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ABSTRACT

ARTICLE INFO

Analyzing eyes performance is essential for effective
functioning of human. Therefore, following their mo-
tion could help doctors to make quick and accurate di-
agnoses for disorders like Autism, schizophrenia, or at-
tention deficit hyperactivity disorder. Recently, several
studies investigated autism disorder diagnosis and treat-
ment. Meanwhile, various algorithms have been pro-
vided for eye tracking. In this paper, it is intended to
identify diagnosis parameters of autism disorder using
eye tracking concept. The eye tracking algorithm that
has been used in this research is simple and sufficient
accurate to appropriate function on videos with varying
quality. The direct analysis of gaze and study of
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1 Abstract continued

the interactions of its features are employed a useful method for diagnosis of autism.
For this purpose, two separate groups of ordinary children and children with autism are
considered. By tracking their eyes while watching television and performing the necessary
analyses then their eye movements are compared and discussed. To identify pupils is face
detection Viola Jones algorithm is implemented.

2 Introduction

Nowadays, the health of the soul and the body is one of the important issues requir-
ing more attentions. Autism is one of the most mysterious and complex disorders that
make social communications difficult. Autism for the first time detected in 1943 by an
American psychiatrist, Leo Kanner [21]. All children of any race or nationality may be
at risk for autism. The autistic person has a unique personality and combination of char-
acteristics. Sometimes these children may have difficulty beginning a conversation and
verbal exchange. Children with autism often have poor eye contact, and don’t like to be
hugged. They do not follow the gestures and refer to anything or themselves. By the
age of one, autistic children often respond less than other children to their own name or
someone who speaks [17]. In fact, toddlers are inherently ready for social communication,
whereas, children with autism spectrum disorder (ASD) do not react to the smile of others
and do not look at other’s eyes, and often exhibit strange and repetitive behaviors [13].
Most children with autism learn the speaking too late and significantly experience their
growth rate slower than normal children [16]. Due to personality weaknesses in people
with autism, depression showed itself in the term of secluded and obsessive behaviors [9].
Studies show that autism spectrum disorders are 4 times more frequent in boys than girls,
and this disorder occurs throughout the intelligence quotient (IQ) ranges [3]. So far no
specific cause has been discovered for the disorder.

Detecting early sign of autism can cause to receive efficient treatment. One way to early
diagnose of autism is eye tracking. In 1979, the French ophthalmologist Louis Emile Javal
perceived, for the first time, that readers’ eyes make quick movements (called saccades)
along with short pauses (called fixations) instead of moving softly on words [5]. A saccade
is a quick movement of both eyes from interesting parts of the scene for building up a
mental map, and fixation is the static states of the eyes during watching specific location
in the visual scene [35]. Dodge and Cline [6] studied the speed of the eyes movement and
developed the first non-invasive and accurate eye tracker based on the corneal reflection
called photocurrent. Four years later, Charles developed a photographic device capturing
eye movement in both vertical and horizontal directions [29]. Hence, in 1908, Edmund
Huey provided an initial eye tracker for the pupil using a tiny contact lens. The lens was
connected to an aluminum pointer which followed the eye movements [12]. In 1947, Paul
Fitts used a video camera to capture and study the visual activity of aircraft pilots during
flight [25]. One year later, Hartridge and Thompson [10] invented the first eye tracker
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attached to the forehead. In addition, the first non-invasive tracker was also created by
George Boswell in Chicago [5].

So far, eye tracking has been used in various fields [4] such as drowsiness detection [19],
diagnosis of various clinical conditions or even iris recognition [11], physically disabled
[14], Cognitive and behavioral therapy [28], marketing or advertising [37], psychology and
human Computer Interaction (HCI) [24]. Eye tracking technology provides instantaneous
views of where people look and help us to understand their focus. In general, tracking
eye movements is referred to a process measuring the eye movement of a person towards
his head. With the advancement of science and technology, scientists have found that
eye tracking is effective in detecting some diseases. In general, there are four methods
for eye tracking: Electro-Oculography, Sceleral Search Coils, Infrared Oculography and
Video Oculography [4]. In this study, we make use of video-based eye tracking and image
processing.

Eye tracking studies about identifying faces and objects in patients with autism give
us important information about how they relate to their surroundings. Frederick Shic,
provided a report to develop a new measurement using eye tracking for the risk of autism
[30]. Children with ASD tend to be less likely to look at the individual [33]. These toddlers
are unable to concentrate and have weak ability to use motor skills. Many autistic children
seem healthy in appearance. Symptom onset of ASD is quite variable and some toddlers
may show biomarkers even before the first birthday [20], and some of them may not show
until school time.

Autism in most cases is diagnosed by the age of three and as early as 14 months [15]. No
specific cause and a way to prevent this disorder have been identified until now, but early
diagnosis of this disorder help timely treatment by valid early biomarker.

