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Abstract:-- The Internet of Things is a paradigm where everyday objects can be equipped with ia'e'ntify'w_lg, sensing, networking,
and processing capabilities that will allow them to communicate with one another ape*With=qther dgvices,and services over the
Internet to accomplish some objective. Internet-of-Things envisions a future in vghich'd'rgita] and physic&l en%lxi.es' can be linked, by
means of appropriate information and communication technologies, to ena_t;lella whqle new class of applications and services.

The title of this paper may suggest different networking strategies, bt we focls on latestresearch angles r ard‘rgg the Internet of
Things (10T). These research angles includes all other disciplifes and:are in“the progess of being“adopted the'-lQ_T. Our paper
serves a key purpose: from the perspective of closely_r;pm'fected technologies based on'-_time, T0-review=the evolutionary process of
the 10T and depict the relations between the correspgonding.techniques which are largely, missing ‘in currént litetature in which#the
focus has been more on the introduction and cBmparison of existing“technologies of the 1oT. Through.relations of particularfoctis
in different stages of each technology, we ﬁt to know the current phase of-_the'l oT#and we can face future challer%i_-;i S paper

aims to provide guidance in terms o‘F the evolutionary progess of the [oT and gives fgaders.an overview o;_ the ield without
repeating what is alreadyravailable in existing strategies. p— 5 = 8 - " e o
T} L : --'.l-'._-l
Index TerpdS=T1aT, szvg_lll.Jtim,lMZM, architecture, WSN,.WoT, i _’J.- z
CE .;r _ a - 5 n B el
+ % I} INTROPUCTJON '|_ world for | Wes, in all its random glory.RFID and

L L oy B sensor te ogy enable computers to observe, identify
..gh;'ﬁ'fernet ﬁ'f- TEEBS may be a hat topic in the __an?; understand the world—without the limitations of
industry Bt it’s not @ new"concept. In the early 2000’ =-Auman-entered data.”
KeviFT'Ashtonﬂ’vas, layifig“the groundwork for what At the time, this vision required major technology
become the Internef of Things (IoT),at MIT s.Atto 1D 1ab. improvements. ~ After all, how would we connect
Ashton was @ne of the piofeérswhg copggived-this notion everything on the planet? What type of wireless
as he searched for v'vays ‘that P of. &1Gamble could communications could be built into devices? What changes
improve its business*by Iinki-rlgj:'l{’D information to the would need to be made to the existing Internet

Internet. The concepty was ple but powerful. If all infrastructure  to  support  billions of new devices
Objects in da||y fEI e equipped with identifiers and Communlcatlng? What would power these devices? What

wireless  connecfivity, these objects could be must be developed to make the solutions cost effective?
communicating with each other and be managed by There were more questions than answers to the loT
computers. In a 1999 article for the RFID Journal Ashton concepts up to now. The IoT has been launched as

wrote:

“If we had computers that knew everything there
was to know about things—using data they gathered
without any help from us -- we would be able to track and
count everything, and greatly reduce waste, loss, and cost.
We would know when things needed replacing, repairing
or recalling, and

Whether they were fresh or past their best. We
need to empower computers with their own means of
gathering Information, so they can see, hear an smell the

demonstration applications in different fields, including
intelligent industry, intelligent agriculture, intelligent
logistics [1], intelligent transportation [2], smart grid [3],
environmental protection, security protection, intelligent
medical care, smart home, and smart cities as in figurel.
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technology that allows them to communicate, directly or
indirectly, with each other or the Internet.

Nowadays, the constant expansion of the Internet
leads to more extensive network coverage. In addition to
raising the level of the integrated circuit manufacturing
process, modern wireless communication technology has
steadily improved. Many electronic devices have a
communication function, and research on wireless sensor
networks (WSNs) began in the late 1990s in the United
States and other countries. Today, the number of devices
able to access network continues to increase. With the
tendency of fast growth, we see the future of the loT
tentacles to be extended to all aspects of_maople s lives.

In the subsections that follow, iew tﬁq_chronologlcal
development of the 10T fromthe rspe!;tlve?f correlative
technologies. Through generaf!;atl s oft particular focus
in different stagéS of each teghn gy,'a\#! can better
understandzthe dt_J'rre'Mazhése of 'the 10T .and foresee the

Green Infrastructure Power Generation Optimization
Smart Energy and Utilities Grid Protection and Control
Transport efficiency Intellgent Utiity Network
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Figure 1: Applications of 10T in different fields

The motivation of this paper is aM
aim to review the evolutionary process ofiithe IoT

conducted this from the perspe of ¢ correlatm'a
technologies and present the proées_s in a chronolcrquial'

order. Through enelal.rzatlons of fparticular focus =i
different h te hnolog We can‘, better
understa

’ﬁ" u\'aq‘;;g; of the 1o, and therefore
predict futurg”challeng rmation on volving the- 10T s,

into_thesWebjofiThings is missifg,in the current: I|teratll_1re.-
It focu re on the oduction and comparison of
existing S8 on the evolutlpna-rS/ process
of t

We' feel that the lat
crucial utlon of the loT. |§
The rest Iy we
generalize'@ i?\/o-lyr OCQSriug onological
order) of of correlative
technologies and eplc ations between the
correlation techniq argely missing in current
literature some rﬁ angles regarding technologies,
applications, architecture, platforms, prototypes, existing
problems, and future challenges of the 10T are summarized
in existing researches.

