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Abstract 
The wireless sensor networks (WSNs) have very limited power source and therefore a powerful power conservation 

scheme is required for the enrichment of the lifespan of the network. In this work, we have used Bee colony 

optimization (BCO) and a gateway node to provide balanced power utilization among the sensor nodes of the sensor 

system. This article proposes a BCO and Gateway based approach (BCOG) power efficient protocol, which enrich the 

lifespan of the sensor system. The entire area has been divided into zones and one gateway has been positioned in the 

middle of the sensor system. The nodes near by the gateway node, uses the BCO optimization approach to transmit 

their data to the gateway. We have also used a distinct clustering process in each zone of the area. We have compared 

the proposed protocol with Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol. The BCOG protocol 

completes the LEACH for various performance metrics. 

Keywords: Sensors, Gateway, Bee Colony. 

1. Introduction 

A wireless sensor network (WSN) is composed of a large quantity of sensors deployed in condensed 

pattern in such a way that each of the sensors can transmit to the other sensor within the range. Sensors 

observe and analyze a give region, and congregate the data and transfer it towards the sink [1]. Moreover, 

the sensors have very limited battery power, range, storage, and processing competency [2]. Now a days, 

sensor systems are very popular in various types of applications, like health care, ecological area 

surveillance, and smart home monitoring [3]. 

 

There are various issues involved with sensor systems like coverage, rapid power exhaustion, energy holes 

problem, delay data transmission etc. [4]. Among all, the availability and consumption of power are the 

main concerns while designing a routing protocol for the sensor systems. The gathered data has been 

progressed towards the sink, through  single hop or multi-hop paths. In case of multi-hoping data 

communication, some sensors transmit their data plus others’ data also and this depletes their energy very 

fast.  As a result, power depletion pattern of one sensor is different from another, i.e., nodes which carry 

additional load exhaust the power sooner as compared to other sensors and die soon. This gives rise to the 
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power unbalance consumption in the network and it creates energy holes [5] at various places of the sensor 

system. 

 

Due to the unbalanced energy depletion patterns life span of the sensor system effects badly and data 

transmission towards the sink is also not feasible. Moreover, in some cases, a large amount of power is 

available in the network, but this can not be used for data transmission [6].  

 

There are numerous techniques available in the literature, which can enrich the network lifespan by making 

balanced power consumption possible, like clustering [7], swarm based techniques [8], a proper node 

deployment stratgy [9], sink movement based [10], by the help of the gateway node [11] and using chain 

based methods [12]. 

 

We propose a Bee colony optimization and gateway based (BCOG) life span enrichment protocol for 

wireless sensor networks. In this work we have accomplished an efficient power consumption by lessening 

the transmission distance between the transmitter sensors and the receiver sink. The network has been 

divided into various zones. One gateway node is placed in the middle  of the sensor area. We have selected 

an area around the gateway node. The nodes that falls under this region, communicate directly with the 

gateway instead of the sink node. The nodes which are around the gateway node, use Bee Colony 

Optimization to select a routing path towards the gateway node. The nodes which fall in the zone near the 

sink, also communicate directly to the sink. Remaining zones use the clustering approach for data 

collection, fusion and transmission. We have compared our protocol with the LEACH [7], in  provisions of 

life span, total energy, throughput, stability period and the data transmitted to the sink. 

 

The rest of the paper is planned as follows: Section 2 presents the related work. Section 3 introduces the 

BCO method. The network model has been presented in Section 4. Section 5 describes the first order 

energy model. Section 6 explains the proposed protocol. Section 7 provides details about the simulation and 

results analysis. Section 8 concludes the paper. 

2. Related Work 

There are various ways to increase the lifespan of the sensory systems. We have used clustering, swarm 

intelligence (BCO) and gateway node to enrich the lifespan of the system. 

2.1 Clustering Based Approach 

The LEACH [7] is a most basic clustering protocol used in the sensor networks. In this method,  a sensor 

node declares itself as a cluster head and transmit this info to the neighboring nodes. When a sensor node 

listens this info, it decides to become a cluster member of the cluster head. Through this way, several 

clusters are formed in the network, whereas each cluster contains one cluster head and several cluster 

members. The members transmit the info to the cluster head (CH) which aggregates the received info and 

transmits to the destination. To avoid early exhaustion of energy of the CH, sensors take turn to become a 

CH. After each round, role of sensors changes in the network. 

 

In LEACH, there is a direct communication between the sender and receiver and it leads to high energy 

consumption. The Authors in [13] have resolved this problem by assuming  a centralized clustering 

approach. In this approach, the CHs are selected by making a representative route. Here CHs are selected 

by the sink node through a representative path and then the sink node generates clusters in a disseminated 

way. The creation of the representative path is done on the basis of message success rate of a sensor node. 

