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Abstract. Autism like other diseases requires early cure in order to magnify the remedy’s results. The impact of Autism Spectrum
Disorder (ASD) is embodied in the following things: the inability for kids to interact with other people, the difficulty in socialize
with others, speaking after a long time comparing with other kids, lack of eye contact with other. Such activities are utilized
for the resolution regarding diagnosing ASD. For instance, kids shift their upper limb before other activities and such moving
considers as an indicator to decide whether such children suffer from autism. The current paper checks diagnosing autism that
simply depends on altering upper-limb for kids between two to four years old that depends on carrying out certain mechanisms
and machine learning. Such study utilized a Linear Discriminant Analysis (LDA) method to elicit features and, the Support
Vector Machines (SVM) in order to categorize thirty kids i.e. categorizing around fifteen autistic kids out of fifteen normal
children by analyzing kinematic information that is collected from implementing simple task. However, such study achieved an
optimal precision categorization of 100% as well as 93% of intermediate precision. Such findings provide more clues for simple
upper-limb movement that can be utilized in order to precisely categorize the kids who suffer from low-functioning autism.
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1. Introduction how autism diagnosis increased significantly from the
1970s to 2012. Moreover, the percentage of autistic
Autism defines as complex neurological distur- boys surpasses girls” percentage.

bance. It considered as a portion of a group of dis-
turbances that is known as autism spectrum disorders,
and it manifests in the life of human [1, 2]; such thing
means that symptoms of autism disease differ from
person to another according to the case of autistic
child. In general, it ranges from mild to severe abnor-
mal attitudes.

ASD is considered as one of the highest increasing
developmental disorder in kids [3]. The statistics [4, 5] 1970s 1955 1999 Z°°\1vm_z:°5 2007 2008 2012
illustrate that autism ratio is increasing for clearing that
the autism ratio in the 1970s was 1/10000 and in 2012
the percentage increased to 1/68. Figure 1 indicates
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Fig. 1. Autism rate from the 1970s until 2012 [1]

Autism is difficult to diagnose by medical doctors
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at the child’s behavior and development to make a di-
agnosis [6-8]. The diagnosis of autism is based on
the child’s failure to develop good social interaction,
impairments in communication, poor eye contact, de-
layed speech and restricted repetitive and stereotyped
pattern [6, 9—13]. Currently, the highest quality level
of standard for the diagnosis of autism [14]:

— Clinical judgment of signs and with semi-
structured play-based behavioural observations.

— Standardized interviews or questionnaires for
autism child family.

Begun to search the predictive value of neurobiological
as well as behavioural measures in autism spectrum
disorder in order to identify a well-defined phenotype
of individuals and possibly to enable a computer-aided
diagnosis perspective.

Diagnosing autism in early childhood enhances the
opportunities for obtaining the best curing remedies.
Actually the key factors that help the experts in reveal-
ing autism based primarily on noticing and are mani-
fested in speaking after a long time, inability to contact
with other, inability to develop normal social relation-
ships [1]. The trials to detect the early signals neither
stop nor try to attain early autism detection. The indi-
cators that manifest whether the child has autism or not
are embodied in the child’s movement i.e. he/her abil-
ity either to walk or to move his/her upper limb [15].
Indeed, such movement indicators are extremely im-
portant since it aids in determining the early autism in-
dicators in order to prevent any problem exacerbation
in the future. Furthermore, such indicators might be
measured [14, 15].

The effect of the fast development of technology
especially in robotics and interactive software in the
last few years is offering earlier and more accurate di-
agnoses of the Autism. In addition, it is giving cost-
conscious diagnoses and treatment. Besides the re-
duced cost, the main advantage of utilizing these tech-
nologies can focus on one behavior which is hard even
for a specialist and trained professional to perform
that [16]. Also, technologies can help them to increase
the in physical activity for children with autism be-
cause often do not engage in healthy levels of physical
activity [17].

