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ABSTRACT
The fast growth in the population density in urban areas demands more facilities and resources.
To meet the needs of city development, the use of Internet of Things (IoT) devices and the smart systems
is the very quick and valuable source. However, thousands of IoT devices are interconnecting and
communicating with each other over the Internet results in generating a huge amount of data, termed as
Big Data. To integrate IoT services and processing Big Data in an efficient way aimed at smart city is a
challenging task. Therefore, in this paper, we proposed a system for smart city development based on
IoT using Big Data Analytics. We use sensors deployment including smart home sensors, vehicular
networking, weather and water sensors, smart parking sensor, and surveillance objects, etc. initially a
four-tier architecture is proposed, which includes 1) Bottom Tier: which is responsible for IoT sources,
data generations, and collections 2) Intermediate Tier-1: That is responsible for all type of
communication between sensors, relays, base stations, the internet, etc. 3) Intermediate Tier 2: it is
responsible for data management and processing using Hadoop framework, and 4) Top tier: it is
responsible for application and usage of the data analysis and results generated. The collected data from
all smart system is processed at real-time to achieve smart cities using Hadoop with Spark, VoltDB,
Storm or S4. We use existing datasets by various researchers including smart homes, smart parking
weather, pollution, and vehicle for analysis and testing. All the datasets are replayed to test the real-time
efficiency of the system. Finally, we evaluated the system by efficiency in term of throughput and
processing time. The results show that the proposed system is scalable and efficient.
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1. INTRODUCTION
According to the report published by CISCO in 2008, things connected to Internet
surpassed the number of people living on earth [1]. It is also added that these things would
touch the limit of fifty billion by 2020, taking us to the world of digitization. These things
interact and communicate with each other with the help of internet – we call it the Internet of
Things (IoT). The advancement in the IoT affecting human lifestyle in a positive manner in the
field of healthcare [2], automation, transportation, and emergency response to man-made and
natural disasters where it is hard for the human to make decisions. The Internet will be no longer
considered as the network of computers. However, it will be involved with the billions of smart
devices along with the embedded systems. As a result, Internet of Things (IoT) will greatly
increase its size and scope, providing a new way of opportunities, as well as challenges [3]. The
majority of the countries have put forward longstanding national strategies for the
implementations of IoT after completing the intangible stage of service level. For instance,
Japan’s broadband access is providing the facility of communication between people, people
and things, and things and things [4]. Similarly, South Korea’s smart home enables their people
to access things remotely [5]. Singapore next generation I-Hub [6] intentions to comprehend
the next generation “U” type network through a secure and ubiquitous network [7]. The stated
initiatives laid the foundation of IoT [8]. In the literature, extensive research work has been
performed on the Smart home technology [9] focusing on individual homes.
Due to the incorporation of ubiquitous and pervasive computing, the trend of living is
now changed. It is noticed that by 2050, seventy percent of the world population will live in
cities [10]. Hence, a rapid increase has been seen in the transition of the population towards
cities. Therefore, it results in enhancing the number of things to be interconnected with each
other, which results in generating an overwhelming amount of the data. Such data comprises
heterogeneous properties, referred as big data. Hence, analyzing such data based on the user
needs and choices, the cities would become even smarter. The massive amount of information
generated by the embedded and pervasive devices will be shared across assorted platform and
applications to enrich the cities smarter and predict accordingly in term of its planning and
development.
Having understood the feasibility and potential of the IoT and the smart home, in this
paper, we propel the concept of the smart home towards the smart city based on big data
analytics. In the paper, we proposed the complete architecture to develop the smart city using
IoT-based Big Data analytics. The 4-tier architecture is proposed, which has the capability to
analyze thehuge amount of IoT datasets generating from various sources of the smart systems
in the city such as smart homes, smart car parking, vehicular traffic, etc. Moreover, the analysis
is performed on the IoT datasets to make smart city decision using the proposed system. Finally,
the system is tested and evaluated with respect to efficiency measures in terms of throughput
and processing time.

