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Abstract:
Disability, specifically impaired upper and/or lower limbs, has a direct impact on the patients’ quality of life.
Nowadays, motorized wheelchairs supported by a mobility-aided technique have been devised to improve the
quality of life of these patients by increasing their independence. This study aims to present a platform to
control a motorized wheelchair based on face tilting. A real-time tracking system of face tilting using a webcam
and a microcontroller circuit has been designed and implemented. The designed system is dedicated to control
the movement directions of the motorized wheelchair. Four commands were adequate to perform the required
movements for the motorized wheelchair (forward, right, and left, as well as stopping status). The platform
showed an excellent performance regarding controlling the motorized wheelchair using face tilting, and the
position of the eyes was shown as the most useful face feature to track face tilting.
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Introduction

The amount of Disabled people, specifically paralysed ones, who are not able to perform daily life tasks are
constantly increasing. Many reasons could lead to a person’s disability including, but not limited to, spinal cord
injury, traumatic brain injury, apraxia, cerebral palsy, multiple sclerosis and stroke [1], [2], [3]. Around the world,
elderly people are the most vulnerable to these disabilities and the number of those over 60 years of age will
reach 2.1 billion in 2050 in comparison with 0.9 billion in 2015 [4]. In addition, the World Health Organization
(WHO) has reported a rapid increase in lower limb amputation resulting from peripheral vascular diseases
and road accidents in low and middle income countries [5]. The Christopher and Dana Reeve Foundation also
conducted a study in 2013 and found that there are about 1 in 50 persons living with paralysis in the United
States [2].

Focusing on developing assistive techniques for these people has become indispensable. A motorized
wheelchair supported by a mobility-aided technique is the aim of most researchers in this field [6]. Powered mo-
torized wheelchairs should increase the life quality through providing self-dependence with respect to mobility
[7], [8]. Most of the powered motorized wheelchairs are controlled through a hand joystick [9]. Smart motorized
chairs, however, are characterized by additional techniques. For example, hand gestures can be used to create
an omnidirectional motion to navigate the motorized chair. The principle is based on using an inertial measure-
ment unit (IMU) to measure the angle of wrist tilt and acceleration in three axes supported by electromyogram
(EMG) sensors to record the myoelectric signal from the forearm. Seven hand gestures were translated into
seven commands to control a motorized chair [10].

However, quadriplegic patients suffering or those with cervical spinal cord injuries are not able to use their
hands [9]. This shortcoming means they rely solely on their neck, head and tongue which in turn limits the use
of such motorized chairs for daily maneuvers [9]. These difficulties have pushed researchers to look for reliable
motorized wheelchair controlling methods. Sip-puff is an assistive technique developed by researchers to pro-
vide a good controlling unit for motorized wheelchairs. The technique depends on the air pressure through
sipping (inhaling) and puffing (exhaling) [6].

A head orientation controller is another technique that has been deployed to control robotic wheelchairs.
Two orientation detection (OD) units are used in this system. Each OD unit is constructed of three micro-electro-
mechanical systems (MEMS) sensor: a gyroscope, an accelerometer, and a magnetometer [11]. However, these
controllers have several limitations with respect to their commands [9].

Image processing has participated greatly in several biotechnology fields such as; medical images enhance-
ment, face detection, and tracking objects [12]. It has played a major role in the field of controlling motorized
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wheelchairs. An eye-tracking system based on pupil position using a high-resolution webcam was used by
Abu-Faraj et al. through sweeping a small search window over the entire image of the eye to find the darkest
area which was considered the pupil [1]. The study conducted by Mazhar and his colleagues was also based
on pupil position albeit through applying image segmentation on the received image [6], [13].

Limbus tracking is another old tracking method whereby the reflecting light off the iris-scleral limbus can
be used to measure the eye position [14].

Huang et al. also proposed a powered motorized wheelchair controller by the mean of electro-oculography
(EOG) but in a different manner [15]. The process included 13 flashing buttons presented on a graphical user
interface (GUI), flashing in sequence one-by-one. Each flash button is pre-defined with a command that can be
selected according to the patient’s blink [15]. However, sweat may have an effect on the read out of the recorded
EOG signals [6].

Fuzzy logic has also been introduced to develop a speed and direction controller for motorized wheelchairs
in the virtual world using Matlab-Simulink with a suggested push button and graphical user interface (GUI)
[16].

