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Abstract 

In wireless sensor network (WSN), the gateways far away from the base station (BS) uses the 

gateways nearer to the BS to forward the data. It causes heavy traffic to the gateways in 

proximity with the BS. They need to manage this heavy traffic load but it leads to additional 

energy consumption and reduction in network lifetime. In order to overcome these issues, loads 

around the gateways need to be balanced. In this paper, multi objective based spider monkey 

optimization (MOSMO) has been presented to balance the load and to improve the network 

lifetime through energy efficient routing and clustering. The objective functions such as routing 

fitness and clustering fitness have been considered for optimal routing and clustering. The 

routing fitness function is found by incorporating both the minimum distance traversed by the 

gateways and minimum number of the gateway hops. The clustering fitness function is the 

minimum fitness function of gateways. The fitness function of each gateway is computed based 

on both the mean load of gateways as well as the distance between gateways and BS. The 

performance of the proposed MOSMO based routing and clustering scheme is compared with the 

existing Particle Swarm Optimization (PSO) and Grey Wolf Optimization (GWO) based routing 

and clustering scheme. The QoS features such as delay, energy consumption, delivery ratio, 

throughput and network lifetime with various node density are analyzed. The proposed work is 

simulated using MATLAB. The results show that, the reduction in delay and energy 

consumption is about 18% and 17% respectively whereas improvement in delivery ratio, 

throughput and network life time is about 15%, 24% and 19% respectively when compared to the 

existing PSO and GWO methods. 

Keywords: Wireless sensor network (WSN), load balancing, clustering, routing and spider 

monkey optimization (SMO).  
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1.  Introduction  

Wireless sensor networks (WSNs) are evolving to provide affordable and adaptable 

solutions in environmental monitoring, habitat monitoring, home automation and smart grids[1] 

[2].  More number of sensor nodes are required in medical, military surveillance, weather 

forecasting, industrial and commercial applications Kaushik et al to guarantee acceptable 

coverage and to reduce node failure [22]. Nevertheless, a closely populated WSN cause 

interference between nodes, several transmission routes, consumption of more energy by each 

node during their communication with distant nodes. Moreover, a routing path needs to be 

updated even when the there is a slight topological change. The sensor nodes [3] collect data 

from the environment and the cluster head (CH) present in the sensor nodes communicate with 

the Base Station (BS) either directly or through the gateway [5] [6].  In direct mode, each node 

has a communication channel between the sensor and the BS [4]. The gateway prevents rapid 

loss of electricity through CH [7][8], Remote BS Ports sends data to the nearest gateway of BS. 

As a result, gateways carry more traffic loads and the data communication consumes more 

percentage of energy [16], it exhausts more of their energy quickly [9]. It may cause a power gap 

around the BS station and may lead to the network disconnection and thereby BS may be 

disconnected from the remote gateway. Therefore, network load balancing management [10] is 

required.  

The sensor nodes have very less power as they are driven by a non-rechargeable battery 

and hance their power need to be exploited appropriately to improve network lifetime. The 

network lifetime can be improved by increasing the life time of each and every sensor node. 

Even the failure of a single node may reduce the network performance abruptly. Thus, the 

lifetime of the network depends on three factors such as, lifetime of the nodes, their coverage, 

and their connectivity [25].  Though, current developments in the design of electronic circuits 

help in producing cost effective, energy efficient sensors with lighter weight, the energy has to 

be effectively used for avoiding node failures and in turn network failure. Maintaining the energy 

of sensor nodes in WSNs for achieving an extensive network time becomes a great challenge for 

the researchers. The energy-concerned issues in WSNs have triggered the researchers in 

developing several clustering and routing approaches for enhancing the network lifetime.  

Clustering in WSNs refers splitting the network into a number of clusters, each with smaller 

number of member nodes with one CH [21]. Clustering helps in reducing long range 



communications, total energy consumption, channel contention and packet collision. It also helps 

in achieving higher throughput under heavy load [25]. The factors influence the clustering 

performance are the creation of optimal number of clusters and the procedure of selecting CH 

[26]. Since, the clustering in WSNs is a NP-hard problem, various metaheuristic procedures are 

exploited to optimize clustering [24]. Nowadays, researchers focus towards algorithms based on  

Particle Swarm Optimization (PSO), Grey Wolf Optimization (GWO) an Spider Monkey 

Optimization (SMO) to perform clustering and routing. PSO is a smart heuristic algorithm in 

which the solution of the problem is arrived by sensing the knowledge of swarm, the location of 

the particles and the fitness function. During each iteration the location of the particles in the 

searching space is upgraded through the selection of local and global optimal solutions. 

