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Abstract 

WSN is a highly emerging technical framework with new and incredible applications. The present 

advancements tend to numerous designing of novel protocols in which the energy awareness is the 

importance assumption. As the routing protocols may vary based on the network architecture and 

application, high interest is given to them. The approach of routing protocol with hierarchical 

structure is assumed to offer successfully solution of energy efficiency; different heuristic 

clustering method had been projected. For simplicity and energy efficiency, LEACH has been used 

extensively. In WSN, to deal with the problem of cluster-based routing, meta-heuristics 

Evolutionary Algorithms (EAs) had been employed through various researchers. These routing 

approaches are inspired biologically, for instance, in WSN lifetime extending. This papers aim to 

increase the EA detrimental behavior to tackle with issue of clustered routing through designing a 

novel fitness function called Reactive evolutionary based clustered routing protocol (RERP) which 

adopts two aspects of clustering namely separation error and cohesion in WSN. In addition, 

reactive data transmission strategy is introduced to effectively utilize the energy, where the data 

will be transmitted on the occurrence of an event. The experiments demonstrated that when 

comparing with the other heuristic performances like SEP, HCR and LEACH, the designed usually 

extends the network lifetime, and conserves high energy.  
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1. Introduction 

For the 21st century, the combination of various sensors creates another main innovation named 

WSN that gives extraordinary choices in a few spaces extending from agriculture to military and 

has applications in common just as natural, mechanical control, wellbeing, monitoring the health, 

and home networks. In the previous couple of years, a concentrated study that tends to the 
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capability of joint effort between sensors in data preparing and assembling and in the 

synchronization and the managing the detecting action was led [1-4]. Be that as it may, sensor 

nodes are inhibited by bandwidth and energy supply. In this manner, creative systems that wipe 

out energy wasteful aspects that would abbreviate the network lifetime are profoundly required. 

Such imperatives joined with a commonplace sending of an extensive sensor node counts present 

numerous difficulties to the managing and plan and require energy-aware at entire networking 

protocol stack layers of WSN. For instance, at the network layer, it is very alluring to discover 

strategies for energy-effective discovery of routes and transferring of data from sensor nodes 

towards an outside sink or base-station (BS) with the goal that the network lifetime is expanded 

[5]. 

While a source node not able to transmit its packets legitimately the routing protocol is needed to 

its goal node yet needs to depend on the help of nodes at intermediate position to send the packets 

for its sake. Routing in WSNs is trying because of a few inherent attributes that separate it from 

wireless adhoc networks and current correspondence. In the first place, it is beyond the realm of 

imagination to expect to construct a worldwide addressing method to conspire for the organization 

of sheer sensor node counts. Subsequently, established IP-based protocols not able to connect with 

the sensor networks. Next, rather than special communication networks practically all sensor 

networks utilizations require the progression of detected data from various areas (sources) to a 

specific sink. Subsequently, the produced data traffic has huge repetition in it as various sensors 

might create similar data inside the region of a wonder. Those repetitions should be misused by 

the routing protocols to enhance bandwidth and energy use. Next, sensor nodes are firmly obliged 

as far as on-board energy, transmission control, handling limit and capacity. Accordingly, they 

need cautious asset the executives. 

In WSN, because of such contrasts, numerous new techniques have been projected for the routing 

issue. WSN routing protocols can be ordered into level network routing, progressive network 

routing, and area based network routing depending on the network structure received [6]. The 

entire nodes have a similar usefulness and it cooperate to carry out routing and detecting 

undertakings in level network routing [7,8]. Various hierarchical network routing separates the 

network into groups to accomplish versatility and energy-productivity. One of the appealing and 

well known various leveled network routing protocols is low-energy adaptive clustering hierarchy 
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(LEACH), that had been broadly acknowledged for its effortlessness and energy productivity. In 

area based network routing, the area data of nodes is utilized to figure the routing path. 

It is understood that the methodology that is probably going to prevail to give an energy-effective 

and adaptable arrangement is of hierarchical framework. Data assembled by the nodes is passed 

towards BS by CH in the clustering condition. As the nodes will impart data over shorter 

separations in such a domain, the energy spent in the network is probably going to be considerably 

low contrasted with when each sensor conveys legitimately to BS. Different clustering techniques 

have been proposed in various setting to this end. In nature, many techniques are heuristic, and go 

for producing the base clusters counts and distance of least transmission. These techniques 

likewise separate itself by how the CHs are chosen. The LEACH techniques and its relevant 

expansion utilize stochastic self-decision, where every sensor comprise a 𝑝 as probability of 

turning into a cluster head in every round. It ensures that each node will be a cluster head just once 

in 1/p rounds. This pivot of energy-intent CH work means to convey the power use for delayed 

network life. 

