
 

 

PROBABILITY BASED ADAPTIVE PSOWITH DYNAMIC RESOURCE IN 

PERVASIVE ENVIRONMENT FOR WIRELESS NETWORK COMMUNICATION 

 

BEAULAH DAVID, 
Research Scholar, Dept. of CSE,  

Karpagam Academy of Higher Education, 
Coimbatore, Tamilnadu, India. 

E-mail: beaulahdavid.phd@gmail.com 

 

Dr. R. SANTHOSH, 

Asst.Professor, Dept of CSE, 
Karpagam Academy of Higher Education, 

Coimbatore, Tamilnadu, India. 
Email:santhoshrd@gmail.com 

 

Abstract 

Pervasive systems have opened the door to several new applications that will improve the 

quality of consumers‟ life. Moreover, the enactment of such systems over an infrastructure of 
Wireless Sensor Networks (WSN) has been very powerful. To deal with the WSN problems 
related to the battery, the source of energy could not be persistent, influencing the progression 

and quality of services being provided. In this work a resource efficient QoS based Clustering 
framework in pervasive environment for wireless network communication, called, 

Probability-based Adaptive Particle Swarm Optimization with Dynamic Resource (PAPSO-
DR) is presented. The PAPSO-DR framework is performed in three stages namely, Adaptive 
PSO-based Cluster formation, Probability-based Cluster Head Election and Dynamic 

Resource Configuration. The proposed PAPSO-DR for wireless network communication in 
pervasive environment reduces energy consumption in sink coverage area by applying 

Adaptive PSO-based Clustering algorithm. The Adaptive PSO-based Cluster formation 
measures particle velocity and position using two control message requests and reply through 
resource manager in search of the available resource by lessening the link failure problem, 

where particles are considered as sensors. Next, the Probability-based Cluster Head Election 
algorithm in PAPSO-DR is used to find optimal communication path from resource manager 

to the resource available sensor nodes based on the energy level. Finally, the Dynamic 
Resource Configuration scheme is used for configuring resources in a dynamic manner. 
According to QoS metrics, the performance of the proposed framework is evaluated and 

compared with other existing methods namely ontological user modeling and semantic rule-
based reasoning(OUS-SRR) and Fault tolerant Service Selection Framework (FTSSF). The 

simulation result shows that PAPSO-DR achieves prominent resource sharing with 
reasonable energy saving. It also minimizes the delay thereby improving the quality of 
service based on the outcome of the whole pervasive environment. 

 

International Journal of Pure and Applied Mathematics
Volume 119 No. 16 2018, 153-177
ISSN: 1314-3395 (on-line version)
url: http://www.acadpubl.eu/hub/
Special Issue http://www.acadpubl.eu/hub/

153



Keywords: Wireless Sensor Networks, Adaptive Particle Swarm Optimization, Dynamic 

Resource, Cluster Head Election, Pervasive environment  

 

 

1. Introduction  

The miniaturisation of technology has become progressively widespread today, where 

several mobile-based „smart „technologies are swiftly being utilized. These include the 

advancement of smart-phones, tablets or wireless sensors that are unceasingly being used to 

perceive pervasive environments. Therefore, users are becoming more dependent as they 

become an essential segment of Ambient Assisted Living (AAL). With increase in the use of 

sensor technologies, research within the area of Pervasive Computing has switched from low-

level hardware-related technologies for sensing and communication, and moreover towards 

high-level context aware applications. 

Ontological User Modelling and Semantic Rule-based Reasoning (OUS-SRR) for 

mobile users in pervasive environments was presented in [1] for user personalisation. 

Initially, an organized mechanism and associated service-oriented distributed system 

architecture, with the objective of providing service personalisation for complex application 

scenarios, were designed. User behaviours and requirements in pervasive environments were 

categorized in OUS-SRR.  

Next, a flexible ontological user model that denoted specific user characteristics of the 

application domain with special significance being placed on dynamic and adaptive user 

profiles was provided. Finally, a rule-based personalisation mechanism with the aid of mark-

up language for rule design and an integration of semantic and rule-based reasoning for 

personalisation was designed. Evaluation results provided a quick and accurate response to 

the test users. Despite achievement of accurate response, quality of service was not ensured. 

