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Abstract—Emergence of smart things has revolutionized the conventional internet into a connected network of things, 9 

maturing the concept of Internet of Things (IoT). With the evolution of IoT, many attempts were made to realize the notion 10 

of smart cities. However, demands for processing enormous amount of data and platform incompatibilities of connected 11 

smart things hindered the actual implementation of smart cities. Keeping it in view, we proposed a Big Data analytics 12 

embedded smart city architecture, which is further integrated with the web via a smart gateway. Integration with the web 13 

provides a universal communication platform to overcome the platform incompatibilities of smart things. We introduced Big 14 

Data analytics to enhance data processing speed. Further, we evaluated authentic data sets to determine the threshold values 15 

for intelligent decision-making and to present the performance improvement gained in data processing. Finally,  we 16 

presented a representational state transfer (RESTful) web of things (WoT) integrated smart building architecture (smart 17 

home) to reveal the performance improvements of the proposed smart city architecture in terms of network performance and 18 

energy management of smart buildings.  19 

 20 
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1 Introduction 22 

The emergence of smart things has highly favored the notion of connecting everyday objects via the existing 23 

networks. The dramatic increase of smart devices led towards the realization of IoT [1]. The IoT is a 24 

continuously growing network that autonomously identifies and shares data among uniquely addressable 25 

devices [2]. A the concept matures, IoT notion is diversified into multiple interest areas pioneering numerous 26 

applications i.e. smart home, smart city, smart grid, and many more [3, 4, 5]. Initially, smart city concept was 27 

introduced to enhance the quality of life of urban citizens by effective utilization of public resources and 28 

services [6]. Smart city is built upon the IoT concept including smart community, smart transportation, smart 29 

energy, etc. [7]. The urban IoT optimizes transportation, surveillance, healthcare, and energy management with 30 

aid of autonomous data collection and data sharing. Accordingly, heterogeneous smart devices should be able to 31 



share collected smart city data at the application level despite of the platform variations. Consequently, it creates 32 

a significant demand for a common platform that facilitates successful cross platform communication among 33 

heterogeneous smart things. However, building a completely new universal platform is rigorous. So that, 34 

redefining an existing platform seemed to be the most feasible approach. Thus, academic and industrial experts 35 

identified web as a suitable candidate to offer cross platform communication for smart devices included in IoT 36 

applications i.e. smart home and smart city [8]. Thereupon, WoT notion was introduced to use web-associated 37 

technologies in IoT. In addition to the heterogeneity, smart city realization is further challenged by processing 38 

efficacy of enormous amount of data. In order to meet service requests, smart city architecture should allow 39 

real-time data processing. Therefore, embedding Big Data analytics to the IoT environment seemed to be an 40 

excellent fit that ensures flexible, reliable, and real-time data processing and decision-making [9]. 41 

In the recent past, multiple interest groups have focused on improving the usability of smart city architectures. 42 

Nevertheless, a majority of the attempts were designed to uplift individual aspects of smart cities i.e. water 43 

management, parking management, and so forth [10, 11]. Consequently, the practicability of smart city has been 44 

deteriorated due to lack of completeness. Therefore, a complete smart city architecture has become a crucial 45 

demand in the modern technological era. Further, heterogeneous smart devices in smart city architecture 46 

generates colossal amount of data. The rapid increase of data volumes exponentially degrades the performance 47 

of conventional data processing mechanisms. Thus, it is essential to utilize real-time processing mechanisms to 48 

make smart cities efficient and responsive [7].  In [6], an urban IoT was implemented to serve city 49 

administration tasks. It consists of a data collection system, street light monitoring system, and a gateway. 50 

SmartSantander testbed is used in [6] to determine the benefits of embedding Big Data analytics in smart cities. 51 

The emergence of wireless sensor networks (WSN) has improved smart city applications with aid of connected 52 

sensors. However, the improvements rely on effective communication protocols that consumes less power. 53 

Bluetooth, IEEE 802.15.4, IPv6 over low power wireless personal area network (6LoWPAN), and constrained 54 

application protocol (CoAP) are low power communication protocols, which are widely accepted for IoT 55 

applications [12]. Afore stated protocols serve smart thing integration at the network level. As a result, 56 

connecting heterogeneous smart devices at the application level of smart city architecture is hindered due to the 57 

platform incompatibilities. So that, integrating a cross-platform communicator into smart city architecture is 58 

much required to enable platform independent seamless communication among smart devices. The authors of 59 

