techniques. However, none of these
solutions use an eye-tracking system; plus, they are costly to implement for the users
or caretakers of the CP child.

Since the ocular muscles are one of the few that still fulfill their function in people
with CP and these patients already use eye-tracking systems as evaluation and
communication tools, using this same system as a mobility aid is of great interest
since no more electronic devices will be needed. In this paper, we present the design
and implementation of a system to control an electric wheelchair through gaze
tracking, using an eye-tracking device for children with spastic and mixed CP. This
article is structured as follows: the design and implementation of the solution,
including hardware and software implementation, testing and results, and finally,
conclusions and future work.
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DESIGN AND IMPLEMENTATION OF THE
SOLUTION

Design

The proposed eye-tracking system to control an electric wheelchair uses the PCEye
Mini by Tobii Technology, which is the smallest device offered by this company
(Tobbi Dynavox, n.d.). The user cases diagram presented in Figure 1 was used to
design the system. This diagram presents each of the functional requisites that were
considered for the design

Figure 1. User cases diagram

Hardware Implementation

The hardware includes the construction of a personalized and low-cost electric
wheelchair built with PCV tubes (Open Wheelchair, n.d. a+b), a Microsoft Surface
Pro Tablet where the software is running and a PCEye Mini device used to monitor
the gaze, which sends the signs to the mainboard that controls the electric motors,
allowing the children to steer the wheelchair by themselves only with their gaze. Once
the structure of the wheelchair is assembled, an EyeMobile Bracket is installed for
the Microsoft Surface Pro Tablet and for the PCEye Mini. They are mounted on an
aluminum arm, which allows adjusting the position of the tablet and PCEye Mini;
therefore, the child feels more comfortable and can calibrate the gaze, thus operate
the system according to their needs.

The system has two DC motors with a planetary gearbox. Its operating voltage is 12
VDC, which generates a speed of 135 revolutions per minute (rpm) without load and
100 rpm with load; the power consumption is 1.4 and 3.5 A, respectively. This type
of motor was implemented because it offers high efficiency, low noise, and constant
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high torque for better handling of heavy loads. To control the direction of rotation
and supply the required energy, a Pololu dual motor controller (Pololu, 2014) has
been chosen, which has two integrated VNH5019 that can operate from 5.5 V to 24
V.

To control the motors, an Atmega328 microcontroller is used, which is designed to
operate in a range of 9 to 12 V. It provides analog and digital input/output ports,
among other features, 6 channels of PWM (Pulse width modulation) of which 4
channels were used to control the speed of the motors (Microchip, 2019).

Software Implementation

The Portable Optical Control System (SCOP) interface was developed using C Sharp
(C #) programming language through Microsoft Visual Studio. Specifically, this was
developed through a Windows Forms graphical user interface using different controls
(e.g., buttons, dialog boxes, list boxes, and image boxes).

Software Architecture. The architecture of the application has 3 components,
according to the Model View Controller (MVC) (Deacon, 2009): the model
component manages the application data; the view component represents the model
in a graphical way that is displayed on the screen, and the controller component
receives and manages the users’ inputs.

When the user interacts with the graphical interface, a series of steps is executed
internally to respond to the request. i) Notify the controller about the request through
the graphical interface. ii) The controller chooses which task to perform. At this
point, the model component intervenes. iii) The model performs the assigned tasks
using the prior information, and the result is transmitted to
the controller and view components. iv) The view with the obtained data, converts
the data into visual information that can be understood by the user. Finally, v)
the view forwards the graphic information to the controller, which transmits it to the
user.

Interfaces Types. The application presents 3 interfaces with different control
options. The child can access either one at the home screen after the profile
configuration.

Type 1. In this interface, the children have to keep their gaze on the desired directional
arrow, allowing the movement of the electrical wheelchair for 1 to 5 seconds. The
movement time is regulated during the calibration phase and depends on the training
and abilities of each child. Moreover, this interface has the option of changing the
colors of the directional arrows to personalize the interface as shown in Figure 2.
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Figure 2. Interface type 1 is at the left, and interface type 2 is at the right

Type 2. In this interface, the children keep their gaze on the directional arrows, and
the electric wheelchair will keep moving until the users create a fixation point outside
of the arrows to stop the movement. The activation and deactivation of the directional
arrows can be defined by a gaze time of 400 milliseconds to 1 second, these times are
changed in the configuration of the profile before the calibration phase. When
activating the movement, the speed of the motors starts at 0 and gradually increases.
As well, the turning speed is lower than the speed of a straight path. These two
conditions give greater movement security to the users. As the interface Type 1, this
interface has the option of changing the colors of the directional arrows to personalize
the interface as shown in Figure 2.

