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Abstract—Digitalization is the core of today’s long
distance communication, is a daily need of the current
generation and is used extensively in day to day life.
Due to this, this virtue should be available to all people,
including differently-abled people. The purpose of this
study is to provide a system for the differently-abled to
use text feature, which essentially is building an eye-
controlled virtual keyboard. Using Dlib, openCV and
CNNs, the study inspected the eye movement and eye
blink to select the desired key. It uses Neural Networks
to predict the eye’s state accurately using which the
keyboard is operated. The study achieved its goal of
providing a system for the differently-abled to text
by monitoring the eye movement. The study provides
a method to be used by target audience with great
efficiency. This study definitely offers as a milestone for
future advancements and similar studies and research.

Index Terms—eye-controlled, Convolutional neural
network, OpenCV, Dlib

I. INTRODUCTION

Communication is an indispensable need for human
beings. The invention of computer-mediated communi-
cation (CMC) has provided the ability to communicate
across great distances, communicate to an unlimited
number of people at a low cost, and the ease of creating
documents and other material to share. Ever since the
invention of computers, there has been a very high
amelioration of computer’s power and potentiality.
Nevertheless, we still use keyboards and mouse to
communicate and work with the computer. However,
for people who suffer from severe physical disabilities,
paralysis, and amputation, it is almost impossible to
use this computer communication boon in today’s
world. According to a study conducted by the Christo-
pher and Dana Reeve Foundation in 2013, it unveiled
that nearly 1 out of 50 people live with paralysis
[13]. Their physical activities are very often limited to
eye blinking. Taking this capability as an operational

functionality, this study designs an application that
allows users with a motional disability to use a virtual
keyboard with their eye movement. Furthermore, there
have been notable advancements in this subject, such
as the Tobii Eye Tracker, which focuses on providing a
better gaming experience, the Stephen Hawking chair,
where the PC uses a unique interface that detects the
movement of the cheek and selects the key. These
manifestations are not economically feasible and can
not be afforded by the general public. The application
designed by this study approaches the subject with
a cheaper and convenient alternative for differently-
abled people, which can be operated using a simple
laptop and a webcam.

II. RELATED WORKS

Generally, eye tracking measures the eyeball posi-
tion and determines gaze direction of a person, and the
movements of the eye can be tracked using different
technologies. It can be categorized into four cate-
gories: infrared-oculography (IROG), scleral search
coil method (SSC), electrooculography (EOG), and
video-oculography (VOG). Currently, most of the eye
tracking researches for Human-Computer Interaction
(HCI) are based on VOG, because the VOG technique
has minimized the invasiveness to user in some degree.

Wang et al. [12] have identified the most important
problems in the eye-tracking system, addressed the
attention diverting problem by designing and imple-
menting the EASE (Eye Assisted Selection and Entry)
system which generalized the idea of implicit use of
eye-tracking. MacKenzie and Ashtiani [2] also provide
a text entry system by eye blinking which uses a scan-
ning ambiguous keyboard. Chau and Betke [3] have
presented a system that detects the user’s eye blinks
and analyzes the pattern and duration of eye blink.

KEC Conference 2021

237
KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal



ISBN 978-9937-0-9019-3

Sharma [4] explains deeply about various eye gaz-
ing techniques, algorithms and models. Grauman and
Magee et al. [5] have surveyed and described different
types of eye or eye blink. Królak and Strumiłło [6]
explains system that allows acting operation depending
on the eye. In this system, no muscle movements are
required. The eye-blink controlled systems distinguish
between voluntary and involuntary blinks and inter-
pret single voluntary blinks or their sequences. Seki
et al. [7] explains vision-based eye blink detection
techniques that can be broadly classified into terms:
Active eye-blink detection and Passive eye-blink de-
tection. Active eye-blink detection technique depends
on special illumination and it uses the retro-reflective
property of the eye. Light falls in the eye from an
object and reflected from the retina. This kind of eye-
blink detection technique gives more accurate results
and it is also quick and robust method. Passive eye
blink detection techniques do not use any additional
light source and the blinking ratio is detected from
the sequences of images within visible spectrum. A
study conducted by Chakraborthy et al. [1], have
provided a system which solves the issue using the
same groundworks as this study. However, our study
aims to provide a system with increased efficiency and
accuracy by using a different methodology.

III. DATA ACQUISITION

The dataset required for training the blink and gaze
detection models is acquired through a webcam. We
obtained around 5000 data from 10 people and applied
the required preprocessing and manual filtering to the
captured images. For gaze detection, we categorized
our data into 3 classes, left gaze, right gaze, and
center gaze depending on the eyeball position. This
dataset was collected using a script that instructs the
person to follow a dot that jumps to center, left, and
right positions on the screen randomly, and the corre-
sponding eye’s images are collected as corresponding
classes. For blink detection, we assign the class’0’for
completely closed eye and class’1’ for open eye from
previously collected dataset.

IV. METHODOLOGY

The methods used for accomplishment of eye-
controlled virtual keyboard is shown in Fig. 1.