[13] proposed a conceptual three tier pyramidal architecture with a wireless ubiquitous platform. Even though, 60 

above stated studies have addressed vital areas of smart city implementation, a complete smart city architecture 61 



capable of making intelligent decisions based on real-time data processing, while ensuring platform 62 

independency at the application level is still demanding. Addressing these challenges of smart city application 63 

will support to enhance the quality of service provision and efficient energy management of the network and 64 

smart buildings. 65 

In this paper, we propose a complete smart city architecture embedded with Big Data analytics. Compared to 66 

traditional data analytics, Big Data analytics approach can extract information that is more intelligent, while 67 

maximizing data processing speed and improving reliability of decision-making. The urban IoT collects and 68 

shares data autonomously. So that, we familiarized the WoT concept into smart city architecture to make smart 69 

things accessible and manageable via open web standards. Smart city services are integrated with the web using 70 

a smart gateway to allow cross-platform communication at the application level. RESTful application program 71 

interfaces (API) expose services to the remote users. Smart home energy management is presented as an 72 

example scenario of controlling service operations using RESTful APIs. The proposed scheme achieved 73 

efficient home energy management by enabling remote web accessibility to smart objects integrated with WoT. 74 

Henceforth, the proposed smart city successfully improves data processing speed, energy management of smart 75 

city owing to embedded Big Data analytics and web integration via RESTful smart gateway. The rest of the 76 

paper is organized as follow. Section 2 elaborates on the state of the art on smart cities collaborating Big Data 77 

analytics and platform compatibility concerns for smart cities. The proposed is presented in Section 3. The 78 

results of the study and discussion is given in Section 4. Finally we concluded the paper in Section 5. 79 

2 Related Work 80 

A full-scale smart city architecture benefits researchers and industrial experts in various ways as it covers a 81 

variety of research approaches e.g. abstract concepts and complete set of services. In past few decades, many 82 

researchers attempted to define a generic architecture for IoT based smart city. Current state of the art presents 83 

various experimentation and test bed based smart city architectures that address challenges for a generic 84 

architecture. 85 

Many studies proposed the deployment of IoT based smart city for one specific purpose i.e. waste 86 

management, noise pollution, and air quality monitoring [14, 15, 16]. However, these approaches do not reflect 87 

a standard solution. A test bed based architecture has been proposed in [17] to experiment a complete set of 88 

smart city services. The authors developed a large-scale infrastructure in Santander city to facilitate ease of 89 

experimenting. The SmartSantander city includes mobility support, security and surveillance, and scalability. 90 



The experiment results reveal that the study covers several challenges in current literature. However, collected 91 

data are not tested for generalization. Therefore, the performance of the architecture may vary from one 92 

environment to another environment. Smart city collects Big Data from heterogeneous devices in the smart city. 93 

Thorough analysis of collected Big Data supports to design an efficient and generic smart city architecture. Big 94 

Data analytics uplifts generic smart cities to real-time controllable smart cities. Extensive analysis on Big Data 95 

becomes an asset for the smart city in future endeavors. Furthermore, carefully analyzed Big Data supports 96 

authorities to make critical decisions precisely, while timely made intelligent decisions increase the revenue of 97 

urban councils. City data and analytic platform (CiDAP) was developed to improve service designing and 98 

utilization using hadoop ecosystem [9]. CiDAP achieved a higher data processing throughput owing to its 99 

layered architecture. SCOPE [18] and FIRWARE [19] are similar projects that are developed based on Big Data 100 

analytics. These projects serve Big Data processing in real-time environment, even though they are not openly 101 

available to use in different contexts. Moreover, recent literature [15, 20] present several examples of using Big 102 

Data analytics in planning and developing smart cities. However, intelligent decision-making based on real-time 103 

processing of prodigious data is still a challenging task. 104 

Smart city data collection predominantly relies on the connected smart objects. Generally, smart objects are 105 

controlled by battery operated sensors. Thus, energy efficient protocols are vital for IoT environments to enable 106 

energy aware communication. In [21], z-wave short range wireless technology is introduced for home 107 

automation purposes. Although it provides energy aware and cost effective communication, it does not provide 108 

interoperability with internet protocols. As a result, remote access for the smart objects via internet is restricted. 109 

In fact, a majority of smart things does not allow direct TCP/IP communication. Instead, they operate on 110 

dedicated protocols such as ZigBee and Bluetooth. WoT is the ideal candidate to expose smart things through 111 

the web to enable communication and remote accessibility. The WoT simplifies accessibility to smart things’ 112 

functionalities and represent physical world entities as traditional web services [22]. Accordingly, REST 113 

architectural style [23] was introduced as a reference paradigm to integrate smart things into the web. Zeng et al. 114 

presented some research works that proposed approaches to implement WoT using REST principles [24]. 115 

Fielding et al. proposed a scheme to integrate smart objects with the web, which creates a significant impact on 116 

the state of the art. The authors suggested using REST architecture with hypertext transfer protocol (HTTP) [23]. 117 

