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Due to the enhancements of Internet of Things (IoT) and sensors deployments, the production of big data in Industrial Internet of
Things (IIoT) is increased. The accessing and processing of big data become a challenging issue due to the limited storage space,
computational time, networking, and IoT devices end. IoT and big data are well thought-out to be the key concepts when
describing new information architecture projects. The techniques, tools, and methods that help to provide better solutions for IoT
and big data can have an important role to play in the architecture of business. Different approaches are being practiced in the
literature for evaluating the role of big data in IIoT. These techniques are not handling the situations when complexity of
dependency arises among parameters of the alternatives. The proposed research uses the approach of Analytic Network Process
(ANP) for evaluating the role of big data in IToT. The results show that the proposed research works well for evaluating the role of

big data in IIoT.

1. Introduction

The developments in the field of data processing, Internet,
and electronic communications have enabled the world to
easy access to different physical devices. The whole world is
covered with different devices embedded with the actuators
and sensors. Huge bulk of data is produced from the
communication of these heterogeneous devices which need
to be researched for mining useful insights. These useful
information and insights will play an important role in
decision-making and optimum management or services and
resources.

The integration of emerging trends, technologies, and
applications of IoT in the industrial environment is leading
toward the expansion and developments of IIoT. The IIoT is

collection of smart devices and objects which sense, collect,
process, and communicate real-time occurrences in the
industrial setup. IIoT aims to achieve high efficiency of
operation to manage industrial assets and increase the
productivity of industry with the support of product cus-
tomization. In the last few years, special attentions were
given to the applications of IoT with emerging into the
industry. Several IoT devices are brought to facilitate the
human life. The applications of IoT technologies in industry
of automation have been expended to the IIoT which
supports Cyber Physic System in which human and machine
interact [1]. Internet of Things has several applications in the
daily life and has made life very easy. From industry to
education, healthcare, and to other place, the IoT is mostly
used. Internet of Medical Things is the advanced version of


mailto:changqingqing54@sina.com
https://orcid.org/0000-0001-6823-5592
https://orcid.org/0000-0002-3345-1022
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8859454

IoT which has a key role in healthcare. In healthcare, the
devices are sometimes connected through heterogeneous
environment with the support of different IoT devices.

IIoT takes help from the communication of IoT in the
applications of business which mostly focus on the inter-
operability among machines. As the daily life objects and
things connected to the Internet are increasing with the
passage of time, which made the IoT be dynamic network of
networks, more challenges such as dynamicity, heteroge-
neity, volume, and velocity of data makes the services of [oT
inconsistent, incomplete, inaccurate, and incorrect results
which resultant can make complexity for the applications of
IIoT such as healthcare, wearable, smart transportation, and
industry [2].

The contribution of the proposed research is to use the
approach of Analytic Network Process for evaluating the
role of big data in IIoT. The process of pairwise comparison
was carried out for the criteria and available alternatives. The
results show that the proposed research works well for
evaluating the role of big data in IIoT.

The organization of the paper is as follows. Section 2
presents the related work to the role of big data in IIoT.
Section 3 shows the research method of the proposed re-
search. The results and discussions are shown in Section 4.
The paper is concluded in Section 5.