2. Autism and kinematic data

The relationship between the autism and their move-
ment’s measurements has started considerably in the

last decade ago [18] in many studies. These studies
showed that an autistic child ability is different from
a typical child [1, 14, 15, 19-21] these differences
were huge in quantity and manner [18]. Furthermore,
these differences are increasing as age developed [18].
In Addition, Many autistic children also have atypi-
cal movement patterns, such as asymmetric gait or toe
walking [22]. It is widely known to specialists that
there is a flaw of overall movements function in autis-
tic children [23-27] but have not investigated or stud-
ied, and there are few empirical papers, with the ex-
clusion of repetition habits, is not among its diagnostic
criteria [25-27].

Motion analysis is based on kinematic gait data [22,
25, 28] and upper limb data [1, 14, 15, 19, 20], autism-
specific movement signs which, being obtained be-
fore the development of language, and being assessed
quantitatively [14, 15]. In [29] the participants are
adults, the participant’s autistic arm movements dif-
fered from typical participants on measurements of the
jerk, velocity, and acceleration Also, in [30] they con-
cluded that kids with autism movements are differen-
tiated in the endpoints they referred to the reason was
a cerebellar disturbance. These differences in an upper
limb movement’s disorder in autism and typical chil-
dren can help specialists as a future clinical measure.
In [31], the study finds functional organization dissim-
ilarities in the motor cortex in autistic kids compared
with typical kids. These variations in the segregation
and size of primary motor cortex parcels, therefore, the
functional sub networks in the motor control system
may be changed in an autistic child.

Finally, the aim of this paper is to do more investiga-
tion of the relationship between autism and kinematic
movement and especially upper limb movements and
try to reach high classification precision via using ac-
curately recorded tracking data and different extracting
and classification techniques.

3. Related work

There are a little research that investigated the re-
lationship between the upper limb movements and for
children with autism. But they reached an important
conclusion, which is there a little upper limb motion-
ing might be utilized to precisely categorize autistic
children who suffer from low-functioning.

In [14] Fisher discriminant ratio was used to select the
features from data then SVM was also used to classify
preschool-elderly participants with autism have been
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in comparison with 15 typically developing partici-
pants who had been matched by using mental age the
result show classification accuracy of 84.9 %.

In [32] paper evaluates diagnosing autism that builds
on moving the children’s arms aged between 24 and 48
months by doing some safe tasks and machine learn-
ing to classify them. The method that such study used
is both linear discriminant analysis in order to select
the features and support vector machines for classify-
ing thirty children such study selected 15 autistic kids
out of 15 non-autistic kids by testing the gathered data
that are gathered after doing a simple, safe, and excit-
ing task. Finally, the outcomes of such search have ac-
complished an optimal classification accuracy of 100%
and the average classification accuracy of 93.8%. Such
results provide more evidence that simple brachium
motioning that might be used in diagnosing of autistic
children precisely.

Wedyan et al. reported their studies in [1, 19, 20] up-

per limb is valuable in enhancing the medical practice
of ASD diagnosing. Consequently, such a thing might
enhance the diagnosis with computer assistance. They
used LDA as eliciting features, and SVM as a classifi-
cation method. Furthermore, such outcomes provide a
view of practicable motor autism marks.
In this study [15] classifying approach SVM to upper
limb movements was used. To recognize special fea-
tures in "reach-and-throw" motion. Ten autistic kids
with preschool age kids and ten non-autistic kids do-
ing the same tasks were examined. The SVM approach
shows that be able to differentiate the two collections:
the result was achieved 100% and 92.5% with a soft
margin algorithm and with an additional conservative
one, respectively. These outcomes have acquired with
a "radial basis function kernel," and they suggested
that a "non-linear analysis" is perhaps wanted.

