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Abstract  

Cyber Physical Systems (CPSs) is an outcome of modern developments accomplished in the wireless 
communication. CPS is extensively utilized in different fields as the integration of physical and computing 
system. However, the deployed sensors of the CPS was affected because of the restricted processing 
and energy capacities. Therefore, an energy efficient cluster based routing approach needs to be 
designed to minimize the energy consumption of the nodes. In this research, the Multi Objective - Energy 
Centric Reptile Search Algorithm (MO-ECRSA) is proposed to improve the data delivery of the CPS. This 
MO-ECRSA is developed to select an optimal Cluster Head (CH) and route. Therefore, the proposed MO-
ECRSA method is used to minimize the energy consumption of the sensors while increasing the data 
delivery of the CPS. The performances of the MO-ECRSA is analyzed in terms of alive nodes, Average 
Energy Consumption (AEC), Packet Delivery Ratio (PDR) and Average End to End Delay (AEED). The 
existing researches namely Rendezvous Routing Protocol (RRP) and Hybrid Crow Search Algorithm 
(HCSA) are used to evaluate the MO-ECRSA method. The PDR of the MO-ECRSA for 100 nodes is 
99.75%, it is high when compared to the RRP and HCSA. 

Index Terms—:Cluster based routing approach, cyber physical systems, energy consumption, multi 
objective - energy centric reptile search algorithm, packet delivery ratio. 

 

1. Introduction 

CPSs are one of the recent technology developed in the wireless communication which 
is used for different purposes. CPS has demonstrated as a promising technology for 
human-to-human, human-to-object and object-to-object [1] [2]. In the networked CPS, 
both the actuators and sensors are linked with the communication system. Here, the 
physical and cyber part (i.e. control and communication layers) are firmly connected and 
any fluctuations to the CPS results in the continuous interactions among two layers. In 
CPS, the physical system is denoted by the single node which specifies the device or 
network denotes the interconnected system [3]. The physical systems are worked as 
sensors for collecting the information from the real world and transmit the collected 
information to the evaluation platforms for additional investigation. An evaluation 
platform examines and processes the information and delivers the command/ feedback 
to the physical systems. The development of CPS with mobile devices are used to 
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observe more data from the environment [4]. CPS used in various applications such as 
industrial processes, structural health monitoring and smart cities [5]. 

The important infrastructure of CPS which helps the system in collecting and delivering 
the real world data is Wireless Sensor Networks (WSN) [6] [7].Since, the sensors are 
constrained by its resources such as less memory, low processing ability and 
inadequate battery power. Hence, the energy efficiency is considered as one of the 
important task while broadcasting the information [8] [9].The CPS has various 
characteristics such as self-organization, high mobility, flexible placement and an easy 
development. The routing approaches used in the CPS are categorized into flat and 
cluster-based routing approaches. In CPS, the cluster based routing approaches 
provides distinct advantages such as sensor node management, balancing of energy 
consumption and network stability [10].The cluster based approach used to improve the 
network lifetime by lessening the energy consumption. In this approach, an each sensor 
is linked with the CH and each CH is linked to the Base Station (BS) whereas the nodes 
& CH, and CH & BS are connected through wireless communication. The CHs gathers 
the data from its own cluster members and broadcast the data to BS either directly or 
indirectly using other CHs [11] [12] [13]. Additionally, an effective routing between the 
nodes are helps to improve the lifetime of the network [14] [15]. 

The contributions of this research are mentioned as follows: 

 In this research, the conventional Reptile Search Algorithm (RSA) is modified into 
MO-ECRSA to improve the performances of the CPS. Here, the RSA is chosen 
because of its effective equilibrium among exploitation and explorations. 

 The proposed MO-ECRSA selects the optimal set of CHs followed by the same 
MO-ECRSA is used to identify the optimal route from the source to the 
destination. Therefore, the developed MO-ECRSA results in lesser energy 
consumption which leads to improve the PDR of the CPS. 

The remaining paper is arranged as follows: the related works of this research is given 
in section 2. The detailed explanation about the MO-ECRSA is given in the section 3. 
Section 4 provides the outcomes of the MO-ECRSA. Finally, section 5 provides the 
conclusion. 

2. Related work 

Lenka, R.K et al. [16] developed the scalable cyber physical-social networking 
architecture by using a RRP in a cluster based approach. Here, the clusters were 
designed in the rendezvous region and the broadcasting was accomplished between 
the CHs in single hop distance. The designed RRP was used to minimize the energy 
consumption and improved the life expectancy. But, this work considered only the 
residual energy and distance during the communication. 
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Shen, J et al. [17] presented the Moving Centroid based Routing Protocol (MCRP) to 
achieve an effective data transmission over the cyber-physical-social distributed 
systems. The node motion was completely utilized by constructing the variable basic 
locations using a moving centroid. Subsequently, the distance and transmission 
probability were used to choose the relay nodes. The development of variable location 
was helped to obtain precise transmission route that used to enhance the data delivery. 
Since, the designed MCRP was analyzed without any clustering processes, therefore it 
resulted in high energy consumption.   