2. Related Work

With the enhancement in IoT and sensors deployments, the
production of big data in IIoT is increased. The accessing and
processing of big data become a challenging issue due to the
limited storage space, computational time, networking, and
IoT device end. Researchers try to use different techniques
and tools for evaluating and extracting meaningful insights
from such data. Ur Rehman et al. [3] identified technologies
of big data analytics, techniques, and algorithms used in the
development of intellectual industrial Internet of Things
systems. Classification and categorization taxonomy were
devised for the literature based on significant parameters
such as analytics tools, data sources, requirements, analytics
techniques, and industrial applications. Different frame-
works and case studies are presented to show the applica-
tions of big data analytics in various enterprises. Hadj Sassi
et al. [4] proposed an architecture of big data and cognitive
Internet of Things. The approach integrates the Data Lake
and Data Warehouse and then defines the tool for collection
of heterogeneous data. Sunhare et al. [5] presented a
comprehensive and systematic review of the different data
mining techniques employed in small- and large-scale IoT
for formulating an intelligent environment. The system of
cloud-based IoT big data mining is also discussed. Yao et al.
[6] presented the applications of deep learning model for
diagnosing gallbladder stone from Internet of Health Things
(IoHT) big data. The research categorises the characteristics
of gallstone for improving the presented model to determine
the chemical compositions of gallstone. The model obtain
smart healthcare data from IoT for supporting diagnose and
recommendation of treatment of gallbladder stone with the
aim to build smart IoHT.
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Khan et al. [7] presented the concept of IIoT in a new way
to help reader to understand the IToT. The existing efforts
made for research in the IIoT are described. The study
highlights the enabling technologies for IIoT and the chal-
lenges to the IIoT. Gulati and Kaur [8] analysed the key
opportunities integrated from the concept of SIoT into the
industry with proposing reference architecture. An onto-
logical model is designed to present the model from a se-
mantic perspective. For the relationship management, an
approach among manufacturing resources is introduced.
The authors [1] presented the ideas of data management in
IoT, the literature of data management in IoT, the most
relevant solutions, and traced open research challenges.
Aceto et al. [9] provide the detail description of the key
technologies and approaches used in association to
Healthcare 4.0, the key applications scenario, benefits,
multidisciplinary challenges, and the derivations. Younan
et al. [2] presented a study with comprehensive review of the
existing challenges in the literature and recommending
technologies for enabling the analysis of data and search in
the future IoT search engines. Two case studies are presented
to show promising growth on smartness and intelligence of
applications of IoT based on the integration of information
and communication technologies. The applications of smart
phone enable the patients to know about their diseases after
the analysis in the field of gynaecology and paediatrics [10].
Mobile computing services can be used in IoT by using
services of mobile phones, apps, or through M-Health care
system [11].

Feldner and Herber [12] presented a qualitative ap-
proach for evaluation of IPv6 for IloT. Interviews were
conducted with five experts of IPv6 users. The experimental
results indicate the key challenges are (a) tool help and
available libraries are immature, (b) user can configure the
IP communication manually, and (c) complicated one-fits-
all protocol is prevalent. Boyes et al. [13] presented the
concept of ITIoT and the association to the ideas such as cyber
physical systems and Industry 4.0. IoT-related taxonomies
were analysed and developed an analysis framework for IToT
that can be used to list and characterise the devices of IToT
when analysing security vulnerability and threats. Alex-
opoulos et al. [14] presented the IIoT architecture and its
development details to support the industrial product ser-
vice system life cycle. Ge et al. [15] presented a survey on the
technologies of big data in different domains of the IoT for
facilitating and stimulating sharing of knowledge across the
domains of IoT. The similarities and differences among the
technologies of big data in different domains with the re-
usability of technologies in the domain of IoT are discussed.
Lin et al. [16] presented an approach of integrating sensing
data from diverse sources and equipments to apply on IIoT.
The industrial Micro Control Unit is connected to interface
with actuator, data sources, and equipments. The experi-
mental results show that IIoT can reduce the problem of
heterogeneous protocol and database manufacturing data
transmission.

Humayun et al. [17] presented a comprehensive report of
the evolution, prevention, and mitigation of Ransomware in
the context of IoT. Jiang [18] has presented an approach
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which firstly studies the IoT developments and technologies
related to cloud computing and smart cities and then fo-
cussed on the IoT technologies and cloud computing.
Urquhart and Mcauley [19] presented an approach for the
risks which lie for IioT, drawn both on the regulatory and
technical perspectives. Gierej [20] presented the idea of
business model for the companies implementing IIoT
technologies. The approach is developed to help traditional
companies in the transition of the digital market. Dachyar
et al. [21] conducted in-depth analysis of the 26420 papers
published in the area of IoT.

3. Research Method

Various taxonomies such as analytics tools, data sources,
analytics techniques, industrial analytics applications, and
requirements are used in the literature for analysing the data.
Figure 1 shows the 5Vs of big data.

Figure 2 shows the generic IIoT.