4. Method

This section provides a description of children,
mechanisms concerning information gaining, little
training, properties deriving by utilizing LDA, cate-
gorization by the assistance of SVM, and assessment
depends on performance. In fact, the performances in
such paper regarding the classification for ASD chil-
dren are contrary to typically growing children (TG)
i.e. normal children. Such categorization was con-
ducted by utilizing SVM. The overall amount of kine-
matic information was (17 criteria) LDA was executed
in order to derive properties from raw kinematic in-

formation. After that, the extracted features (EF) were
divided into two groups; the first group was an exper-
imenting group that contains a signal subcategory of
the original EF, and the training group that contains the
rest of groups of the EF executed by utilizing machine
educating methods, SVM. The schema that explains
the full method is manifested in Figure 2.

4.1. Participants

The comparison was made between fifteen of
preschool-aged autistic children with the same amount
of normal children who have the same rational age.
The ages of kids are ranged between 2-4 years. The
participant’s data is manifested in Table 1. IRCCS Eu-
genio Medea — Scientific Institute for Research eval-
uated IQ and mental age by adopting “Griffiths Mental
Development Scales” [33]. Indeed, the little finding
that emerges in Griffiths measurement clarifies that
entrants, with low-functioning as a standard clinical
mechanism, aged between one to two years old has
been demonstrated to be a precise indicator of impair-
ment at school age [34]. However, the whole kids had
natural or corrected-to-natural sight.

The kids in the ASD room were enlisted at IRCCS
Eugenio MedeaScientific Institute for research for a
period exceeds one and a half year. Early diagnosis
was conducted for each kid in the medical center as the
mentioned standard notified in “Diagnostic and Sta-
tistical Manual of Mental Disorders-IV-TR” [35] by a
practitioner specialized in children neuropsychiatry.

The diagnosis regarding the child’s psychological
status is assured by direct observation and speech with
each child’s family. TG class compromised domestic
kids and from nursey to be reasonably the same age to
the clinical children from the normally developed peo-
ple. After that, it was inserted as a contrastive class. In
any case, TG entrant conform to mental age, in addi-
tion to the assumption that mental age normally por-
tends the capacity to perceive task instructions, utiliz-
ing appropriate techniques, and prohibiting unsuitable
responses [36]. TG sharers do not have any prior his-
tory concerning social interaction dilemma, develop-
ment disorder, or health troubles concerning central
nervous system complications. In order to obtain both
more information and ethics agreement return to re-
sources [14].

4.2. Data Acquisition

The main usage for optoelectronic system is embod-
ied in registering the motion information. 3D motion
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Fig. 2. The diagram that illustrated all steps in this paper.

Participant Characteristics

Autism Spectrum Disorder (ASD)  Typically Growing (TG)

Number 15
male:female  12:3
age (years) between 2 and 4 years

15
13:2
between 2 and 4 years

information is listed through 8 infrared motion cam-
eras that are inserted at four each part from the chil-
dren. Moreover, little passive markers were located on
both ulnar and radial parts of the children’s wrists, the
back of their hand, and on the fourth and fifth hand’s
bones. Also, four markers were inserted on the box’s
limits beneath the purposed area while two of them in-
serted on the ball. Firstly, the whole amount of motion
data is subjected to prior processing by Matlab while
motion distribution and variables approximations were
gathered by the software [14]. The motions (mani-
fested in Figure 3 and mentioned in Table 2) were di-
vided into two groups, sub-motion one that was illus-
trated as adopting the required movement to access to
the ball and insert it for supporting it; sub-motion two
is illustrated as the ability to move the ball from its
original place until reaching to the box opening place
where the ball was to be dropped.