2. PROPOSED SYSTEM
The primary concept of the smart city is to get theright information at the right place and
on a right device to make the city related decision with easiness and to facilitate the citizens
more quick and fast way. To develop the IoT-based smart city, we deployed several wireless
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and wired sensors, surveillance cameras, emergency buttons in streets, and other fixed devices.
The main challenge in this regard is to achieve smart city system and link smart systems’
generated data at one place. Here we are presenting the proposed system including the detail
description, the architecture, and the implementation model.
2. 1. System Description
Figure 1 shows the overview of the system including sensors deployment and the smart
systems used for building the smart city. We proposed the deployment of various types of
sensors at different places to collect and analyzed the data. The ultimate goal is to achieve smart
homes, smart parking, weather and water systems, vehicular traffic, environment population
and surveillance systems. In a smart home, the home is continuously monitored by sending data
generated from the sensors measures the smoke and temperature. Similarly, to detect a fire at
real-time, the electricity and gas consumption to effectively manage the power, gas, and water
consumption to the houses and different areas of the city. Similarly, monitoring the pollution
will help in the health care of the citizens and alert them when the pollution increases than a
particular threshold.
The smart parking helps in the checking of vehicles coming and going out of different car
parking zones. Thus, an intelligent car parking can be designed. The smart car parking data
provides lot facilitation of the citizens as well as merchants as being a part of the smart city. In
our system, the citizens easily get the information of the nearest free slot of parking at realtime. Similarly, the citizen gets the information from the smart city about more suitable places
to park his/her vehicle. This system reduces the fuel consumption of cars.
Weather and water system provides the weather related data like temperature, rain,
humidity, pressure, wind speed, water levels at rivers, lakes, dams, and other reservoirs. All
these information is collected by placing the sensors in water reservoirs and other open areas.
In the world, most of the flood occur due to the rain and similarly, few others by snow melting
and dam breakage. Therefore, we use rain measuring sensors and snow melting parameters in
order to predict the flood earlier. We also predict about the water reservoirs in advance in order
to meet the need of the water to the citizens.
Vehicular traffic information is the most significant source of a smart city. Through this
type of data source and with useful real-time analysis, the citizen and as well as the government
can get more benefits. The city travelers also get the destination information based on the
current intensity of traffic and the average speed of the vehicles. The traffic can be diverted to
other routes from the congested one, and it will reduce the fuel consumption as well as decreases
pollution that occurs due to the crowded traffic. Government authorities get the real-time
information about the blockage of the road due to the accident or other things. They can make
necessary action at real-time to manage the traffic. In our smart city system, we are getting the
traffic information by GPRS, vehicular sensors. We get the location of each vehicle the number
of vehicles between two pairs of sensors placed at the various location of the city.
A city can never be smart with unhealthy citizens. Therefore, while designing smart city,
we set a separate module to get environmental data, which includes gases information such as
particular metals, carbon monoxide sulfur dioxide, ozone, and noise as well as. These gases are
very dangerous for human health that causes liver disordering, coughing, and heart diseases.
People should not go outside when these gasses are more in the environment. Especially the
children, old age people, people for physical exercise, already sick people, should not go outside
from their homes when any of the polluted gas is more in the environment. This can only be
-47-

World Scientific News 41 (2016) 45-54

possible when there is an access to all these information to the people at real-time and alerts are
generated when any of the gas excesses a particular threshold. Moreover, the places where there
are more population, the government should reduce the cause of the pollution like moving
industries to other places, diverting traffic to the other routes etc.
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Figure 1. Sensors Deployment.

2. 2. System Architecture and implementation model
Based on the needs of the smart city, initially, we proposed a 4-tier architecture to analyze
IoT-based smart systems’ generated data in order to establish smart cities. The complete
architecture is shown in Figure 2.
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Figure 2. IV-Tier Architecture for IoT Big data analytics for remote smart city
and urban planning

