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Abstract: In recent days, the smart city project has been emerging concept all over the world. In this process, the proper 

communication between the sensors and the smart devices, and identification of optimal path between sensors and 

mutation sensors in large geographical area is very difficult. The main objective has been considered to overcome the 

drawbacks as mentioned above. The proposed algorithm is efficient to provide integrated communication of IoT-based 

ubiquitous networking (UBN) devices to improve in large geographically distributed area. The data storage capacity 

and accuracy of sensors and smart devices are enhanced using the proposed algorithm. The communication latency and 

data pre-processing of IoT-based UBN nodes deployed in smart cities are reduced. The proposed algorithm also 

analyses the performance of IoT-based UBN nodes by considering geographical testbeds that represent a smart city 
scenario.  The analysis and comparison are carried out by considering the heuristic parameters. The proposed algorithm 

will also optimize the communication latency and data pre-processing time by analyzing various sensitivity levels by 

considering the heuristic parameters in different probability of nodes in smart cities. The proposed IoT-based UBN 

computing devices improve the objective function due to proper integrated communication between the sensors using a 

machine learning based regression algorithm. The proposed algorithm also identifies the probability sensitivity of 

optimal path between smart devices in a smart city thereby enhancing the connectivity of mutated sensor nodes. The 

proposed algorithm also enhances the probability of smart device connectivity to improve the accuracy, flexibility and 

large geographical coverage using machine learning based regression algorithm. 

 

Index Terms: Ubiquitous Network, Internet of Things, Regression Algorithm, Machine Learning, Internet of Things, 
Smart City. 

 

 

1.  Introduction 

The huge amount of data packets communicates between the sensors in large geographical distribution area. Large 

amount of information is produced every second. Hence cyber- physical environmental process requires effective filter 

and processor. This process leads to development of new mathematical model for each classical cloud paradigm. As 

data upsurge in scope, asserting them to the Internet core might make strain for the network set-up and present extreme 
delays for the applications [1].  

A key to progress scalability and decrease network delay lies in captivating benefit of the ever-increasing 

occurrence of UBN computing properties [2]. It’s a fairly new model that spreads cloud computing by directing few 

amenities and jobs to the verge of the network. Basically, a middle level of UBN nodes is located at the access network, 

between the data sources and the data center of cloud, to host filtering of data, accumulation and pre-processing tasks. 

The UBN pattern was considered to discourse applications and services which don’t fit well with the cloud pattern [3].  

 

• Applications that need low and predictable delay. 
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• Geo disseminated applications (pipeline monitoring, sensor networks to monitor the situation)  

• Quick mobile applications. 

 

For instance, in this work, we emphasize on a situation where the UBN infrastructure is implemented to reduce 

latency and delays got by an air pollution monitoring application in a smart city instance. Fig .1. shows the Ubiquitous 

Networking and its supported fields [4,5]. IoT based real time health monitoring system can be used both online and 

offline to measure, monitor and report people’s health conditions. This type of systems requires a ubiquitous network to 

support such that the connectivity should be available always.  Presently, the delay between the sensor nodes and UBN 

nodes is one of the problems need to be addressed to improve the network speed. There are so many things or objects 

involved in the real-world network. Usually, the sensor network involves only the sensors and connecting devices and 
they will be communicating among themselves and working. Then comes the Internet of things(IoT) where the things 

are communicating with people. IoT involves both humans involved and also the things will be communicating. People 

side involves PC, PDA, TV, wearable devices, mobile phones etc. and in the things side it involves different data 

collecting objects like sensors, Vehicles in VANETs, RFID tags, Camera and home appliances. 

The proposed work will improve the communication between the sensor nodes and the UBN nodes by reducing the 

network dependent delay. A pertinent issue that garnered fewer scope in literature reputes the concern of finding, inside 

a group of accessible nodes of UBN, which nodes would receive and intricate the amount of work initiated by the data 

sources. In the current projected solutions, indeed, a mutual hypothesis is that the nodes of UBN fluctuating to the 

sensors by means of single-hop wireless connections [6,7]. 