The statistics regarding a category of dependent
amounts were collected. Such sub-motions are sub-
motion 1, which contain; motion units, the whole mo-
tion period, peak speed, the date of peak speed, peak
rapidity, date of peak increasing, peak decreasing, and
the date of peak slowing. In addition, sub-movement 2
that contains, motion units, the whole amount of mo-
tion period, peak speed, time of peak speed, peak ra-

pidity, date of peak rapidity, peak speed, date of peak
speed, date of peak rapidity, peak slowing, date of peak
slowing, and carpal angle, such 17 motion informa-
tion are used as input properties for categorization sys-
tem. Table 2 indicates the analysis of kinematic infor-
mation whether (mean and standard deviation) values
for the children’s group. The definition of motion unit
is the transferring from rapidity phase until slowing
phase for an amount that surpasses 10 millimeters for
each second. It happens when an accumulated speed
exceeds twenty millimeters for each second, rising or
falling [14, 37, 38].

4.3. Task

The mission is embodied in setting the children on
modifiable height chair that was adjusted according to
the sharers body before desk while the supervisor sat
on the fronting side of the desk. Moreover, both parents
were existed. The assessment initiates when the shar-
ers’ hands, placing at a determined site, stay away from
the ball around twenty centimeters. The study mission
is consisted of picking the tiny rubber ball that was
placed for helping them (see Figure 3, a); the children
noticed movement before children fallen it in an open
box. The open box (see Figure 3, b) was inserted in a
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clear square box (see Figure 3, ¢) and was sufficiently
huge without the need of soft movements. Each child
has executed ten trials that were distributed as follows
five consecutive trials on another part. The order of ex-
periment’s groups was balanced among children. The
mission is initially carried out by the examiner in order
to clarify the mission request like holding the ball and
tossing it inside the box). In case the lack of any ac-
tual mark. Practice trials, the amount that is personally
diverse. After that, it was handed to the children prior
registration to emphasize the children’s recognition to
the trial. The children were permitted to take a rest dur-
ing the trial upon their request. The experiment’s task
was enough simple and interesting n order to guaran-
tee obtaining the sufficient motivation and adherence
from the children’s part across groups.

4.4. Feature Extraction

In fact, such paper utilized Linear Discriminant
Analysis (LDA) that defines as a properties’ derivation
technique that is mostly utilized to raw information in
order to derive features. The technique’s significance
lies in getting rid of abundant and unrelated properties.
Consequently, classification of new examples will be
more precise [39]. The more the amount of features
enhances, the more the computational costs enhances
in order to resolve such matter it is vital to search for
a method to decrease the dimensionality of the given
raw information or properties (features). The bene-
fits of feature derivation are higher preferential force
and domination that are very applicable when they are
done without surveillance, but from the other side in-
formation loss explainability and changing might be
costly [40].

LDA defines as a well-known information mining
algorithm that can be utilized for monitored and un-
monitored educating [41]. The benefits of LDA lies
in the resolution that can be obtained through resolv-
ing popularized intrinsic technique. Thus, LDA per-
mits a rapid and huge processing of information sam-
ples [42]. Their methods are utilized for classification
and decreasing information dimensionality [43]. Such
study utilized LDA for generating properties through
decreasing information dimensionality.

The LDA mechanism depends on revealing the
“projection hyper-plane” that decreases the intergroup
variation and increases the gap among the dual cat-
egories [44] as manifested in Figure 4. Such hyper-
plane can be utilized for various goals like catego-
rization, magnifying dimensionality, and most impor-

tantly for the revelation of the given properties impor-
tance [41].

Dual categorization information utilizes LDA while
multi-group employs Multiple Discriminant Analysis
(MDA)

The equation of LDA is [45]

DS=W1 C1 +W2 C2 + ...+Wn Cn

While

DS= discriminant score, W= discriminant weights,
and C= independent variables

The above mentioned study [14] utilized Fisher’s
discriminant ratio FDR that considers as an effective
property chosen method [46] that chose seven proper-
ties out of seventeen properties, the chosen properties
were, overall period, ; delta wrist angle; amount of mo-
tion units, the date of peak slowing, peak increasing,
date of peak speed, and peak speed.

LDA might be achieved through magnifying FDR
ratio that is between group distinctions in general and
group distinction for the training group in particu-
lar. Employing LDA for both groups, the information
will be converted to one-dimensional subspace, and for
multi-group (C). After that, the decrease dimensional-
ity is (C-1) [47]. Lastly, the division of ASD and TG
after implementing LDA is manifested in Figure 5.

