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Abstract: This paper is a study on the various machine learning 
algorithms in order to perform ASD (Autism spectrum Disorder) 
as per the DSM-V standards.  ASD occurs more frequently among 
children and in order to diagnose this with better accuracy, the 
study on binary firefly algorithm, a swarm intelligence based 
wrapper feature selection algorithm is used to obtain best results 
with optimum feature subsets. This paper will provide overall 
result after applying it to all types of machine learning models on 
supervised learning.   
 
Index Terms: ASD, Binary firefly, Machine learning, Swarm 
Intelligence..  

I. INTRODUCTION 

 There is a sustainable growth in the victims that are 
diagnosed with autism disorder in the recent decade. Autism 
is very common among younger generations [1].  It is a 
childhood disorder. According to the survey in USA, it is 
observed that 1 among every 86 children within the age of 8 
is suffering or diagnosed with this disease. According to the 
DSM-V Standards[2], an autism diagnosis is conducted 
which is called as clinical examination procedure. This 
procedure helps in classifying the disorder. As per the 
contributions and experiences, US Mental Health 
professionals formulated these standards that are widely used 
for classifying ASD from non-ASD in the behavioral 
analytics. These standards involves questionnaire and 
interview which are carried out for classification of behavior.  
There are two types of common tests which are performed by 
pedestrians in order to detect the symptoms of childhood 
autism. These tests are ADOS and ADI-R, which are 
performed by certified professionals under controlled 
environment such as laboratories.  
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These tests last 60 minutes of duration that also relies over 
the responsiveness of patients. On the basis of response 
quality, the binary scores are assigned by these professionals 
which are further analysed to know the autism severity in the 
patients[3].  
In ASD dataset, 21 behavioral attributes is taken for 
classification.  
This technology also advanced the screening approach over 
handheld devices such as mobile phones by mobile 
application based ASD which is also designed with respect to 
DSM-V standards in terms of autism detection[4]. The 
procedure of acquiring the better accuracy of subset along 
with optimum feature is known as dimensionality 
reduction[5]. There are two approaches of dimensionality 
reduction out of which feature selection is recommended as it 
is best suited for real world datasets[6].  ASD tasks for 
Autism Spectrum Disorder dataset involves 21 features 
which makes it highly dimensional dataset. It is stated that 
even 5 attributes are sufficient for efficient classification [7]. 
The behavior patterns can be formed by classifying the 
differences of ASD patient from ADHD[8]. This paper will 
include the adequate details about the work carried with 
Pre-processing tasks and datasets. The future scope is also 
elaborated within the paper after interpreting the results. 

II. PROPOSED WORK  

In ASD dataset, there exist 1 class attribute and 20 features 
within 21 attributes. This dataset can generate 2 to the power 
20 feature subsets for evaluation purpose. In search based 
selection algorithms such as exhaustive search will face 
exponential increase the time complexity whereas the 
sub-selection is classified as np-hard problem which can be 
overcome by feature elimination algorithms with evaluation 
of candidate. This is the best solution for np-hard problem. A 
feature selection strategy is formulated by integrating the 
feature elimination approach and selection based approach as 
per the ranking. But this ranking approach caused 
redundancy among features which affected the machine 
learning performance as it is highly prone to inter-feature 
correlation. Therefore, in order to have best alternative 
swarm intelligence based feature selection wrappers are 
proposed in order to perform the feature evaluation function.  
Swarm intelligence wrappers are considered as better feature 
selection explorers as it provides more opportunity to explore 
many possibilities with maximum result and within minimum 
iterations which is the major objective of selection [9].  
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In order to make it more effective single objective function of 
firefly algorithm is combined with swarm algorithm so that 
maximum accuracy can be achieved with minimum fitness of 
subsets features [10].  

A. Feature Selection 

Technically, feature selection is a process of selecting a 
candidate subset of features or relevant features [11]. This 
criteria is used in order to obtain optimal feature subset. 
There are three main techniques of feature selection which 
are as follows such as embedded methods, wrappers and 
filters. For ASD, wrappers is more suitable as it is also called 
as evaluation method. In first module, results are derived by 
using 8 different algorithms of machine learning, the ASD 
children dataset is trained by using fold cross validations 
around 10 and are compared with the machine learning model 
results obtained by feature selection algorithm which is 
deployed with selection algorithm of binary firefly feature. 
The pseudo code and configuration is mentioned in the 
following. For optimization, the binary firefly algorithm is 
implemented and developed as feature selection algorithm. 
Wrapper Based Feature Selection Binary firefly selection 
wrapper is introduced to optimize the regression and 
classification algorithms [12]. This algorithm has been 
proved to be a fast performer and outperformed benchmark 
algorithms over 40 datasets. Using logistic chaotic map [13], 
the binary firefly algorithm is boasted to increase its 
attractiveness. By simulated annealing, the global as well as 
local search strategy of feature selection is enhanced. 
Therefore, this algorithm suites best for ASD solution as it 
includes minimum iterations in overall coverage. This 
algorithm is considered as a swarm intelligence optimizer [14] 
as it involves single objective function. Following is the 
general architecture of the work in Fig.1. In this, the 
architecture of the proposed work is provided to evaluate 
feature subset along with single objective over the ASD 
datasets. Also it shows clearly the how firefly swarm 
intelligence based feature selection algorithm is incorporated 
into the proposed work to obtain the optimum features from 
the given dataset to maximize the accuracy of classifiers.  