The sink node messages in the network, in order to gather the information about the sensors. Every node 

which receives a message from its neighbor, revert back an acknowledgement of it. The nodes which have 

a high number of received messages are the nodes with high success rate. These nodes are included in the 

representative route, and considered for the cluster head role. 

 

The Authors in [14] have presented a clustering based protocol in a non-uniformly distributed sensor 

network environment. They have proposed EADC algorithm which forms even size clusters. Nodes with 
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high energy level and less numbers of members are selected as a next hop by the CHs. This provides a 

balanced energy utilization in the network. 

2.2. Region Based Approach 

The authors in [15] have proposed a region based clustering protocol for the sensor networks. They have 

divided the region into circular regions. The circular regions are further divided into inner as well as outer 

circular regions. The area of the inner region is larger as compared to the outer region. So, the number of 

nodes are more in the inner region as compared to the outer region. Initially the cluster heads are selected 

from the inner regions. The cluster head that far away from the sink, sends its data to the cluster head that is 

nearer to the sink. The cluster head uses another cluster head as a next hop to forward its data to the sink. 

After every round, the total energies of the inner and outer regions are calculated. If the energy of an inner 

region becomes lesser than the outer region, cluster heads are selected from the outer region. It provides a 

balanced energy utilization in the system. 

The authors in [11,17] have also used region based approach for the sensor systems. 

2.3 Gateway Based Approach 

The authors in [11] have used a gateway node to transmit data to the sink node. The main drawback of this 

protocol is that, it is not scalable. When the size of the area increases, it fails to converge. The authors in 

[16] have used many gateways near the sink area. This is a costly approach, if the area is small. Moreover, 

the distribution and position of gateways are not proper. Nodes near by the gateways will always have 

sufficient energy while nodes away from the gateways deplete energy very fast after some rounds. 

The authors in [17] have resolved these problems by deploying an optimal number of gateways in the entire 

area. In this approach, there is an appropriate proportion of the gateway nodes in the entire area. If the area 

is big, number of gateways is also large; however, if the area is small, the number of gateways is also less. 

There is a uniform distribution of cluster heads in the entire area, as a result, it provides balanced energy 

consumption throughout the area. Moreover, it avoids the energy holes issue of the sensor systems. 

2.4 Swarm Intelligence Based Approach 

The authors in [18] have used an ant colony optimization (swarm intelligence) technique with clustering 

and different transmission power levels to increase the life of the sensory systems. They have used different 

power levels for inter and intra cluster communication. They have used ACO to form a path between the 

leftover nodes and the sink.  

The authors in [19] have proposed the BCO based PEEBR routing procedure. It contemplates power 

conservation and development during the routing process. Here, the scout bee collects delay parameters and 

energy depletion during flying from one node to another. Onlookers bees assign the routing path according 

to its goodness. It has two phases; the first phase is Node-level for energy saving and second phase for 

selecting the path with power depletion called network level. The network level provides two main 

information’s about the energy consumption of the path. First is the residual power of the all nodes and 

second is the quantity of power consumed in transporting the data through given routing path. 

The authors in [20] have presented a power aware routing protocol known as BeeSensor. There are two 

categories of scout in the BeeSensor; forward and backward scouts. A source node initiates a forward scout 

in the direction of sink and the same scout come back at the source sensor, a dance number is computed 

through the least residual power of the route that specifies the figure of foragers to be emulated from this 

scout. The foragers transmit data from the source sensor to the sink. 

3. BCO method 

The Bee colony optimization proposed in our work is inspired by the artificial bee colony method (ABC) 

[21]. There are employed, onlookers and scouts bees in the ABC algorithm. These bees have self-
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organization and labor division. These bees interact with each other and this interaction is based on the 

local information. The employee bee has knowledge of certain source food, like its quality, distance and 

direction from the nest. It exploits this  source and share this knowledge with others. 

The onlookers (followers) bees await in the nest and connects with the food source by using the 

information distributed by employee bees (foragers). The scout bees search for new types of food sources. 

All these bees are known as the. The bees exchange information about quality of source through the waggle 

dance. Figure 1 gives a complete presentation of working and behavior of bees. There are three nectars 

(food source) available in the surroundings. Some foragers are exploiting the source A while some are 

exploiting source B. When any of the source is finished, scout bee will randomly search for the nectar C 

and will perform the wagle dance. The followers bee will find information about the nectar C and will 

move towards C.  

 

 

 

 
 

Fig. 1 Working of Bees  

4. The Network Model 

We assume that N number of sensors is distributed in a zone to observe the ecological conditions. Figure 2 

shows the network model of the proposed BCOG protocol. Network Model has following properties: 

 There are 100 sensors (red circles) distributed in a 100 m
2
 area.  

 All the sensors are assigned unique identification number. 

 The sink (green circle) node is out of the surveillance area. 