Despite the fact that numerous protocols have been projected in the study to limit energy 

dissemination on the sending path, a few nodes may even now be depleted rapidly. These nodes 

could lose their fame as specific jobs are pivoted progressively by utilizing a dynamic clustering 

procedure. Numerous alluring qualities, for example, versatility and autonomous, are shown in 

organic frameworks as adjusted to the encompassing condition notwithstanding singular 

effortlessness, and are sufficiently vigorous to oppose intermittent individual disappointments. 

Thus, in WSN, as of late, naturally-inspired techniques, For instance, EA have started to pull in 

consideration from numerous analysts for creating cluster-based hierarchical routing protocols. 

The principle objective of these EA-based clustered routing protocols is to powerfully frame 

clusters in sensor networks with the end goal that the utilization of energy assets of the network is 

limited, and thusly, draw out lifetime of network. They have effectively demonstrated that their 

EA-based protocols is superior than other appealing WSN routing protocols, for instance, LEACH 

in WSN lifetime extending. In any case, creating an intensive assessment of their outcomes, one 

can see that one normal negative outcome develops. When the EA-based routing protocols draw 

out network lifetime, they decline the solidness time of the framework that is critical for some 

applications where the input from sensor network must be trustworthy. This disadvantage, most 
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likely, originates from one basic parameter (transmission separate) that for the most part describes 

the basic segment of any EA; the fitness function. 

This papers aim to increase the EA detrimental behavior to tackle with issue of clustered routing 

through designing a novel fitness function called Reactive evolutionary based clustered routing 

protocol (RERP) which adopts two aspects of clustering namely separation error and cohesion in 

WSN. In addition, reactive data transmission strategy is introduced to effectively utilize the 

energy, where the data will be transmitted on the occurrence of an event. This paper exhibits that 

returning to the meaning of the fitness capacity to incorporate the effect of two clustering angles, 

viz. union and partition blunder can rise above the point of confinement of the recently referenced 

EAs and give increasingly strong outcomes.  

The paper is planned as below. A brief survey of the few meta-heuristic and heuristic hierarchical 

routing protocols is given in section 2. The proposed protocol is discussed in section 3. Section 4 

demonstrates the results of the proposed and other methods comparison. Section 5 concludes the 

paper.  

2. Literature review 

Network Clustering is used to limit the absolute energy utilization is a NP-hard [9] issue. It is hard 

to locate the ideal number of CH nodes and its areas for a given network topology. There exist 

2 − 1 various solution combination for n sensor nodes, whereas a sensor node is either selected 

as non-CH or CH in every solution. NP-hard problems Solutions include looks through tremendous 

spaces of conceivable arrangements. EA have been connected effectively to an assortment of NP-

difficult issues. With regards to clustered routing, a few EA approaches exist in the survey in WSN. 

Genetic clustering algorithm (GCA) is projected for dynamic clusters arrangement in WSN by 

[10] with the objective of expanding the network lifetime by comprising least energy dispersal., 

every chromosome is demonstrated as a fixed length list in GCA, whereas every quality compares 

to a specific sensor in the sensor domain. The every gene estimation can be a positive number 

(showing the quality's CH node number) or −1 (demonstrating the dead node). Through two 

parameters, the 𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝐶ℎ𝑟𝑜𝑚 )) is the fitness function that is made: formulated network 

distance and CH node counts. Consequently, it is adequate to limit the all out whole of the 
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separations among every one of the nodes in every cluster to its cluster head. In addition, less CHs 

result in more noteworthy energy productivity as CHs channel more power than non CHs. 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝐶ℎ𝑟𝑜𝑚 ) = 𝑤 × 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝐻 + (1 − 𝑤) × 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒            (1) 

Let w is an issue subordinate weight that offers the adaptability of altering every one of the 

parameters in computing the fitness rate. In [11], the GA tries to discover fitting CHs to limit 

absolute network distance. It utilizes binary chromosome portrayal in that every bit relates to one 

sensor node. A "1" implies that comparing sensor is a CH; else, it is a normal node. Two variables 

are exposed to GA minimization utilizing a joined fitness function as in Eq. (2). The absolute 

transmission remove and the quantity of CHs are the two primary factors should be limited. 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝐶ℎ𝑟𝑜𝑚 ) = 𝑤 × (𝐷 − 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒) + (1 − 𝑤) × (𝑁 − 𝐶𝐻)            (2) 

Let D is the all sum of node distance towards the BS; from standard nodes to CHs distance refers 

the total distance in addition to the entire distances from entire cluster head towards the BS; cluster 

head is the quantity of cluster head; N is the all out number of nodes; and w refers a pre-set weight. 

Aside from separation and CH, every single other attribute are fixed rates in a offered WSN 

topology. The short distance, otherwise the low CHs quantity of, the high fitness rate of an 

individual. This GA attempts to augment the fitness incentive to locate a decent arrangement. In 

[12], the researchers expand the fitness function of [11] to incorporate extra parameters, for 

example, cluster distance SD, evaluated exchange energy and number of transmissions (see Eq. 

(8)). These attributes guarantee that the chromosomes (network setups) that offer most extreme 

transmissions and diminished energy utilization are chosen for upcoming years. Accordingly, their 

progressive clustering technique based hereditary technique with the all-inclusive fitness function 

can give higher data transmissions when contrasted with the GA in [11]. 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝐶ℎ𝑟𝑜𝑚 ) = ∑ 𝛼(𝑤 , 𝑓 )∀𝑓 ∈ {𝐶, 𝐷, 𝐸, 𝑆𝐷, 𝑇}                     (3) 

From the sensor nodes towards BS, direct distance (D) is estimated as summation of entire 

distance. From the node towards cluster head, cluster distance (C) refers the total distance and the 

distance from head towards sink. The cluster distance 𝐶  is demonstrated 𝐶 ∑ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 , +

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ,  for k member cluster nodes. In order to the deployment data, the cluster distances 

(SD) difference has to be adjusted. The difference will a optimum clusters indicator when the 
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deployment is uniform. But, the difference will weak indicator when it is random deployment. The 

SD of cluster distance is demonstrated as 1/𝐶𝐻𝑠 ∑ (𝜇 − ∑ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 , ) . The sum of 

energy taken when to transmit the grouped message from cluster towards sink is transfer energy 

(E). The cluster transfer energy (𝐸 ) inserts energy need to transfer messages for a k member 

cluster node, from k member nodes towards cluster head through , 𝐸 = ∑ 𝐸
,

+ 𝑘 × 𝐸 +

𝐸
,

. 

At long last, BS allots the quantity of transmissions T for every datum exchange phase. The 

estimation of T is balanced by the present energy levels and network conditions. Additionally, 

bigger estimations of T show that the result of GA techniques will be utilized for longer timeframe. 

When the underlying fitness parameters are relegated self-assertive loads, with these loads are later 

refreshed by the optimal fit chromosomes. The GA fitness function includes notwithstanding the 

over five attributes two different parameters concerning remaining energy (RE) accessible in entire 

clusters sensor nodes and frame transmissions (FT) count, the received frames through the sink. 

The last fitness capacity would then be able to be figured as: 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝐶ℎ𝑟𝑜𝑚 ) = ∑ 𝛼(𝑤 , 𝑓 ), ∀𝑓 ∈ {𝐶, 𝐷, 𝐸, 𝑆𝐷, 𝑇, 𝑅𝐸, 𝐹𝑇}                          (4) 

3. The proposed EA protocol 

3.1. Background 

Meta-heuristics organize a connection among nearby improvement methods and more elevated 

amount methodologies to make a autonomous device for getting away neighborhood optima and 

handling testing advancement issues. A standout amongst the most prominent meta-heuristics is 

EA. EAs is motivated by the intensity of natural development, have been widely utilized as pursuit 

and streamlining devices in different issue areas. The general EA framework begins with an 

underlying populace of arrangements and suits distinctive types of determination and variety 

administrators to redundantly create new arrangements. The better an individual, the more shot it 

must be chosen. The nature of an individual is estimated by its fitness. The primary circle of a 

common EA begins with a choice procedure, which impersonates natural determination by 

allowing fitter people higher chance to breed. There are numerous variety administrators to change 

data in the guardians mating pool. On the off chance that gene trade is done between at least two 
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people, the variety administrator is called hybrid or recombination. In the event that the genes of 

one individual changes without anyone else, the variety administrator is called mutation. 