A Novel Fault tolerant Service Selection Framework (FTSSF) was designed in [2]for 

providing service anywhere at any time with minimal service delay, service recovery 

overhead and high success rate in case of fault. The FTSSF included, Service Registration 

Unit, User Registration Unit, Service Selection Unit, Service Delivery Unit, Monitoring & 

Fault handling unit and Trust Management Unit. Each Service provider provides the services 

and registers it with the service registration unit. 

The user registration unit registers willing users, who are focused on assisting the 

services which also include access control mechanisms for successful interactions. Finally, 
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the service selection unit was helpful in identifying the required service provider based on 

user requirement. However, resource utilization was not concentrated while providing 

services to the users.  

To address the increasing need for resource optimization and QoS in pervasive 

environments, this paper proposes a novel framework based on clustering model. This 

framework makes use of Probability-based Cluster Head Election algorithmfor the purpose of 

identifying resource available sensor nodes through resource manager for optimal 

communication. It also analyzes the normal sensor node, sensing node behaviours and needs 

of enabling a more effective communication based on the energy level. This work aims to 

enhance existing approaches by focusing on the dynamic resource [20] configuration for 

providing a resource on demand service. Specifically, it proposes a framework that represents 

user or node requirements and provides a dynamic resource oriented model to suit the 

changes according to the requirements of nodes in pervasive environment.  

The remainder of the paper is organized as follows: Section 2discusses existing 

related work within the area of pervasive environment. This section also highlights the key 

knowledge contributions from this study of work. Section 3 provides a detailed description of 

the overall system architecture for the proposed Probability-based Adaptive Particle Swarm 

Optimization with Dynamic Resource (PAPSO-DR) framework. Section4 focuses on the 

experimental settings. Section 5discusses the system implementation, testing and evaluation 

of the PAPSO-DR framework. Section 6 and 7 concludes the paper with the references. 

 

2. Related works  

The potential to comprehend the component that determines customers „satisfaction 

with the services provided is increasingly significant. The approach design based on the 

Quality of Service plays a vital role in determining the customers‟ satisfaction. To automate 

the generation of QoS aware service to monitor violations of Service Level Agreements 

(SLAs) was presented in [3].  

To support traffic prioritization, a holistic approach based on Application 

Programming Interface (API) in [4] satisfy better good put. However, security aspects were 

not discussed. To address this issue, a trusted and secured clustering model was designed in 

[5] using trust calculation factors for pervasive environment. New developments in pervasive 

environment were discussed in [6].  

Despite traffic prioritization and providing trusted and security model for pervasive 

environment, guaranteeing reliable data transmission remains a major issue to be addressed. 
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In [7], a new slot allocation and utilization method was designed thereby reducing the packet 

transmission delay to sink node. However, failure recovery was not ensured. To address this 

issue, a method called, subnet-based failure recovery algorithm was designed in [8] as graph-

based model in case of failure recovery. Yet another Link Failure and Congestion-aware 

Reliable Data Delivery (LCRDD) was constructed in [9] improving the reliability and 

throughput. 

 One of the predominant roles played in future generation computer and 

communication networks is computation. In [10], computation resources were linked to the 

communication networks on the basis of quality of service (QoS) requirements, resulting in 

system energy saving. Another bio-inspired method based on swarm optimization was 

presented in [11] to increase the life time of the network. On the other hand, optimal resource 

allocation was concentrated in [12] by utilizing convex optimization in pervasive health 

monitoring systems. Yet another resource sharing in collaboration with pervasive computing 

was presented in [13] using load balancer.  

To enhance the QoS and energy consumption in WSN, fuzzy data solution was 

designed based on fuzzy logic controller [14]. Based on the occurrence of event, alarm was 

raised, thereby achieving encouraging performance in terms of energy consumption. A 

Global Search-based Local Optimal Service Selection Algorithm was designed in [15] for 

pervasive services. A percolation-driven approach was designed in [16] using novel service 

discovery approach minimizing the total control overhead.  

Pervasive computing has the capability to furnish cost efficient, high performance, 

and user centric solutions to transfer information and communicate in a dynamic manner. The 

impact of signal strength was analyzed in [17] while performing clustering in pervasive 

environment. This in turn resulted in the improvement of trust degree and level of security. In 

[18], a QoS based clustering approach was designed with the objective of mining wireless 

sensor data thereby improving the communication efficiency. Resource-oriented integration 

architecture was designed in [19] to provide end-to-end integration with back end business 

process applications. Yet another resource-oriented service management scheme with the 

objective of providing security and privacy was designed in [21]. Despite resource efficiency 

being attained, the QoS remained unsolved.  