Type 3. This interface is designed only for children with previous training who
achieved adequate control with the other 2 interfaces. In this interface, children
control the electric wheelchair by looking directly through the camera of the tablet as
shown in Figure 3. The wheelchair will go to the right if the child looks to the right
side of the image, and it will go to the left if the child looks to the left. The wheelchair
will move forward if the child looks at the top of the image, and it will move backward
if the child looks at the bottom of the image. The wheelchair will stop when the child
looks at any point outside the image on the screen. On the right side of Figure 3, it
appears the image that the camera projected on the screen when it was active.

@ e

Figure 3. Interface type 3

Moreover, all three interface types have the following options:
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First, a camera activation option for a better view of what is present in front of the
children. However, only interface type 3 lets to control the electric wheelchair by
looking directly through the camera, without the directional arrows. Second, an
option to pause the interphase when the child has arrived at the destination. So, the
child can look anywhere on the screen, and the wheelchair will not move. Third, in
emergency cases, there are two buttons to stop movement. The first one is designed
for the family and is located at the back of the wheelchair. The second one can be
controlled by the child himself and is located to the side of the wheelchair, where the
child through a gross motor movement can activate the button. This second button
can be replaced by a capacitive touch button.

TESTING AND RESULTS

Eight children with CP participated in three experiments to validate the efficiency and
safety of the system. Each experiment was developed in an internal and external
environment with three different soils: cement, ceramic, and wood.

Testing

Calibration. Through the use of the Gaze Point application and the help of a family
member, each child creates a user and performs the simple calibration of the PCEye
Mini device.

Test 1. Using the Type 2 interface, each child must activate the directional arrows
(forward, backward, turn right and turn left) 6 times in the training and 6 times after
the training phase. At the training phase, the activation and deactivation time of the
directional arrows was of 1 second to take care of the child's safety. After training,
the activation and deactivation time was of 400 milliseconds to create a smooth
movement trajectory.

Test 2. Using the Type 1 interface, the child must move through a pre-defined route,
using the directional arrows as shown in Figure 4. This experiment is performed 2
times, each one at the following speeds depending on the phase. Because in the
training phase children are learning how to use the PCEye Mini eye tracker, the time
of activation was 1 and 2 seconds in indoor environments to avoid hitting the
obstacles, and a time of 3 and 4 seconds in outdoor environments, where there is no
danger of colliding with objects or people. After the learning and training phase, the
movement was calibrated to 3 and 4 seconds in indoor and outdoor environments.
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Figure 4. Route of the test 2

Test 3. After the child uses Type 1 and Type 2 interfaces correctly, he must move in
indoors and outdoors environments using Type 3 interface. And he must activate an
industrial-type button that serves as an emergency brake when they are moving. This
button was implemented because braking through the software presents movement
due to inertia. This test is performed 4 times.

Results

The calibration process of the "PCEye Mini" device was simple, with a time of 1.4 to
3 minutes, with an average time of 1.86 minutes. In all the experiments, the electric
wheelchair did not slip on any floor, showing its safety.

For the first test, each child performed the activation of the directional arrows:
forward, backward, right, and left, obtaining 48 movements of the chair in each of the
directions giving a 100% performance. In the second test, an evaluation of the power
consumption on different kinds of soils, applying various speeds, was developed,
resulting in average maximum power consumption of 41.76 W, showing no
significant difference in consumption among the type of soils. Finally, the third test
presented that every time that a child activated the emergency button, the wheelchair
stopped.

Thanks to the characteristics provided by the motors, the chair managed to operate
with a weight of 27.45 kilograms without presenting problems in the system. And the
gel battery had the functionality of approximately 9 hours without power and speed
variations.

In usability tests, the braking time was not immediate, it had 94.8 cs of reaction
because of the inertia of the movement. It was decided to implement a value of 50%
PWM to move forward and backward and 39% PWM for turns because these changes
provide adequate speed for the child to feel safe.
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CONCLUSIONS AND FUTURE WORK

This work shows that the implementation of the eye-tracking technology in the
electric wheelchair works successfully. This system operates effectively and is easy
to control for children with CP, improving the children’s autonomy in terms of
mobility. This developed system offers an intelligent and different option to help
children with motor deficits, which is a great contribution to society.

This proposal uses a tablet and eye-tracker since these tools are already part of the
lives of children with CP as assistive technology for evaluation and communication.
The developed software can be implemented on any personal computer, and more
functions such as evaluation and communication can be added to the same software
without affecting its performance. In this way, no more costs will be added.

For child and chair safety, a proximity sensor can be implemented to avoid possible
collisions with an obstacle. Further research is recommended, so the proposed system
can potentially work on sloping soils. It is also recommended to implement a PID
control to improve the braking system of the electric wheelchair.
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