Eventually, the particles arrive the optimal solution after a number of iterations. GWO is a 

swarm intelligence algorithm which mimics the hierarchical structure of wolf packs of 5 -12 

wolves. Each wolf fits in only one level, in the hierarchy where alpha positions at the top and 

acts as a leader in taking all the vital decisions. The next level packs are the beta wolves which 

follows the alpha and can substitute the death alpha wolves. The last level wolves are the Omega 

wolves who are the caretakers of the pack but obey the commands of all the members of the 

pack. The other type of wolves are the deltas. This hierarchical concept of GWO  is exploited in 

choosing CHs [25]. Spider Monkey Optimization (SMO) is another optimization algorithm 

stirred by hunting behavior  of spider monkeys that follows Fission-Fusion social  structure [23]. 

Self-organization and labor partitioning are the two essential notions of swarm intelligence. The 

update functions are computed by finding Euclidean distances between potential solutions. 

 

In this paper, multi objective based spider monkey optimization (MOSMO) has been proposed to 

balance the load and to improve the network lifetime through energy efficient routing and 

clustering. The objectives of the paper are: 

 To present a spider monkey optimization (SMO) for load balancing. 

 To employ routing fitness, clustering fitness for finding the best route from the gateway 

to the BS.  

 To implement the proposed MOSMO in the MATLAB platform. 

 To analyze performance metrics such as delay, energy consumption, delivery ratio, 

throughput and network lifetime in various node density with the existing Particle Swarm 



Optimization (PSO) and Grey Wolf Optimization (GWO) based routing and clustering 

scheme 

The paper is organized as follows. Section 2 discusses literature review. Section 3 describes the 

proposed Multi-Objective SMO algorithm for routing and clustering and in Section 4 the 

simulation results are presented. Finally, the work is summarized in Section 5 

 

2. Literature Review 

The energy-concerned issues of WSNs for maintaining the energy of sensor nodes and for 

achieving an extensive network time becomes a great challenge for the researchers. Many 

researchers have developed several clustering and routing approaches for enhancing the network 

lifetime.  There are various optimization techniques proposed by the researchers to address the 

issues in energy consumption and network lifetime [16]. Reeta Bhardwaj et al [12] and Lipare et 

al presented [15] a Multi-objective algorithms. Xiaoqiang Zhao et al [27] and Lipare et al [15] 

proposed the Grey Wolf Optimization (GWO) and Rathore et al proposed a hybrid whale and 

grey wolf optimization (WGWO) [26]. Anand et al developed a genetic algorithm (GA)-based 

clustering and PSO based routing procedure [21]. Khoshraftar, K et al used bee colony algorithm 

[17] and Bhowmik, T et al used PSO to improve the performance of WSN [20]. Kim, S  

proposed a clustering and routing algorithms to increase the energy efficiency for achieving QoS. 

The main contribution if these algorithms are its scalability and responsiveness [19]. 

FaouziHidowssi et al (2017)[13] proposed PEAL (Power Efficient and Adaptive Latency) 

wireless networks, to extend network life time and achieved 47% more life time than the 

LEACH (Low Energy Adaptive Clustering Hierarchy) model but with more delay. Kaushik et al 

proposed a distance-based energy efficient and load balancing method for addressing the 

problems associated with compactly populated network such as interference, many transmission 

routes, to reduce the burden of distant nodes involved in communication for saving energy [22]. 

Reeta Bhardwaj et al [12] presented a Multi-objective fragmentary molecule lion calculation 

(MOFPL) to find a suitable team leader in various WSN locations. The proposed MOFPL 

considered 5, 8, 10 nodes active during WSN 2000 pressures of 50, 75, and 100 nodes, each and 

achieved system stability of 0.05877 and 0.06022 WSN at 50 and 100 nodes. Seyed  

NaserHashemi et al [14] proposed an algorithm which used the base of the visible lattice 

structure of the system to solve the average rating problem. Authors reduced and balanced power 



consumption by finding the appropriate routes between each group head and sink. But their 

algorithm produced higher delay than other similar algorithms. Lipare et al [15] proposed the 

Grey Wolf Optimization (GWO) method to consolidate power and lead WSN. They used 

steering function statistics of specifications, current asset calculations and multicellular bias to 

decrease the number of bounces within the range. Lipare et al proposed Grey Wolf Optimization 

(GWO) approach for energy-efficient clustering and routing in WSN[15]. Authors formulated 

routing fitness function to minimize both the total distance traversal and the hop count and 

clustering fitness function to allocate the total load based on the distance between gateways and 

the BS. The proposed GWO-based approach is resulted with higher values of both clustering and 

routing. Xiaoqiang Zhao et al developed a routing algorithm based on GWO that chooses the 

suitable initial clusters by using various fitness functions for the nodes having varied energy 

[27]. The fitness values of the nodes are used as initial weights and then the weights are updated. 