4.5. Support Vector Machine model (SVM)

SVM is an educating approach that is utilized in
order to determine labels to matters. Therefore, it is
named as learning by practicing instances; it is mon-
itored educating algorithm that used for retraction
and categorization problem [48-50]. The standard of
SVM work based on analyzing a statistically practic-
ing group and looking for appropriate role through a
set of roles. The optimal role lies in decreasing a de-
fined risk (empirical risk). The risk is conditioned on
both the selected set of roles complexity and the prac-
ticing group [51]. It considers as a widespread cat-
egorization method that is employed in order to ob-
tain the optimal educating precision. Consequently,
such paper utilizes SVM as the categorizer (classifier)
method. However, the details concerning SVM method
are completely mentioned in [52]. Such work used
both the SVM and a linear kernel (shown in Figure 6).

Training data form is:

{x;, yi} wherei=1...L; y; € {—1,1} x € RP1)

Given a training set of instance-label pairs (x;, y;)
L means training point
D means dimensional
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Fig. 3. Illustrates the trial task steps: 1) rubber ball located above support (see 1, a), the box (1, b) was placed inside a transparency box and was
big enough to require smooth motion. 2) The child catches a small rubber ball; before he is fallen it in a box (3). The goal zone is see-through
plastic to allow seeing through it. Four markers are located on the basket, on the ball, and on each wrist [14].

Table 2
Shows kinematic data analysis (Mean and Standard Deviation) values of the Two collections of Kids appeared in the paper (ASD Versus TG).
ASD ASD TG TG
(Mean) (Standard Deviation) (Mean) (Standard Deviation)
Submovement 1
Movement units 1.91 0.62 1.70 0.37
Total movement duration  0.69 0.14 0.66 0.12
peak velocity 0.46 0.12 0.59 0.17
Time of peak velocity 0.34 0.07 0.31 0.04
Peak acceleration 3.18 0.93 4.26 1.52
Time of peak accelera- (.21 0.07 0.16 0.05
tion
Peak deceleration -3.59 1.28 -3.93 1.44
Time of peak decelera- 0.47 0.08 0.44 0.06
tion
Submovement 2
Movement units 3.45 1.78 1.76 0.39
Total movement duration  1.35 0.44 0.79 0.15
Peak velocity 0.61 0.15 0.76 0.16
Time of peak velocity 0.41 0.14 0.31 0.05
Peak acceleration 3.85 1.13 5.85 1.94
Time of peak accelera- 0.23 0.20 0.13 0.04
tion
Pick deceleration -3.29 1.15 -4.27 1.88
Time of peak decelera- 0.75 0.24 0.51 0.11
tion
Wrist angle -4.25 16.34 -25.0 12.40

The hyper plane is described viaw.x +b =0

w means normal to the hyper plane ﬁ is the verti-
cal length from the hyper plane to origin. Referring to
the graph in Figure 6 The training data can be written
as follows

xiw—+b > +1 fory, =+1 2)
xiw+b < —1 fory; =—1 3)
w also b are learning data.
Then these two equations combine in (4):
yi (x,-.w + b) -1 2 OV, (4)

The planes H1 and H2 can be written by:

Hy
H,

xw+b=+1

xiw—+b=-1 ©)

4.6. Classification Algorithm Evaluation

This study tackles binary categorization information
that considers the most prevalent categorization mis-
sion and defines that as the matter is to be divided into
merely one group of two non-interrelated groups [54].
Consequently, there are a lot of diverse categorization
assessments that deem significant in gauging the ad-
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Fig. 4. The "projection hyper-plane" that lessen the inter-class dif-
ference and expand the space between the binary groups [41]

vantage of categorization and learning algorithm [55].
The aim of Cross Validation (CV) technique was con-
ducted to evaluate the accomplishment of categoriza-
tion algorithm. Generally, CV technique is building
on dividing the whole database into two integral sub-
groups—namely training and experimenting groups.
In general, the training group is major than the exper-
imenting group. The definition of training group is a
group of properties that re connected to a label, it is
utilized in order to execute the training of the catego-
rizer. The experimenting group defines as a group of
properties that are not linked with a label and utilized
in order to execute categorizer’s efficiency through im-
plementing various information’s division. After that,
several times of information can be executed.

