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Abstract Several features on the face can be identified, like eyes, nose, mouth,
lips, etc. These features can be used for many purposes. The most important
of which is helping people with disabilities who lose one or all of their senses.
This paper presents an algorithm that enables determining the direction of the
person’s eye in order to manage an intelligent interface where it determines
the desired direction. So, that detects the face with the camera, and through
the detector MTCNN (Multi-Task Cascaded Convolutional Neural Networks),
can be identified the features, and with a map (called landmark points), it is
possible to know the coordinates of every feature in the face. We need to define
the center(pupil) of the eye, which with his coordinates makes the decision, and
the pupil’s coordinates calculate through the map and a set of calculations.

Keywords Computer Vision · Face detection · Eye detection · Human-
Computer Interaction · image recognition

1 Introduction

Computer vision is among the main areas that have contributed to the de-
velopment of artificial intelligence and created many challenges. Among these
challenges is tracking eye movements. Eye movement is a means by which a
person can express his needs and desires. With the help of the eye, the world
around us can perceive by taking pictures and sending them to the brain for
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processing. Checking eye movement contributed to the development of human-
computer interaction. This technology permitted the creation of intelligent in-
terfaces that keep in touch with the computer for those who have disabilities,
especially mobility or speech disabilities. Eye-tracking applications based on
computer vision allow setting the camera on one eye or both eyes. So, two
areas in this field are distinguished, the first is to locate the eye’s location in
the image, and the second to track eye movement and estimate its direction
through the data obtained and analyzed. Thus, used directly in applications
or tracked via frames in the video in real-time [1]. In this paper, we propose an
algorithm that allows detecting the eye and its movement. The second section
presents some basic concepts on which the proposed work-based. This section
also includes a detailed description of the proposed algorithm. The third sec-
tion shows the result and discussion. And we conclude at the end of the paper
with a conclusion.

2 Proposed Method and Design

The proposed method uses MTCNN to detect the eye area, and a map of
landmark points helps determine the direction of the gaze. The platform used
here is Python which is a modern computer programming language. It is easy
to use and learn and can handle big data that has a mathematical background
[2].

2.1 Detector MTCNN

MTCNN is a perfect face detection method proposed by [3] in 2016. This
method uses unified cascaded CNNs by multi-task learning. The proposed
CNNs consist of three stages:
Stage 1: called Proposal Network (P-Net) that works to provide the candidate
windows and their bounding box regression vectors in the same way of [5].
Then it calibrates the candidates by using bounding box regression vectors.
Finally, it integrates highly overlapped candidates by non-maximum suppres-
sion (NMS).
Stage 2: At this stage, all the candidates are fed to another network called Re-
fine Network (R-Net), where at their level are rejected all the false candidates.
Stage 3: In this stage allows us to focus on more details of the face. As it
outputs five facial landmarks’ positions. This network is called the Output
Network (O-Net).

Although this method can process 7-9 frames per second for 640Ö360 resolu-
tion at full speed [6] it has shown superiority over the latest facial detection
methods across several challenging benchmarks like FDDB (Face Detection
Data set and Benchmark) [4] and WIDER FACE benchmarks for face detec-
tion, and AFLW (Annotated Facial Landmarks in the Wild) benchmark for
face alignment [3].
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Fig. 1 MTCNN work stages [3].

2.2 Facial landmark detection

Facial landmark detection is an addition to the field of computer vision as it
has used in many applications such as face analysis, face recognition, or face
modeling [7].
Facial landmark detection algorithms automatically recognize facial key land-
mark points such as the nose, eyes, and mouth, or dominant points such as
the eye corner or lips corners—8]. such each location of point D site has two
coordinates x, y. landmark D = Dx; Dy The main objective of detecting facial
landmarks is detecting the facial structure using prediction methods, where
the detection done in two steps:
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– Step 1: identify the face in the image using several methods such as OpenCV’s
built-in Haar cascades or pre-trained HOG + Linear SVM object detec-
tor [9] and can also be used deep learning-based algorithms such as MTCN.

– Step 2: allow the detection of key facial structures in the face region. There
are a variety of facial landmark detectors, and all try at localizing and label
the following facial regions: Mouth, Right eyebrow, left eyebrow, Right eye,
left eye, Nose, Jaw.

The facial landmark detector included in the dlib library uses a manually- la-
beled training set to specify the (x, y)-coordinates of the regions surrounding
each facial structure. And an ensemble of regression trees trained to estimate
the facial landmark positions directly. So, the result is a real-time facial land-
mark detector with high-quality predictions [10].
Dlib is a modern C++ toolkit that contains machine learning algorithms and
tools for creating complex programs in C++ and python. It can use in many
areas such as robotics, embedded devices, mobile phones, and large high-
performance computing environment [11]. The pre-trained face landmark de-
tector inside the dlib library estimates the location of 68 (x, y)-coordinates so
that this map coordinated on the facial structures shown in Figure1.[12]

Fig. 2 Visualizing the 68 facial landmark coordinates from the iBUG 300-W dataset [12]
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2.3 Proposed Method

The proposed algorithm allows determining the eye direction either to the
right or to the left. This algorithm uses the MTCNN detector and Facial
landmark map to determine the direction of the pupil of the eye. A facial
landmark map can only define the visible landmarks of the face, such as the
pupils of the eyes, the corners of the mouth, and the nose. The decision can
use to run smart interfaces that intend for either ordinary people or people
with disabilities. The algorithm goes through several stages:

– Start by downloading the image,
– Creating a detector MTCNN,
– Detect the face in the image by drawing a box on the face,
– Detect the key points: the pupil, the corners of the mouth, and the nose.
– Calculate the distance Euclidean A, B such as A = distance Euclidean (left

eye, nose) B = distance Euclidean (right eye, nose)
– Make a decision.

The following figure shows the step of the algorithm:

Fig. 3 Algorithm stages .
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The algorithm loads the images and then identifies the facial landmark with the
MTCNN detector. After that, calculates the Euclidean Distance between the
pupil and the nose through the pupil and the nose coordinates. The algorithm
decides after comparing the first distance A (for the right eye) and the second
distance B (for the left eye). The result defines the face and its landmark
coordinates in the image and determines the destination’s decision of the eyes’
pupil.
We used the Python language, which includes serval libraries of computer
vision, the most important of which are dlib, OpenCV. Figure 4 shows the
outputs of some images that the algorithm tested on.

Fig. 4 Stages of detecting landmark coordinates and making a decision.

3 Conclusion

This paper presented an algorithm that allows determining the eye’s orienta-
tion by calculating the Euclidean distance between the pupil and the nose. The
result of this algorithm can use to create smart interfaces oriented to people
with disabilities. There are several shortcomings, and we will remedy them in
our future work, as we will work on detecting the direction in real-time for
many people also at one time.
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