The weight up-dation is carried out  by considering both the distance between the wolves and 

their prey and coefficient vectors. It helped to increase the optimization capability of GWO and 

to guarantee the optimal choice of the cluster heads (CHs). Rathore et al proposed a hybrid whale 

and grey wolf optimization (WGWO)-based clustering mechanism for energy harvesting 

wireless sensor networks (EH-WSNs)[26]. Khoshraftar, K et al proposed a genetic algorithm to 

increase the clustering process of the nodes present in a wireless sensor network and moreover to 

find an optimal route of transmission of data through these nodes [17]. To implement this 

technique, the author has used the bee colony algorithm by dividing the wireless sensor network 

into cells of variable size. The energy consumption and compression are then evaluated in these 

cells and are investigated in normal mode. Based on these investigations the energy consumption 

is then optimized. Kavitha, A et al proposed a clustering scheme which uses the Canada geese 

migration principle to route data in a wireless sensor network. In this approach, the networks 

fields are divided into zones and based on the density of each zone, several cluster heads are 

selected. Those cluster heads having lower residual energy is rotated with cluster heads having 

high energy. This ensures that the energy consumption is uniform, and the lifetime of the nodes 

can be extended as all the nodes bear the same energy in themselves [18]. Sundar Rajina et al 

[11] suggested that network operations be managed using a load saver system with a 

opportunistic energy-efficient routing with load balancing (OE2-LB) that eliminates data 

collection delays and avoids data collection. They used smart wearable points to move loops 



efficiently. Anand et al developed a genetic algorithm(GA)-based clustering and PSO based 

routing procedure for improving the network lifetime. GA algorithm  used distance and energy 

parameters to select the best cluster head (CH). PSO based routing algorithm is used to select 

optimal routing paths for all relay nodes to carry communication load between CH and BS for 

increasing  energy efficiency[21]. Bhowmik, T et al proposed to balance the energy present in 

the clustering nodes and to route the data from the cluster head to the sink.  The clustering and 

routing in a wireless sensor network is done using the proposed improved particle swarm 

optimization gravitation search algorithm. Through this the energy is distributed equally 

throughout the entire network and optimal route to pass the data packets between the cluster head 

and the sink is decided using the routing algorithm. This in turn increases the network lifespan 

and the convergence rate [20]. 

 From Literature, the network lifetime is found to be limited due to the limited power 

of sensor nodes. It is also inferred that the power gap problem may arise due to energy 

exhaustion during transmission.  Many researchers focused on optimizing either routing or 

clustering through various optimization techniques such as. Particle Swarm Optimization (PSO), 

Grey Wolf Optimization (GWO) and Spider Monkey Optimization (SMO). Lipare et al proposed 

Grey Wolf Optimization (GWO) approach for energy-efficient routing and clustering in WSN 

[15]. In this paper, an attempt is made to optimize both the routing and clustering to balance the 

load and to improve the network lifetime spider monkey optimization based on the following 

contributions:  

 Multi-objective based spider monkey optimization (MOSMO) has been proposed  

which uses both the routing fitness function and the clustering fitness function.  

 The routing fitness function is found by incorporating both the minimum distance 

traversed by the gateways and minimum number of the gateway hops.  

 The clustering fitness function is the minimum fitness function of gateways. The 

fitness function of each gateway is computed by considering both the mean load of 

gateways as well as the distance between gateways and BS. 

   

3. Multi-Objective Spider Monkey Optimization 

In this work, Multi – Objective Spider Monkey Optimization (MOSMO) has been proposed for 

an energy efficient clustering and routing. The objective of the proposed MOSMO is to reduce 



the total energy consumption in the network and to improve the network life time. In the 

proposed multi-objective-based spider monkey optimization (MOSMO) algorithm, to attain these 

features two fitness functions are incorporated such as Fit Routing and Fit clustering. For 

enhancing the energy efficiency and network lifetime, optimal load managing and routing are to 

be incorporated in WSN. For energy efficient routing, an optimal path needs to be selected 

between gateways and base station (BS). The transmission through the optimal path helps to 

reduce the overall energy consumption in the network. In order to reduce the consumption of 

total energy, an optimal path between gateways and BS is found by using Fit Routing function. 