The proposed method has used the Analytic Network
Process for the evaluation of role of big data in IIoT. The
ANP has several applications in different areas [22-25]. The

ANP approach was selected for evaluating the role of IloT
due to the reasons as this method works very well in situ-
ation, where complexity of dependencies exists among
criteria and alternatives. The ANP method consists of three
parts: (a) the goal, (b) criteria, and (c) alternatives. Five
criteria along with subcriteria and three conditions were
available as alternatives. The details regarding the ANP can
be found in saaty (1996), while the following are the main
steps of the ANP:

(a) Division of problem into subcriteria
(b) Quantitative scale of measure between 1 and 9

(c) Pairwise comparison for criteria and alternatives to
achieve goal

(d) Eigenvalue and the related Eigenvector of the
comparison matrix

(e) The consistency of matrix is measured

The “Consistency Index (CI)” and “Consistency
Random (CR)” of pairwise comparison matrix are
computed by equations (1) and (2):
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TaBLE 1: Random consistency index.
2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49
Goal H
e Volume Velocity Veracity Variety Value
Criteria
(i) Trustworthiness (i) Structured
(i) Terabyte (i) Batch (i) Authenticity (ii) Unstructured (i) Statistical
Subcriteri (ii) Records/arch (ii) Real/near-time iii) Oriei - (iii) Multifactor (ii) Events
ubcriteria (iii) Tables, files (iii) Process (fl‘) Figi, FPUALON | 1 (iy) probabilistic (ifi) Correlations
distributed (iv) Stream (iv) Availability (v) Linked (iv) Hypothetical
(v) Accountability (vi) Dynamic
FiGure 3: Goal, criteria, and alternatives.
TaBLE 2: Comparison with respect to condition 1. TaBLE 4: Comparison with respect to condition 3.
Volume Variety Value Veracity Velocity E.V Volume Variety Value Veracity Velocity E.V
Volume 1 3 2 5 4 0.417 Volume 1 5 2 3 7 0.453
Variety 1/3 1 2 3 2 0.219 Variety 1/5 1 2 2 3 0.196
Value 172 1/2 1 3 3 0.196 Value 1/2 1/2 1 3 2 0.184
Veracity 1/5 1/3 1/3 1 2 0.091 Veracity 1/3 1/2 1/3 1 2 0.103
Velocity 1/4 1/2 1/3 1/2 1 0.077 Velocity 1/7 1/3 1/2 1/2 1 0.063
CR=0.065. CR=0.095.
TasLE 3: Comparison with respect to condition 2. (h) Decision of the alternatives
Volume Variety Value Veracity Velocity E.V Figure 3 shows the goal, criteria, and alternatives of the
Volume 1 2 3 2 5 0383  proposed research.
Variety 172 1 2 3 2 0.246
Value 13 21 2 3 0172 4 Results and Discussion
Veracity 1/2 1/3 1/2 1 2 0.124
Velocity  1/5 1/2 1/3 1/2 1 0.076 The process of pairwise comparisons of the proposed study
CR=0.054. was carried out in order to decide about available alterna-
tives. The experts from the industry involved to check the
contents against the available alternatives and relevant score
1 —n should be given. Table 2 shows the pairwise comparison with
C = %, (1) respect to condition 1 for the available criteria.
Table 3 shows the pairwise comparison with respect to
CI condition 2 for the available criteria.
CR = RT 2 Table 4 shows the pairwise comparison with respect to

Random consistency (RI) table is given by satty and
is shown in Table 1 [26].

(f) Construction of weighted matrix

(g) Conversion of weighted super matrix into limit
matrix

condition 3 for the available criteria.
Table 5 shows the pairwise comparison with respect to
criteria (volume) for the available alternatives (conditions).
Table 6 shows the pairwise comparison with respect to
criteria (variety) for the available alternatives (conditions).
Table 7 shows the pairwise comparison with respect to
criteria (value) for the available alternatives (conditions).
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TaBLE 5: Comparison with respect to volume.