Ordinarily, EA accept client flexible conditions under which recombination and mutation are 

performed. The entire procedure of choice and varieties comprises one generation or emphasis of 

an EA, and the developing procedure can keep on assisting generations until a pre-characterized 

end condition is fulfilled for further understanding, one can allude. 

Algorithm 1: The common EA framework  

Select a primary arbitrary population solution;  
Compute every solution fitness;  
when the stop condition is not satisfied do 
                  Chose parents;  
       Carry out parent’s recombination;  
                  Do offspring mutation;  
                  Compute offspring fitness; 
 End 
 
3.2. ERP with modified fitness function 

The issue basic to a fruitful EA exhibition is the decision of a decent fitness function. It frames the 

reason for choice, and in this manner encourages enhancements. All the more precisely, it 

characterizes what "improvement" signifies. From the critical thinking point of view, it speaks to 

the undertaking to be understood in the evolutionary setting. In fact, it is a function that relegates 

a quality measure to singular arrangements. This reality persuades us to re-consider the fitness 

functions embraced by the current evolutionary clustering routing protocols referenced. Through 

cautiously looking at their execution against LEACH protocol, one can scrutinize the presence of 

a typical disadvantage in all these EA-based protocols. While they beat LEACH in drawing out 

network lifetime, they neglect to show signs of improvement solidness period. Aside from the 

varieties in the EA administrators utilized in these protocols (e.g., introduction, singular portrayal, 

determination, hybrid, and mutation), we consider, here, one normal and significant factor: fitness 

function (for example Transmission distance, or to put it plainly, distance). This is the essential 

factor used to limit network energy utilization. 

Subsequently, to be progressively exact making a decision about the soundness of the clustering 

arrangements given by the routing protocol calculation, we need to reclassify the distance function 
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to fill two clustering needs: cluster's attachment or dissipate (intra-distance) and cluster partition 

(between distance). Intra-distance can be measured by: 

𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑛𝑒𝑠𝑠 = ∑ ∑ 𝑑(𝑛, 𝐶𝐻 )∀ ∈                                  (5) 

Let C  refers the i cluster differentiated with CH  as cluster head, the cluster head sum is 

represented through CH , any non-CH node, C  which fulfills the small distance among 𝑛 CH and 

cluster C . Among any CH pair, the inter-distance is assumed as reduced Euclidean distance 

𝑑 =
𝑚𝑖𝑛

∀𝐶 , 𝐶 , 𝑐 ≠ 𝐶 𝑑(𝐶𝐻 , 𝐶𝐻 )                                     (6) 

The main function is to reduce constantly 𝑓1 =  𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑛𝑒𝑠𝑠/𝑑  𝑎𝑛𝑑 𝑓2 =

 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝐻. Let in (13), pre-defined weight denoted through w.  

𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝐶ℎ𝑟𝑜𝑚 ) = 𝑤 × 𝑓1 + (1 − 𝑤) × 𝑓2                             (7) 

At the beginning of each round, ERP embraces a dynamic two-stage clustering procedure 

including the relentless state and cluster setup stages. ERP utilizes a population that advances 

toward keeping up an ideal number of clusters to control the CH race. Every individual is spoken 

to as a fixed-length rundown of size equivalent to the all out number of nodes in the WSN. The 

head and part nodes are demonstrated to as 1 and 0 individually, when dead nodes are demonstrated 

to as −1. Every individual is haphazardly instated with 0s as indicated by the likelihood p in (1) of 

the ideal level of CH nodes, as: 

∀𝑖 ∈ {1, … , 𝑛} 𝑎𝑛𝑑 ∀𝑗 ∈ {1, …  ∞, 𝑁}                           (8) 

𝐼

1    𝑖𝑓 𝐸 𝑛𝑜𝑑𝑒 > 0 𝑎𝑛𝑑 𝑟𝑎𝑛𝑑𝑜𝑚 ≤ 𝑃

0      𝑖𝑓 𝐸 𝑛𝑜𝑑𝑒 > 0 𝑎𝑛𝑑 𝑟𝑎𝑛𝑑𝑜𝑚  𝑃

−1                                               𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                         (9) 

Let N refers the sensor nodes quantity and n refers the individual solutions quantity in the network. 