-49-

World Scientific News 41 (2016) 45-54

Figure 3. Implementation Model

Tier 1. Bottom Tier: This layer handles data generation through various IoT sources and then
collect and aggregate that data. Since there are a lot of IoT sensors participating in the
generation of data, therefore a lot of heterogeneous data is produced with varying format, and
with different point of origin and periodicity. Moreover, some data have security, privacy, and
quality requirements. Also, in sensor data, the metadata is always greater than the actual
measure. Therefore early registration and filtration technique are applied in this layer, which
filters the unnecessary metadata, as well as repeated data.
Tier-II; Intermediate Tier-I: This tier is responsible for the communication between sensors,
sensors to relay through ZigBee technology, rely to GW or base station and then on internet
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various communication technologies can be used. At the analysis sides between various
analysis servers, Ethernet is used.
Tier-III: Intermediate Tier-II: This layer is the central layer of the whole analytical system,
which is responsible for the processing the data. Since we need real-time analysis for the smart
system. Therefore, we need a third party real-time processing tool to combine with Hadoop.
Therefore, for real-time implementation, Spark is used. However, Strom, VoltDb can also be
the alternatives. At a lower layer of Hadoop, the same structure of MapReduce and HDFS is
used. With this system, we can also use HIVE, HBASE, and SQL for managing Database (inmemory or Offline) to store historical information for urban planning.
All the data are stored at Hadoop using HDFS and analysis are performed at intermediate
tier-II. The last tier is the interpretation tier, which is the usage of the results of analyzed data
and then generating reports. Here, the generated results are announced and used by many
applications, such as flood detection, security, citizen facilitation, and city planning.
The complete implementation model of the system is given in Figure 3. It shows the full
details of all the steps performed while data processing till decision making. Initially, every
system generate their data, such as smart home generated data, vehicular data, smart parking
data, etc. At every system, there is a relay node, which is responsible for collection data from
all the sensors in the system. It uses ZigBee technology to communicate with the sensors.
The relay handles collecting data from all sensors and then sending to the analytical
system through GW and Internet. As the sensors have a lot of metadata, and they also generate
the heterogeneous type of data.
Therefore, all the unnecessary metadata and redundant data are discarded. Moreover, the
data is classified by the message type and the identifier. After classification, the classified data
is converted to the form, i.e., understandable to the Hadoop ecosystem, such as sequence file.

3. SYSTEM IMPLEMENTATION AND EVALUATION
We take existing datasets through mentioned smart systems from various reliable
resources. The datasets includes 1) the smart home collected dataset including the water usage
of each house, temperature [11], etc., 2) the vehicular datasets including all the details of the
vehicles traveling between many pairs of source and destination at various places of the city,
and the location and mobility information [12-15], 3) parking datasets including the current
status of number of vehicles in the parking area [16-18], 4) pollution datasets including various
gases and noise pollution [16-18], 5) weather dataset including continuous measurement of
temperature, humidity, rain [16-18], etc., outside as well as inside the home.
As all these datasets are offline, but to make it real-time, the datasets are replayed all the
datasets at the same time using various computers towards the server, as we shown in the
implementation model. The real-time traffic is processed by Hadoop-pcap-lib, Hadoop-pcapscr-de libraries and converted into sequence file to make it capable of processing on Hadoop.
Each facility of the smart city is implemented as a separated class or sub-module. Citizens have
limited access to the results of these modules, and the government has full access to them. For
evaluation purpose we take single node setup on UBUNTU 14.04 LTS coreTMi5 machine with
3.2 GHz processor and 4 GB memory.
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Figure 4. Processing time of various size vehicular datasets
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Figure 5. Throughput of datasets depending on the size
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Since the system is based on big data analytics, therefore at this level, the systems is only
evaluated with respect to the efficiency and response time using offline traffic as well as realtime traffic.
The processing time results with respect to offline datasets size is shown in Figure 4 and
the throughput analysis result is shown in Figure 5. It is evident in the graph that when the data
size is increased the processing time proportionally increased, both data size and processing
time are directly proportional to each other. Moreover, throughput is also directly proportional
to data size because of the parallel processing nature of Hadoop system, which is the major
achievement of the system.

4. CONCLUSION AND FUTURE WORK
In this paper, we proposed an IoT-based system in order to achieve smart city to facilitate
the government as well citizens while performing real-time decisions based on current city
scenarios. To process ahuge amount of data, coming with very high speed, we use Hadoop
ecosystem with Spark at the top layer. The existing smart systems’ datasets are used to test and
evaluate the system’s efficiency. In future, we are planning to deploy the system using practical
smart systems to test the real world implementation and feasibility of the system.
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