In order to improve the network lifetime, load balancing, gateways near the BS are assigned a 

relatively smaller number of sensor nodes and gateways outside BS are assigned larger number 

of sensor nodes from the BS through Fit clustering function of MOSMO algorithm. 

Figure 1 shows the sample model of WSN with four clusters and one BS. Each cluster includes a 

gateway (G) and cluster members. As shown in the figure, these cluster members are connected 

to the corresponding G in each cluster. Gateways G1, G2, G3 and G4 correspond to 4 different 

clusters. Six sensor nodes are connected to G1, while three sensor nodes are present in both G2 

and G3 and G4 has four sensor nodes as shown in Figure 1. Since, load of the G1 gateway is 

more than G2, G3 and G4. The energy consumed by G1 is greater than G2,G3 and G4. Higher 

energy consumption shortens the life of the G1. This affects the lifetime network. The load 

balancing of gateways in WSN is shown pictorially in Figure 2. If G1 fails, G2 share the load of 

G1 as shown in the figure 2. It can also cause premature death of G2, G3 and G4. An energy 

efficient approach for clustering and optimal routing becomes essential to prevent such problems 

with the WSN. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure 1: Sample model of WSN 

 

 

 

 

 

 

 

 

 

Figure 2: Load balancing in WSN 
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3.1 Energy Efficient Routing using MOSMO algorithm  

The SMO algorithm incorporates the searching strategy for food for spider monkeys for optimal 

integration and load balancing. These searching strategies can be categorized into four stages 

according to the social fission–fusion social structure (FFSS) of spider monkeys. In the first step, 

the group checks the food classification and begins eating the food. In the second step, the 

positions of food collection and distribution are reviewed. In the third step, the local pioneer 

restores its good standing in the group. Everyone in the group began to review the diet due to the 

lack of renewal of the excellent position by the group pioneer. In the fourth step, the international 

pioneer reopens its good position. This group was divided into smaller groups because of the 

position (no increase in overseas pioneers in the period described earlier). The local pioneer limit 

(LPL) has been linked to the reduction of the problem-solving event by turning the circle into a 

harvest theme. On the other hand, the meeting is divided into smaller groups if the international 

pioneer is able to review the global pioneer limit (GPL). Negative reviews are received from the 

LPL and GPL of local and international pioneers to make their own decisions. 

Initialization: The position (P) of each solution or spider monkey is represented in the form of a 

map from one ‘A’ to another or BS. This solution provides access to the operating system from 

each gateway through the following network gateways. Each gateway starts with a random 

number(Ui,d) = rand(0, 1) where 1 ≤ i ≤ Ms, 1 ≤ d ≤ T. Ms is the number of major solutions. 

Gateway numbers are the solution to component d. Set the Ak gateway to the BS route as the 

next gateway to Ad, indicating that Ad is sending data to Ak. The routing path mapping is given 

as in equation (1) 

  lASetNextgFA kk ,           (1) 

Where   lASetNextgF k , is the face work by decreasing face of lth gateway from SetNextg  and 

  kdi ASetNextgUCeill  ,  

Fitness calculation: After the initialization of solutions, fitness value is calculated for each 

solution. The fitness of routing (Fit Routing) is specified to generate efficient routes from each 

gateway to the BS as given in equation (2). Routing path is selected by minimum distance and 

minimum number of hops. 
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Where, (Y1, Y2) ϵ [0,1] such that, Y1 + Y2 = 1 and B1 is a proportionality constant. Total distance 

traversed by gateways (DSum) is defined as in equation (3). 
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Besides, AHop taking the total number of the gateway hops of the networks 
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According to equation (2), the solution with maximum fitness function is considered as the 

optimal solution or optimal routing path.  

Update the solution: This renewal phase includes the components such as (i) to (vi) (Local 

pioneer phase, Global pioneer phase, Learning phase of global pioneer, Learning phase of local 

pioneer, Decision phase of local pioneer, Decision phase of global pioneer) of this place. The 

components of this algorithm are described below. 

(i) Local pioneer phase:   At this point, each spider or monkey determines its new position 

based on the experience of local pioneers and local team members as given in 

equation (5). 

