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Abstract

Generally, in smart cities, a group of sensing devices, cameras, data centers will exist that enables the civilian
administrators to offer needed services in a rapid and efficient way. The effective usage of advanced technologies
assists to the creation of intelligent transportation, smart healthcare, smart buildings, and so on. In case of smart
building, holds the nature of gathering rain water for future system, smart control, the probable enhancements
allowed by the sensing technologies is high. The ubiquitous sensing offers various limitations which are technical or
social in nature. In this chapter, an explanation of the different concepts involved to the topic of sensing in smart
cities is provided. This chapter comprises a brief history, sensing platform, sensing technologies, challenges and its
applications in a broader view. At the end of this chapter, it will enable the readers to clearly understand the concept
of advanced sensing technologies in smart cities.
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1.Introduction

Smart cities generally functions in a sustainable and intellectual way by the incorporation of every infrastructure and
services to an interconnected whole. It also enables seamless observing and managing the smart city by the
utilization of smart devices to verify ensuring sustainability and effectiveness [1]. Due to the rise in the global
population, resource utilization becomes adequately high resulting to the shortage of resources and climatic changes;
the motivation for inventive solutions becomes important. Especially, in urban regions, maximum amount of
resource utilized is noticed and it raises an immediate requirement of creating smart infrastructure. To resolve the
issues, a series of enhancements are considered as the major elements of urban dynamic, as shown in Fig.1.

It is identified that the world's financial system will be considerably inconsistent because of the development in the
city side. In the next 30 years, it is predicted that a total of 6 billion people lives in urban regions. This development
will exaggerate additional presented power and weather related difficulties. For resolving the issues, cities should
utilize the resources effectively and advanced technologies need to be derived.

Under the category of smart infrastructure, sensing plays a vital role that has the ability to observe and take actions
by their own cleverly. By the use of sensing devices to supervise public infrastructures like roads, bridges and
buildings, offer responsiveness which enables high resource utilization depending upon the data gathered by the
sensors. Different types of sensors can be utilized in the application of smart cities namely proximity sensor, gas
sensor, pressure sensor, level sensor, electro-optical sensor, smoke detector, passive infrared sensor, image sensor,
motion sensor and so on. The real-time observance reduces the requirement of periodic supervision, hence, it
minimizes the cost, determines utilization of energy in houses enables precise load prediction, and sensors installed
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in roads to monitor traffic gather data that is needed to implement the intelligent transportation systems (ITS). In
many cities, pilot projects are implement to ensure advanced technologies which assists to resolve the urban
sustainability challenges, enhance the efficiency of urban services, and improve the quality of life. These projects
are mainly labeled as “smart city” projects, are classically supported by municipality, funded by subsidy, and run in
partnerships.

To achieve the efficiency, massive number of sensors should undergo deployment and needs t be linked together for
the purpose of gathering and communicating data to the central receiver where decision making in an intelligent way
takes place. If offers numerous challenges. Initially, a communication infrastructure in needed to make the
communication of sensors possible. Next, an effective way of data processing and aggregation is also required [2].
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Figure 1: Sensing applications for smart cities

The different views relevant to the sensing technologies in smart cities and effective data processing gathered by the
sensors are explained in the remaining sections.

2. Rise of sensing technologies

Sensors play an important element of any in intelligent control system [23]. The ease of use of a huge number of
diverse sensors and constantly developing technologies allows the applications which are not feasible in the earlier
days because of expensive and restricted availability. The advanced technologies not only stimulate the inventions, it
also allows needed computation power for small-scale devices that can be interfaced to the sensors in an inexpensive
way. In the view of the need of smart cities, extensive accessibility of these technologies converts to a massive
chances with respect to sensing.

Under the concept of smart city, the conventional way of using meters to measure water, fuel, electricity usage can
be replaced. The usage of smart metering indicates the recent invention of technologies [3]. Along with the
mechanical solution, it should be healthy, inexpensive, simple to manage and reliable, since the reading values are
applied to bill the utilization. Electricity meter reading values are developed for minimizing cost and improve the
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precision of meter readings, eventually to an advanced metering infrastructure (AMI) that differs from the AMR in
that it allows two-way communication with the meter, driven by a rising thoughtful of the benefits of two-way
interactions among system operator, consumer and their load and resource[26]. A sensor is a transformer that
converts the physical variables to electronic signals that could be interpreted by human or provided to an
autonomous model [26]. The signals in traditional sensors such as temperature, light, humidity, pressure, moisture
and diverse variables. Added classy sensing devices like accelerometers could be utilized to determine acceleration
and vibration. Under structural health monitoring (SHM), for example, corrosion rate sensors (based on the idea of
maximizing in electrical resistivity because of corrosion); acoustic emission sensor (employed for detecting sound
wave propagation); and magneto-strictive sensors (identify the modification in magnetic induction in the material
due to strain or stress).