HTTP is the de facto protocol used in RESTful applications. However, request/response structure and longer 118 

header formats consume more processing time and memory. Hence, using HTTP directly on resource-119 

constrained objects is speculative and unrealistic. In addition to network resources, IoT environment should 120 



consider resource and energy efficiency of connected appliances. In [25], a resource aware smart home 121 

management system was proposed to manage home resources efficiently. Similarly, a smart controller 122 

scheduling system was proposed in [26]. The authors designed an algorithm based on dynamic programming to 123 

control smart home operations. However, the operation mechanism changes from one person to another, which 124 

increases the complexity of the system. Recent literature suggest integrating renewable energy sources to 125 

facilitate energy efficient smart home services. In [27], authors proposed a scheduling mechanism for thermal 126 

and electrical appliances. They compute energy from renewable energy sources and utilize that energy for 127 

operating certain appliances e.g. boiler and vacuum cleaner. However, implanting renewable energy sources in 128 

each home become less feasible due to various reasons e.g. weather conditions.  129 

The above literature revealed important findings and existing challenges for a realistic, energy efficient, and 130 

intelligent smart city architecture. For example, designing a holistic smart city architecture, enable real-time 131 

processing of collected data, effective communication mode to connect smart objects and users, energy aware 132 

network for smart city energy management are the challenges that needs to be addressed. Thence, we propose a 133 

real-time data processing smart city architecture integrated with WoT to facilitate intelligent decision-making, 134 

seamless communication for smart objects, and energy efficient smart city environment. 135 

3 Proposed Scheme 136 

The proposed smart city architecture is embedded with Big Data analytics to serve real-time data processing and 137 

intelligent decision-making. Big Data embedded smart city is further integrated with RESTful WoT to allow 138 

accessibility and manageability of smart devices using web standards. Consequently, smart objects become 139 

controllable according to remote web requests. This feature has been used to manage energy utilization of smart 140 

appliances. A smart home connected to the smart home scenario is used as an example scenario to elaborate on 141 

energy management achieved as a result of RESTful web integration. Following sub sections provide detailed 142 

descriptions on Big Data analytics embedded smart city architecture and service representation over RESTful 143 

framework. 144 

3.1 Big Data Analytics Embedded Smart City 145 

The proposed smart city consists of four levels 1) data creation and collection level, 2) data processing and 146 

management level, 3) event and decision management level, and 4) application level as shown in Figure 1. The 147 

bottom layer of the architecture is liable for data generation and acquisition. The smart city framework aims to 148 

reduce unnecessary energy consumption and traffic congestion of the city, while maximizing the quality of 149 

health and other community services offered to urban citizens. Collection of data associated with daily 150 



operational tasks of the city plays a vital role in achieving afore stated goals. However, acquiring data in all 151 

operation aspects is tedious and challenging. In order to enhance the data acquisition of smart city, large number 152 

of sensors are deployed within the city area, in addition to other connected smart devices. Low cost and energy 153 

efficient sensors are widely used to sense phenomenon of interest from the real world. These sensors collect 154 

various types of data from the neighboring environment based on the deployed context e.g. smart home, 155 

transportation system, lighting system, etc. The proposed urban IoT is covered with all possible smart devices, 156 

sensors, and smart things, since the city becomes smarter with the expansion of connected devices [17]. Smart 157 

homes operate with the motivation to reduce household energy consumption. All home appliances are equipped 158 

with a ZigBee sensor to read real-time energy consumption. Similarly, ZigBee sensor is occupied in the 159 

RESTful web integration to control smart home appliances remotely over the web. Data collected at the bottom 160 

layer is transferred to data processing level to determine value added information. Vehicular and transportation 161 

system collects data to reduce city traffic congestion. Sensors implanted on roadsides collect number of vehicle 162 

entrance and departures between two points to calculate real-time traffic status at the data processing level. 163 

Weather forecast system obtains environmental parameters and weather parameters through deployed sensors. 164 

Collected data is transferred to the data processing level to derive intelligent forecasts. The smart city 165 

architecture incorporates several communication technologies i.e. ZigBee, Bluetooth, Wi-Fi,  and data and 166 

cellular networks to communicate collected data to the data processing and management level.  167 

As shown in Figure1, proposed smart city architecture utilizes multiple modalities i.e. HDFS, HBase, and 168 

HIVE to facilitate data storing and processing demands. HDFS acts as the storage medium of the smart city as it 169 

is the primary storage medium of Hadoop framework. Distributed nature of HDFS uplifts the performance of 170 