In addressing the aforementioned issues, this paper makes a number of key 

knowledge contributions. Firstly, a systematic approach and associated service-oriented (i.e. 

based on the request and reply control messages) distributed system architecture that supports 

specific resource within a cluster for a wide range of complex application scenarios is 
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presented. Secondly, the construction of a flexible cluster head election algorithm according 

to the cost factor to respond to the specific user characteristics and requesting for the 

resources on behalf of the sensing nodes to the resource manager is designed.  Thirdly, a 

unique resource configuration scheme is developed using a combination of sensing nodes and 

cluster head nodes to enable dynamic resource allocation to be tailored to suit the changes in 

user needs over time. 

3. Methodology  

In WSNs, the sensor nodes are controlled by non-rechargeable batteries. Hence, while 

fulfilling QoS requirement, sensor network should be able to maintain certain reliability and 

energy consumption of specific application. Therefore, developing new routing schemes for 

WSN to improve the reliability and energy consumption is considered to be the major 

performance criteria.  

Providing maximum reliability and minimizing the energy consumption of the sensor 

node closer to the sink node while satisfying the QoS requirements represent a critical 

problem to be addressed. To address this issue, a Probability-based Adaptive Particle Swarm 

Optimization with Dynamic Resource in pervasive environment for wireless network 

communication is designed. Figure 1 shows the block diagram of PAPSO-DR. 
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Figure 1 Framework of PAPSO-DR 

 

As shown in the figure given above, the framework of PAPSO-DR is split into three 

parts. With the network trace data, the first part performs Adaptive PSO-based cluster 

formation. This is performed by obtaining the fitness function, particle position and velocity. 

In the second part, cluster head election is made in an efficient manner by measuring the cost 

factor based on the probability function. Finally, the third part performs dynamic resource 

configuration. The entire framework of PAPSO-DR is given below starting with the network 

model followed by the elaborate description of the three parts.  

 

3.1 Network model 

Let us consider a pervasive environment for wireless network communication 

modelled as an undirected weighted graph „ ‟ where „ ‟ 

representing the finite set of vertices denoting the sensors, 

„ ‟ representing the finite set of edges denoting the 

bidirectional wireless links with „ ‟ denoting the weight set of all corresponding links. Let 

us further assume that the sensor nodes are heterogeneous in nature possessing unique ID. In 

addition, each sensor node or the cluster head in the network have uniform transmission 

radius „ ‟ and its neighbour nodes distributed in a random manner within the area of „ ‟. 

Furthermore, the radius of sink is „ ‟with its maximum communication area being „ ‟. 

 

3.2 Adaptive PSO-based Cluster formation  

In sink locality, the sensor nodes adjoining the sink node primarily act as the relay 

nodes and convey the data packets to the sink node. In this situation, these sensor nodes 

utilize more energy than when compared to the other sensor nodes that are distant from the 

sink node. As a result link failure is said to occur thereby compromising the quality of 

service. Adaptive PSO-based Cluster (APSO-CF) algorithm enhances the lifetime of the 

network by lessening the link failure problem. 

 

The sink node commences the cluster formation operation exclusively in the sink 

coverage area by using Adaptive PSO-based Cluster algorithm. The sink node transmits the 
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request message „ ‟ to all the sensor nodes „ ‟ in the coverage area. When 

encountering the request message, the sensor nodes initiate to send its information through 

reply message „ ‟ that constitutes four elements namely, sensor node ID „ ‟, the 

corresponding position „ ‟, the sensor nodes velocity „ ‟ and its current energy „ ‟ 

respectively. This four information maintained and updated at the sink is represented as given 

below. 