   




 


otherwise

PRif

new P

RPPRPLPRP
P

di

didjdidkdi

di

,

1,,2,,1,

,         (5) 

where, R1 and R2 represent the random numbers [0, 1] and [-1, 1], LPk, d 

represents the position of the local pioneer in kth magnitude. dth represents the spider 

monkey randomly selected in group Pj, d on the jth  scale dth . PR represents a measure of 

certain factors that indicate the amount of perturbation. 



(ii) Global pioneer phase: The local pioneer class is followed by this taking, known as the 

world pioneer class on the point, all the spider monkeys update their positions based 

on the experiences of local team members and international leaders as in equation (6). 

   PPRPGPRPP didjdiddinew di
,,2,1,

,


       (6) 

where, GPd represents the position of international pioneers in the dth dimension. 

Spider monkeys are revived according to the following number of possibilities. This can 

include job stress. The solution or the spider monkey is more likely to reuse its position. 

This number of opportunities (Opi) is calculated as in equation (7). 

1.09.0
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(iii)Learning phase of global pioneer: At this stage, the position of overseas pioneers is 

being reviewed, and a powerful spider monkey has been selected as an international 

pioneer. If the levels of pioneers overseas are not reviewed, the international border 

value of a good local solution will be increased by 1. 

(iv) Learning phase of local pioneer: Given the role of the local leader, the local limit on the 

number of pilot land solutions will be increased by 1. 

(v) Decision phase of local pioneer:   If the number of local leaders exceeds the number of 

local leaders, the status of all team members is determined at random or based on 

information received from local and foreign leaders as in equation (8). 

   LPPRPGPRPP djdididdinew di
,,1,1,

,


           (8)

 

From equation (8), it is inferred that spider monkey position is updated and leading towards the 

global pioneer position.  

(vi) Decision phase of global pioneer: At this phase, the population is divided into smaller 

groups where the border is larger than the international pioneer limit. A local pioneer 

limit is set for selecting a local pioneer from each group. If the position of the 

pioneers abroad is not reviewed, the international pioneer will join all the groups and 

form a group. 



Termination: The process is repeated until the optimal solution or routing path obtained. Then 

result is attained, the algorithm will be terminated.  

3.2 Energy Efficient clustering using SMO algorithm  

The SMO-based clustering algorithm expoits the solution of the proposed route algorithm. The 

base station measures the load on the gateways using the route solution obtained from the 

proposed algorithm. 

Initialization: In, the Clustering algorithm,  the size of the solution is equivalent to the number 

of sensor nodes (N). In the first method, all sensor space is assigned a random number Vi,d = 

rand(0, 1) where 1 ≤ i ≤ Mc, 1 ≤ d ≤ N. Mc is the number of initial clustering solutions. 

Compound D contains the index of the sensor node (s) and the corresponding inputs to the 

gateway are in the same cluster as the cluster head (AK), indicating that Sd sends data to the Gk. 

The mapping of the sensor node and gateway is given in equation (9). 

  lSComsIA dk ,   (9) 

Where   lSComsI d ,  is an indexing function that yields index of nth gateway from the set of 

 dSComs and   ddi SComsVCeill  , . Since the size of the solution is equal to the number of 

sensor nodes, the introduction and disassembly of the nodes results in a difference in the solution 

size necessitating the need for reassembly. 

Fitness calculation: After initialization, a new fitness grouping function (Fitness clustering) is 

evaluated for each solution as in equation (10). The closest gateways to the BS are connected to 

the fewest sensor nodes, while the remote gateways are connected to the most sensor nodes. 

Gateway outside BS sends data from gateway outside BS. Thus the gateway minimizes its own 

load as it is connected to a low sensor node. 

 























n

AFit

MinFit

n

i

iClustering

Clustering
1         (10) 



Where,  AFit iClustering  represents the clustering fitness function for the gateway and is calculated 

as in equation (11). 

       ABSDALHAFit iiiClustering ,2       (11) 

Where, H2 denotes the proportionality constant, µ represents the mean load over all gateways 

according to the distance between gateways and BS. This mean load (µ) is calculated as in 

equation (12). 
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Update the solution: The solution is updated continually as in routing phase using equations (5) 

through (8) until the optimal solution is attained. 

Termination: Once an optimal solution or clustering is found. The algorithm will be terminate. 

4. Results and Discussions  

The proposed Multi-Objective Spider Monkey Optimization (MOSMO) is being implemented on 

the MATLAB platform. Algorithm is set to run in simulation environment as given Table 1. 