MapReduce by executing analysis on smaller subsets of a larger data set. Scalability demand of Big Data 171 

processing can be addressed with aid of HDFS. The proposed smart city occupies two nodes Hadoop cluster to 172 

obtain better performance. Autonomous real-time intelligent decision-making requires real-time read/write 173 

access throughout the cluster. So that, HBase is used to speed up the processing owing to its swift access 174 

capabilities and special characteristics i.e. real-time lookups, in-memory caching, and server side programming. 175 

Further, it supports fault tolerance, while augmenting usability. Querying and managing facility over the 176 

enormous amount of data on Hadoop is facilitated by HIVE. HiveQL queries data on Hadoop, since SQL 177 

querying is not possible on Hadoop. Upon storing respected data, the controls are transferred to event and 178 

decision management level. 179 
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consumption. Decision management generates intelligent decision corresponding to a particular service event. 187 

Further, all decisions occupy a shared vocabulary (ontology) to describe intelligent decisions, in order to 188 

facilitate efficient processing at the application level. Then, the intelligent decisions are transferred to the 189 

application level. 190 

Application level is the upper bound of the smart city architecture that connects with the smart gateway 191 

enabled WoT to allow remote access to the smart city services. Exposing smart city services via the RESTful 192 

API will be described in the next section. All smart city services corresponding to service events and resource 193 

events are generated at the application level. This level is further divided into three layers i.e. departmental layer, 194 

services layer, and sub-services layer to empower precise event generation. Figure 2 presents the sub layers of 195 

the application level. Intelligent decision from the event and decision management level are unicasted to the 196 

bottom layer of the application level (departmental layer) i.e. smart community development department, smart 197 

traffic control department, smart healthcare department, and smart weather and meteorology department. As 198 

mentioned previously, intelligent decisions are described in accordance with a shared vocabulary to enforce 199 

unicasting of the decisions throughout the application level. The departmental layer ascertains high-priority 200 

decisions and low-priority decisions. At the departmental layer, respective departments store high-priority 201 

decisions and unicast further towards the upper layers (services and sub-services). However, the transmission of 202 

low-priority decisions terminates at the departmental layer. Services layer components accepts decisions 203 

forwarded from the respective department at the departmental layer e.g. smart home and waste management 204 

components accept messages from the smart community development department. The services layer transfers 205 

decisions to corresponding component at the sub-service layer. For example, smart home transmits decision 206 

messages to energy management and water management components. The sub services level generates 207 

respective smart city service to serve a specific citizen or a group of citizens. 208 

Following example describes working of the proposed scheme for a real world scenario. Assume that sensors 209 

implanted on roadsides observe the number of vehicles arriving and departing between two defined locations 210 

(data creation and collection level). Collected data are transferred to the data management level via 211 

communication mediums i.e. data networks, Wi-Fi, ZigBee, and cellular networks. Consequently, these sensed 212 

data goes through MapReduce, HBase, and HDFS to complete processing of raw data (data processing and 213 

management level). Event management classifies received information and create a service event. Then, the 214 

decision management discover the corresponding intelligent decision and describe it according to the shared 215 
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The MS bridges household appliances with the web. RESTul API works on process management and service 236 

presentation. Multiple requests made on the same appliance are divided into multiple processes. Each process 237 

holds the ID of the sensor that controls the respective appliance. The processes are valid until the appliance is 238 

functioning properly. Whenever, the appliance is broken or removed from the smart home, all related processes 239 

will terminate autonomously. The users are allowed to access the smart home appliances remotely. They make 240 

requests over the web and the requests are consequently redirected to the smart home MS. For example, a user 241 

can request to view current energy consumption of the house. Worthy to note, that a smart home user can only 242 

access the services that are registered under his/her smart home. The smart home allows multi-user 243 

functionalities with aid of multi-processing environment, which handles multiple requests on the same 244 

appliance. Further, RESTful API enable the smart home users to access the services from the web via its 245 

presentation module. Smart home users can view and request for information using any web browser owing to 246 

RESTful web integration. Each appliance is represented as a hyperlink and users can explore the desired 247 

services by navigating across those hyperlinks. The proposed example smart home scenario is presented in 248 