 

 

Fig.1. Fundamental IoT Device Communication Process of Ubiquitous Network 

There are two key impacts of this research. Initially, we project a proper prototype for the optimization issue of 

plotting the inward workload on the nodes of UBN: our elucidation considers both the delay in line to the 
communication delay of the geologically disseminated set-up and the dispensation time on the nodes of UBN because 

of the local load. Next, we project a heuristic approach to solve the optimization issue in an accessible way. For this 

goal, we depend on Genetic Algorithms (Gas), which earlier effectively used in the area of cloud computing and 

Software-as-a-Service (S-A-S) placement. Here we target on a smart city situation that is a characteristic instance of 

atmosphere where data generated by geologically disseminated sensors might require effectual processing for an 

extensive variety of probable applications, like traffic monitoring and control, help for self-sufficient driving and 

ecological sensing [8,9]. 

As per performance analysis the proposed method on a geographical testing analysis showing the accurate situation 

of a high technology UBN architecture situated in a minor sized city in Italy’s Emilia Romagna region with 

approximately 185.000 population. The trials show that the projected MRA demonstrate a feasible heuristic to answer 

the planning problem in the deliberated situation [10]. Furthermore, we do an analysis of sensitivity on the key 

experimental factors.  
The remaining work is planned as follows. Section 2 shows the literature review on smart cities and section 3 

shows the issue properly describes the deliberated optimization prototype, while section 4 shows the heuristic 
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procedures projected for unravelling the issue. Section 5 shows the trial testbed and consequences used to prove the 

feasibility of our method. Section 6 shows the performance of the proposed algorithm and finally, section 7 concludes 

the work with few finishing comments and sketches open research issues. 

2.  Related Works 

There are so many smart cities exist around the world.  This section contains example of some of the real-world 

smart city implementations and their advantages and disadvantages. These cities are also act as the motivation for 

building up other smart cities in underdeveloped countries. The SIP protocol was used for designing the EU funded 
SyMPHOnY project [11]. This is system to develop a multimodal energy harvesting solution. The data transmission 

using SIP protocol happens through the specially designed hardware communication device called as the MTCG node. 

This MTCG node helps for communication in between the SIP server and the sensor devices like temperature sensors, 

humidity sensors and sometimes home appliances using the M-BUS interface. The MTCG node is the core which is a 

single package special device that joins all packages together. 

Another smart city project is implemented in South Korea known as Eco-U-CITY [12]. This is the first smart city 

project implemented in South Korea to convert the cities of Dengtan and Hwaseong and it was completed in the year 

2008. This is a green technology based project for the safety and comfort of public. Reducing the emission of carbon 

contents to the atmosphere is the main aim of this project. A specially developed system called “Integrated Service 

Management Platform(ISMP) is developed for implementing this project. ISMP is a 3 layered model for developing 
Ubiquitous smart cities presented in [13]. The 3 layers are the infrastructure layer, middle-ware layer and service layer. 

New York City Mayor’s office sponsored and launched the Digital City Program under its own supervision. The 

program’s aim was to provide a single platform combining all city’s general public through the IT driven NYC.GOV 

portal. This made all citizens to access various applications, functions and services by using their smart phone. 

Barcelona Smart City Program also uses a three layered model to provide a wide range of technical capabilities as stated 

in [14]. The first layer constitutes customer interface, second layer is based on a City Operating System (City OS) and 

the third layer is the sensors. The city has started a series of projects to support the smart city concept and developed 

physical network using fiber optics to cover a large area of 500km. The city project aim was to integrate Internet and 
telecommunication together through the twelve identified initiatives. 

Padova city in Italy implemented Padova Smart City [15] project as an urban IoT system in association with 

private and public bodies of the city. The coalition consists of Patavina Technologies, the Department of Information 

Engineering University of Padova and the municipality of Padova. The University of Padova provided the background 

to start the project and also give its feasibility report. Patavina Technologies is specialized in the development of 

creative IoT solutions, provided design and implementations for the IoT nodes and the software required to control the 

network. And finally, the project is funded by the municipality of Padova. 