Human face tracking and recognition have also been used in the field of controlling motorized wheelchairs.
Vázquez et al. developed and trained an artificial neural network for controlling a motorized chair [17]. A
wheelchair-mounted robotic manipulator (WMRM) is another method proposed by Jiang et al. [18]. Three
controlling units were used in their study: face and hand gesture recognition, speech recognition and hybrid
(speech and gesture). For tracking the user’s face and hands, a three-dimensional (3D) particle filter framework
was used. The filter incorporated color, depth and spatial information to track the centroids of face and hands
[18].

Most of the previously mentioned techniques have some drawbacks with respect to their lower proportional
commands, complexity and their high cost, this paper proposes a cost-effective and accurate controlling tech-
nique for motorized wheelchairs. An image processing algorithm based on face tilting is proposed to control a
motorized wheelchair. The complete details of this controlling unit are explained in the Materials and methods
section (2). The results and discussion are explained in the following sections, concluding with a section on
future works.

Materials and methods

A platform was built to show the efficiency of acquiring a real-time video through a webcam and controlling a
motorized wheelchair based on face tilting. The motorized wheelchair should turn to the right when the face
tilts to the right, turn to the left when the face tilts to the left, and stop when the face tilts down, otherwise the
motorized chair moves forward (Figure 1). Therefore, three signals are required to perform the three movements
(right, left, and stopping the motorized wheelchair). The motorized wheelchair starts moving forward once the
face is detected, and depending on the face tilting the motorized chair changes its action.
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Figure 1: Clarification of the four positions of face tilting.
(A) refers to the right status of the face tilting, (B) refers to the left status of the face tilting, (C) refers to the down status of
the face tilting, and (D) refers to the up status of the face tilting.

The platform was first tested on light emitting diodes (LEDs) to ensure its efficiency before its implementa-
tion in a real motorized wheelchair. Four LEDs with different colors were used to refer to the four positions of
the motorized wheelchair (Figure 2).

Figure 2: The first implementation of the platform using four LEDs.

The platform consists of two parts, the software part and the hardware part.

Software

The platform algorithm was built using Matlab 2015. The algorithm was designed to acquire a real-time video
of a person’s face through a webcam and to detect its tilting, then translating this tilting to the required signals.
The webcam of a personal computer (PC) was placed above the user’s legs facing the person and captured the
face tilting in real-time as shown in Figure 1B. The required controlling signals are generated and sent to the
microcontroller through a serial USB port when the person tilts his/her face.
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The algorithm processes the video acquired through the webcam and detects the position of the face. The
first detected position of the face is set as a reference position. The algorithm divides the first captured image
into pixels, then identifies the face’s position and location according to the whole image. The algorithm con-
tinues capturing video (sequence of images) through the webcam and decides if the face has tilted to the right,
the left, or has tilted down. Tilting the face for 20 pixels right, left, or down out of its original position, which
has been set as the reference position, is enough to clarify the tilting of the face.

Once the algorithm detects the new position of the face, the required signal is sent to the microcontroller. In
case the face has moved to a position not in the recognized positions (positions in which the face cannot be de-
tected such as backwards), no signals will be generated and it will wait for a recognized position. Furthermore,
if the face moved upwards the motorized wheelchair continues its forward movement.

Processing real-time video requires a high-speed processor and enough random access memory, A PC with
the following specifications was used:

(lower specifications could affect the algorithm’s efficiency)

– Model: HP Pavilion g6 Notebook PC

– Processor: Intel(R) Core™ i5-2410M @2.30GHz

– Installed memory (RAM): 3.00 GB

– System type: 64-bit operating system

– Total available graphical memory: 2533 MB

– Dedicated video memory: 1280

– HP webcam with a resolutions of (1280 × 960) was used. Lower resolution decreases the algorithm accuracy.

Hardware

A motorized wheelchair with two servo motors attached to the back wheels was used, if the two motors are
running the motorized wheelchair will move forward, otherwise it will stop. In addition, if the right wheel’s
motor is running while the left wheel is not, the motorized wheelchair will turn to the left. The right direction
is achieved when the left wheel’s motor is running while the right wheel is not. Table 1 shows the required
directions and the action of the servo motors. The servo motors require a 24 V DC with a current of 9 amp
maximum. The speed of the motorized wheelchair was set to 5 km/h.

Table 1: Command control.

Direction Action

Forward Both SERVO MOTORS rotate forward
Left Right servo motor rotates forward
Right Left servo motor rotates forward
Stop Both servo motors are stopped

The microcontroller was programed to receive the commands from the PC and to translate these commands
to the required controlling signals. Two relays were connected to the microcontroller to run on/off the two
motors.