       (1) 

Let us consider a sample problem space in which the number of particles (i.e. users or 

nodes) represented as „ ‟ in sink coverage area. Figure 2 shows the resource discovery. Let 

us consider a scenario of several nodes involved in a network that shares resources with each 

other by means of resource manager. While travelling by bus, to enjoy music, a user or node 

„ ‟ needs any music playing software that is not available, in his smart phone. Node „ ‟ 

requires resource from node „ ‟ and sends the request to the cluster head node „ ‟. In a 

similar manner, node „ ‟ requires resource from node „ ‟ and sends the request to the 

cluster head node „ ‟. Also node „ ‟ requires resource from node „ ‟ and sends the 

request to the cluster head node „ ‟. On the other hand, the cluster head of each clusters 

sends their request to the resource manager „ ‟.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Resource discovery process 
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Being notified that the PDAs of user or node „ ‟ can provide this resource, the 

resource manager assigns the node „ ‟ as the resource provider. After certain time interval, 

user or node „ ‟ also request for the same resource. The Resource Manager will pick user or 

node „ ‟ now to maintain the QoS (Quality of Service). The fitness function resolves which 

particle or the sensor node has the best value in the swarm and also calculates the best 

position of each particle or the sensor node over time. The fitness function for APSO-CF is 

measured for each particle or sensor node using the equation given below, 

 

         (2) 

From (2), the fitness function „ ‟ to decide upon the resource sharing is performed 

on the basis of the weight „ ‟ and „ ‟ value lying between „ ‟ and „ ‟ respectively.  

 

       (3) 

         (4) 

 

From (3) and (4), the energy of the current sensor „ ‟ must be greater 

than the threshold value, which is the average energy of all the sensors „ ‟ in the cluster. 

Each sensor „ ‟ in the cluster calibrates its travelling speed in a dynamic manner 

corresponding to the flying experiences of itself and its swarm experience. Each particle (i.e. 

node or user) modifies its velocity with its corresponding weight „ ‟ as given below. 

 

  (5) 

         (6) 

 

From (5) and (6), „ ‟ represents the current position of 

particle or sensor node, „ ‟ represents the current best position with 

global best position represented by „ ‟ and current velocity denoted by 

„ ‟ respectively at time interval „ ‟.   
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The proposed cluster formation is said to be adaptive because of the application of 

constriction coefficient and this is achieved through „ ‟.The objective of this use of 

constriction coefficient is to prevent the velocity to propagate out of hops, with the advantage 

that, theoretically, velocity clamping is no longer required. This in turn enhances the quality 

of service in terms of reliability, energy consumption and delay. Finally, the new position of 

the particle „ ‟ or the sensor node is measured on the basis of the previous position 

„ ‟ and the updated velocity value „ ‟. 

 

       (7) 

 

The pseudo code representation of Adaptive PSO-based Cluster (APSO-CF) 

algorithm is provided below.  

 

Input: sensor nodes „ ‟, sensor node ID „ ‟, corresponding position „ ‟, 

sensor nodes velocity „ ‟ current energy „ ‟, previous position „ ‟ updated 

velocity value „ ‟, current position of particle „ ‟, current best position 

„ ‟, global best position „ ‟, current velocity 

„ ‟ 

 

Output: efficient cluster formation with improvement in quality of service  

1: Begin 

2:         For each particle or sensor node „ ‟ 

3:                   Measurefitness function using equation (2) 

4:                   Measure velocity using equation (5) 

5:                   Measure new position of the particle using equation (7) 

6:          End for 

7: End  

Algorithm 1 Adaptive PSO-based Cluster (APSO-CF) algorithm 

 

In Algorithm 1 illustrated above, the Adaptive PSO-based Cluster (APSO-CF) 

algorithm includes three main elements. For each particle or sensor node, the cluster 

formation is performed on the basis of the fitness function, updated velocity and particle 
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position. The proposed work is said to be adaptive because of the application of constriction 

coefficient in addition to the consideration of current best position of the sensor node and 

global best positioning of the sensor node. With this, the quality of service in terms of 

reliability, energy consumption and delay of the sensor node is said to be improved by 

considering the constriction coefficient during cluster formation. 