1. EVOLVING IOT INTO WEB OF THINGS:

The Internet of Things (10T) is rapidly evolving.
There is a need to understand challenges in obtaining
horizontal and vertical application balance and the key
fundamentals required to attain the expected50 billion
connected devices in 2020. The loT creates an intelligent,
invisible network fabric that can be sensed, controlled, and
programmed. loT-enabled products employ embedded

ch s to, be, fac 11 the . Discussion of
volution; of t Io'F_ir:_rp e Web of Things is missing in
4 t current litekature; which=instead ‘thas _c_used on the

odugtion and ompa-rhon of+gxisting technologies and
Ies oh ‘the development® rocess of the corr
t-echn logies, which, are. _cru to unders

e\mlut n of tl’ie- oT. -
" Y - -:!;".l'.:':l"
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Figure 2: Expected evolution in 10T
The growth chart of IOT (current expected):
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THE INTERNET OF THINGS

AN EXPLOSION OF CONNECTED POSSIBILITY

1. MACHINE-TO-MACHINE
COMMUNICATION:

Machine to
communication

. |
machine  refers to ect I,
between devices ing =~ L
communications channel, including wired “and wireless.

hication r&fers‘tg th-é-_
between machin€s.

Machine-to-Machine (M2M) Com
interconnection and i i

ommunicaﬁ_on as
transmits data to

data is collected by-sensors
vq;pus types-of network,
applications as illustr

ion,
mplete  the
n*intervention. In
form relevant work and

the figuregl;l

the  machine |1.ga
communication p
this field, many organizati
develop standard ample, the 3rd Generation
Partnership Proj GPP); however, at this stage,
standards have just been completed or remain partially
completed, for example, the definition of M2M, service
requirements, and functional structure. In 2010, 3GPP
launched the radio access network for M2M
communication. Heterogeneous networks consisting of
M2M communication appear in many application areas. In
the future, 3G and 4G wireless technologies will play an
important role by virtue of their higher data transmission
rates, satisfying the needs of more M2M application
services.

M2M area network

L ™,
Nehmomain

to-machine comm
archit

ions can be realized separately
= within va s networks, such as mobile cellular
networks, less local area networks, and WSNs [4].

=0f the most important components of M2M
munication is WSN.

IV.  WIRELESS SENSOR NETWORKS:

A WSN is composed of a large number of self-
organizing sensor nodes that are deployed in free space by
a given distribution. The sensors work together to complete
the monitoring of specific surrounding environmental
conditions, including temperature, humidity, chemical
composition, pressure, sound, displacement, vibration, and
contamination particles[5] . The primary goal of collecting
data from the surrounding environment is for us to
understand the given conditions and enable applications to
better make automatable decisions with the assistance of
specified rules.
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i\ WE-B F THI
|

The Web~of Th| 1'7'1'; a computing
concept that describes a.futl;{:&mére everyday objects are
fully integrated wi The prerequisite for WoT is
for the "things" t e embedded computer systems that
enable communication with the Web. Such smart devices
would then be able to communicate with each other using
existing Web standards. With the development of the Web,
the traditional Web 2.0 will inevitably evolve to cope with
the heterogeneity of data, networks, and devices. The
concept of the Web of Things (WoT) has been proposed
and developed. The WoT not only enables smart devices to
share information and interoperate with the web but also
introduces numerous electronic devices or sensors as
services on the web.

The WoT shortened the distance between the
virtual and physical worlds by complementing the
conventional web with physical sensors. The WoT uses a

- =0 esouices

L F

standardized application protocol (HTTP) instead of a
transport mechanism to provide a means for sensors to
connect with the Internet. The WoT [6] started with smart
gateways running a web server that provided access to
different devices in a restful manner [7].