Detecting eye movement and time daze eyes of someone is important for determining
his/her attention and community relations. We are able to detect autism early by ana-
lyzing eye movements, then start suitable treatment earlier. Eye tracking is one of the
most challenging problems of the machine learning. Numerous researchers have been in-
vestigated gaze direction through eye tracking. Lack of eye contact is one of the earliest
signs of children with ASD. Also, there are numerous researches looking for signs of such
disorders. These children pay less attention to social stimuli, such as human sounds,
movement or face, while they pay more attention to non-social objects [26]. Vidal et al.
[35] have proposed a new eyewitness tracker to monitor mental health and have provided
clinical research in the relationship between eye movement and perception [35]. That’s
why Chennamma and Yuan [4] have presented a review of the latest remote eye tracking.
According to the recent advances in eye tracking application in various fields, variety of al-
gorithms, hardware and software were provided. Lupu and Ungureanu [18] have explained
the history of eye tracking and its different approaches. In other research, Pellicano et al.,
[22] documented difference in gaze direction and eye movement of children with autism
relative to typical children and also the mechanisms coding gaze is less flexible in autism
[33]. One of the symptoms of autism is limited attention to other people’s faces during
face-to-face communication [8]. As mentioned, one of the main characteristic of autism is
difficulties with social interaction, As far as, in one of the studies examined toddlers at
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high or low familial risk of ASD with no ASD diagnosis or with a diagnosis of ASD using
gaze-contingent eye-tracking to measure the reward value of social signals [34]. In many
families, there are signs of autism or similar signs of it in other family members.

Some studies found out that children with ASD were not different in terms of neurotypicals
in generating saccadic eye movements when watching a movie of objects [7]. Autistic
children show abnormal saccadic eye movement [27], where Pierce et al [23] tried to
identify the early signs of the disorder. Therefore, they displayed a movie with geometric
and social imagery for children, and calculated the duration of fixation and a number of
saccades. Recent research conducted a systematic review of studies showing the altered
function of the social brain in children with autism impacts the processing of facial emotion
2].

In recent years, several studies investigated autism disorder diagnosis and treatment. In
this paper, it is intended to identify diagnosis parameters of autism disorder using eye
tracking concept. The eye tracking algorithm that has been used in this research should be
simple as possible and have understandable mathematical calculations, while at the same
time has sufficient accuracy to appropriate function on videos with varying quality. The
direct analysis of gaze and study of the interactions of its features can be a useful method
for diagnosis of autism. For this purpose, two separate groups of ordinary children and
children with autism are considered. By tracking their eyes while watching television and
performing the necessary analyses then their eye movements are compared and discussed.
The remainder of this work is organized as follows. Next methods and materials, algorithm
structure and formulations are given. In Section 3, implementation is illustrated. Section
4 reports the results. Discussions and conclusions are presented.

2. Methods and materials

2.1. Participants

Participants in this study includes volunteer children from all over Iran, aged 3.0 to 14, half
of them diagnosed with an autism spectrum disorder and the rest are ordinary children.
All children with autism had identified by independent clinical diagnosis and are being
treated by specialists.

2.2. Procedure

To perform this task, participants were shown their favorite show on TV. The children
were seated alone and had no awareness of camera presence. Camera position was quit
from the front; also, its placement has been fixed. Room lightening was standard.

2.3. Eye tracking algorithm

In recent years, various algorithms have been provided for eye tracking. In this study, the
first step to identify pupils is face detection, thus we have used Viola Jones algorithm for
this purpose. Implementation of this method has been done in practice [31]. Also The
Gaussian filter is used to eliminate image noise. The Viola Jones [36] algorithm combines
three parts: Integral Image, AdaBoost, Cascading classifiers.

At first convert the image into the image integral. The value of the integral image in
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interval (z, y) is equal to the sum of the values of the upper and the left (z ,y) in the
original image. Then, Adaboost algorithm for feature selection was used. In the Viola
Jones method, in order to detect faces, the algorithm uses sub-window to obtain features,
and is applied several times to windows with different dimensions on the input image (See
Figure 1).

Viola Jones includes two phases of training and testing. In the training phase, at each
stage, a number of rectangular features are selected and applied to the image. In the test
phase, if at each stage of the process, it is determined that sub-window is not related to the
face, it will exist the test process, and otherwise, it will be sent to the next step to examine
more features. The second step is the pupil and iris localization. For this purpose, after
specifying the eye regions relative to the size of the detected face, we identify the pupil
using Fabian Timm and Erhardt Barth [32].

Figure 1. Viola Jones algorithm for face detection

To determine the area of the eye regions, we consider (z, y) as the upper left-hand side of
the eye and (W, H), as the width and height of the face detected. Then, the average of
the center of the right eye and the average of the center of the left eye is placed in order
in (z+0.3, y+0) and (z+0.7, y+0.4).