 

3.3 Probability-based Cluster Head Election  

 

The election of cluster head is done in a parallel manner in PAPSO-DR framework. In 

other words, cluster formation and cluster head election work parallel. In PAPSO-DR, the 

cluster head election is performed at each energy level. Figure 3 shows the flow diagram of 

Probability-based Cluster Head Election (P-CHE) model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Flowchart of the P-CHE model 

Sensor nodedeployment  

„ ‟ gather 

information of nodes 

„ ‟ Selected 

according to „ ‟ 

 

Resource request for 

sensor nodes are received 

Resource reply for sensor 

nodes are received 

Sensing nodes  Normal nodes  

Cluster head node 

Requests are routed to „ ‟ 

Achieves QoS 

International Journal of Pure and Applied Mathematics Special Issue

162



At each energy level, cost factor „ ‟ is used for the election of the cluster head 

node. The cost factor „ ‟ is heavily influenced by the average distance of a sensor node 

from the resource manager „ ‟, the initial energy level, and the number of sensor nodes at 

each energy level. The information of average distance to the resource manager „ ‟, total 

number of nodes, and information regarding energy information is provided by the resource 

manager. At each energy level, a sensor node with the maximum cost factor, „ ‟ is 

elected as the cluster head node „ ‟ with only one „ ‟ for each energy level. There will be 

also three CHs in our proposed work. Each energy level then becomes a separate cluster with 

numerous sensor nodes. The cost factor, „ ‟ is then measured as given below.  

 

      (8) 

From (8), the cost factor „ ‟ is obtained using the ratio of product of average 

distance of all node from other neighboring nodes „ ‟, to the number of sensor nodes at 

each energy level „ ‟ and the initial energy of each corresponding sensor nodes „ ‟ 

respectively. In addition the weight of the corresponding distance, number of sensor nodes 

and energy initialized „ ‟, „ ‟ and „ ‟ are also considered. The average distance 

of all nodes from other neighboring nodes is mathematically evaluated as given below.  

 

    (9) 

 

From (9), the average distance „ ‟, is obtained using the ratio of distance 

summation of all sensor nodes to the neighbor distance summation of all sensor nodes 

„ ‟ respectively. The cost factor „ ‟ for high energy level nodes „ ‟, 

medium energy level nodes „ ‟ and low energy level nodes „ ‟ is 

mathematically formulated as given below.  

 

       (10) 

 

       (11) 
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                                                                              (12) 

With the cost factors obtained from (10), (11) and (12), the sensor nodes with a larger 

cost factor „ ‟ has the maximum chance of becoming the resource manager. From 

(10), (11) and (12), energy level is represented by „ ‟ and momentum of each particle or 

node represented by „ ‟ and corresponding weight denoted by „ ‟ for each cluster „ ‟, 

„ ‟ and „ ‟ respectively. On the other hand, the sensor nodes with a smaller cost factor 

„ ‟ has the chances of becoming the sensing nodes. Finally, the sensor nodes with a 

medium cost factor „ ‟ have more chances of becoming the cluster head nodes. The 

cluster head node with an optimum number of member nodes preserves the energy by 

receiving the resource request from member nodes and then forwarding it to the resource 

manager for efficient resource allocation. The pseudo code representation using Probability-

based Cluster Head Election (P-CHE) is as given below.  

 

Input: sensor node „ ‟, average distance „ ‟, number of sensor nodes „ ‟, 

initial energy „ ‟, weight of the corresponding distance „ ‟, weight of sensor 

nodes „ ‟, weight of energy initialized „ ‟ 

Output: cluster head election with improved quality of service  

1: Begin 

2:       For each particle or sensor node „ ‟ 

3:                 Measure cost factor „ ‟ using equation (8) 

4:           Measure average distance of all nodes from the other neighboring nodes using 

equation (9) 

5:                 Measure cost factor for high energy level nodes using equation (10) 

6:                 Measure cost factor for medium energy level nodes using equation (11) 

7:                 Measure cost factor for low energy level nodes using equation (12) 

8:        End for 

9: End  

Algorithm 2 Probability-based Cluster Head Election (P-CHE) 
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The Probability-based Cluster Head Election (P-CHE) algorithm takes average 

distance „ ‟, number of sensor nodes „ ‟, initial energy „ ‟, weight of the 

corresponding distance „ ‟, weight of sensor nodes „ ‟, weight of energy initialized 

„ ‟ in order to calculate the cost factor for election of cluster head. The algorithm 

proficiently avoids forming loops/cycles by segregation of energy levels based on high 

energy level, medium energy level and low energy level between each node, which avoid 

deadlock problem in the network. This in turn results in the improvement of quality of service 

being rendered and hence in efficient allocation of resources on the side of the resource 

manager.  

 

3.4 Dynamic Resource Configuration  

 

To provide several complex resources to the sensor nodes or the user, dynamic 

resource configuration, that may substitute failed resources depending on the scenario 

without originating over the complete process, is used in our Resource Allocation scheme. 