3.  Problem Statement  

Major problem is rectification and management of the data flow in the UBN infrastructure as shown in Fig.2. The 

Fig.2. is representing three layers. The bottom layer is sensor layer that communicates a set of data through wireless 

mode. Middle layer is UBN layer, which is very much essential for the preliminary data processing of the sensor and 

top layer is the cloud layer which is used for data gathering, pre-processing and prediction process. [16].  

 

 

Fig.2. Basic Fundamental Structure of UBN Infrastructure
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The basic application logic includes the distinctive amenities of a smart city situation. Sensors gather data on the 

position of the city, like traffic concentration. Such information would be gathered at the Cloud set-up to give value-

added facilities like traffic prediction. The projected layer of UBN intermediates the communication between the 

sensors and the cloud to give scalability and reliability in the smart functioning of the city [17,18]. In the prototype, we 

assume a fixed situation where a group of related sensors ‘Sn’ are distributed on a geographical location. Besides, we 

presume that sensors are generating data at a fixed rate, with a frequency that we show as ia  or the generic sensor i. 

The layer of UBN has a group of nodes Fn which get the information from the sensors and does actions on them. Such 

operations consist of pre-processing the information, like filtering and/or accumulation, or might have some form of 

analysis to recognize irregularities as soon as conceivable. The distinguished data examples from the UBN nodes are 

later directed to a cloud where further examination is done and where every data is stored. Such extra investigation jobs 

are very costly from a calculation perspective [19]. Also, our scheme shows only lone data center of cloud, however it 

can be modified to spread to a multi-cloud situation. 

As the issue related to the supervision of big cloud data Centers is broadly talked in literature, we don’t 

contemplate the internal particulars of the cloud layer in our issue modeling, like the calculation period at the level of 

the data center of cloud. In its place, we emphasis our focus to the issue of synchronizing the communication of the 

features in the sensor layer along with the UBN layer nodes. Precisely, we desire to confirm a tall QoS, in the form of 

quick answers [20]. 
To achieve this goal, one should deliberate that the reply time has the subsequent key hand-outs that must be 

considered:  

 
• Network-dependent delay because of the communication among the sensor and the UBN nodes. We show this 

as i j  where i is a sensor and j are an UBN node. 

• Network-dependent delay because of the communication between the UBN node and the data center of cloud. 

As this is based only on the UBN node because of the lone cloud reflected in the prototype, we just show this 

measure as i j  , where j is the UBN node.  

 

Calculation time on the UBN node is the time based on the calculation cost of the request and on the data rate for 

process. We recapitulate the symbols used all through the work as described in Table 1. This paper will address the 

above mentioned problems in the smart city scenario by using the regression algorithm. 

Table 1. Abbreviation of the Proposed Mathematical Model 

SI. No Symbol Description 

1. j  Communication latency between UBN node j with cloud data center 

2. ij  Communication latency between sensor node i with UBN node j 

3. ija  Data communication between sensor node i to UBN node j 

4. nS  Sensor nodes set 

5. nF  UBN nodes set 

6. i  Throughput data packet rate from sensor i 

7. j  Throughput data packet rate from sensor j 

8. 
1

j

 
Processing time at UBN node j 

9. I Sensor node identification index 

10. J UBN node identification index 

3.1.  UBN Nodes Data Flow Optimization Model 

The main issue in the deliberated UBN situation is in what way to map on the nodes of UBN the data flows 

impending through the sensors. To such goal, we describe an optimization issue where we utilize as the key decision 

factor a matrix of Boolean flags is ,i ja  [21]. 

The proposed model shows the result , 1i ja =  when the sensor node i send the data to the UBN node j. Otherwise 

, 0i ja =  The UBN node pre-processes the incoming data and is filtered as per the task assigned and takes the 

aggregation. This might be seen in Table 1. for an aggregate of the factors shown in our prototype [22]. 