Above the level of transmission data, the WoT
depicts data streams from the physical world as Web
Service (WS) [8]. By interacting with conventional WS,
we can discover, compose, and execute different WS in
different application development. There are two optional
methods for integrating with the web: direct and indirect
integration [9]. The direct integration approach requires
devices to have good hardware performance so that the
devices can be addressed as IP abled Wl'ﬂ'l a web server
embedded directly in the de }{ovatsch et.al. proposed
an architecture called Actlnrum provrdlng a runtime
container that §upports the Restful p ng model by
using the ogh'straiﬁed"appll'eation fprot _I.( 0AP) [10]. In
Actinitim, applications ‘tan be created By simply mashing
ovided __by.-CoAP S ver§-_on devices and
assic WS. Et -

% ™ Using, the' indirect roach to mtegrate Wlth
the ‘lweb, “devices" \are wresource- -constrained and
powe ful'-enough to- runta_web=server. In su f!e!'"an
intermediate proxy is: established between_i |ces and
weh. PLOXYq is“used as a web“server gateway to
communieate.with other web,sefvers:“Using the proxy, we

can a‘so integrate heI?Elq M a as WS, such as from
|

RFID or Sej%dfa r
V]*l EMANTIC SENSOR NETWORKS:

“With the scale of WSNs increasing, the compositions of
such networks change more rapidly. Furthermore, an
increasing number of types of sensors are being added to
these networks. To solve the problems of variability and
heterogeneity in WSNSs, some researchers have proposed a
new field of study called semantic sensor networks (SSNs).

The approach with SSNs is to abstract the
data and explain its meaning. To better understand the
meaning of sensor data, semantic technologies and
ontologies have been introduced into this field, thus
improving semantic interoperability and integration. This
also facilitates automated reasoning and classification tasks
not addressed in the OGC standards.

Sensors were abstracted and described in
ontologies with results to be organized, managed, queried,
understood, and controlled via high-level specifications.
From 2009 to 2011,, the W3C Semantic Sensor Network
Incubator Group produced ontologies that define the
capabilities of sensors and sensor networks. The group also
developed semantic annotations of a key language used by
services-based sensor networks. In the final report of the
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W3C Semantic Sensor Network XG [11], published in
June 28, 2011, a set of ontologies have been developed and
studied to describe sensors and sensor networks for use in
sensor network and sensor web applications.

VIL. EVOLUTION AMONG TECHNOLOGIES:

0T represents the next evolution of the Internet,
taking a huge leap in its ability to gather, analyze, and
distribute data that we can turn into information,
knowledge, and, ultimately, wisdom. In this context, 10T
becomes immensely important.

The evolution of sensors, starts from SNs, SWs,
WoT, and SSNs. These technologies come from other
disciplines and are in the process of being adopted by the
10T based on time, to review the evolutionary process and
depict the relations between the correlation techniques
which are describing evolutionary process of the IoT.

“Linking”
Knowledge -
- -- L] gy L |
“A t' D =
Information \. s g =
e 1 i
. - =
§ ::. bat'a_ . -_. Efcoding o

" - w = .. | I- .-.
Figures: ﬁé've:_laﬁme'ntt-r'hd.of-‘:o reconcernsf ei:;yStage

10T is neither science fiction nor industry hype
but is instead based on solid technological advances and
visions of network ubiquity that are zealously being
realized. A one fold technology cannot satisfy the loT
requirements we consider that the 10T is convergence of
the six emerging technologies at least. The relations
between M2M communication, SSNs, the WoT, the loT,
SNs, SSW, and SW which are the constitutive elements of
the loT are depicted in Figure 6. In, Atzori et al.
summarized these relations as three visions of the 10T; they

are things-oriented, semantic-oriented, and internet
oriented visions -
T o
e
x/
' M2M
. Data transmission
[ Protocol-focused
|
o SN
- / Communications Accessibility and
r etwork-focusej Interactivity
i/ Data format/
1% Focused \
/ loT y \ﬁ.
/ ’
/ - Enhan 'd | wot |
'I SSN _ Me%nvi‘rig Integrating smart things
Mash up services | Situation- to the web

Link relation-focused| ~ Awareness- | Service-oriented-focused
Focused
SSW

‘\\

.

i f E real ! _ - -
Standards arg promoted ifferent standardizing bodies ?_F -
which changesfrom _cgaﬂ?mu 'catiog technolagy domain to Figure:6: Relationsbetween M2M Communication, SSNs,the WoT
informati n_;cec nology domaif, ] ' I::_:_:'.:':'
- i ¥ —.'_ | qk-_'l: VIII. OTHER IOT SURVEYSIN A NUTSHELL:
“eThe fundamental difference. in core_GORCErnS of
every stage=lies in“finer gmnulari;% progessing and ore For completeness purpose, these aspects that

sufficient “utllization |of _data. T, .F ge of core is
elaborated further =as" extend*igradually to incisive
connotation of data. \Weé “car grasp the meaning of
development trend.i he'perspective of data levering by
Figure 5 in whic liminary stage is at the bottom and
current stage is at the top. In preliminary, sensor devices,
and sensor network, it addresses the major issue of
encoding of raw sensory data; therefore we name the
formatted raw sensory data as data in Figure 5. In the next
stage, namely, sensor web and the Web of Things, it
annotates the raw sensory data with various labels and tags.
After that, the data possess the ability of self-explanation
and interactivity with context; therefore we name the data
as information in Figure 5. In the current stage, namely,
Semantic Senor Network, it establishes broader and more
comprehensive relationship with massive data which is
generally from heterogeneous sources; therefore here we
name the data as knowledge in Figure 5.