 One Gateway Node (blue star) is placed in the middle of the area. 

 All the sensors, the sink and the gateway are stationary after the deployment. 
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 All the sensors are homogeneous in provisions of the power. 

 The sink and the gateway have unlimited amount of power. 

 

Fig. 2 Network Model of the BCOG Protocol 

 

5. Power Consumption Model 

The sensors sense info and transmit it to each other or to the final destination. The power is disbursed in 

sensing, transmitting, receiving and aggregation. The main portion of the power is utilized in the 

transmission which further depends on the distance between the receiver and the transmitter. We have 

followed the first order radio energy model for power consumption. This model disburses power in 

transmission as follows: 

      (1) 

Eq. (1) describes the power consumption in transmission of k bits data. This model uses a threshold value 

(d0) [7] which decide the channel to be followed. If distance (d) is less, free space model is used otherwise 

multipath model is used. 

The power consumed in receiving k bits is given by Eq. (2): 

  

      (2) 

6. Bee Colony Optimization and Gateway Based (BCOG) Life Span Enrichment 

Model 

In this part, of the paper, we describe the BCOG model for sensor systems.  
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6.1 Zones Set up Phase 

In this model, the entire area has been divided into 4 zones as shown in figure 2. Zone 1 is near the sink. It 

is a rectangle area (width =100m and height =20m). All the nodes in this zone directly transmit data to the 

sink.  

A gateway is placed at the center position of the area. Zone 2 is created around this gateway node. All the 

nodes which are within the boundary of this zone use BCO approach to transmit their data to the gateway 

node. Zone 2 is also a rectangle area (width= 40m, height= 60m).  

Zone 3 and Zone 4 are two zones separated by the Zone 2. These Zones (2 & 3) use the clustering process 

to transmit data to the destination. All the nodes in these Zones (2 & 3) form cluster heads which transmit 

data to the gateway node of Zone 2. This gateway node aggregates and transmits all data to the sink.  

6.2 Node Deployment Phase 

Initially sensors are disseminated randomly throughout the sensor system area. All the nodes have equal 

initial energy. The gateway node floods the area by HELLO packets. In response of this HELLO packet, all 

nodes transmit their location information to the gateway node. The gateway node calculates the distance of 

every node from itself and from the sink. The distance values are sending back to each sensor. Each sensor 

stores these values into its data table. The data table of each sensor contains sensor’s identification, 

remaining power, distance values and its position in the system. The gateway node informs the sensors 

about their zones.  

6.3 Clustering Process 

The clustering process takes place in Zone 3 and in Zone 4 separately. Initially all the nodes in both Zones 

have equivalent probability of becoming a cluster head (CH). Let r represents the current round. A node is 

selected as a CH with probability p in the current round. A sensor can be selected as a CH only once in a 

period. The sensors which are not cluster heads in the current round belong to a set L. The probability of a 

sensor (Ni) to become a cluster head in a round r is given by: 

 

     (3) 

Where ch is the required number of cluster heads in a round. The probability of becoming a CH, of a sensor 

which belongs to the set L is very high. After electing as a CH, a sensor notifies its neighbor about its role 

in the system through a control packet. Sensors acknowledge the control packet. Every sensor becomes a 

member of its nearest cluster.  

6.4 BCO Process 

Initially, the food sources are randomly assigned to the employee bees. These are known as their first 

positions. After it, each employee selects a neighboring source of food through Eq. (4) as follows: 

        (4) 
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Where, vij is the alternative solution. If the new source has more quantity than the previous one, the 

employee bee considers the new source and θ belongs to (-1, 1). Here xi is the current source and xk is a 

neighboring source. The onlookers receive the information from the employees and select a new source 

through Eq. (5): 

         (5) 

Where f is the fitness value of the solution i,  and it is proportional to the amount of food source. SN is the 

total number of sources and equals to the employee bees. Now onlooker find out new sources by computing 

the nectar quantity of source by using the E. (5). When a source is completely drained, foragers left it and 

become a scout bee.  

In our method, BCO process is used to find an optimal path from the sensors to the gateway node. In the 

Zone 2, every node transmits the data to the gateway. The sensors in the Zone 2 uses the multi-hop 

communication for data transmission. Initially employee bees are randomly assigned to some sensors. 

These bees select the next sensor on the basis of its residual power. The onlookers follow the employee 

bees and a path is formed between the start node to the gateway node. When the power of the intermediate 

nodes (food sources) is exhausted, employee bee of that path becomes a scout bee and the search for a new 

sensor (new food source). A new path is formed between the sensors and the gateway. 

6.3 Data Transmission Phase 

The sensors in the Zone 3 and Zone 4 transmit their data to their respective cluster heads. These cluster 

heads aggregate and transmit data to the gateway node. The sensors in the Zone 2 transmit data to the 

gateway. The gateway node aggregates all received data and transmits to the sink. 