Figure 3. 249 

Significant increase of infrastructure energy consumption has highly influenced the current smart building 250 

architectures to introduce energy efficient mechanisms. Henceforth, we describe the unification of above stated 251 

smart home architecture with WoT to ensure efficient energy management of the smart buildings that are 252 

included in the proposed smart city architecture. Aforementioned smart home architecture is generalizable to all 253 

smart buildings with slight modifications according to the context. The smart home includes a device control 254 

unit (DCU) and MS. DCU operates in a semi-automated manner. Users manually switch on the appliances and 255 

the DCU switches off the appliances to save energy. Switch off controls are generated by MS at the absence of 256 

user/s. DCU is a collection of non-IP appliances and ZigBee sensors deployed in the smart home to gather 257 

environmental parameters and to access the assigned appliances. As stated, each appliance of the smart home is 258 

attached to a sensor to facilitate accessibility and manageability. The proposed architecture addresses energy 259 

efficiency of both household appliances and wireless sensor network (WSN). Each ZigBee sensor is connected 260 

to a ZigBee coordinator placed in each room and in kitchen. Coordinators are deployed to mitigate the 261 

interference from coexistence of multiple wireless communication technologies i.e. Wi-Fi and ZigBee and 262 

distance between sensors and MS. Interference reduction improves the energy efficiency of smart home WSN 263 

owing to lessen packet loss and packet retransmissions. Mindful coordinator placement shrinks the impact of 264 

distance between MS and sensors. In fact, a distant node consumes more energy to transfer a packet to the MS 265 
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unnecessary data flow across the network and for a speedy processing. The MS incorporates an event 280 

management system (EMS) to enable communication between users and DCU. The MS stores all records 281 

corresponding to home energy consumption per month. At the end of the month, the MS sends a summary 282 

report to the data processing and management level of the smart city architecture and removes data from the 283 

local storage. Energy consumption records in the MS support smart home residents to conserve energy. 284 

Meanwhile, historic records transferred to the Hadoop storage are used for long-term energy management 285 

programs at the city level. Moreover, the MS is liable for the event generation of the smart building. Smart 286 

building even generation is in two types 1) locally driven events and 2) remotely driven events. Locally driven 287 

events are generated by the MS to minimize energy wastage of the smart home at the absence of the user. 288 

However, the MS does not switch off the appliances immediately. It notifies the respective user and opts to 289 

waits for  time to receive the user response as shown in figure 4. Users have the sole authority accept or reject 290 

the event suggested by MS. Thus, the users can adjust different tasks of the appliances e.g. control the cooling of 291 

refrigerator and air conditioner. If the MS does not receive any response from the user within   time, the MS 292 

autonomously generates a decision aligning with the human machine interaction (HMI) module. HMI is 293 

embedded into the MS to approve or reject the generated events considering previous user responses. Since HMI 294 

module makes future adjustments based on the past human interactions, it assures the reliability of the decisions. 295 

Moreover, user absence will not cause any adverse effects on the smart home operation thanks to the integration 296 

of HMI module. Remotely driven events are generated by remote smart home users The MS receives remotely 297 

generated events via the smart gateway. 298 

The users can access smart home services through any web browser as a result of the service translation at 299 

RESTful framework. Remotely controlled events include turning on/off appliances, change settings, monitoring 300 

appliances, and monitoring energy consumption. Once the MS receives a remote user request, it immediately 301 

executes the request and   is not involved in remotely driven event generation. Initially, the MS determines 302 

the availability of information in storage, upon receiving the remote user request. If the information are 303 

available, it immediately responds to the user. For example, if a user request for the status of an appliance 304 

(on/off), the MS holds the latest information. Therefore, MS does not forward the request to the corresponding 305 

appliance. Instead, respond to the owner of the request promptly. On the contrary, users can also request for 306 

information that are not available in the MS. In that scenario, the MS forwards the service request to 307 

corresponding ZigBee coordinator and Zigbee sensor. For example, an user requests for the current room 308 

temperature of a particular area. Since the MS does not hold the latest information, it forwards the request to the 309 
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The proposed smart home architecture occupied the web as the communication medium between remote users 317 

and smart objects. Herein, we propose a smart gateway architecture to compensate the HTTP and TCP/IP 318 

requirements of non-IP devices, such as ZigBee sensor, ZigBee coordinator, Bluetooth sensor, etc. The proposed 319 

smart gateway facilitates transparent web process, while hiding the internal details of the network. The smart 320 

gateway consists of two layers i.e. 1) transport module (TM) and 2) device service module (DSM). These two 321 

layers collaboratively resolves services requests and service responses to facilitate seamless communication. 322 

The proposed smart building utilizes ZigBee as the communication protocol. ZigBee is a proprietary protocol 323 

that was developed based on IEEE 802.15.4. The DSM resolves service protocols of the non-IP appliances. In 324 

addition, DSM maps the device functionalities to the RESTful APIs. The RESTful API architecture binds 325 

uniform resource identifier (URI) to the functionalities of smart things. So that, the remote smart home users can 326 

access the smart home services. Further, URI binding supports in generating self-describing service requests to 327 

access physical devices via the MS. The MS is liable to transport the resolved user requests to the MS. Similarly, 328 

