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Abstract— Wireless networks be comprise of spatially spread 

independent sensor node linked with each other for 

maintaining and detecting the environmental as well as 

physical states of the given application. The batteries of these 

sensor nodes are outfitted with limited energy to work as a 

source of energy. Hence, efficient energy utilization is a 

significant challenge in these types of networks, which are 

equipped with batteries having limited power storage 

capacities. Thus, routing techniques with energy efficiency are 

needed in corporate operations of WSN to provide the 

connectivity and data transmission in a network with minimum 

energy consumption. So, routing protocols are one of the key 

considerable factors to minimize the consumption of energy 

and lifetime elaboration of the network. Thus, this work gives 

the development of routing protocol with efficient energy to 

elaborate systems lifetime by selecting a proper route with the 

consideration of “reactively the status of an intermediate 

node”. Proposed protocol “reactively the status of an 

intermediate node” computes the route finding metric based on 

current energy condition of an intermediate node. To offer a 

complete understanding of energy-aware routing, protocols are 

developed for WSN and superimpose the path for forthcoming 

investigation; in this paper, the feat of “energy-aware routing 

protocol based on residual status” is analyzed in detail. Based 

on performance parameters analyzed such as delivery of the 

packet, the lifetime of the network, and delay (end to end); 

through NS2 simulator, the result shows proposed system 

performs better than the present protocols in terms of systems 

lifetime as well as other metrics considered. 

Keywords: Efficient Energy, WSN, Route Discovery Time, 

Delay, Packet Loss. 

I. INTRODUCTION 

Nowadays different waste delivered from several Industries 
is an improbable issue. These materials will lead to pollution 

of the environment; this industrial waste contains a vast 

number of non-biodegradable substances. As of late, 

utilization of this industrial waste has been considered in 

pavement construction with incredible enthusiasm for 

creating communities. The usage depended on specialized, 

financial, and living criteria. The absence of conventional 

pavement materials and the protection of nature make it 
essential to examine the credible utilization of these 

materials. Many researchers has carried out their research to 

control fatigue cracking in flexible pavements by using 

modified bitumen at binder course but still more research has 

to be carried. Base course of a pavement have low resistance 

towards the tensile stresses and dynamic loads which leads to 

the failure of pavements and maintenance of roads,  
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The major failure in flexible pavements is fatigue cracking 
This fatigue leads to formation of cracks, pot holes and 

undulations on the pavements. In flexible pavements load 

will be distributed into lower layers in decreasing order. 

EPDM rubber consists of properties like tensile strength, 
abrasion, resistance to temperature. Wireless communication 

technology in WSN contains two types of communication 

methodologies i.e., Wireless transportation based 

communication model and wireless transportation-less 

network communication model [1]. Wireless transportation 

based communication model contains wireless movable 

nodes and permanent nodes. The wireless movable nodes 

exchange the information data with fixed nodes through pre-

established transportation [2].  The wireless transportation-

less system communication model is nothing but wireless 

MANETs which contains movable wireless nodes spread in 
the radio communication region and they communicate with 

each other through relying on in-between node i.e., with 

lacking transportation and thus WSN has to perform as a 

peer to peer network. However, contact among 

communicating nodes is very challenging due to the features 

of WSN. Moreover, wireless movable node working in a 

network has restricted with power batteries and it is not 

probable to recharge the energy of the batteries during the 

given task. Applications of WSN mainly include military, 

healthcare, natural, household & commercial areas as well 

as disaster recovery. Due to its variety of features, WSN is 
paying attention by the majority of the researchers and 

hence the group of routing protocols has been intended 

based on considering diverse parameters. One of those 

routing protocols is “energy aware routing protocol based on 

the reactive status of movable nodes” [3]. This work present 

the state of art performance analysis of “energy aware 

routing protocol based on the reactive status of mobile 

nodes” designed for wireless networks. However, it is a lot 

demanding to justice the current position of routing protocol 

for the particular network state. In future, the motivation is 

to split the network state into different categories and after 

that evaluates the different routine metrics. Based on present 
investigation parameters such as delivery of packets, the 

lifetime of the network, and end-to-end delay our work 

performance is analyzed with the help of network simulator-

2 (NS-2) [4]. Furthermore, the performance grades of our 

work can be used by researchers for their future research. 