Recent invention of sensing devices are mainly depends upon various aspects of semiconductor devices, nano
technologies and smart sensing devices like smart phones [4]. CMOS based sensing, because of relatively cheap,
allows diverse smart sensors. In [5], a smart temperature sensor with a one-point calibration method and MOSFET
circuit is presented. This sensor is mainly focused on low powered devices. Some other CMOS-based sensor
applications have the capability to monitor the food product quality by reading the temperature, exposure time, to
assess the food product quality [6]. Under the concept of smart city, these devices are used to observe air and water
quality. Particularly, printed sensors could be linked to the devices as labels for measuring diverse physical variables
like humidity, vibrations, and so on. In addition, sensor has been designed in synthetic foil, for example, chemical
gas sensors are designed on different types of substrates, coated with a sensing film [7]. It allows the sensing of
many variables from an individual sensor.

A probable application for the sensing devices is the observance of humidity by embedding these sensors to building
materials, or ecological monitoring [8], a significant ability for smart cities. Nano-technology, though typically
appropriate for bio-sensing applications, is one of the enabling technologies for sensor development, as
advancements in nano-technology will unquestionably make growth in MEMS and photonics, unavoidably resulted
to the design of extremely complicated, however, inexpensive sensors. These technologies allow the applications to
sense the environment of the person as well as person’s health at minute level is also connected to the social media.

Rapid growth in the production of smart phones creates a completely novel scenario. Smart phones are
interconnected to diverse types of sensors like accelerometer, gyroscopes, and compass, allowing diverse crowd
sourcing applications that will ultimately be augmented by the Internet of Things (1oT).

3. Enabling Technologies

Few technical challenges related to communication among the sensor nodes are yet to be solved [24]. Under the
concept of Internet of Things (loT), the data transmission among the sensors nodes needs to be operate in a
wirelessly way, since cabling cost for numerous sensors is not practical and also costly. The low power
communication standards applicable for massive devices and their heterogeneous nature are essential [9].
Particularly, based on the position and essential coverage, dissimilar networks are existing in smart cities. Based on
the place as well as coverage, these can be categorized in [10]:

Home Area Networks (HAN): It classically makes use of small range standards with the frequency operating in the
ISM band. The standards comprises ZigBee, Dash7 and Wi-Fi (802.11 g/n), or wired standards like Ethernet. Every
monitor and control system elements in a house are linked to a HAN.

Wide Area Networks (WAN): It offers data transmission among the utilities and customers’ premises that needs
broad coverage compared to HAN, with the infrastructure like leased lines depending upon optic fiber cable or
wireless, and controlled by the service provider.

Field Area Networks: Generally employed in a smart grid to link the building of a customer to substation.
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4. Sensing Platforms

By means of the initiation of ubiquitous sensing, diverse devices and platforms presently exist. Though thoughts to
realize these platforms have been present in several years; it becomes possible due to the inexpensive electronic
components. The way of sourcing these components in massive volume becomes very cheap due to the progression
in technologies. The sensor nodes can be linked to numerous sensors which could be temperature, gas, and pressure
sensors [11]. The platforms are constructed in an idea that the observed data is gathered by the sensors, occasionally
pre-processed, and again sent to the base station through added sensor nodes, therefore, they are generally placed in
a network called as wireless sensor network (WSN) [31]. In addition, these systems undergo outdoor deployment
and have to manage in harsh ecological condition.

4.1. WSN

WSN has numerous sensor nodes that are linked to a processing unit, communication unit, analog to digital
converter, sensor array, storage area and battery. The traditional structural design of a sensor node in WSN is shown
in Fig. 2.
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Figure 2: Structural design of a sensor node

The utopia of WSNs is a tremendously minute low powered, inexpensive sensor nodes which has undergo
deployment in any area with adequate battery supply that could last for some years with the ability to seamlessly
observe its environment [30]. In real time, even with the latest advancements in microelectronics, these are not yet
implemented.