An example of CV is manifested in Leave-one-out
(LOO) cross-effectiveness, the primary utilize of it is
to examine the research effectiveness since it consid-
ers as a neutral evaluation of the flaw likelihood. The
technique of LOO depends on the standard of dividing
the whole into N sub-groups, one of them is utilized
for experimenting while the rest of the group (N — 1)
is utilized for categorizer training. Therefore, per each
circle, N-1 sub-groups are utilized for training group
while the rest of the item is utilized for experimenting,
and so forth. Thus, it is preferable for the amount of
periods to implement number N [14, 56].

In dual categorization information, there are three
most common utilized measurements, such as the Sen-
sitivity (recovery), Specificity, and precision. The aim
of utilizing such measurements lies in their impor-
tance to check the categorizer validity that depends on
four counts. They are truly categorized and refer to the
group called (correct positives), untruly categorized

and refer to the group called (wrong negatives), un-
truly categorized and do not refer to the group (wrong
negatives) [54]. Such measurements were counted to
measure the categorizer achievement.

Sensitivity = correct positives / (correct positives+
wrong negatives)

Specificity = correct negatives/ (wrong positives +
correct negatives)

Accuracy = (correct positives+ correct nega-
tives)/(correct positives + correct negatives + wrong
positives + wrong negatives)

Sensitivity in such study defines as the average of
a truly classified type in the ASD collection. Quality
defines as the average of truly classified types in the
(TG) class. Lastly, the precision of classification that
defines as the average of truly classified types in both
ASD and TG collections [57].

Sensitivity = (The count of ASD children that truly
classified ASD children)/ (Count of all ASD children)

Specificity = (The count of TG children that truly
categorized)/ (Count of all TG children)

Accuracy = (The count of children that truly catego-
rized)/ (Count of all children)

Indeed, the overall machine learning stages whether
(derivation or categorization) were utilized on the Mat-
lab platform (version R2017a). Such paper particularly
utilized properties of the toolbox of Matlab 2017 to
achieve the classification algorithm.

4.7. Evaluation

The key factor for evaluating the performance of
classification, as mentioned above, is precision. Such
measurements for all circles were calculated by utiliz-
ing 5-fold CV. However, in every fold a single group is
chosen as the testing group while the remaining groups
were used as a training group. The intermediate mea-
surement regarding the fifth divisions was utilized for
each round. Furthermore, in order to clarify the em-
pirical results statistical analyses were employed. As
stated previously, the experiments were created on the
gathered information.

4.8. Results

SVM code [58-60] was utilized in such paper that
divides the group properties haphazardly into both
groups, namely training and experimenting groups.
SVM algorithm was occurred for five times (N=5), it
has chosen distinct six children as experiment group
while the remaining twenty-four children as a train-
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ing group. The SVM permitted to successfully clas-
sify children by counting the whole mean categoriza-
tion, and the following conclusions emerged, interme-
diate sensibility is 91.0%, while intermediate quality is
98.1% and intermediate precision is 93.8 %.

This finding generally consistent with various stud-
ies. For instance, Alessandro et al. in [14] which had
tackled a proof-of-concept study in order to define
whether a hand motion might be utilized to categorize
precisely low-functioning autistic children, and they
achieve 84.9% While Wedyan et al. in [1] their study
concentrated on defining if a simple upper-limb motion
might be utilized to categorize infants at high risk of
autism as well as comparing them with infants at low-
risk of autism, and they achieved 93.8% precision. Ta-
ble 3 and Figure 7, Figure 8, and Figure 9 indicate that
the increasing that was accomplished after employing

LDA instead of Fisher discriminant ratio (FDR) uti-
lized the same categorization tools precision, sensibil-
ity, and precision, successively.