Each sensor node can transmit the power up to the distance of 250 meters. Each sensor node is 

equipped with a light-emitting that produces the same radio frequency energy in all directions.  

Table 1: Simulation Environment 

Parameter  Values 

Area Size 1000m 1000m 

Routing Protocol AODV 

MAC 802_11 

Antenna Omni Antenna 

Radio Propagation Model Two Ray Ground 

Packet size 512 bytes 

Initial transmitting power 0.660W 



Initial receiving power 0.395W 

Initial energy 10.3J 

4.1. Performance analysis 

The performance of proposed MOSMO in routing and clustering scheme is evaluated in terms 

delay, power consumption, delivery ratio, and throughput and network lifetime with existing 

Particle Swarm Optimization (PSO) and Grey Wolf Optimization (GWO) algorithms under 

various node densities. Fig. 3 shows delay analysis with various density nodes. It is inferred from 

Fig. 3 that the delay increases as the number of sensor nodes increases. However, the delay of 

proposed MOSMO-based algorithm is 18% and 27% lower than GWO and PSO respectively. As 

the MOSMO algorithm optimally clusters the nodes using Fit Clustering function and routes the 

packets efficiently using Fit routing function. It achieves good convergence speed and lesser 

computational complexity than the GWO and PSO. Due to the efficient load balancing with the 

efficient clustering algorithm, transmission delay of the data packet is reduced.  

 

Figure 3    Delay incurred with respect to Node density 

 



 

Figure 4 Impact of Node Density on Delivery Ratio 

The analysis of delivery ratio of the proposed MOSMO and that of the existing PSO and GWO 

based on the density of the sensor nodes is shown in Figure 4. The optimal route selection using 

the proposed SMO resulted in an 15% and 26% increase in the delivery rate compared to the 

existing GWO and PSO respectively.  

 

Figure 5  Impact of Node Density on Energy Consumption 



Figure 5 shows a comparison of the energy consumption of the clustering and routing scheme 

with different algorithms. The energy consumption of the proposed MOSMO has been reduced 

by 17% and 29% respectively as compared to GWO and PSO due to the proposed clustering 

scheme and the choice of better route using load balancing at the entry point of network. 

 

Figure 6 Throughput achieved with respect to Node Density 

Throughput analysis with various density of nodes is shown in the Figure 6. Throughput is 

decreased when the number of sensor nodes increases. The throughput of the proposed MOSMO 

based clustering and routing scheme is increased to 24% and 30% compare to existing GWO and 

PSO based clustering and routing scheme respectively. The reason for this achievement of 

throughput improvement are convergence speed, selection of optimal routing path between 

source and BS. 



 

Figure 7 Impact of Node Density on Network Lifetime 

The variation in life time of the network with various density of nodes is shown in Figure 7 The 

network lifetime of the proposed SMO based clustering and routing scheme is increased to 29% 

and 19% than that of existing GWO and PSO based clustering and routing schemes respectively. 

It is due to the load balancing among the gateways. 

5. Conclusions and Future work 

In this paper, the major issues of WSN such as heavy traffic load around the gateways and 

network lifetime are addressed using multi-objective spider monkey optimization (MOSMO) 

algorithm based routing and clustering scheme. Using the MOSMO based routing, the optimal 

route between the source and the BS is established to increase the energy efficiency and lifetime 

of the network. In addition, clustering the sensor nodes are assigned to the gateway near the BS 

and a large number of sensor nodes are assigned to the gateway away from the BS. The routing 

fitness function is found by incorporating both the minimum distance traversed by the gateways 

and minimum number of the gateway hops. The clustering fitness function is the minimum 

fitness function of gateways. The fitness function of each gateway is computed based on both the 

mean load of gateways as well as the distance between gateways and BS. The proposed SMO 

based routing and clustering scheme outperformed the existing PSO and GWO based routing and 

clustering schemes in terms of delay, energy consumption, delivery ratio, throughput and 



network lifetime. The results proved that, the reduction in delay and energy consumption is about 

18% and 17% respectively whereas improvement in delivery ratio, throughput and network life 

time is about 15%, 24% and 19% respectively when compared to the existing PSO and GWO 

methods. The proposed MOSMO algorithm is useful for evolving technologies with larger 

network size of IoT (Internet of Things) to optimize consumption of energy by sensor nodes. The 

work can be further extended in developing GA-MOSMO based algorithm to determine the 

optimum routing path and to improve the network lifetime and for QoS provisioning.  
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