Figure 4 shows the block diagram of Dynamic Resource Configuration.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Block diagram of Dynamic Resource Configuration scheme 
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parameters, the name of the application's or resource as required by the sensor node and a 

reference to the resource repository (i.e. step 1). The request is received by the sensing nodes 

possessing cost factor with low energy, which fetches the resource repository and prerequisite 

specification from the given repository (i.e. step 2.1).Next, the sensing nodes possessing cost 

factor with low energy call the cluster head nodes possessing cost factor with medium energy 

to process the prerequisite specification (step 2.2). As it scans the specification, the cluster 

head node issues, recursive calls to the sensing node to load the resources (i.e. step 2.3). After 

all the dependencies of a given resource are resolved, the cluster head issues a call to the 

Resource Manager to negotiate the allocation of the required resources (step 3). After all the 

application resources are loaded, the service returns a reference to the new application to the 

user or sensor node (step 4). 

4. Simulation setup  

    The Probability-based Adaptive Particle Swarm Optimization with Dynamic Resource 

(PAPSO-DR) framework is implemented in NS-2 simulator. The effectiveness of PAPSO-

DR framework is compared with existing two methods namely Ontological User Modelling 

and Semantic Rule-based Reasoning (OUS-SRR) [1] and Fault tolerant Service Selection 

Framework (FTSSF) [2]. The simulation parameters that are used for conducting 

experimental works are shown in Table 1. 

Table 1 Simulation Parameters 

Simulation factor Value 

Mobility 10 to100 m/s 

Number of mobile nodes 50, 100, 150, 200, 250, 300, 350,400,500 

Simulation time 100s 

Pause time 10s 

Mobility model Random Way Point Model 

Transmission range 300m 

Network area 1200m * 1200m 

Number of Users 1-1000 

Number of Data Packets 9,18,27,36,45,54,63,72,81,90 

 The performance of PAPSO-DR framework is measured in terms of reliability, energy 

consumption and delay and fault tolerant rate. 

5.Results and discussion  
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In this section, the result analysis of PAPSO-DRframework is estimated. The 

efficiency of PAPSO-DRframework is compared with Ontological User Modelling and 

Semantic Rule-based Reasoning (OUS-SRR) [1] and Fault tolerant Service Selection 

Framework (FTSSF) [2] with the same initial values, same scenario with different 

parameters. The performance of PAPSO-DRframework is evaluated along with the following 

metrics with the help of tables and graphs. 

5.1 Scenario 1: Reliability  

The reliable data transmission is considered one of the important keys of QoS. The 

reliability metric is evaluated to measure the probability of successful packet delivery. It is 

also stated in terms of the Packet Delivery Ratio (PDR) and is mathematically formulated as 

given below.  

 

        (13) 

 

From (13), „ ‟ represents the total number of packets (i.e. resource requests) 

generated by the source node and „ ‟ represents the total number of packets received as the 

sink node (i.e. resource reply made) respectively. The values obtained through (13) are 

tabulated in table 2 for different data packets using the proposed PAPSO-DR framework and 

compared elaborately with the existing two works, OUS-SRR and FTSSF.  

 

Table 2 Tabulation for reliability 

Data packets  Reliability (%) 

PAPSO-DR OUS-SRR FTSSF 

9 85 77 74 

18 88 83 75 

27 85 80 72 

36 81 76 68 

45 85 80 72 

54 87 82 74 

63 90 85 78 

72 92 87 79 
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81 94 89 81 

90 91 83 75 

Figure 5 shows the reliability comparison between proposed PAPSO-DR and existing 

OUS-SRR and FTSSF respectively. It is found that the reliability of resource being assigned 

by the resource manager to the requested sensor nodes is improved using the PAPSO-DR 

because of proper segregation of cluster head and resource manager through Adaptive PSO-

based Cluster formation.  