Even though a lot of research efforts carried out within 

literature in the direction to calculate the performance of 

dissimilar routing protocols for WSN based on different 

network circumstances, this work contains performance 

investigation metric as the lifetime of the network, delivery 

of packet, overhead and delay (end-to-end). Furthermore, 
these metrics extremely suitable to calculate the execution 

of energy-aware routing 

protocols used for WSN. 
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The paper’s remaining part is prearranged as, the 2nd 

Section will discuss regarding Efficient-Energy Based 

different routing protocols in WSN. Furthermore, the part 3 

provides the performance assessment of the proposed work. 

Finally the work is concluded in fourth and final part of the 

work. 

I. EFFICIENT-ENERGY BASED 

ROUTING IN WSN 

Routing is the methodology to discover the path/route 

among communicating nodes, in addition, to transmit the 

information data throughout the selected path in the form of 

packets. The main feature of routing is to select the path 

between the communicating nodes and to keep up the path 

up to the successful transmission of the information 

packets. In WSN, routing protocol appearances an 

additional overhead in contrast by means of wireless 

transportation based sets of connections, due to its features 

such like mobility, heterogeneity within the movable nodes, 

the lack of an intermediate controller and peer to peer 

system. Furthermore, several routing protocols developed in 

WSN based on various frameworks, attributes, and features 

of the network. Utmost of the available routing protocols in 

WSN considered based on a variety of patterns 

consequently as to manage with network features of WSN 

[5]. One of the major challenges in WSNs is efficient-

energy routing, since its applications are built-in disaster 

assistance, military, and health care. Throughout the 

assignment application, it is not at all possible to recharge 

or put back the battery. Various routing protocols designed 

are discussed in literature survey taking into consideration 

that the energy of the wireless nodes in WSN. Out of that 

one such routing protocol is “energy aware routing protocol 

based on the reactive status of mobile nodes”. The intention 

of the development of this routing protocol is to expand 

lifetime as well as to achieve energy-efficiency of the 

network in the system [6]. The routing protocols, which are 

designed based on energy awareness i.e., selecting the 

routing path, connecting transmission nodes through the 

nodes which have utmost left over power or greatest 

residual energy, are reserving the several of the wireless 

nodes intended for transmission of the data information due 

to their higher remaining energy [7]. This condition in the 

network known as blockage transitional node and 

bottleneck intermediary node drops the packet due to two 

reasons such as each of the wireless nodes does not have 

enough buffer to hold the traffic or its processor does not 

support the incoming packets in a transitory approach. 

Figure 1 show the bottleneck intermediate node's situation, 

in this node 4 becomes a bottleneck node [8]. 

 

Fig.1 Scenario of node becoming bottleneck (node-4 is a bottleneck node) 

In this work, focus is given on energy efficient protocols 

developed for WSNs and classified them to obtain an ideal 

solution. The substitute to above energy-aware routing 

protocols is “energy aware routing protocol based on the 

reactive status of mobile nodes”. This protocol is designed 

based on the existing position of a transitional node 

concerning its energy as well as the buffer. Furthermore, 

while choosing a routing path, this protocol checks the 

position of each transitional node reactively concerning 

nodes energy as well as the buffer [9]. Therefore, due to the 

blockage or bottleneck transitional node it drops the packet. 

To overcome the scenario of a bottleneck intermediate 

node, it defined a new route scheme metric which is called 

as “residual status of intermediate node regarding energy 

and buffer”. This metric is calculated by a multi-objective 

optimization technique.The two main objectives are 

remaining power and energy to transmit the information 

packets [10]. It calculates the metric by the knapsack 

algorithm in equation-1 i.e. “residual status of transitional 

node is concerning energy as well as a buffer”. 

Each node in a system outfitted by means of a battery with 

energy ′ ′ joules for processing the packet ′  ′, a buffer 

with a capability of ′ ′ to hold the packets ′   ′. 