Parallel competition determination is utilized in this technique. The choice procedure picks the 

competitor individual, based on their fitness rate, from the populace in the present generation. 

Two-point hybrid task happens among two continuous people with likelihood indicated by the 

hybrid rate. These two people trade divides that are isolated by the hybrid focuses. The mutation 
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administrator is connected to every bit of a member with a likelihood of mutation rate. Whenever 

connected, a bit whose esteem is 0 is changed into 1 and the other way around, leaving the −1 s 

not mutated. 

3.3. Reactive Transmission 

The nodes sense their environment continuously. The first time a parameter from the attribute set 

reaches its hard threshold value, the node switches on its transmitter and sends the sensed data. 

The sensed value is stored in an internal variable in the node, called the sensed value (SV). The 

nodes will next transmit data in the current cluster period, only when both the following conditions 

are true: 1. The current value of the sensed attribute is greater than the hard threshold. 2. The 

current value of the sensed attribute differs from SV by an amount equal to or greater than the soft 

threshold. 

4. Results and Discussion 

To evaluate the proposed RERP method, it is compared with conventional techniques like LEACH, 

EPMS and Mobile-P. The whole network contains 100 sensor nodes, in the region of 100 100 

m . The whole sensor node contains same 0.5J primary energy and it is placed randomly in the 

network. Few relevant network parameters are given in table 1.  

Table 1 Simulation parameters 

Parameters Value 
Area 200x200 
E0 0.5J 
Eelec 50nJ/bit 
ɛfs 100pJ/bit/m2 
ɛfs 100pJ/bit/m2 
Packet size 4000bits 

 

With the increase in the round counts, the whole network energy consumption is demonstrated in 

Fig. 1. While the proposed method when comparing with other methods like EPMS and projected 

RERP, the LEACH takes high energy utilization which employs the method of mobile sink. It also 

takes the passive random mobile approach and frequently the BS gives through same region as it 
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gives high energy consumption in EPMS. The projected method takes reduced sum of energy over 

the other two methods.  

 

Fig. 1. Energy consumption analysis 

To examine the efficiency of given techniques in terms of network lifetime which is an essential 

metric. While the WSN nodes begin to die, it is commonly demonstrated as instance. With the 

increment in rounds, Fig. 2 demonstrates the operating nodes counts. The primary node undergoes 

inactive stage at 900 rounds for LEACH and for EPMS 1200 rounds. However, through primary 

node delay in network, the projected technique improves the lifetime of network and the primary 

node die at 1500 rounds. EPMS is found to be effective when comparing with LEACH, however 

the projected technique yields enhanced network lifetime against others.  
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Fig. 2. Network lifetime analysis 

Fig. 3 shows the successful arrival of packet at BS. It is absolute from the figure that the projected 

technique packet count is 5 time superior when compared to LEACH and it double with EPMS 

performance. When compared to the other methods LEACH gains reduced packet counts on the 

other hand. EPMS gains higher packet counts when comparing with LEACH however it fails to 

exceed the projected technique. The projected technique tends to receive higher packet counts at 

BS because of the improved network lifetime. 

 

Fig. 3. Data delivery analysis 

With the techniques EPMS and LEACH, the comparative study is made by means of delivery time 

which it is demonstrated in fig. 4. It demonstrates improvement of speed over BS minimizes the 
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average delivery delay. The projected technique seems to have less average delivery delay when 

comparing with other two methods. The LEACH demonstrates high delivery time latency where 

the EPMS exhibits superior delivery time than LEACH. By employing the reactive routing 

strategy, the projected method achieves energy efficiency. The projected technique is superior by 

means of network lifetime, delay, energy efficiency, and throughput. 

 

Fig. 4. Time consumption analysis 

5. Conclusion 

This papers aim to increase the EA detrimental behavior to tackle with issue of clustered routing 

through designing a novel fitness function called RERP which adopts two aspects of clustering 

namely separation error and cohesion in WSN. In addition, reactive data transmission strategy is 

introduced to effectively utilize the energy, where the data will be transmitted on the occurrence 

of an event. The entire outcomes are established with the comparison of the conventional methods 

and the projected RERP accomplishes good results by demonstrating longer stability period, 

energy utilization, and longer network lifetime.  
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