 
Fig 1 – Framework of the proposed work 

III. PRE-PROCESSING WITH SUPERVISED 

MACHINE LEARNING TECHNIQUES 

The parameters considered for wrapper feature selection and 
Machine learning is provided in Table 1. 10 featured subsets 
are selected using binary firefly feature selection, out of 21 
features as optimum dataset.  

 
The various classifier based machine learning algorithms are:  

a. J48 as a decision based classifier  
b. Naïve Bayes as probability based classifier  
c. K-NN as distance based classifier 
d. SVM as discriminate function based classifier 

 
These algorithms are used for the derived optimum dataset 
and measured the performance metrics according to the 
objective of this work. 

 
Table 2: Performance Metrics 

In Table 2, the parameters to analyse the performance of 
various algorithms of machine learning on the ASD children 
dataset is mentioned.  

IV. RESULTS  

In Table 3, the results of those parameters in table 2 is listed 
by testing the dataset before and after applying Binary Firefly 
algorithm of feature selection. 

 
Table 3: Performance of Machine learning classifiers 

In table 3, it is observed that on original dataset the range of 
accuracy of various machine learning models on ASD is 
nearly from 88% to 99% before applying swarm intelligence 
based feature selection algorithm.  
 The least accuracy is produced by K-NN classifier with 88% 
and maximum accuracy by SVM.  
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Naive Bayes classifier [15] and decision tree provided 
medium accuracy of performance. Minimum scores is 
achieved by SVM and MLP classifiers are 0.06 and 0.05 
respectively with maximum ROC of 1 [16].  All these 
algorithms are unsuccessful in terms of achieving the true 
positive rate whereas other algorithms have misclassification 
errors. The overall accuracy obtained from feature selection 
features which are decreased to 10 are in the range of 
92%-98%. K-NN model produced more accurate results with 
improvement of 6.% than the trained model performed over 
the original dataset. Hence, in overall scenario we can see 
that all the three classifiers have shown improvement in 
accuracy with optimum results than SVM models. 
 

 
Fig 2 – Accuracy  

 
In Fig. 2, the graphical view of variation in terms of accuracy 
after and before binary firefly feature selection within 
machine learning models. From the figure it is clear that the 
after feature selection that models are able to perform better 
or perform closer to the machine learning models built on 
entire datasets. 

 
Fig 3 – Recall 

 
In Fig. 3, the recall /TP Rate obtained by the various machine 
learning models shown with optimization. This method is 
given more importance as false classification of positive 
instances impact are false. This can cause the harmful effect 
over the prediction. For example, if this classification method 
classifies that kid is not suffering of autism whereas he is a 
victim of this disease then it can delays diagnostic process 
and affect the treatment process of that kid which can 
increase the complications. Therefore, in case of medical 
datasets, recall rate is considered as the most favorable 
evaluation factor as it can provide more accurate results than 
any other factors. The classification of false positive rates can 
be negotiated as it can be proved wrong by the therapist's 
after the diagnosis. This cannot disturb the process of 
diagnosis of the child. It is observed that there is an 
improvement in this measure after feature selection, but the 
j48 and SVM classifiers are considerably closer.  

V. DISCUSSIONS 

After the evaluation, it is observed that 55% - 45% of records 
classified between yes and no class which clearly shows that 
both classes are equally influenced by the characteristics of 
Autism dataset. Stochastic Swarm intelligence algorithms is 
the best choice as it has more search capability with 
maximum number of iterations. Binary Firefly algorithm, in 
the other hand,  is the fast exploring algorithm for feature 
selection. The amount of dataset instances are less which 
provides a chance to model to over fit the dataset. The 
interpretation had stated that prediction performance of the 
machine learning models has improved by optimum behavior 
set with a minimum features and decent performance.  

VI. CONCLUSIONS  

The objective of the paper work is to give confidence on the 
reduced feature set algorithms performance on various 
machine learning algorithms. This model shows that there 
can be an improvement in the prediction due to the less 
number of behavior sets of Autism which in deed help for 
better diagnosis.  In future work, the framework can be 
implemented for better preprocessing to make the datasets 
suits for all types of supervised and unsupervised machine 
learning techniques.  
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