4.2. 10T System

The sensing devices generally transmit the data to based station which again transmits it to any kind of processing
centre. These two elements are implicitly unified, from a WSN point of view. Few of the integrated solutions
comprise:

Thingspeak: An environment that allows the user to enter details to the cloud from the sensor nodes. The user
creates an account, performs device registration and gain access to the gathered data as preferable. This system
enables to query by location, enabling the user for having data accessing from diverse parts of the globe.
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iOBridge: Unlike Thingspeak and Cosm, iOBridge design its individual hardware module which is linked to the
cloud and it could be accessed by the use of web interfaces to monitor from remote areas and the API’s enables the
incorporation of gathered data to furtherweb services or third-party applications, for instance, mobile applications
are developed to control the ioBridge devices.

4.3. Cloud of Things

Cloud is an important element of a smart city. Since the sensor nodes gather terabytes of data, it is required to be
integrated and computed. Along with the latest technical advancements in the form of smart phones, cloud becomes
an important component for storing as well as processing data. Simply, the cloud represents a set of platforms and
infrastructure to where data is saved and processed, enables the retrieval and uploading of user data for a particular
application or software programs, anywhere [12] with the existing Internet usage. So, the cloud allocates massive
resources easily reached by Internet. The capability of outsourcing processing power is mainly attractive, due to the
fact that the resource intensive applications can be transmitted to the Cloud as an alternative. In the view of
ubiquitous computing and sensing, cloud becomes mandatory.

5. Applications
This section discusses the possible applications of smart cities are presented here.
5.1. Electricity Distribution System

With contrast to the conventional power grid, smart grids brought various enhancements. Initially, it offers self-
monitoring abilities, where sensors undergo deployment [13] at any place on the distribution network, in positions
like substations or overhead transmission lines. The sensed data can be further employed for reporting related
events. A main sensing application in smart grid among the other ones is the observation of overhead in transmission
line. Through the line monitoring, the utilities verify that the delivery of power takes place with the safe limits. For
example, STAMP [14] senses the sag, tension value and temperature of an overhead line in real-time to compute the
status or line health from the measurement (as shown in Fig. 3).
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Figure 3: Sensors placement in transmission line
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5.2. Environmental Monitoring

For ensuring the quality of living, safety, environment monitoring gains more significance. Through the observation
of qualities of various variables like air, gas, water and so on, it is probable to evaluate anomaly in the surrounding;
so, verifying pollution is kept back to a satisfactory level. Particularly, minimizing the carbon emission level that is a

severe threat to the planet is a primary goal of smart city. The environmental monitoring needs a deployment of
diverse sensor outdoor environment like park, river and so on.

5.3. Water Distribution Systems

The advancements in sensing technology allow developing a highly reliable fault identification model. The probable

positions of deploying sensors and interested parameters from an observation viewpoint, in water distribution system
is illustrated in Fig. 4.

Content
Level
s~y Leak
> ol R /" Detection
’ \
/
Treatment /! \\ y
Plant ! ! P i .
% ! AL . . . \\\
I | Reservoir E Distribution "
Water quality s ! b/ Network N
. . /’ " \\ \ \
monitoring P I =5 \ If '
/ \\ A 7| H Laromugss
! 1 N 2 1/,’ e
! \ N 2 \‘ } X
] !
A !

-
-
-
’
s
~

7’ \ /
\\ /’ N ’
Water Source M g7 S~ e = -
' Smart
Metering

Figure 4: Water distribution system
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Some instances of those applications include observing the level of water in reservoir, identification of leaks and
observing the quality of water at particular points the distribution system. To monitor the pipelines, [15] comprised a
collection of sensors which has undergone deployment around the pipeline to monitor unnecessarily. In general, a
set of three variables are applied to identify the presence of faults in the pipeline like sound, pressure, and vibration
as given in Fig. 5.

5.4. Intelligent Transportation Systems

Due to the exponential increase in the number of cars all over the globe, there is a great demand to manage the
traffic efficiently for avoiding traffic jam, optimal route selection, and so on. The traditional way of regulating
traffic flow is the usage of traffic lights. It is generally placed at predefined switch an interval time that is not
dynamic to the flow of traffic [28]. The traffic jam greatly affects the usage of fuel because of adequate start and
stop and increases the emission carbon content. Therefore, a dynamic method based on the flow of traffic is highly
essential. In this way, a model to determine the total number of cars coming towards a point to produce data for
switch interval times to be vigorously altered depending upon the flow of traffic [16]. In this case, smart applications
needs to be designed, effective models to identify the traffic are needed.