The optimization prototype to show the earlier defined issue can be formalized as follows, with a method same as 

the issue of assigning appeals over a distributed setup, such as VMs on a Cloud. In specific, we present a Boolean 

decision variables matrix A = ,i ja  which is utilized to describe the objective function and the restrictions as shown in 

Equations from 1 to 5. 
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In the issue formalization, the proposed mathematical Equation 1 targets at reducing the total delay and pre-

processing time from each sensor to the cloud, along with the operation done at the layer of computing nodes of UBN. 

Along with the goal function, there is a group of restrictions. Equation 2 shows the inward load ja  in each UBN node j. 

Equation 3 implies that for each sensor i, we send its output to only one UBN node. Equation 4 confirms that, for each 

UBN node j, we evade a bottleneck scenario, where the inward load ja  surpasses the dispensation capability j if that 

node. Finally, Equation 5 describes the Boolean nature of the decision factors ija . 

4.  Heuristic Procedure 

The earlier described optimization issue is a general description for mapping sensors on UBN nodes. The authentic 

answer for this issue could be done by means of commercial solvers, like s CPLEX, previously done in similar 

problems. We deliberate in this situation to show a solution dependent on the experimental and to relate this method 

with profitable solvers to authenticate its feasibility. In MRAs we work on an inhabitant of individuals, where every 

individual shows a likely answer of the issue. The elucidation is pre-set in a chromosome which describes the individual 

and the chromosome is made by a static number genes that show the lone factors showing a result of the issue [23,24]. 

A populace of individuals is characteristically adjusted arbitrarily. A fitness function which shows the objective 

function of the optimization issue is done to every individual. The growth of populace by means of a group of 
generations targets at refining the fitness of the populace by the ensuing chief operators [25]. Mutation is treated as an 

alteration of a lone or a set of genes in a chromosome showing the individual of the populace.  

 

 

Fig.3. Proposed Machine Learning based Regression Algorithm in UBN Computing Services 

A scenario with these operators where the ith gene of the rightmost individual in the Kth generation experiences a 

mutation. The chief factor of this operator is the likelihood of choosing an individual to do a mutation on its genes. In 
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the investigation of sensitivity in section 3, we will mention to this possibility as mP . 

Crossover is a join of two individuals by swapping portion of their chromosomes. Fig.3., again, gives a scenario of 

this operator pragmatic to the two individuals constituting the populace at Kth  generation [26]. Specifically, in Fig.3. the 

child individual is regarded by a chromosome having the genes from 0C too 1iC − from the rightmost parent & the genes 

from iC too sC from the rightmost parent. The chief factor of this operator alarms the assortment of the parents. In the 

sensitivity examination in section X, we would mention to the likelihood of choosing an individual for a crossover 

process as cP .  

Selection process concerns the criteria utilized to choose if an individual is accepted from the thK  cohort to the 

next. The characteristic method in this case is to smear the fitness function to each and to reflect a possibility of being 

chosen for the subsequent generation which is relative to the fitness value. The assortment method guarantees that the 

populace size remains steady across generations. When smearing a MRAs method to the issue of mapping sensors on 

the UBN nodes of a disseminated architecture, we should encode an answer as a gene [27]. In specific, we target to 

validate the association among the prototype in section x and the MRA chromosome encoding [28]. So, we describe a 

chromosome as a group of Sn genes, where nS = | nS | is the quantity of sensors. Every gene is an integer number from 1 

to F, where nF = | |nF is the number of UBN nodes in our set-up. The generic ith gene in a chromosome iC could be 

described as:  : 1i ijC j a= =  Because to Equation 4 in the optimization prototype, we distinguish that one UBN node 

would obtain info from sensor i, hence we have an exclusive mapping amongst a solution of the problem articulated 

utilizing the decision variable ija and the MRA -dependent depiction of an answer [29].  