A. Video Capture

First of all, video is captured from the webcam,
which has the actual resolution. From the captured
video, we grab frames. The captured frame is passed
for the grayscale conversion to reduce the computation
power for further processing.

B. Grayscale Conversion

The grayscale conversion has many ways of con-
verting colorful images into gray form. The luminosity
method is used to convert the color image into gray.
It can be carried out by following steps:

Fig. 1. System Overview.

1) Read the color image.
2) For any pixel read the intensity values of Red,

Blue and Green channels as R, G and B respec-
tively.

3) Calculate the gray value
Gr=0.299*R+0.587*G+0.114*B

4) Set,Gr as intensity.
5) Repeat steps from 2 to 4 until all pixels are

scanned.

C. Facial Landmarks Detection

Facial landmarks are used to localize and represent
salient regions of the face. There are two steps while
detecting the facial landmarks:

• Localize the face in the image
• Detect the key facial structures on the face ROI

There are various landmark detection algorithms avail-
able, but for this application, we use Dlib. Dlib is
a cross-platform library written in C++, which uses
histogram-oriented gradient (HOG) and support vector
machine to detect the face and dlib pre-trained model
for detecting 68 landmarks points of the face. The 68
landmarks point detected by Dlib is shown in figure
2.
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Fig. 2. Visualization of the 68 facial landmark points from [11].

D. Eye cropping and resizing

The left eye is cropped from the face using the
landmarks points: 37,38,39,40, 41,and 42 and the right
eye is cropped from the face using the landmarks
points: 43,44,45,46,47,and 48 as shown in Fig. 3. Now
obtained cropped left and right eyes are resized into
size 64x56 and 34x26 to feed gaze detection network
and blink detection network, respectively.

Fig. 3. Eye cropping using 37,38,39,40,41,42 and 43,44,45,46,47,48
facial landmark points.

E. Neural Network Architectures

1) Blink Detection Architecture : In the beginning,
the blink detection architecture consists of a convolu-
tion layer that applies 32 filters, each of size 3×3 on
the input image. Max pooling is then used to reduce
the spatial dimensions of the feature map. Convolution
and max-pooling operations are repeated twice with
64 and 128 filters, each of size 3×3. A single fully
connected layer with 512 nodes is appended to the
convolution layer. The flatten layer transforms a two-
dimensional matrix of features into a vector fed into
a fully connected neural network classifier between
the convolutional and fully connected layers. Here,

Dropout is applied to the fully connected layer to
randomly drop out nodes during training, reducing
overfitting and improving generalization error. Next,
we have a single Dense layer to generate the classifi-
cation. Each of the Convolution layer and dense layer
uses ReLU as the activation function but the single
output node uses Sigmoid as activation function.

2) Gaze Detection Architecture : The gaze de-
tection architecture is almost identical to the blink
detection architecture, with only a difference in the
output layer, which consists of three output nodes. The
output nodes uses SoftMax as the activation function.

Fig. 4. Visualization of Blink Detection Architecture.

Fig. 5. Visualization of Gaze Detection Architecture.

F. Data Augmentation and Training

Though both architectures seem identical, both ar-
chitectures are trained on different datasets with dif-
ferent dimensions. The dataset size for both models
was not sufficient, so Image Data Augmentation was
performed on datasets. The image augmentation tech-
nique applies various transformations to the original
images, which results in multiple copies of the same
images. However, each copy is different from the other
in certain aspects, depending on the augmentation
techniques like shifting, rotating, flipping, etc. We
apply random rotation up to 10%, random height and
width shift up to 20% and random zoom up to 10%
to the original images. These image augmentation
techniques expand our dataset’s size and incorporate a
level of variation in the dataset, allowing the model to
predict better on unseen data. Also, the model becomes
more robust when it is trained on new, slightly altered
images. 20% of the dataset was used for validation
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purposes. The remaining dataset was used for training
purposes.The EarlyStopping callback was configured
to stop training once the model performance stops
improving on a hold-out validation dataset. For the
training process, we set the batch size to 16, and
models were trained for a total of 32 iterations, or
epochs.

Fig. 6. Plot of Model Loss on Training and Validation Datasets for
Blink Detection Model.

Fig. 7. Plot of Model Loss on Training and Validation Datasets for
Gaze Detection Model

G. Activation function, Loss function, and the opti-
mizer

For both Architecture, each of the convolution layer
and fully connected layer uses the ReLU activation
function shown in equation 1.

f(x) =

{
0 for x < 0
x for x => 0

(1)

For the blink detection architecture, the last layer
uses Sigmoid as activation function and Binary Cross-
Entropy Loss as loss function as shown in equation 2
and 3.

f (si) =
1

1 + e−si
(2)

BCE = −t1 log (f (s1))− (1− t1) log (1− f (s1))
(3)

where s1 and t1 are the score and the ground-truth
label for the class.