DSM receive service responses and transform proprietary response messages to HTTP format to forward to the 329 

web server to allow access via any web browser. 330 

4 Results and Data Analysis 331 

In this study, we proposed a smart city architecture that can overcome the existing drawbacks of a smart city 332 

in terms of performance efficiency and energy efficiency. Performance improvement of the smart city highly 333 

depends on the processing and analysis of data from previous studies that belongs to various fields e.g. 334 

transportation, healthcare, community development, etc. Herein, we processed authentic data obtained from 335 

various sources to confirm the performance improvement gained through embedded Big Data analytics. Dataset 336 

information are mentioned below in Table 1. Initially, the datasets consist with fuzzy and raw data entries. We 337 

applied MapReduce on raw data to expedite the processing of smart city data. Notably, it improves the 338 

performance efficiency of Hadoop. Thus, Big Data analytics supports in boosting real-time data processing. In 339 

this section, we present dataset information, simulation setup to integrate smart city components with WoT, and 340 

results on real-time data processing and energy management of smart buildings. 341 

4.1 Dataset Information 342 

We analyzed datasets obtained from authentic and reliable sources. These datasets include 1) water 343 

consumption data collected from meter readings of 61263 houses in Surrey, Canada [28], 2) city traffic, 3) 344 

parking lot data in Aarhus City, Denmark [29], and a dataset on toxic gases and materials that has been collected 345 



in Aarhus City, Denmark [30]. The hazardous gases dataset was analyzed to determine ozone, carbon monoxide, 346 

sulphar dioxide, and nitrogen dioxide gases. 347 

Table 1 Dataset Information 348 

Sources Dataset Size 

Surrey City, Canada [28] Water Consumption 4 MB 

Aarhus City, Denmark [29] Traffic Data 3.04 GB 

Aarhus City, Denmark [30]  Pollution Data 77.25 MB 

Aarhus City, Denmark [29]  Parking lots 0.20 MB 

4.2 Simulation Setup for Data Processing and Smart Home Integration with WoT 349 

Collected data were analyzed using a two node Hadoop cluster on Ubuntu 16.04 LTS having core I5 processor 350 

and 8GB RAM. Considering the analyzed data, thresholds were defined on the output data. The thresholds are 351 

specific to the dataset size used for the analysis. The threshold values are shown in Table 3. The smart home 352 

architecture along with RESTful framework, MS, smart gateway, and a web server is simulated as shown in 353 

Figure 3. The MS and the smart gateway are installed on Core I3 CPU 3.60 GHz computer. The RESTful 354 

framework and web server were hosted in a computer with windows server 2008 operating system. We 355 

simulated and tested the entire smart home scenario using C# programming language. Each household appliance 356 

is attached with a ZigBee sensor. A sensor is a programming function, which follows the IEEE 802.15.4 357 

protocol architecture for communication. In this context, we did not consider the energy consumption of sensors. 358 

Importantly, the RESTful framework is a separate program and it is not separately installed on each sensor. 359 

Therefore, the sensor nodes require energy only for sensing and transmitting information to the coordinator 360 

available at the shortest distance. 361 

Table 2 Threshold Values and Event Generation Analysis 362 

Dataset Size Threshold  

Water Consumption 4 MB 80 Cubic Liters 11.23 s 

Traffic Data 3.04 GB 8 vehicles 212.88 s 

Pollution Data 77.25 MB 80%  16.97 s 

Parking lots 0.20 MB <10/parking garage 3.67 s 

4.3 Dataset Analysis and Processing Performance 363 

The data were analyzed extensively to determine the expected threshold values for each dataset. These 364 

threshold values helped us to validate the reliability of event generation of the smart city. Accordingly, we 365 

defined a threshold value for event generation ( ), which includes time taken to process data, generate an 366 



event, and to notify respective user/s through the corresponding departments that are shown in Figure 2. 367 

Experimented dataset analysis revealed that the data processing time significantly increases with larger datasets. 368 

However, in real-world scenario data that requires real-time processing are available in streaming form. 369 

Therefore, the processing time degradation with the data size will not have any adverse effects on the system 370 

performance. Nevertheless, it is crucial to facilitate immediate data processing on high-speed data. The 371 

simulation setup analyzed the datasets at the data processing and management level. In this study, we used 372 

authentic data sets to represent data creation and collection level. Initially, we used these analyzed data to 373 

determine threshold levels for each dataset. Secondly, we used the same data sets to validate the reliability and 374 

performance of proposed event and decision management and application levels. The analysis results were used 375 

to generate various events i.e. traffic intensity warnings, parking availability notifications, hazardous gas 376 

intensity warning, etc., in order to enhance the quality of life of urban citizens. Analysis results of the datasets 377 

are shown in Figure 5. 378 
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the reliability and availability of service provision. In addition, the proposed smart city architecture enables a 394 

citizen to reserve a parking lot prior reaching the destination. Further, deployed sensors immediately updates the 395 

availability upon departure of a vehicle that has occupied a particular parking lot.  396 