As we could plot every chromosome into a result of the original optimization issue, we could use the Equation (1) 

as the foundation for fitness function of our issue. Equation 3 and 5 are inevitably fulfilled by our encoding of the 

chromosomes. The lone restraint we have to unambiguously consider is Equation 4 around the UBN node overload 

[30,31]. Numerous optimization procedures have been deliberated prior assuming the option of an MRA. On one side, 
greedy heuristic incline to give performance that severely based on the inherent nature of the problem. For instance, the 

non-linear objective function may deter the claim of few greedy methods, while the number of sensors that might be 

reinforced by every UBN node may have important influence on the enactment of branch and bound heuristics [32]. As 

we target at giving a general and flexible method to challenge this issue, we choose to target on meta-heuristics that are 

needed to be well flexible to a broad group of issue occurrences [33,34]. 

5.  Performance Analysis  

5.1.  Experimental Testbed 
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Fig.4. Smart City Scenario Distribution in Large Geographical Area 

The feasibility of our method was tested concentrating on a characteristic UBN situation having three factors that 

are:  

 

• A huge number of sensors. 

• A group of nodes of UBN, which we presume to be dispensation nodes with partial calculational power, 
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accountable for data filtering & aggregation. 

• A cloud data center which is the ultimate terminus of the pre-processed sensor data. The testbed is depending 

on a smart city situation.  

 

To promise an accurate investigational testbed, we modelled the situation dependent on the minor city of Modena 

in Italy, that has around 179.005 inhabitants [35]. Fig.4. shows the geographical map of the sensors, UBN nodes and 

cloud data center deliberated for the smart city set-up. We presume that the structure assists an application for traffic 

checking, with wireless sensors located on the key streets of the city and gathering data about: the number cars moving 

on the road, their speed and other connected measures of traffic. To shape the map of sensors, we composed a detail of 

the key roads in the city and we geo-referenced them. We presume that in every key road there is a lone sensor creating 
data. We assume a set of five constructions holding the workplaces of the municipality and we utilize them as the site of 

the UBN nodes such guess is reliable with the present trend of interrelating the key public structure of every city with 

tall bandwidth links. Our last set-up is combined of ninety-five sensors and six nodes. The euclidean distance amid the 

nodes is utilized to prototype the communiqué delay and the delay is in tens of milliseconds. 

The processing data pre-processing model, first we are assuming the large geographic smart city area which 

consists the large data have been collected from the sensors which identify the environment qualities and traffic density 

the proposed algorithm is operating on real time monitoring data collected from smart city sensor nodes [36]. So, in the 

simulation, we consider that j =1,   i nS   For the UBN nodes dispensation competence, we presume that the node 

has a calculation power order of degree greater than the sensors. So, seeing the restricted intricacy of most filtering and 

accumulating jobs, we presume that every node could process up to 100 sensor feeds parallelly deprived of endangering 

overload. 
For the result of the optimization issue, we initially applied the prototype using the AMPL language and we use the 

commercial solver CPLEX. The acquired result is then utilized as an assessment for the heuristic enactment. 

Particularly, the AMPL definition is straight dependent on the optimization issue. The MRA is deployed utilizing the 

DEAP framework depending on the particulars given in Section 3. In the assessment of the MRA method, we track the 

trials 15 times and we average the key metrics. In specific, for every run of the MRA, we reflect the finest attained 

answer at every generation. The procedure preserves a populace of 105 individuals and we direct a halt of the procedure 

post 305 generations. After evaluating the conjunction speed of the procedure, we describe as the optimality reached 

standards the detail that the finest individual in the populace has a fitness value within 1% of the best assessment got 

utilizing the AMPL solver [37,38,39]. 

6.  The Proposed Machine Learning based Regression Algorithm Performance 

The initial examination in our research targets at showing that the MRAs could touch an optimal result even in 

existence of an intricate issue with integer programming and a non-linear objective function.  
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Fig.5. The Proposed MRA on Smart City Objective Functions 

Fig.5. shows, for a track of the MRA, the fitness value of the finest individual within the population as a task of the 

generation number. We see that, for the MRA, conjunction is pretty quick, with the objective function nearly attaining 
the optimal value in slightly greater than 55 generations. This outcome is quite exciting since it implies that the MRA is 

capable to discover the solution space in a trivial quantity of time, getting the nearness of the optimum. Comparing the 

execution time, the time for the MRA to reach a value within 1% of the optimum is unevenly one order of degree lesser 

likened to the whole run of the AMPL dependent answer. The algorithm is represented in Algorithm_1: 
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Algorithm_1:  

 

Input: Number of sensors node set nS , Number UBN nodes set nF , Throughput data packet rate from sensor i “ i ”, 

Throughput data packet rate from sensor j “ j  “ , j  Processing time . 