The last layer of gaze detection architecture doesn’t
activate with Sigmoid but with SoftMax instead, which
allows us to generate an accurate multiclass probability
distribution as shown in equation 4. And Categorical

Cross-Entropy loss is used as a loss function as shown
in equation 5.

f(s)i =
esi∑c
j e
sj

(4)

Where si refers to one of the class and sj are the
scores inferred by the network for each class in C.

CE = −
c∑
i

ti log (f(s)i) (5)

Where ti and si are the ground truth and the CNN
score for each class.

Here we use Adam optimizer [9] to modify both
network’s parameters to minimize the cost function on
the training set as shown in equation 6.

θt+1 = θt −
η · m̂t√
v̂t + ε

where
m̂t =

mt

1−βt
1

v̂t =
vt

1−βt
2

and where
mt = (1− β1) gt + β1mt−1

vt = (1− β2) g2t + β2vt−1

(6)

• θ is the parameter to be updated
• η is the learning rate, which is set to η=0.001

as default
• g refers to gradient g = ∇J (θt,i), where ∇ is

the gradient which is taken of J and J refers
to our cost function.

• ∈ (Epsilon), which is a small term preventing
division by zero

• β1 and β2 are two decay terms, also called the
exponential decay rates

• mt is first momentum vector for g.
• m̂t is bias-corrected first momentum.
• vt is second momentum vector for g.
• v̂t is bias-corrected second momentum.

Where:
– First momentum β1 =0.9
– Second momentum β2 =0.999

If we take the value of t and put it in the
exponent,
i.e., if t=5 then, βt=5

1 = 0.95 = 0.59049

H. Keyboard key selection

The keyboard designed for this application contains
all the alphanumeric keys along with the repeatedly
used symbols and backspace. The keys of the keyboard
are grouped into 10 columns, as shown in figure 8.
Each column has 6 keys. For example, column 1 has
’1’, ’q’, ’a’, ’z’, ’+’ and ’%’ keys. Initially, column
1 is selected, which is indicated by highlighting the
column with green color. Another column is selected
according to both eye’s gaze, i.e., if the eyes are
looking left, select the left column. If both eyes are
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looking right, select the right column to the previously
selected column. For example, column 7 is selected
previously, and if the person looks left, then column
6 will be selected, and if the person looks right, then
column 8 will be selected. To select a specific key,
the key containing the column must be selected via
the eye’s gaze . In order to enter into that column a
person has to blink both eyes, as a result each key
on the column is highlighted for a certain period of
time one after another. If the person blink, the key
on the column which is highlighted at the time of
eyes blink is selected as the pressed key. However,
only the voluntary eye blink is used for entering
inside the interested column, and to select the key, and
involuntary eye blinks are rejected. This is done via
tracking the frames. For example, let’s say 1 second
is divided into 16 frames; if a person blink only for
5 frames, it is regarded as an involuntary blink. If a
person blink for more than 12 frames, it is regarded
as a voluntary blink. Now the selected key is captured
and copied to the clipboard.

V. RESULT

The final window of this program is shown in Fig.9
. To check the real-world performance, we ran our
program for several iterations on several devices and
compared all the results. We found that the program
can run effectively in devices with the minimum
specification of 4 GB RAM and a dual-core CPU. Our
approach performed better than the method proposed
by Chakraborthy et al. [1] as the detection of blink by
calculation of ratio of distance between the horizontal
and vertical lines crossing the eye, and detection of
gaze by calculation of ratio of black and white pixels
after thresholding was not efficient as the ratio may al-
ter person to person and initial calibration of ratios are
usually required as per person. The concept of using
Neural Networks for these two tasks was more feasible
as it can incorporate a level of variation in different
eye characteristics and does not require calibration as
per person. Similarly, the keyboard presented by y
Chakraborthy et al. [1] is divided into two parts: left
and right. After the selection of each key, we must
choose either the left key set keyboard or the right key
set keyboard via gaze and wait until the desired key is
active on that set in order to select that key, which is
more time-consuming. And we must remember keys
on the left and right keys set. The proposed keyboard
by us does not consume much time as a person’s gaze
is used to shift the column of the keyboard and blink
to enter into that column where desired key is located.
And keyboard is not divided into left and right key
sets so the person need not remember the keys on
each set. However, the program was not 100% accurate
due to the factors like lighting condition and camera
quality. And also blink detection was more accurate
than the gaze detection model. We were able to type 6

Fig. 8. Overall steps to select ’s’ key.
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characters per minute on average under proper lighting
conditions.

Fig. 9. Final window.

VI. CONCLUSION

People with physical disabilities have limited ca-
pabilities in moving, performing manual tasks and
taking participation in some life activities. Since that
physical impairments can significantly make tedious
using of information technology, it is required to make
adaptations that will be enabling the full communi-
cation with computers by persons with this kind of
disabilities. As information education is fundamental
education in modern society, the special accent should
be given to the communication problems between
physically handicapped persons and computers. This
study addresses deficiencies and reduces disparities to
a certain extent by providing a ’Eye controlled virtual
keyboard’ for physically-challenged people.
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