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Abstract—An Internet-of-Things (IoT)- Belief Rule Base (BRB)
based hybrid system is introduced to assess Autism spectrum
disorder (ASD). This smart system can automatically collect
sign and symptom data of various autistic children in realtime and classify the autistic children. The BRB subsystem
incorporates knowledge representation parameters such as rule
weight, attribute weight and degree of belief. The IoT-BRB
system classifies the children having autism based on the sign
and symptom collected by the pervasive sensing nodes. The
classification results obtained from the proposed IoT-BRB smart
system is compared with fuzzy and expert based system. The
proposed system outperformed the state-of-the-art fuzzy system
and expert system.

I. I NTRODUCTION
Autism spectrum disorder (ASD) is a neurological/developmental disorder which infects behavior and
communication of a person. The symptoms of this disorder
come into sight in the first two years of a child. The
signs mainly appear in the spoken language and the social
interactions with the others. However the symptom may
include a learning disability, hyperactivity, epilepsy, obsessive
compulsive disorder, bipolar disorder, anxiety disorder,
bipolar disorder, and sensory difficulties [1], [2], [3], [4].
Various statistical portal illustrates the ASD related publication, their appearance in the school are raising worldwide.
The US department of health and human services has found
that there is at least 1 in 68 persons challenged by an ASD.
Unfortunately, no data has been found for how many people
have ASD in Bangladesh [1], [5], [2].
A significant number of research works have been reported
to identify Autism. Alharbi et al. [1] proposed the Belief
Rule-Based Expert System (BRBES) where rule base with
uncertainty is used for representing the data. It deals with
different kinds of vulnerability related to the autism factors
and considered as learning representation parameters, such
as rule weight which assumes a vital part in expanding the
quality of the framework result. Authors showed the BRBES
performed better than expert option and fuzzy based framework. Moreover, the framework permits the age of different
’what if’ scenarios which can be used to build up a suitable
treatment plan for the mentally unbalanced children. Thus, this
framework can be used to assess the condition of the autistics
children. However, the system has collected data manually.

Najwani et al [2] proposed Gaussian mixture model (GMM)
and Multilayer perceptron (MLP) based classifier to identify autistic children based on Electroencephalography (EEG)
signal. Experimental result showed the potential of verifying
between autistic and normal children with accuracy of 92%.
This method can be used to identify autistic children which
can help early detection for the purpose of early intervention. Moreover, the spectrum of the signals also present big
differences between the two groups. The system automatic
collection of data by a sensor network.
Maite et al [6] proposed a framework which considered
qualitative and quantitative measures and mainly differentiated
and characterized the levels of severity of the phonological
disorder of an autistic child. The outcomes are spoken to as
a bar diagram with the percent score of the right elocution
of each word. These outcomes can be traded and put away to
keep a fleeting register of definite client’s movement. However,
uncertainty can be caused by the system. The performance can
be fastened with the help of Internet of things (IoT).
Arthi and Tamilarasi [7] presented a neuro fuzzy based
system for the prediction of autistic disorder. The system
inputted the physiological data manually.
Sula et al. [8] implemented a IoT based peer-to-pear (P2P)
system for supporting Autism Spectrum Disorder (ASD). The
authors found that the proposed system has improved the life
of autistic people in various ways.
Based on the above discussion, it can be summarized that
IoT based expert system is required to assess autism under
uncertainty. In contrast to Artificial Neural Network, Support
vector machine and Fuzzy based expert system, a Belief Rule
Based (BRB) Expert System is able to handle data with
uncertainty.
Thus, a IoT-BRB smart system is proposed in this paper to
assess ASD under uncertainty.
The rest of the paper is organized as follows. Section II
reviewed the IoT and BRB system. An overview of IoT
and Belief Rule Based Inference Methodology using the
Evidential Reasoning (RIMER) approach, system architecture,
design and implementation of the proposed IoT-BRB Smart
system are discussed. Experimental results and discussions
are are presented in Section III. The hardware and software
component of the proposed prototype system is discussed in