 

 

Figure 5 Reliability with respect to data packets 

The results reported above (in Figure 5) confirm that with the increase in the data 

packets in pervasive environment for wireless network communication, the reliability during 

assignment of resource also increases and observed to be comparatively higher using 

PAPSO-DR. So, the framework PAPSO-DR is said to ensure quality of service when 

compared to OUS-SRR and FTSSF. From the table 2, with data packets 36, the reliability rate 

during resource assignment was observed to be 81% using the PAPSO-DR framework, 

whereas using OUS-SRR it is 76% and using FTSSF it is 68%. The reliability rate during 

resource assignment improved with the application of constriction coefficient during PSO-

based cluster formation. To improve the reliability rate, PSO-based cluster formation is done 

with the aid of constriction coefficient and the sensor nodes in WSN is assigned with 

requested resources; therefore data packet transmission improves between source and 

destination nodes. As a result, the reliability during resource assignment using PAPSO-DR 

framework improved by 7% compared to OUS-SRR and 17% compared to FTSSF.  

5.2 Energy consumption  
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In wireless sensor networks, one of the most important system design goals is energy 

optimization. The energy consumption of a sensor is measured on the basis of sensing, 

computing and communication. The energy consumption for a node is mathematically 

formulated as given below.  

 

        (14) 

From (14), the energy consumption „ ‟ is the difference between the initial energy of 

the sensor „ ‟ and the residual energy level „ ‟ available in the sensor. Hence, the total 

energy consumption is measured by summing the total amount of energy consumed by all 

nodes „ ‟ to transmission and reception of control and data packets over the simulation time 

„ ‟. This metric is essential as it ascertains the overall quality of service and is measured in 

terms of joules (J).From (14), the energy consumption for different number of nodes in the 

range of 50 to 500 is measured. The results of ten simulation runs conducted to measure the 

energy consumption rate are listed in table 3. As listed in table 3, energy consumption for 

three different methods is measured in terms of joules (J). The energy consumption rate 

obtained using our framework PAPSO-DR offer comparable values than the state-of-the-art 

methods. 

Table 3 Tabulation for energy consumption 

Number of nodes   Energy consumption (J) 

PAPSO-DR OUS-SRR FTSSF 

50 23.59 30.02 36.46 

100 26.16 33.36 38.59 

150 28.11 35.26 40.04 

200 31.88 37.05 43.37 

250 33.04 39.26 45.31 

300 36.02 42.88 48.88 

350 38.44 45.05 50.04 

400 40.23 47.59 54.07 

450 43.13 50.26 56.26 

500 46.37 52.04 60.56 
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The targeting results of energy consumption using PAPSO-DR framework is 

compared with two state-of-the-art methods OUS-SRR and FTSSF in figure 6 is presented 

for visual comparison based on the pertinent data provided in Table 3. The figure shows the 

energy consumption rate with respect to number of nodes, with each sensor node requesting 

for different resources at different time interval to the resource manager through cluster head 

node.  

 

Figure 6 Energy consumptions with respect to different number of nodes 

As illustrated in figure 6, when 36 data packets are sent to the resource manager 

through the sink node, the energy consumption using PAPSO-DR framework is reduced by 

14% compared to OUS-SRR and 26% compared to FTSSF. This improvement is observed in 

the PAPSO-DR framework by incorporating Adaptive PSO-based Cluster (APSO-CF) 

algorithm. The advantage of applying Adaptive PSO-based Cluster (APSO-CF) algorithm in 

PAPSO-DR framework is that instead of assigning the available resources, the optimal 

resource allocation is done based on the current best and global best positions. With these two 

positional values, with the sensor node changes in positions, the resource availability also 

gets changed and is reflected in the constriction coefficient. This adaptive change is made 

through constriction coefficient in terms helps in minimizing the energy consumption during 

resource assignment using PAPSO-DR framework. The senor node resource whose 

constriction coefficient is lesser is selected for resource assignment. This constriction 

coefficient e rate is then used for the resource assignment between sensors which reduced the 

resource consumption by 16% compared to OUS-SRR and 27% compared to FTSSF.   

5.3 Delay 

In WSNs, most of the applications are delay sensitive. Hence delay is considered to be 

the most important QoS metric for reporting data (i.e. resource request) to the resource 
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manager through the cluster head node with very small latency. Delay is the time elapsed 

from the departure of a resource request from source node to the resource manager. The delay 

metric between two sensors is mathematically represented as given below. 