have been covered by existing literature are briefly
summarized with explicit references to the corresponding
survey papers. This section gives readers a panoramic view
of the 10T field without repeating what is already available
in the literature. Miorandi et al. provided an overview of
key technologies, applications, impact areas, related
ongoing initiatives, and security for the 10T. Gubbi et al.
[12] also summarized loT technologies and applications,
pointing out future challenges and directions; however,
they focused on a cloud centric vision and presented
Aneka, a user-centric cloud based model based on
interactions within private and public clouds. Atzori et al.
reported different visions of the loT paradigm and
reviewed related enabling technologies. Gluhak et al.
identified requirements for the next generation of loT
experimental facilities, giving a taxonomy of applications.
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This taxonomy had nine requirements, which
were scale, heterogeneity, repeatability, federation,
concurrency, experimental environment, mobility, user
involvement, and impact. After comparing between
different 10T applications, Gluhak et al. found that these
applications did not fully satisfy the requirements, with the
development of the Web, the traditional Web 2.0 will
inevitably evolve to cope with the heterogeneity of data,
networks, and devices.

The WoT survey papers [10,11], referring to
the WoT, discussed the inevitability of the appearance of
the WoT and proposed their views regarding the
architecture and key enabling technologies. Inspired by the
material cycle of the physical world, Zhong et al. [12]
proposed the concept of the Wisdom Web of Things
(W2T), which aims for a harmonious coexistence of
humans, computers, and smart things in the emerging
world. Zeng et al. [9] noted the trend of viewing the 10T as
the WoT with open web standards supporting information
sharing and device interoperation.

on their ovm'l'axbnon’Ty I L

1.; antrd,'-technologl.es_.'may th solve "+ the °
problem 1nteroperabllrty among ‘iheterogeneous
embedd:er:E ices«in. Hence they reviewed recent
develop ap| y|ng semantfic technologies to - the g 88 %
10T, “in¢luding.information’ modkllng, ontology de3|g a,nEIE-
semantic data processing. ) |

‘ |

The loT ePnphas.l.zé conng E;ﬁ every object

around us by “leveraging_ s Variety of wireless

communication technologles I.H'ﬂﬂse objects are typically
referred to as “‘smart. otlj-e s.” Several middleware’s were
proposed for smgx UB'Jects In [11], the authors present a
review of middleware’s for smart objects and compare
them according to the most important general and specific
requirements that have been identified in the literature so
far.

In 2014, an interesting study [11] analyzed the
opportunity of integrating the concept of social networks
into the 10T. In this paper, the researchers presented major
ongoing research activities and classified three
evolutionary stages of the objects comprising the 1oT.

Context awareness has been pnadtlcal
solution for helping us understand the raw d.ata"produeej
by large numbers of loT devices. Rerera™et al. [11]
surveyed context awareness from®an HoT perspective, "
provided an in-depth analysis of centext lifecycle, -ahd L

evaluated a subsej. of 5bl.pFQjeCtS from: 2001 to 2011 ba$ed" J

IX. CONCLUSION:

The reaches of the Internet have extended to all
aspects of people’s lives and drastically changed how we
live. The 10T is considered as the next big leap ahead in the
ICT sector, because it does not merely include the
connectivity of smart things but it focuses more on the
interactions and interoperations between things and people.
Through the massive deployment of embedded devices, the
IoT may see the vision of “anytime, anywhere, anything”
communications realized. The 10T aims to seamlessly
merge the real and virtual worlds such that tomorrow’s
world will be a fusion of human life and information.

The loT is the conabl'hatldn of multiple
techniques; a one fold technalﬁgy ¢anfiet beGome the 1oT.
In this paper, we summarized'the developmeht of the IoT
from the perspectiVe of correlative tﬁ;:tnjcal development
according e~ time: Through generalizations of particular
focussfor different stages inlthe sttdy of each technology,
wé can better understand the curren devqlopment stage of
the loT=and predict'key points of |:;'.;:utd':,e development.

futuré which is to

facilitate utilizationof data infiner granularity. a1
gl b - g

% Wehope that this survey has se l.'o-llb.e useful
to reseakchers and practitioners in thefield#helping them to
undérstand-=the- history - an 1:|[ot|'uat|on of the IoT.
Predictably,” the loT will®“grow into information
infrastructure -in §' future lives. Therefore, more
efforts to jtackiésthese challenging issues must be made
from bot §1ry and academia to promote the progress
andi realization of the 10T.

We comsider coré concetn, of the_loT
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