The column charts in Figure 7, Figure 8, and Fig-
ure 9 manifest the increasing of precision, sensibility,
and quality after using LDA rather than FDR. The ut-
most increasing was in the quality that achieved 9%.
After that, the precision that achieved 8.9%. Lastly,
the sensibility increasing that achieved 8.8% compar-
ing with FDR algorithm. In general, it is evident that
LDA algorithm has an obvious selection.

5. Discussion and Future Work

Discovering and diagnosing autism at early stages
will help the early involvement that magnifies the rem-
edy’s results. ASD diagnosis resolution depends on
kids’ motion to their upper limbs before any other ac-
tivities. The current study revealed the diagnosing of
the ASD by depending on simple motioning to upper-
limb for children whose ages ranged between two to
four years by carrying out certain procedures and al-
gorithms. LDA was utilized to derive properties from
the gathered sub-motions that considered more distinc-
tive for the ASD comparing with TG. Property genera-
tion was executed by employing LDA mechanisms for
the purpose of searching for significant group variation
that depends on the kinematic information. However,
the reason behind using it refers to various goals like
information classification and decreasing information
dimensionality [32], such study adopted LDA for gen-
erating properties decreasing information dimension-
ality.
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Fig. 7. Shows the mean accuracy enhancement after applied LDA comparing to FDR.
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Fig. 8. Shows the mean sensitivity enhancement after applied LDA comparing to FDR.
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Table 3

Shows different studies and their results using upper limb data set.

Study The algorithm was ap-  Mean accuracy

(IRCCS Eugenio Medea  plied to select or extract
dataset) features

Mean sensitivity Mean Specificity

[14] FDR 84.9 %
[1] LDA 78.5%
[19] LDA 75.0%
Proposed Work LDA 93.8 %

82.2 % 89.1 %
66.7% 72.5%

76.47% 73.33%
91.0 % 98.1 %

Mean Specificity

100.00%

98.00%

96.00%

94.00%

92.00%

89.10%

90.00%

88.00%

86.00%

84.00%
FDR

98.10%

LDA

Fig. 9. Shows the mean Specificity enhancement after applied LDA comparing to FDR.

In such study, SVM was used as a categorization
algorithm. SVM considers as a learning model that
determines labels to matters. Therefore, it is named
as learning by training instances. The SVM permitted
classifying kids successfully by counting the overall
mean categorization and achieving the following find-
ings; average sensitivity reaches to 91.0% while av-
erage quality is 98.1% and intermediate precision is
93.8%.

Such study illustrates that such findings provide
more clues that a simple upper-limb motion could be
utilized to precisely categorize low-functioning autis-
tic children. Furthermore, such kinematic analyzing
of simple upper-limb motion can dependably define

early (3 years), low-functioning autistic children. The
considerable predictive amount of LDA deriving pro-
cess might sound important for enhancing the clini-
cal training for diagnosing ASD. Therefore, enhancing
the view of computer-aided diagnosis. In addition, the
findings provide view of practical motor autism sig-
nals that might be useful for defining children subcat-
egories clearly. Thus, decreasing the lack of coherence
within the huge behavioral phenotype.

The upcoming work shall require urging a very large
sample to reveal bigger potentially concerning differ-
ences. For instance, the sex variations in each of the
TG and ASD sharers to generate considerable varia-
tions. Furthermore, the dire need to examine the man-



Wedyan, Al-Jumaily and Crippa / Using machine learning to perform early diagnosis of autism spectrum disorder based on simple upper limb movements

ner of participants’ reactions towards remedies in case
if we want to improve a better remedy for sharers with
ASD.
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