5.5. Smart Building and Home

By taking an attempt of promoting green living and sustainability, diverse actions take place to reduce energy usage
inbuildings. In this way, approaches to mainly minimize the utilization of energy in buildings are diverse from smart
models to smart design [17]. It is essential due to the fact that buildings (particularly with the easier convenience to
low-cost electrical appliances and so on) take a very big piece of produced electricity.
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Figure 6: Facilities offered in smart buildings

11
DOI: 10.5281/zenodo.3738796



International Journal of Wireless and Ad Hoc Communication (IJW.AC) 170/ 01, No. 01, PP. 05-15, 2020

Particularly, heat, ventilation and air conditioning (HVAC) comprises the largest contributor to enhanced utilization.
Therefore, sensing is important is critical in buildings for proper events for reducing utilization is carried out. For
realizing automation systems, for example, prior to suitable event is carried out, the state of the atmosphere has to be
correctly assessed. Since the heart of household energy sensing are smart meters. Energy sensing measurements
undergo interfacing with a smart meter for precise utilization report. Some of the facilities provided in smart
buildings are sown in Fig. 6.

5.6. Surveillance

Using the existence of CCTV cameras for surveillance purpose, an infrastructure for smart surveillance system is
present [27]. An important aspect needs to be considered in a smart city is security [22]. Though the cameras are
generally lined to a digital video recorder (DVR), it does not have any inbuilt processing abilities. In addition, they
are controlled by manual operators who might have lack of attentiveness. The advantages of having smart
surveillance are noticeable [18]. For example, by the observation of the events initiated by the people, it is probable
to identify the occurrence of violence or people trying to involve in it.

In this view, the smarty surveillance system can raise an alarm by the occurrence of event which is predefined. In
addition, the observance of people's nature can also help to determine the pedestrian traffic pattern that could to
helpful to develop any further assistance for pedestrians.

5.7. Health Care

An essential application of sensing devices lies in the field of healthcare. For facilitating management in medical
institutions, sensing devices can be utilized in the environment for diverse applications [29]. Particularly, wireless
body area networks (WBANS) is a hot research area which contains a set of interlinked sensors placed in various
body parts to measure the physical variables that can be electrocardiography (ECG), breathiness, temperature, blood
pressure and so on [19]. The benefit of WBANS is their ability of uploading data to remote systems. Hence, the
gathered data can be seen by the doctors in real world. Emergency response is also another view of sensing
applications in healthcare [20].

6. Design issues

Some of the design issue exist in the area relevant to the smart societies are listed below and also demonstrated in
Fig. 7.

Security: The usage of various technologies for sensing applications faces numerous challenges that might be treated
in the area of smart cities. These networks are easily vulnerable to cyber-terrorism and cyber-vandalism.

Data rights and privacy: An issue arises in the view that who will have the right for every data gathered by the
sensing applications. For example, water distribution management has the ability to access a home's water
consumption; there is a question whether that data be utilized with no control from anyone.

Trust: it is a significant factor that how to trust the objects to aggregate and store the data. For example, the cloud
can be treated as a centralized system where data access is generally managed by the organization that has its own
infrastructure.

Social Issues: Civilian people have been keenly observed in a city. For example, there are mutual initiatives where
citizens gather and make the city clear. It has to be considered that whether the smart city concept generates some
kind of disconnectivity among the citizens and the city.
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Non-distributed control: it is obvious from the current scenario is shifted towards the non-distributed way where
every service is continuously aggregated, to be controlled by an individual centralized system. It will transfer the
entire management by the leading bodies that could be utilized for tracking people in an illegal way. It is relevant to
the issues of privacy and trust which is explained in earlier.
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Figure 7: Challenges related to smart city

Installation cost to upgrade smart cities: It is a major design issue which should consider the cost needed to upgrade
the cities. Since smart cities are mainly based on communication and other infrastructures, it requires high cost to
update every existing model.

7. Conclusion

In urban regions, a maximum amount of resource utilized is noticed and it raises an immediate requirement of
creating smart infrastructure. To resolve the issues, a series of enhancements are considered as the major elements of
urban dynamics and the concept of smart city has been mainly developed. The different views relevant to the
sensing technologies in smart cities and effective data processing gathered by the sensors are explained in this
chapter. In addition, different applications and challenges exist in the view of smart cities are also neatly discussed
in this chapter.
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