Increasing volume of the toxic gases is another major problem that arise with increasing number of vehicles, 397 

waste production, and pollution, which causes serious health conditions of urban citizens. Hence, we analyzed 398 

the pollutant density of Aarhus City, Denmark. The air quality sensors can obtain information regarding the 399 

concentration levels of pollutants and hazardous gases. Figure 5(c) presents toxic gas concentration of Aarhus 400 

City. The data processing level utilized existing data and evaluated the event generation efficiency of the 401 

proposed smart city architecture. Pollutant dataset  demotes the time taken for the event generation after 402 

processing the complete data set. These actions are transmitted to users via the weather and meteorology 403 

department. Accordingly, users are warned to be careful, while visiting polluted areas. In long term, these 404 

precaution warnings can reduce adverse effects on health problems that are caused by toxic gases and pollutants. 405 

Further, the proposed smart city concern on the water consumption, since excessive water usage can become a 406 

critical problem in near future.  Figure 5(d) illustrates the water consumption information of Surrey, Canada. 407 

According to the analysis, each house consumes an average of 80000 liters of water per month. In order to 408 

reduce excessive water consumption, we generate warning messages at the threshold. Once the water usage 409 

reaches 80000, event and decision management level of the proposed architecture generates warning messages 410 

and notifies the users via water management department. 411 

The performance improvement of the proposed scheme was compared with a single node Hadoop system and 412 

a JQuery based system. Introducing data filtration before data processing has significantly influences the data 413 

processing time. As shown in Figure 6(a), processing of the proposed scheme has reduced remarkably compared 414 

to other two schemes. Figure 6(b) illustrates the performance enhancement gained in terms of throughput. With 415 

a smaller data amount, the proposed scheme produced a slightly increased throughput. However, single node 416 

Hadoop system and JQuery based system followed an extremely slow rise in throughput with larger data amount. 417 

Contrastingly, the proposed two node Hadoop cluster gained a rapid and steady growth with increasing data 418 

amount. The results revealed that the proposed scheme has improved the data processing of the smart city. 419 

Consequently, the performance improvement has supported the smart city to provide reliable services in various 420 

contexts in a timely manner. 421 
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real-time energy management scenarios, where smart operations highly depend user preferences and behaviors. 434 

In the case of relay based WSN, three relay sensors are used to forward data to the next available hop. 435 

Unfortunately, these systems do not record the functioning time of the appliances. Therefore, home users are 436 

unable to adjust the household appliance for better usage concerning the previous history of the household 437 

appliances. In other words, these systems does not provide the functionality of smartness and thus not suitable to 438 

use in the future WoT-based smart buildings. On the contrary, the proposed ZigBee coordinator based smart 439 

home management system enables prior records based appliance management. Moreover, it generates 440 

appropriate decisions, if the home user is not available or offline.  441 

The energy consumption records of four different appliances i.e. fan, television, air conditioner, and 442 

refrigerator are presented in Figure 7(a), 7(b), 7(c), and 7(d) respectively. The simulation results revealed that 443 

the proposed scheme has obtained an average of 15% - 20% energy efficiency compared to existing pure WSN 444 

and relay based smart home systems. Similarly, we analyzed the energy consumption data of all appliances for a 445 

duration of six hours. The simulation generated random user activities. In this scenario, the system opts to wait 446 

for  time to receive user response. If the user does not react within the defined time, previous user contexts 447 

are utilized to execute necessary actions. Figure 8(a) illustrates the energy consumption of all household 448 

appliances. Compared to relay based WSN and pure WSN, proposed ZigBee coordinator based WSN achieved 449 

an average of 15% energy efficiency.  450 

 451 



452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

 

Figure 7 E 

television  

We sim 

proposed 

than the n 

we evalu 

based sm 

performa 

are hoste 

depicts th 

response  

number o 

the senso 

failures.  

fail trans 

Energy consum

(c) Energy con

mulated a lar

d WoT archite

number of sm

uated the syste

mart home arc

ance paramete

ed on a separa

he response tim

time is incre

of appliances.

ors reside clos

We divided a

smission scena

mption of variou

nsumption of air

rge number o

ecture under a 

mart home user

em with less n

chitecture. The

ers. In the first

ate computer. 