Throughout the time period ′ ′, let anyone ′i′ packet 

throughout the sensor node, which consumes a limited 

amount of energy as well as utilize properly the buffer size 

as well. Subsequently parameters of the nodes, like “  ”  
the remaining energy and nodes residual buffer “  ” 
become as follows, 

     =      E−  ei,            >   i          ………1  

     =    B−   i,              >   i           …..... 2  

The point at which the node will drop the packet is the 

packet processing capability of the node without dropping it, 

in available energy and buffer [11]. It can be computed by 
satisfying the below situation through the assistance of 

knapsack algorithm, 

1.  Processing of packets should be done within the 

remaining energy and buffer 

2.  The utmost packet should be processed through the node 

3. Fraction or part of the packet must not be processed, it 

will believe as an illegal condition 

“Optimized ability to restrict packet drop‟ metric designed 

by remained energy as well as a leftover buffer of the target 

node. Annotation considers in this work is specified inside 

the table1. Assumptions are made that the node gets 
information packets from numerous sources contained by 

the limits of leftover energy ‘  ’ as well as buffer ‘  ’ 
correspondingly. The nodes capability to control the packet 

drop is ‘  ’ packets. The processing of the packets ‘n’ 
successfully from exclusive of a drop, the conditions below 
should assure  

1.  Complete processing of packet should be done from the 

node 

2. A Packet can drop as of a node completely; it means 

incomplete processing should not happen, 

Hence, to calculate the “optimized ability to restrict packet 

drop‟ metric, consider optimistic values for ′ ′ as follows 
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The capability to control the packet drop is  1,  2,  3,  4, 

……,   , all packets use energy ‘  i’ and buffer ‘  i’ of 

the node to process. 

It requires estimating the nodes capability to control packet 

drop in both cases like buffer and energy; in addition, it 

needs to calculate the utmost processing capability of a node 

to process number of packets without drop [12]. 

For example, it’s needed to discover out the capability to 

process the utmost packets of count    {  }, to gather 

packets with ∑  , where ‘ ’ & ‘  ’ with respect to   , 

   ≤   and   ,    ≤   

 
Table.1: Notation used 

To calculate the “optimized ability to restrict packet drop” 

metric by means of both buffer and energy, the convenient 

technique is to try every attainable process related to ‘ ’. It 
can be computed through the assistant of Knapsack 

Algorithm, it gives two-dimensional arrays through the 

entries [13], 

  0 …..  , 0 ….   ∀1 ≤         ≤       0 ≤            ≤   

      0 …..  , 0 ….   ∀1 ≤         ≤       0 ≤             ≤   

Such that Ji, E, and Li, B is the highest processing capability 

with leftover energy and buffer without loss of a packet. The 

main thing is the following conditions should not entertain, 

  0,   = 0∀0 ≤         ≤   and   0,   = 0∀0 ≤       ≤   

  0,   = −∞∀            ≤ 0, not acceptable and     0,    = 

−∞∀      ≤ 0, not acceptable 

Calculation of the “optimized ability to restrict packet drop” 

through energy as well as a buffer is given below 

 i,   = max Ji − 1, Li + Li − 1,                 −       +1 ∀1 ≤ i 

≤   and 0 ≤         ≤  ,  

Li,   = max Mi−1, Mi+Li − 1,                   −       +1 ∀1 

≤ i ≤   and 0 ≤    ≤  , 

For getting the advantageous result from Knapsack 

Algorithm subset, it is needed to expand supporting Boolean 

arrays  i,   ,   , and  i,   , in the same way. It becomes 

one (1) for the node while processing the i ℎ packet does not 

drop if not becomes zero (0). 
 

II. PERFORMANCE ANALYSIS 

A. PERFORMANCE CALCULATION 

METRICS  

The execution stage of the particular system is 

helpful to have an effect on the approval of its users. 

Moreover, the specified system is appropriate whenever its 

propositions accept transmission services [14]. The 
Performance investigation attributes are combining 

noticeable and additional system framework such as the 

ability to transmit information data at very higher delivery 

speed and a lesser amount of delay with controllable 

overhead. Performance analysis attributes measured in this 

work are delivery of the packet, network lifetime, delay and 

overhead. 