Xiang, X et al. [18] developed the Duty Cycle Control based Opportunistic Routing 
(DCCOR) and Adaptive DCCOR (ADCCOR) for CPS. The duty cycle of the sensor was 
adjusted by ADCCOR based on the energy utilization. Therefore the delay was 
minimized without affecting the life expectancy of CPS. But, these dynamic adjusting 
was caused higher energy consumption over the network. 

Nagarajan, L. and Thangavelu, S [19] implemented the Hybrid Grey Wolf based 
Sunflower Optimization (HGWSFO) to choose a CH. The designed HGWSFO was 
chosen as CH according to the distance and energy. Moreover, the exploitation 
efficiency was improved by the GWO’s coefficient vectors where the GWO’s global 
search inefficiency was compensated by using the SFO. The selection of CH using 
HGWSFO was done only based on the distance and energy. 

Kodoth, P.K. and Edachana, G [20] developed the circular cell clusters to accomplish an 
energy-efficient information gathering over the network. In clusters, a weighted sum 
approach was developed for selecting the data collecting node. Moreover, the HCSA 
was used to perform the routing and dynamic relocation of destination. However, the 
delay of the HCSA was high according the increment in the sensors.  

3. MO-ECRSA method 

In CPS, an effective CH and route are selected by using the MO-ECRSA along with 
distinct cost metrics. There are three important phases are done in this proposed 
research such as choosing a CH, generating a clusters and discovering the route. The 
energy usages of the CPS sensors are minimized by developing energy efficient cluster 
based routing using MO-ECRSA. Therefore, an energy efficient algorithm is used to 
improve the life expectancy of the network. The flowchart of the MO-ECRSA method is 
shown in the Figure 1. 
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Figure 1. Flowchart of the MO-ECRSA method 

3.1. Sensor deployment 

At first, the sensors are randomly deployed over the CPS followed by an optimal CH 
and route selection are accomplished by MO-ECRSA to perform the reliable 
communication. 

3.2. MO-ECRSA based CH selection 

In this phase, an appropriate CHs from the network is discovered using the MO-ECRSA 
with an effective cost metrics. Generally, the conventional Reptile Search Algorithm 
(RSA) is a type of Meta heuristic approach that initiates the encircling and hunting 
activities of crocodiles. Similar to the other Meta heuristic approaches, RSA also 
understood by its exploration and exploitation principles. The process of CH selection 
using MO-ECRSA is explained as follows: 

3.2.1. Initialization 

A set of candidate sensors are taken as candidate CHs during the initialization of 
solutions where its dimension is equal to amount of CHs. here, an each solution is fixed 
with the ID of random sensor between 1 to , where  defines the total sensors in the 

CPS. Consider, the th solution of the MO-ECRSA is , where  
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defines the dimension of the solution. Moreover, the solution’s position is  

that defines the random candidate sensors between the total sensors. 

3.2.2. Iterative process of MO-ECRSA 

In MO-ECRSA, both the exploration and exploitation principles are enabled by the 
motion of crocodile while encircling the target prey. In exploration phase (encircling), 
two movements such as high walking and belly walking are considered based on the 
encircling behavior. Equation (1) expresses the position-updating of MO-ECRSA. If the 
current iteration  is lesser than the , the high walking is enabled; Otherwise, belly 

walking is enabled during the encircling process. 

       (1) 

Where,  is the th location of the solution ; the best solution achieved from the 

whole population is ; random number is denoted as ; maximum number of 

iterations is denoted as ; the hunting parameter is represented as  that is 

expressed in equation (2);  is a fixed parameter whose value is ;  denotes the 

reduce function which is expressed in equation (3);  and  represents the 

random number and location respectively. Moreover, the Evolutionary Sense  is 

expressed in equation (4). 

                                              (2) 

                                                    (3) 

                                         (4) 

Where, the  is a small value and Equation (5) provides the difference value . 

                                     (5) 

Where, the average locations are denoted as  which is expressed in equation (6); 

The lower and upper limits of the MO-ECRSA are  and  respectively, and  is set 

as . 

                                                        (6) 

Subsequently, the second principle i.e., exploitation (hunting) is accomplished where it 
utilizes two approaches such as hunting coordination and hunting collaboration. The 
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hunting coordination takes place when the condition of  and  are satisfied; 

Otherwise hunting cooperation takes place in the exploitation as shown in equation (7). 

