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Abstract

The use of gestures as a way for communication between
computers and humans has received increasing attention from
researchers in recent years, especially those researches that employed
computer vision methods to recognize gestures. Eyelid movement (or
blinking of the eye) is one of the most important eye gestures that have
been used in many vision-based computer applications for a variety of
purposes. In this thesis, two methods have been developed to generate
codes utilizing eye gestures: the first method is by adopting the
movement of the eyelids (eye blinking), and the second method is by
adopting five Gaze Directions.

The proposed system to generate codes using the eye blink is based
on blink detection process which requires classification of the eye state
(closed or open) during a number of consecutive video frames. Three
approaches of eye state classification were proposed and tested on two
standard video datasets (Talking Face, Eyeblink8) and a video acquired
through a webcam.

Approach 1(using EAR): classifying the eye state using the geometric
features of the eye by calculating the EAR (Eye Aspect Ratio) value, a
polynomial curve fitting was used to estimate six new eye landmarks,
three on the upper eyelid and the others on the lower eyelid, thus
calculating the EAR value based on five vertical distances instead of
two to increasing the accuracy of the EAR value calculation. The
resulting EAR value is compared to the EARreshoid to determine
whether the eye is closed or open. The test results showed that using
five vertical distances to calculate the EAR instead of two caused an
increase in the AUC value (area under the Roc curve) by 6% from 80.4
to 85.26, the same was true for the accuracy from 77.89 to 70.39, i.e. an
increase of 10.6%.

Approach2 (Using deep learning) : where a convolutional neural
network model (EyeCNN) was proposed, trained and tested on the
standard image dataset(MrlEye).

Approach3 (Using EAR and Deep Learning): This approach was
based on the results of the classification of the two previous approaches.
The final decision for the eye state is obtained by combining previous
classifications' results based on the majority voting. The experimental



showed that Approach3 achieved a preference over the last two
approaches with an accuracy of 97.7%, and the AUC equals 88.12%,
i.e. an increase of 3.35 and 6.03 over its value in Approachl and
Approach2 which were 85.26 and 83.1, respectively. The three
Approaches achieved higher accuracy in classifying the eye state than
the previous works.

Code Generation based on eye blinking included proposing new
alphabetical codes for Arabic letters (Blink Code) based on the
duration of the blink of an eye (long/short blinks). The generated blink
code was applied as Arabic text entry approach in addition to upgraded
to a binary code by representing the long blink with (1) and the short
blink with (0) and used in the proposed Coverless Data Hiding
technique. Experimental results showed that the proposed technique is
more robust against geometric attacks than previous works.

Code generation based on gaze direction classification involved
designing an Encoding Triple Tree (ETT) to encode Arabic letters
and numbers using gaze directions. A Convolutional Neural Network
(CNN) model called (GD_CNN) was proposed to classify five eye
directions (right, left, up, down, and center). The standard database
(Chimera) was used for the purpose of training and testing, and
GD_CNN had an accuracy of 95.6% on the test samples and 99% on
the training samples. The coding methods (Blink Code, ETT) proposed
in this thesis were tested as approaches for entering Arabic text through
eye blinking or changing gaze directions.

The experimental results showed that the text input speed using
the ETT method reached 2.07 WPM (word per minute) with an error
rate of 0.015 and 2.35 WPM using Blink Code with an error rate of
0.06.
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