Condition 1 Condition 2 Condition 3 EV
Condition 1 1 3 4 0.623
Condition 2 1/3 1 2 0.239
Condition 3 1/4 1/2 1 0.137
CR=0.22.
TaBLE 6: Comparison with respect to variety.
Condition 1 Condition 2 Condition 3 EV
Condition 1 1 2 2 0.490
Condition 2 1/2 1 2 0.312
Condition 3 1/2 1/2 1 0.198
CR=0.052.
TaBLE 7: Comparison with respect to value.
Condition 1 Condition 2 Condition 3 EV
Condition 1 1 4 2 0.579
Condition 2 1/4 1 1 0.187
Condition 3 1/2 1 1 0.234
CR=0.069.
TaBLE 8: Comparison with respect to veracity.
Condition 1 Condition 2 Condition 3 EV
Condition 1 1 3 4 0.623
Condition 2 1/3 1 2 0.239
Condition 3 1/4 1/2 1 0.137
CR=0.022.
TaBLE 9: Comparison with respect to velocity.
Condition 1 Condition 2 Condition 3 EV
Condition 1 1 2 3 0.525
Condition 2 1/2 1 3 0.334
Condition 3 1/3 1/3 1 0.142
CR=0.056.
TaBLE 10: Weighted super matrix.
IIoTs big data Alternatives
Node lable . . ) . . .
Volume  Variety Value Veracity = Velocity Condition 1  Condition 2 Condition 3
Volume 0.000 0.000 0.000 0.000 0.000 0.417 0.383 0.453
Variety 0.000 0.000 0.000 0.000 0.000 0.219 0.246 0.196
IIoTs big data Value 0.000 0.000 0.000 0.000 0.000 0.196 0.172 0.184
Veracity 0.000 0.000 0.000 0.000 0.000 0.091 0.124 0.103
Velocity 0.000 0.000 0.000 0.000 0.000 0.077 0.076 0.063
Condition 1 0.623 0.490 0.579 0.623 0.525 0.000 0.000 0.000
Alternatives Condition 2 0.239 0.312 0.187 0.239 0.334 0.000 0.000 0.000

Condition 3 0.137 0.198 0.234 0.137 0.142 0.000 0.000 0.000
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TaBLE 11: Limit matrix.

IIoTs big data Alternatives
Node lable . . ) . . .
Volume  Variety Value Veracity = Velocity Condition 1  Condition 2  Condition 3
Volume 0.41 0.41 0.41 0.41 0.41 0.00 0.00 0.00
Variety 0.22 0.22 0.22 0.22 0.22 0.00 0.00 0.00
IIoTs big data Value 0.19 0.19 0.19 0.19 0.19 0.00 0.00 0.00
Veracity 0.10 0.10 0.10 0.10 0.10 0.00 0.00 0.00
Velocity 0.07 0.07 0.07 0.07 0.07 0.00 0.00 0.00
Condition 1 0.00 0.00 0.00 0.00 0.00 0.58 0.58 0.58
Alternatives Condition 2 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.25
Condition 3 0.00 0.00 0.00 0.00 0.00 0.17 0.17 0.17
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00 1
Condition 1 Condition 2 Condition 3
Conditions

FIGURE 4: Ranking of available alternatives.

Table 8 shows the pairwise comparison with respect to
criteria (veracity) for the available alternatives (conditions).

Table 9 shows the pairwise comparison with respect to
criteria (velocity) for the available alternatives (conditions).

After pairwise comparisons, the E.V values of all the
tables were merged into the weighted matrix. Table 10 shows
the weighted matrix.

The weighted matrix (Table 10) was converted into the
limit matrix in order to get the most appropriate condition
in the available alternatives. Table 11 shows the limit matrix
of the proposed study.

From limit matrix (Table 11), it is concluded that
condition 1 is the best option among the available alter-
natives followed by condition 2, and then condition 3.
Figure 4 shows the decision of the available alternatives with
their rank.

5. Conclusion

In recent years, the accessing and processing of big data
become a challenging issue due to the limited storage space,
computational time, networking, and IoT device end. IoT

and big data are well thought-out to be the key concepts
when describing new information architecture projects.
With the enhancements and development in the Internet of
Things and sensor deployments, the production of big data
in Industrial Internet of Things is increased. Researchers are
using different approaches and techniques for evaluating the
role of big data in IIoT. These techniques are not handling
the situations when complexity of dependency arises among
parameters of the alternatives. The contribution of the
proposed research is to use the approach of Analytic Net-
work Process for evaluating the role of big data in IIoT. The
process of pairwise comparison was carried out for the
criteria and available alternatives. The results show that the
proposed research works well for evaluating the role of big
data in IIoT.
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