       (7) 

The cost metrics used to identify optimal CHs from the network is formulated in the 
following section. 

3.2.3. Cost metric formulation for CH selectionThe MO-ECRSA considers multiple 
cost metrics for discovering the optimal set of CHs from the network. There are five 
different cost metrics are considered while selecting the CHs such as residual energy 

, intra cluster distance , closeness between CH and BS , node coverage  

and node degree . Therefore, the cost metric to select the CH is expressed in 

equation (8). 

                    (8) 

Where, the  are the weight values allocated to an each cost metric. The detailed 

definition about the cost metrics are given as follows: 

 The energy usage of the CH is high during the 
communication because it performs various processes such as receiving and 
transmitting the information to the relay CH or destination. Therefore, the 
candidate sensor with high residual energy is preferred as CH where equation (9) 
shows the residual energy of the CHs. 

                                                               (9) 

           Where, the th CH’s residual energy is . 

 The different distances considered during the CH 
selection are intra cluster distance  and closeness between CH and BS which 

are expressed in equation (10) and (11) respectively. The sensor’s energy usage 
is mainly depends on the transmission distance, so the node with less distance 
from its CM and destination are preferred while choosing the CHs. 

                                            (10) 

                                                (11) 
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Where, the  and  are the distance among the sensor & th CH, 

and distance among the th CH and BS respectively;  denotes the amount of CMs in 

cluster . 

 The coverage of the sensors are considered while 
choosing CHs for improving the network coverage. Equation (12) expresses the 
computation of node coverage. 

                                                    (12) 

           where,  denotes the radius covered by the sensor. 

 Density of the sensors connected to the CH also an 
important metric, because the CH with higher node degree causes high energy 
consumption. Therefore, the candidate CH with less node degree is preferred 
where equation (13) shows the node degree calculation. 

                                                                    (13) 

The merits of the cost metrics are given as follows: the residual energy is used to select 
the node with higher energy which helps to avoid the packet loss. The considered 
distance functions used to minimize the energy consumption of the sensors that helps 
to improve lifetime. Moreover, the reliable communication over the network is achieved 
by considering the node coverage. Further, the node degree also considered to lessen 
the energy usage of the nodes. 

3.3. Generation of clusters 

After choosing the CHs from the network, a normal nodes are assigned as CMs to the 
certain CHs. Here, the cluster generation is mainly accomplished by the distance and 
energy as shown in equation (14). 

                                                   (14) 

Therefore, the CMs are assigned to the CH with lesser distance and higher residual 
energy. Further, the route from the source to the destination is identified by using the 
MO-ECRSA that is detailed in the following section. 

3.4. Route identification using MO-ECRSA 

In this phase, the MO-ECRSA is used to generate route via the CHs based on the 
distinct cost measures such as closeness between CH and BS, residual energy and 
node degree. The steps processed in the routing are stated as follows: 
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1. The solutions of the MO-ECRSA are initialized with 
the probable routes from the source CH to BS. An each solution’s dimension is 
equal to the number of relay CHs exist in the path. 

2. Subsequently, the location update of the solution is 
done based on the computed cost metric.  The location update of route 
identification is similar to the iterative process of CH selection. Equation (15) 
expresses the cost metric calculated for route identification.  

.                (15) 

Where,  and  are the weight parameters allocated to the cost metrics. Therefore, 

the MO-ECRSA with distinct cost metrics helps to identify the optimal path with less 
distance, high energy and less node density which helps to improve the life expectancy 
of the CPS. 

 

4. Results and discussion 

The outcomes of the MO-ECRSA method is explained in this section. The 
implementation and simulation of CPS using MO-ECRSA is done in MATLAB R2018a 
where the system is operated with i5 processor and 6GB of RAM. Here, an energy 
efficient CPS is developed to improve the PDR. The simulation parameters used for this 
MO-ECRSA method are mentioned in the Table 1. 

Table 1. Simulation parameters 

Parameter Value 

Simulator MATLAB R2018a 

Area  

Number of nodes 25, 50, 75, 100, 125, 150, 175 and 200 

Initial energy 20 J 

Packet size 4000 bits 

The performance of the MO-ECRSA method is analyzed by means of alive nodes, AEC, 
PDR and AEED. The existing research RRP [16] is used for evaluating the MO-ECRSA 
method. 

4.1. Alive nodes 

A group of sensors which has enough energy to transmit the data is defined as alive 
nodes. Figure 2 shows the comparison of alive nodes for MO-ECRSA with RRP [16]. 