Sr. 
No. 

Network Parameter Values Used 

1 Simulation Time 10, 20 and 30   Sec 

2 Nodes in numbers 20 - 100 

3 Type of Link Layer (LL) Logical Link 

4 Type of MAC 802.11MAC 

5 Propagation Model of Radio Two-Ray Ground 

6 Type of Queue Drop-Tail 

7 Antenna Omni Antenna 

8 Routing Energy-aware routing 

9 Traffic Constant bit rate 

10 Network Area 750m x 750m 

11 Mobility Model Random Way Propagation 

Table.2 Simulation parameters used 

Among the above metrics, the information packet delivery 

speed is considered as, the percentage of the amount of 

arriving packets by sink node or destination, by the number 

of packets transmitted by the source node. Network lifetime 

considered as the time taken to die individual node in a 

system due to consumption of energy [15]. The metric delay 

can be defined as, the time taken to transmit the information 
packet by a source node to reach the sink or destination node 

[16]. 

B. ENVIRONMENT OF SIMULATION 

Network Simulator of version NS 2.34 is used to 

calculate the performance of the system “energy aware 

routing protocol based on the reactive status of mobile 

nodes”. The main purpose of our performance assessment 

is towards study the ability of “energy aware routing 

protocol based on the reactive status of mobile nodes” to 

act in response to the various traffic situation in WSN, 

such as variable packet size, radio transmission region, and 

mobility. Furthermore, the objective which plays a key role 

is the comparison of the measured results with the 

evaluated results. Finally, the main objective is to assess 

the in-depth performance assessment of “energy aware 
routing protocol based on the reactive status of mobile 

nodes”.  Simulation 

parameters are exposed to 

table 2. 
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C. EVALUATION OF PERFORMANCE 

In order to work out the performance of “energy aware 

routing protocol based on the reactive status of mobile 

nodes” on the basis of inconsistent hop count, mobility and 

radio transmission region. In all the run of the simulation, 

the input folder was taken, which explains the complete 

node as well as data packet information within the system 

throughout the transmission process. In this work, two 

simulation scenarios are considered to assess the results in 

terms of the metrics such as network lifetime, packet 

delivery, delay, and the overhead. 

 

 

Variable radio transmission ranges for each node 

(150m,      200m, and 250m) by means of mobility. 

The variable hops counts up among transmission nodes 

with mobility. 

 

Performance assessment of projected method is 

approved by NS-2 through suitable expansion in accessible 

libraries and also compared by existing algorithms for 

selection of cluster head with the same network 

surroundings. Results show that the proposed protocol 

“energy-aware protocol based on the reactive status of 

mobile nodes” outperforms as compare to the available 

protocols. 

 

Figure 2, 3, and 4 show that the performance of delay, 

packet delivery ratio and network lifetime. Performance of 

“Energy-aware routing protocol based on the reactive 

status of mobile nodes” is good in changing mobility and 

the different radio transmission region. As, the proposed 

routing protocol detach the node to turn out to be a 

bottleneck node, which interns enlarge the networks 

lifetime and minimize the loss of information packets in 

that way improves the delivery of packets with less delay. 

From our simulation results, it is considered that the 

proposed routing protocol is well suitable for WSN 

applications. 

III. CONCLUSION & FUTURE WORK 

In WSN, routing is an active research area and a variety of 

routing protocols are designed by taking into consideration 

various features and system circumstances. Therefore, by 

considering various circumstances this work analyses the 

performance of “energy aware routing protocol based on the 

reactive status of mobile nodes”. Hence, through the results 

of the simulation, it concludes that the proposed routing 

protocol is well suited for the various applications of WSNs. 

Moreover, it elaborates the lifetime of the system as well as 

accumulates energy of the node. Furthermore, this work 

gives the technique to scrutinize the current condition of the 
node in the system, so it is used as a selection of cluster 

head in a proactive manner in the future approach. 
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