Section IV. Section V concluded this work and summarize the
contribution.
II. OVERVIEW OF I OT AND BRB SYSTEM
Figure 1 shows a proposed scenario where IoT nodes (with
three sensors: Ear-clip heart rate sensor, EMG (Electromyography) sensor and microphone) collect physiological and
behavioural data. Then data will be analyzed which includes
bigdata, cleansing, streaming technique and storage of data.
Finally the ASD classification will be employed by using data
mining, machine learning technique.
A block diagram of IoT-BRB system is shown in Figure 2.
Here data analysis block indicates the collected data is being
analyzed and stored the information. The data Abstraction
block aggregates the processed results and converted into
actionable knowledge using the BRB Smart system[9].
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Fig. 1. A proposed scenario

Fig. 2. IoT-BRB system architecture describing functionalities of various
layers.

In this section BRB and IoT systems have been discussed.
A. IoT
A Internet of Things is a network of items where each item
is embedded with sensors, software, electronics. These item
can be connected to the internet.

Figure 1 illustrates the architecture of the WSN, used to
collect and store data from the body of the autistic children.
Ear-clip sensor, EMG sensor as well as Microphone have been
considered in each IoT node .
In each IoT node, three sensors have been used, these are
microphone, heart rate and EMG sensors. The microphone can
collect Behaviour, Communication, Social interaction data; the
EMG sensor can collect motor data and Ear-clip heart rate
sensor collects heart rate data from each subject. The sensor
data are stored in the SD card of Arduino and after preprocessing, these data are transferred into database server via
RF module connected to the Arduino shield. The sensor data
stored in the database are then passed into Web-based BRB
smart system.
B. BRB
A BRB system is an supplement to the traditional rule
based system which represents more complicated causal relationships considering various kinds of information with
uncertainties [10], [11], [12]. A belief degree is associated with
each possible consequence of a rule in a Belief rule-base expert
system. The knowledge base of the expert system is developed
using the belief rules while evidential reasoning approach
which is the replacement of inference engine in the expert
system. The complicated and continuous causal relationships
between different factors can be captured by belief rule-base
expert system which is not possible in traditional IF-THEN
rules. Like the Fuzzy logic, the BRB system has three parts:
an antecedent part, belief rule base and a consequent part. The
antecedent parameters take referential values whereas each
consequent refers to the degree of belief[13], [14], [15].
The strength of BRB over other schemes is designed with
belief degrees attached with all possible terms of a rule in
order to capture the causes of uncertainty.
In this approach, a rule base is designed with belief degrees
embedded in all possible consequents of a rule. Such a rule
base is able to remove vagueness, incompleteness from various
factors involved during autism assessment. Fig. 3 illustrates the
main components of the Belief Rule Base architecture. The
proper interaction of these components creates a perfect BRB
and ER based system which is called RIMER methodology
[1]. Each of the components of the BRB architecture is
elaborated below [16]:
• Presentation layer: This layer is concerned with ensuring
the interaction between the users and the system. The
users of BRB can interact with the system by using this
layer and hence, it works as the interface of the BRBES.
Fig 4. illustrates the user interface of the BRBES.
• Application layer: The application layer easily moves data
between the computer and the system itself. Application
layer cooperates with the deduction motor and preparing
module of this BRB framework structure. The BRB
induction arrangement of this engineering comprises of a
few components, for example, input change, administer
actuation weight estimation, govern refreshing instrument, trailed by the total of the principles of a BRB.

•

Data processing layer: This layer is concerned with
storing the belief rule base as well as the sensor data
received from various sensors as discussed before.

Fig. 3. A BRB Smart Architecture .