From the analysis, it is known that the alive nodes of MO-ECRSA is high when 
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compared to the RRP [16]. For example, the alive nodes of the MO-ECRSA is 200 at 
600 rounds, but the alive nodes of the RRP [16] is 169. The MO-ECRSA has higher 
alive nodes because it considers the node degree along with the distance functions. 

Therefore, the appropriate cost measures used in the MO-ECRSA minimizes the node’s 
energy consumption increases the alive 

nodes.  

Figure 2. Comparison of alive nodes 

4.2. Average energy consumption 

AEC defines the amount of average energy consumed by all the sensors of the CPS. 
The comparison of AEC for MO-ECRSA with RRP [16] is shown in Figure 3. The 
analysis of AEC shows that the energy consumption of the MO-ECRSA is less than the 
RRP [16]. For example, the AEC of the MO-ECRSA for 200 nodes is 0.02J whereas the 
AEC of the RRP [16] is 3.1J. The identification of path with lesser transmission distance 
and node degree from the MO-ECRSA helps to minimize the energy usage of the 
nodes. 
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Figure 3. Comparison of AEC 

 

4.3. Packet delivery ratio 

PDR is defined as the ratio among the sum of packets received by the destination and 
sum of packets transmitted by the source. Figure 4 shows the comparison of PDR for 
MO-ECRSA with RRP [16]. From the analysis, it is known that the PDR of MO-ECRSA 
is huge when compared to the RRP [16]. The PDR of the MO-ECRSA is 99.50% for 200 
nodes whereas the PDR of the RRP [16] is 96%. The PDR of the MO-ECRSA is 
increased because of the high amount of alive nodes exist in the CPS. Moreover, the 
packet delivery of the CPS is improved by avoiding the node failure while broadcasting 
the data  

s.  

Figure 4. Comparison of PDR packets 
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4.4. Average end to end delay 

An average time taken to transmit the data from the source to the destination is referred 
as AEED. The comparison of AEED for MO-ECRSA with RRP [16] is shown in Figure 5. 
This analysis shows that the AEED of the MO-ECRSA is less than the RRP [16]. The 
AEED of the MO-ECRSA is 0.4033ms for 200 nodes whereas the AEED of the RRP 
[16] is 38ms. The shortest path identified from the MO-ECRSA is used to minimize the 
AEED during the communication.  

 

Figure 5. Comparison of AEED 

The comparative analysis of the MO-ECRSA with RRP [16] and HCSA [20] are shown 
in the Table 2 where NA represents the values which aren’t available in that research. In 
this comparative analysis, the performances of AEC, PDR and AEED are analyzed for 
different number of nodes. This comparative evaluation shows that the proposed MO-
ECRSA shows better performance than the RRP [16] and HCSA [20]. For example, the 
PDR of the MO-ECRSA is 99.50 for 200 nodes which is high than the RRP [16] and 
HCSA [20]. The lesser energy consumption achieved by the MO-ECRSA leads to 
improve PDR of the CPS. Moreover, the transmission path with lesser distance leads to 
minimize the less AEED while broadcasting the data packets. 
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Table 2. Comparative analysis of MO-ECRSA 

Number of 
nodes 

AEC(J) PDR (%) AEED (ms) 

RRP 
[16] 

MO-
ECRSA 

RRP 
[16] 

HCSA 
[20] 

MO-
ECRSA 

RRP 
[16] 

HCSA 
[20] 

MO-
ECRSA 

25 2.98 0.1911 99 NA 99.94 25 NA 0.4031 

50 2.99 0.1024 98.5 NA 99.87 26 NA 0.4032 

75 3.01 0.0818 97 NA 99.81 28 NA 0.4032 

100 3.03 0.0605 97.5 98 99.75 31 2600 0.4034 

125 3.035 0.0510 97.2 NA 99.68 31.5 NA 0.4042 

150 3.05 0.0376 97 NA 99.62 32 NA 0.4035 

175 3.07 0.0362 96.5 NA 99.56 36 NA 0.4039 

200 3.1 0.0299 96 97.5 99.50 38 4700 0.4033 

 

5. Conclusion 

In this research paper, the MO-ECRSA is proposed with distinct cost metrics to develop 
an energy efficient cluster based routing. The optimal set of CHs from the normal nodes 
of the network is identified by using the MO-ECRSA with residual energy, intra cluster 
distance, closeness between CH and BS, node coverage and node degree. 
Subsequently, the route from the source CH to the destination is discovered by 
optimizing the MO-ECRSA with distance, energy and node degree. Therefore, the 
proposed MO-ECRSA lessens the energy consumption of the nodes while increasing 
the PDR of the CPS. The outcomes of the research shows that the MO-ECRSA 
provides better performance than the RRP and HCSA.The PDR of the MO-ECRSA for 
100 nodes is 99.75%, it is high when compared to the RRP and HCSA. 
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