Output: objective function ( ) obj A , ,i ja . 

Step_1: i          Data pre-processing (  , , , ?n i ij iS a  ) 

Step_2: j         Data pre-processing (  , , ,n j ij jS a  ) 

Step_3: ,i j        Unity when for all outgoing data rate from sensor  

Step_4 ( ) obj A :         (
1

 , , ,j ij i
j

  


) 

Step_5: ,i ja       ( ) obj A  (Take optimal path) 

 

Our primary trial depicted that the MRA is able identified the optimal result very quickly. Nevertheless, we 

assuming significant to assess if this performance happens just for a correctly regulated algorithm. To this goal, we do a 

sensitivity analysis as per various factors of the algorithm & we show the greatest stimulating answers. The initial 

analysis shows the likelihood of choosing a single for a crossover operation cP .  
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Fig.6. The Proposed Model Crossover Sensitivity Probability 

Fig.6. depicts the no. of generations needed to congregate and best value of the objective function as a function of 

Pc that varies between 0.99% to 21%. We see that the period to converge depicts a non-negligible requirement from this 

value: the generations needed to converge begin near to the threshold value of 305 and slowly incline as we reach a 

value of 1.1%. Post this point, the convergence speed stands firm.  
For very tall crossover likelihoods, the result is not so exciting, since the decent working genes develops fast 

widespread and crossing alike answers gives a restricted performance gain. Nevertheless, the finest assessment of the 

objective function vestiges fairly steady with respect of this factor since in each circumstance we touch convergence, so, 

for each likelihood value we are still within 1% of the optimum. 

The second important analysis done concerns the influence of the mutation likelihood mP . Fig.7. shows the 

convergence speed and the objective function matching to the finest fitness as a function of the mutation likelihood. 

Also, the most important metric to see is the no. of generation required to extent a value inside 1% of the optimum. We 
see a clear V-shaped curve with a point of speed convergence for a likelihood near to 0.79%. To comprehend this 

behaviour, we should deliberate the two-fold influence of mutations. A low mutation likelihood hampers the capacity to 

discover the answers pace, just since answer not present in the early arbitrarily generated populace may be met only 

over mutation. Also, a mutation in a previously good solution may just reduce the capacity of the algorithm to converge, 

since the populace keeps altering very quickly. Also, when no convergence happens, the yield of the MRA may obtain a 

solution meaningfully worse likened to the potential optimal result. 
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Fig.7. The Proposed Model Mutation Sensitivity Probability 

7.  Conclusions and Future Work 

The proposed MR algorithm predicts the future data communication with respect to data analysis of present and 

previous data gathering at identified geographical smart city areas. The proposed algorithm maintains a population of 

100 individual sensors and UBN node communication. It can be extended to 300 individuals. But as per the analysis, 

when a mutation probability is close to 0.7% the coverage and fitness increases to 2500 nodes communication. The 

coverage area speed is increased to 1% compared to existing methods due to the mutation of UBN nodes which will 

affect the convergence speed. The proposed algorithm enhances the fitness range from 0.1% to 25% transfer rate from 

sensor node to UBN nodes and vice-versa. As per the analysis, the proposed method accurately predicts node mutation 

and its features. This mutation prediction process affects communication accuracy between the sensors and UBN nodes 

in large geographical area.  
Future scope: In 5G and 6G Communication processes in smart cities using various sensors and UBN nodes, the 

proposed algorithm requires more accurate predictions rate in identification mutation nodes and path identification 

process to get more accurate data transfer between sensors and UBN nodes. 
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