The BRBES has been used to measure the level of autism.
This system generates results considering various signs and
symptoms associated with autism. Signs are directly discovered by physicians and symptoms are obtained from patients
experience and feelings. A specialized system or structure is a
computer program that imitates human expert which manages
clear and compact expertise through wireless sensor network
that is capable to explain real-world practical difficulties and
work as a value effective adviser. Wireless sensor networks
collect real data from the autistic children which help us to
measure the level of autism. Main challenges in data collection
in wireless sensor networks are sensor memory capacity,
energy efficiency, and data storage mechanism. In static sink
approach where sink node is static so that energy efficiency
is an important problem. Network lifetime is also reduced in
such cases. Data storage mechanism is an important challenge
in data collection. Good data storage mechanism can also
improve the quality of collected packets [15].

III. A S YSTEM S ETUP
The following hardware components and software are used
for implementing a prototype IoT-BRB Smart system. The
hardware components are:
• Arduino(UNO)
• Sensors: Ear-clip Heart Rate Sensor, EMG sensor and
Microphone
• RF Wireless Encoder/Decoder
• Arduino Ethernet Shield B
The software are
• Arduino IDE
• java
• LISP (List Processing)
• PROLOG (Program logic)
• PHP
• JQUERY
• Database: MySQL
A photograph of the practical implementation of the proposed prototype system is shown in Figure 5

Fig. 5. The practical implementation of the proposed IoT-BRB system.

IV. N UMERICAL R ESULTS
The verbal, non-verbal, social interaction, motor and sensory data of different subjects (students at the autistic school
located in Chittagong city of Bangladesh) have been collected
using IoT sensor nodes. The collected data are then analyzed
by BRB system.
A. Data Collection
Fig. 4. BRB Interface

The BRB interface is shown in Figure 4 , where degree of
belief for the mid level node of the BRB tree calculated in
terms of fuzzy value. The overall assessment of the autism of
a child has been obtained in terms of crisp value.

The data has been collected from 10 subjects after taking
ethical consent. All the subjects are termed by a number and
the privacy of the data has been maintained.
In each IoT node, three sensor’s have been used, these are
microphone and Ear-clip Heart rate sensor, EMG sensors. The
microphone can collect Behaviour, Communication, Social
interaction data whereas the Ear-cilp Heart rate and EMG

B. Data Analysis and Knowledge Discovery
These data are then fed into the BRB system to assess the
autism spectrum of each subject.
The effectiveness of the assessment are then further analyzed by the Receiver Operating Characteristic (ROC) curve.
The performance of the proposed system is calculated using
the Area Under Curve (AUC). It has been found that AUC of
the proposed system is higher than Fuzzy system.
Figure 7 illustrates ROC curves which are performance of
the BRBs, Expert system and Fuzzy system. The ROC curve
with blue line indicates the expert opinion while the curve
with green line shows the BEB result. The AUC for BRB is
higher than that expert opinion.
Table I shows the performance comparison of the BRB
and Expert system. It has been found that the reliability of
the proposed IoT based BRB smart system is higher than its
counterpart.
V. C ONCLUSION
Fig. 7.
output

ROC curve representing BRBES, Experts assumption and Fuzzy
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In this paper, we proposed IoT-BRB based real-time system
to assess ASD. The system can not only handle various uncertainty factors exist in a autistic children but also incorporate
knowledge representation parameters (such as rule weight, attribute weight and degree of belief). The results obtained from
the proposed IoT-BRB baed smart system outperformed stateof-the-art fuzzy/expert based system. It means the proposed
system is robust and can be used to develop an appropriate
treatment plan for the autistic children. In future, more sensors
can be employed to improve the reliability and detection
accuracy of ASD by the proposed system .
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70
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6
89
55
82
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55
7
92
53
95
94 82.47
85
8
40
29
55
55 53.22
55
9
49
52
55
82 59.31
52
10
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48
45
89 51.72
53
Legend: V–Verbal; Non-V–Non-Verbal; SI–Social Interaction
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