me with 3, 5, 

eased with th

 Effects of int

ser to Wi-Fi a

all sensor nod

ario. Sensors 

us household ap

r conditioner (d

of service req

heavy load. I

rs. As a result

umber of appl

e duration of 

t setup, web p

However, all

and 7 sensors

hree appliance

terference is a

access point th

des in the sma

that are 3, 6, 

appliances. (a) E

d) Energy consu

quests over th

In general, the

t, the response

liances to assu

the experime

pages are host

l three compo

s that are attac

es. However, 

another major

hat causes coe

art home arch

9, and 12 me

Energy consum

umption of refri

he web, in or

e number of a

e time for vari

ure reliability 

ent was set to

ted on one co

onents belonge

ched to househ

the response

r concern of th

existence inte

itecture into f

eters apart from

mption of fan (b

igerator 

der to evalua

ppliances of t

ious requests i

and efficiency

 10 minutes a

mputer, while

ed to the sam

hold appliance

e time is decr

he proposed a

rference, whic

four groups, in

m the Wi-Fi a

b) Energy cons

ate the perfor

the smart hom

is negligible. 

cy of the propo

and tested for

e MS and oth

me network. Fi

es. The result

reased with i

architecture. W

ch lead to tran

in order to sim

access point b

 

umption of 

rmance of 

me is more 

However, 

osed WoT 

r different 

er sensors 

igure 8(b) 

s revealed 

increasing 

Whenever, 

nsmission 

mulate the 

belongs to 



468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

group A, 

transmiss 

request a 

of the gr 

transmiss 

note that  

in real-w 

variation  

server vi 

are turne 

deployed 

20 senso 

However 

 

Figure 8  

Response  

, B, C, and D

sions in group

arrival frequen

roups presente

sion percentag

we presented

world scenario

n with the num

a MS and Zig

ed on simulta

d in the smart 

ors immediate

r, the time con

The effects of 

time analysis (c

D respectively.

p A. Accordi

ncy is 120 requ

ed a significan

ge of group A

d the worst con

o benefits th

mber of sensor

gBee coordina

aneously. The

home. Accord

ely after turni

nsumption for 

f proposed WoT

(c) Fail transmis

. High interfe

ing to the exp

uests per minu

nt decrease w

A operates with

nditions of the

he existing en

rs is presented

ator. The disco

ereupon, we 

ding to the res

ng on at onc

sensor discov

T architecture.

ssion analysis (

erence within 

perimented re

ute. Although

with the increa

h 3, 5, and 7 a

e proposed ar

nergy manage

d in Figure 8(

overy time of

experimented

sults obtained

ce. The time c

very increases

 (a) Energy co

(d) Sensor disco

3 meters rang

esults, 10% o

h group A is h

asing physical

appliances tha

chitecture. Th

ement approa

(d). Initially, 

f the sensors i

d the time co

d from the exp

consumed to 

s rapidly if 20 

onsumption an

overy time anal

ge results a h

f all attempts

ighly affected

 distance. Fig

at serve multip

hus, embeddin

aches signific

all sensors are

increase with 

onsumption to

periment, prop

discover 20 

sensors are tu

alysis for all h

lysis 

higher number

s were failed 

d from interfer

gure 8(c) illus

ple requests. W

ng the propose

cantly. Discov

re registered in

number of se

to discover 3

posed scheme 

sensors is 19

urned on at on

household app

r of failed 

when the 

rence, rest 

strates fail 

Worthy to 

ed scheme 

very time 

n the web 

ensors that 

0 sensors 

discovers 

9 seconds. 

nce. 

 

liances (b) 



5 Conclusion 484 

Transforming a conventional city into a smart city requires compatibility of connected devices, ubiquitous 485 

access to urban services and resources, and ability to process voluminous data. Therefore, we proposed a smart 486 

city architecture that is capable of processing colossal amount of data with aid of data filtration followed by Big 487 

Data analytics using a Hadoop ecosystem. The smart city architecture was further extended with WoT 488 

integration to facilitate platform compatibility and ubiquitous access to urban services. 489 

The proposed system analyzed various types of data to present the data processing efficiency gained through the 490 

embedded Big Data analytics. Processing time and throughput were significantly improved with the proposed 491 

two-node Hadoop cluster at the data processing and management level of the smart city. Moreover, WoT 492 

integration has greatly supported the energy management of smart buildings. The beauty of the proposed 493 

scheme is it coordinates operations to minimize energy consumption according to user preferences. We 494 

simulated a smart home scenario to evaluate the energy consumption efficacy and the impact of WoT 495 

integration on network performance. 496 
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Highlights 588 

 A Big Data analytics embedded smart city architecture is proposed 589 
 The proposed system integrates web with the smart control system using a smart gateway syste 590 
 The system is evaluated based on authentic data sets from various reliable data sources 591 
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