Figure 3 shows the flow chart of the proposed platform which is started by acquiring the real-time video
and ended by sending the signals to the motor.

4
Brought to you by | Uniwersytet Jagiellonski - Jagiellonian University

Authenticated
Download Date | 12/12/19 10:28 AM

http://rivervalleytechnologies.com/products/


Au
to

m
at

ica
lly

ge
ne

ra
te

d
ro

ug
h

PD
Fb

yP
ro

of
Ch

ec
kf

ro
m

Ri
ve

rV
al

le
yT

ec
hn

ol
og

ie
sL

td
DE GRUYTER Qassim et al.

Figure 3: Flow chart of the proposed platform.

The proposed algorithm was tested on four adult participants each having different facial features to check
its efficiency on different features. The four participants were three males (one with no facial hair and the other
two having a mustache and a beard, respectively) and one female.

Results and discussion

The amount of the real-time response identifies the efficiency of the proposed algorithm, in other words, how
fast the wheelchair responds to the face tilting. The desired real-time response has to be in the order of mil-
liseconds (ms) (less than 1 s) to get the desired movement as quickly as possible [19]. The real-time response of
the DC motors controlled by Matlab was discussed by Tang [19]. Tang identified the real-time response to be
in the range of (0.4–0.55 s), which is the time required for the motor to achieve the steady state.

The real-time response of our proposed algorithm starts by detecting the face and ends by sending the signal
to the microcontroller. Matlab provides a function that gives an accurate real-time response. Considering our
wheelchair is turned to move forward once the user’s face is detected, therefore the real-time response for three
movements (right, left, and stopping status) was calculated for the four participants as shown in Table 2A–D.

Table 2: Represents the wheelchair’s real-time response for the four participants, (A) refers to the female participant, (B)
refers to the participant with no facial hair, (C) refers to participant having a mustache, and (D) refers to participant hav-
ing a beard.

Type of the movement Real-time response in seconds

(A)
 Right 0.52876
 Left 0.54552
 Stop 0.51354
(B)
 Right 0.53867
 Left 0.50562
 Stop 0.54221
(C)
 Right 0.49895
 Left 0.54387
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 Stop 0.52965
(D)
 Right 0.53652
 Left 0.51539
 Stop 0.49354

As shown in Table 2, the obtained real-time responses for the four participants are similar. Consequently,
the performance of the platform has the same efficiency for the four participants.

Furthermore, the average real-time response required to process a single frame starting by detecting the face
until the commands sent to the microcontroller was calculated and identified as 0.53 s. The processing time of
a single frame was calculated by taking the time of 10 processed frames, then the average time was considered
as the required time for processing a single frame as shown in Table 3.

Table 3: Real-time response required for processing a single frame.

Frame No. Time required for processing a single frame in seconds

Frame1 0.488403
Frame2 0.528005
Frame3 0.546694
Frame4 0.542747
Frame5 0.52876
Frame6 0.558667
Frame7 0.549608
Frame8 0.545999
Frame9 0.547376
Frame10 0.550144
Average time 0.5386403

It has been mentioned that the efficiency of the proposed algorithm depends on the real-time response.
Consequently, it can be said that the proposed platform with a real-time response of 0.538 s showed an excellent
performance in controlling the motorized wheelchair’s movements [19].

In the case of the webcam discovering more than one face (such as a person standing behind the wheelchair),
the proposed algorithm was designed to detect the nearest face. In addition, the distance between the face and
the webcam has to be in the range of (50–75 cm), otherwise the efficiency of the proposed algorithm will be
compromised.

To ensure a clear capturing of real-time video, adequate light is required. In addition, excessive weight of the
user could decrease the motor’s speed to less than 5 km/h. The proposed motorized wheelchair has a maximum
speed of 10 km/h. The speed, however, was set at 5 km/h which is enough for maneuvering and moving in an
indoor environment.

Many features can be identified and extracted from the person’s face such as the mouth, nose and eyes, all
of these feature can be used to show the tilting of the face. However, using eye position, which was used in this
study, provides a higher accuracy to identify the tilting of the face compared to the other features.

Conclusion and future work

Controlling a motorized wheelchair based on a face tilting platform was built, tested, and validated. The plat-
form showed excellent performance. The platform’s algorithm was based on simple manipulating of face tilting,
where small change of face tilting can be detected and translated to an action. The eye position was shown the
most useful facial feature to track face tilting. The development of the algorithm to make the user able to in-
crease or decrease the motorized wheelchair speed based on face tilting can be considered as a future work of
this study.
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