7. Simulation Results and Analysis 

This part explains the simulation results of the proposed BCOG protocol. We have designed a 100 sensor 

nodes scenario using the MATLAB. The parameters for simulations have been given in the TABLE1 

Table 1: Simulation Parameters and their Values 

Parameters Values 

Area 100 m × 100 m 

Number of sensor nodes 100 

Initial Energy 0.5 j 

Packet Size 4000 bits 

Position of the sink (50,120) 

Eelec 50 nJ/Bit 

Εfriss-amp 10 pJ/bits m
2
 

Etwo-ray-amp 0.0013 pJ/bits/m
4
 

Colony Size 100 
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7.1 Network Life Span and the stability period: 

Network lifetime is the number of rounds, when all the nodes in the system become dead. It is represented 

by the total number of alive nodes per round in the system. Figure 3 shows the evaluation of number of 

alive nodes in the system for the BCOG and the LEACH protocol. 

 

Fig. 3 Life Span of the BCOG and LEACH Protocols  

Figure 3 shows that network life Span of the BCOG protocol is superior than the LEACH protocol. The 

BCOG protocol runs up to round number 2350 while the LEACH protocol runs up to 1606 rounds. The 

main reason; there is  there is no gateway node used in the LEACH protocol and it suffers from the energy 

holes problem. It shows that the BCOGprotocol has 46.32 % improvement over the LEACH protocol in 

relations of the network life Span. 

The stability period of a sensor system is the time period as soon as the first node of the network dies. 

Figure 4 shows the stability period of the BCOG and the LEACH protocols in terms of number of dead 

nodes per round in the network. 

Figure 4 explains that for the BCOG protocol the 1
st
  node dies at round number 738 while for the LEACH 

protocol the 1
st
   node dies at round 723. There is a abrupt upsurge in the number of dead nodes in the 

LEACH protocol after the round 850. 

The instability period is the time interval between the death of 1
st
  alive sensor  and the last alive sensor. 

The BCOG has a longer instability period than the LEACH because the power consumption is more 

balanced in our protocol than the LEACH protocol. In the BCOG protocol, transmission energy 

consumption is much less than the LEACH protocol and as a result the amount of the residual power is 

much more in BCOG based network than the LEACH based sensor system  as shown in Figure 5. 

7.2 Residual Power in Network: 

It is the amount of total power of all sensors available in the network. The amount of residual power in the 

BCOG protocol is sufficient, as the depletion of transmission power is very less. There is no division of 

area in the LEACH protocol, while in our protocol; entire area is divided into four Zones. Moreover, in the 

LEACH, there is no optimization technique has been used for the path selection, while in the BCOG 

protocol, it follows the BCO approach for the path selection. Every node transmits to the sink via gateway 

node. There will be very low load on the sensors of the network. Although, the residual power goes down 

rapidly for both the protocols, but there is more balanced energy utilization in our protocol. 



IJRIT International Journal of Research in Information Technology, Volume 4, Issue 5, May 2016, Pg 09--20 

Savita Hooda, IJRIT-17 

 

 

Fig. 4 Instability Period of the BCOG and LEACH Protocols 

 

Fig. 5 Residual Power of the BCOG and LEACH Protocols 

 

7.3 Throughput and Packets Transmitted in the System:  

As the life span of the  network is high for the BCOG protocol, network have more number of alive nodes 

available in the network for a long time period. If the nodes are present in the network, these will transmit 

more data to the sink and as a result network throughput (packets received by the sink) will also increase. 

Figure 6 shows the total throughput of the network and Figure 7 shows the total packets transmitted in the 

system for the BCOG and the LEACH protocols. 
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Fig. 6 Throughput of the BCOG and LEACH Protocols 

 

Fig. 7 Packets Transmitted by the BCOG and LEACH Protocols 

Although, the number of alive nodes has become very less in the system in the last rounds and as a result, 

the connectivity of the system get reduced, but the nodes near by the gateway continuously transmit data 

from the alive nodes in the Zone 2 towards the sink. Hence the throughput of the network for the BCOG 

remains higher than the LEACH protocol. 

8. Conclusions 

In this work, we endorse a Bee colony and Gateway based model of the sensor systems with the partition of 

area into multiple zones. Our deliberations are helpful in improving the life span, stability period, packets 

transmitted to the sink and the throughput of the network. The BCOG protocol reduces the distance 

between the sender and receiver by deploying a gateway in the middle of the area. Bee Colony optimization 
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further finds an optimal path for the data transmission between nodes of Zone 2 and the gateway node. It 

balanced the load  among the sensors of the network in the later rounds. In future work, we will use another 

swarm based method for heterogeneous environment in sensor systems. Our proposed protocol BCOG has 

46.32 % improvement in life span over the LEACH protocol. 
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