       (15) 

 

From (15), delay „ ‟ is the summation of transmission delay „ ‟, propagation delay 

„ ‟ and processing time „ ‟ respectively. Here, transmission delay „ ‟ refers to the 

time between the first resource leaving the source node and last resource arriving at the 

resource manager node. On the other hand, propagation delay „ ‟ refers to the time required 

for a resource to travel between the source node and the resource manager node. Finally, the 

processing time „ ‟ refers to the time to select the next hop sensor for request of 

resource. In table 4 we further compare the delay with respect to number of nodes at different 

time intervals in WSN. The experiments were conducted using hundred sensor nodes and the 

delay is measured in terms of milliseconds (ms).  

Table 4 Tabulation for delay 

Number of nodes   Delay (ms) 

PAPSO-DR OUS-SRR FTSSF 

50 25.32 33.22 43.13 

100 28.14 36.04 46.53 

150 35.14 43.14 53.64 

200 41.32 49.22 59.12 

250 45.78 53.68 63.87 

300 52.31 60.21 70.12 

350 65.13 73.03 83.98 

400 70.23 78.13 88.08 

450 74.78 82.68 92.34 

500 79.97 87.87 97.12 

 

Figure 7 given below shows the delay for PAPSO-DR framework, OUS-SRR [1] and 

FTSSF [2] versus hundred different sensor nodes. The delay returned over OUS-SRR 

framework increases gradually for different number of nodes but found to be minimum when 

compared to the two other methods.  
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Figure 7 Delay with respect to number of nodes 

From figure 7, it is illustrated that the delay for resource request allocation between 

sensor nodes is reduced using the PAPSO-DR. This is because of the application of 

Probability-based Cluster Head Election (P-CHE) model based on the cost factor. Here, the 

selection of resource manager is made on the basis of the cost factor, with highest cost factor 

node assigned with resource manager, followed by the medium cost factor node assigned 

with the cluster head node and the low cost factor node assigned with the sensing node. Only 

after the identification of the resource manager, the normal sensor nodes place the required 

resource through the resource manager. This in time reduces the delay using the PAPSO-DR 

framework by 15% and 28% compared to OUS-SRR and FTSSF respectively.  

5.4 Quality of service level  

Table 5 given below shows the average quality of service level energy per packet for 

data packets with respect to 90 packets with a moving speed of 15 m/s. To observe the 

efficiency of the PAPSO-DR framework, substantial experimental results are illustrated in 

Figure 8 and compared with the existing OUS-SRR [1] and FTSSF [2] respectively. 

 

Table 5 Tabulation for quality of service level 

Methods  Quality of Service Level (%) 

PAPSO-DR 95.18 

OUS-SRR 88.93 

FTSSF 81.45 
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Figure 8 Measure of quality of service 

Figure 8 shows the impact of quality of service with respect to varying data packets in 

the range of 9 to 90 and the average quality of service level using three methods differs 

according to the size of data packets. The results reported above confirm that with the 

increase in the number of data packets being sent by the source sensor nodes to the resource 

manager for resource request and reply, the quality of service also increases. This is because 

of the application of dynamic resource configuration that may substitute failed resources 

depending on the scenario without originating over the complete process. This in turn 

improves the quality of service by 7% and 9% compared to OUS-SRR and FTSSF 

respectively.  

6. Conclusion  

This paper has introduced a novel Probability-based Adaptive Particle Swarm 

Optimization with Dynamic Resource (PAPSO-DR) in pervasive environment for wireless 

network communicationto reduce both the energy consumption during resource request and 

delay time while assigning the resources to the requested sensor nodes. This joint objective is 

achieved by identification of resource request based on the cluster formation and cluster head 

election. By optimal formation of cluster based on the energy level and cluster head election 

based on the cost factor, the above two objectives are achieved. The joint objective uses an 

Adaptive PSO-based Cluster (APSO-CF) algorithm with new position and velocity of each 

node which performs energy saving, and obtains optimum resource for different sensors in 

WSN. As a result, the reliability is improved which ensures requested resource being 

assigned between the requested source node and destination node via resource manager. The 

Probability-based Cluster Head Election (P-CHE) algorithm, with optimal cluster head 

ensures efficient allocation of resources, thereby reducing the delay. Experiments were 
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conducted and the performance was compared with different system parameters, in terms of 

different metrics, such as energy consumption during resource request, reliability rate, delay 

and quality of service level. The results show that PAPSO-DRframework offers better 

performance with an improvement in reliability by 12% and average energy per packet by 

22% compared to OUS-SRR and FTSSF respectively.  
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