2.3.1. Pupil and iris localization

In this algorithm, the maximal value is obtained that shows the location of the point where
is the intersection of the most gradient vectors, thus we call it the eye’s pupil. To detect
the position of the eye’s pupil, the image gradient is used and also the derivative of the
objective functions, which contains of dot products. Then, their squares are calculated,
which causes the negative dot product turn into positive. The dot product is negative,
once the vectors point to the opposite. The gradient function is used to create vectors
that point towards brighter points. Since the iris is darker than the sclera, the iris edges
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always point outward. This means that in the center, all vectors are in the direction of
vector d, and each vector in the opposite direction is trivial. Therefore, all negative values
have become zero. In this algorithm, Timm mathematically described the relationship
between the center of the pupil and orientations of all image gradients.

If ¢ is a center and g; is the vector of gradients at z;, then the normalized displacement
vector d; must also be in the same direction with the gradient vector g; (See Figure 2).
Also, computational complexity can be reduced only by taking the absolute magnitude of
the gradient vector. If we use the gradient vector deviation, we can extract the deviation
by calculating the dot product between the normalized displacement vectors (relative to
a constant center) and the gradient vector g;. On the left the displacement vector d;
and the gradient vector ¢g; do not have the same orientation, whereas on the right both
orientations are equal [32].

ce di ‘ .\d*

b, &

Figure 2. Graphical representation of pupil and iris localization algorithm

Several factors, such as eyelids, or facial wrinkles affect the pupil detection. Since the
pupil is darker than the skin, so we can apply a weight w, for each of the possible center
¢, so that the dark centers are likely to be more than bright centers according to the
following relation:

| X
argmax z;wc(dg”gi)? (1)
i—
2.4. Square error k-means clustering criterion
This criterion is used in most clustering strategies. The overall objective is to obtain the
partition that minimizes the difference in clusters of a constant number of clusters. As a
descriptive method, clustering groups the data in such a way that the data within each
cluster are more similar to each other and have the greatest difference with other clusters.
It is assumed to divide n d-dimensional samples into k clusters such that ¢, have ny
samples and each sample belongs to only one cluster. So that, ZIZZI n; = n and the mean
vector or cluster center ¢, is defined as the center of this cluster, that is:
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Where 7;(%) is the sample ith belonging to the cluster c.
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The squared error of kth cluster is equal to the sum of squares of Euclidean distances
between each sample in Cj, and its cluster center c¢;. These squared errors are also called
intra-cluster variations and

2
2P Ck’ ‘ , (3)

k
Ei= ) e, (4)
k=1

E.? is the total difference between clusters that should be minimized.

3. Implementation

The number of collecting films is about 14 and is grouped according to the activity
performed in each film. The Linux operating system is used to run the proposed algorithm.
In the first stage, we uploaded the videos in the program. As mentioned above, the
program, firstly, receives images in a frame-by-frame format and uses the Viola Jones
algorithm to find a face. After finding the location of the face, the area of the eyes was
determined, and at the end, the pupils identified in each frame and tracked the eyes (See
Figure 3).

Figure 3. Diagnosis of eyes and pupils in Fabian Timm’s algorithm
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The output of this program includes the size of the eyes and the coordinates of the left
and right eyes separately (Figure 4). But in this study, only the data required is the pupil
coordinates.

CENTET
CENTET

Figure 4. Output pupil coordination

We put out the obtained outputs for autistic children (Figure 5.1) and normal children
(Figure 5.2) in separate folders according to the groupings we have already done.

- -y
-y |
| |

Figure 5.1. Child with autism disorder
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Figure 5.2. Normal child

We save data of watching television with autistic children and ordinary children in the
Excel. In order to properly perform the analysis, in addition to having the right eye
coordinates, the coordinates of the left eye should also be evaluated (Figures 6.1 and 6.2).
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Figure 6.1. Right eye coordinates of autistic children while watching TV
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Figure 6.2. Left eye coordinates of autistic children while watching TV

4. Results

These data are stored in csv format. We used Weka software for data mining and K-
means algorithm. According the number of available data, we set the number of clusters
4, and the results are as follows.

Clusters All the data Cluster0 Clusterl Cluster2 Cluster3
Number of data (1786) (287) (401) (614) (484)

z 163.2324 140.9129 | 200.7556 | 115.8208 | 205.5248
Y 83.6685 78.9303 84.207 66.0309 108.407

Table 1. Output results of the K-means algorithm for Autistic Children’s
Right Eye

Clusters All the data Cluster( Clusterl Cluster2 Cluster3
Number of data (1786) (469) (806) (355) (156)

T 61.4205 45.6823 68.3809 54.0986 89.4359
y 94.7828 74.4328 104.5571 | 89.7803 116.8462

Table 2. Output results of the K-means algorithm for Autistic Children’s
Left Eye
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Clusters All the data Cluster0 Clusterl Cluster2 Cluster3
Number of data (1094) (29) (401) (568) (96)

z 116.4671 73.8621 124.5287 | 108.8169 | 140.9271
Y 74.8528 41.2069 79.3392 70.4859 92.1164

Table 3. Output results of the K-means algorithm for Normal Children’s
Right Eye

Clusters All the data Cluster( Clusterl Cluster2 Cluster3
Number of data (1094) (106) (30) (503) (455)

T 56.1545 66.0189 35.6667 57.7932 53.3956
Y 65.3291 80.3868 40.8667 67.1213 61.4527

Table 4. Output results of the K-means algorithm for Normal Children’s Left
Eye

The number of data in each cluster is different. These data represent the position of the
pupils of the eyes. According to the tables 1 to 4, the numbers in each column represent
the center (mean) of the cluster. In fact, these numbers indicate that the pupil of the
eyes has moved more in what areas in each cluster. In the following, the percentage of
data in each cluster for each eye of autistic children and normal children are shown in the

Table 5.

Normal Children’s | Normal Children’s | Autistic Children’s | Autistic Chil- | Clusters
Left Eye Right Eye Left Eye dren’s Right
Eye
10% 3% 26% 16% 0
3% 37% 45% 22% 1
46% 52% 20% 34% 2
42% 9% 9% 27% 3

Table 5. Percentage of data in each cluster

5. Discussions and conclusions

Considering the wide spread of technology in various fields of information, the use of
methods such as image processing can be one of the effective methods in the field of
treatment, especially neurological and psychiatric disorders. But the new methods which
use in different parts of the world creates different constraints such as the resistance of
some people in the community. Of course, such cases require time, awareness and mass
culture.

Eye tracking studies about the focus and how to track objects in patients with autism
provides important information to researchers. Whatever the speed of the diagnosis of
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diseases like autism is faster, then better treatments can be considered and provided
better living conditions for these individuals. Also, Children with autism suffer from
severe mental retardation in the absence of treatment. For this reason, the procedure of
the disease should be investigated by applying the different treatments. Children with
autism can recovery step by step using timely treatment, and gain the chance of being
in the community as a normal person. At the moment, there is no specific treatment for
autism, but there are good therapies that can help these children to benefit more from their
abilities. Since the behaviors and disturbances in the autistic children are very variable,
several therapeutic programs are considered for it. So far, several treatments for autism
have been proposed such as behavioral and educational treatments, drug treatment, diet,
music therapy, massage therapy and etc. and some researchers believe that the use of
complementary therapies is helpful in improving autism. For an accurate diagnosis and
treatment, an expert team is required that includes a pediatrician, a child psychiatrist,
treatment behavior, treatment work, speech therapy, family counselling. In this study,
we used the database that was collected and also included its waste data, such as the
size of the eye which was removed to detect autism. The collected data included the
coordinates of the left and right eyes individually, which we can obtain the exact position
of the pupil and the amount of movement of the eyes through these coordinates. In the
image processing algorithm, the pupil detection stages are such that the input image must
include the entire face, and the area of the eyes and pupil must be fully characterized so
that we can accurately trace the pupils. Error and Perth data were deleted by the data
mining algorithm.

Nowadays, we live in a world that, despite the advances have occurred in various sciences,
but there is ambiguity in response to some of the disadvantages, one of these is autistic
disorder. The problems of children with autism include a wide range, therefore, require
extensive interventions. A lot of research has been done on the causes of autism disorders
in children, but no definitive reasons have yet been identified. These factors are genetic
factors, drug side effects, tobacco use, and so on.

Autistic children don’t usually participate in imaginative games and are unable to concen-
trate. According to Table 4-5, two clusters with the highest number of data for autistic
children and normal children show that the two clusters with the highest number of data
are more common for ordinary children. These numbers indicate that these children are
more focused on certain activities. The data in the two top clusters of children with
autism are lower. In fact, the data are scattered in clusters, which indicates that the
concentration of these children is lower than ordinary children.

According to Tables 1 to 4, the changes in the middle value of the two top clusters in each
group of data showed the eyes position in children with autism is more significant than
normal children. This criterion can be a suitable method for early diagnosis of autism
disorder.

To diagnose this disorder, it is necessary to perform this test periodically and at intervals
defined by children when performing various activities. In addition, in order to get more
accurate and valid results, we need to run this experiment with more participants. By
using the proposed tool, the effect of each treatment can be measured and used for better
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patient improvement, and, given the various environmental and social factors, provided
better conditions for these patients.
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