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Abstract 

Energy efficiency is one of the primary requirements for designing a successful Wireless 

Sensor Network (WSN) model. The WSN systems are generally made with a group of nodes 

that are operated with a small size battery device. To improve the energy efficiency of such 

WSNs several methodologies like clustering approach, mobile node technique and optimal 

route planning designs were developed. Scheduling method is yet an efficient model that is 

widely used in WSN applications, that allows the nodes to be operated only for a certain 

prescribed time. The proposed work utilizes the Self Organizing Maps (SOM) approach for 

improving the performances of the scheduling algorithms to a certain limit. SOM is a kind of 

artificial neural network that analyzes the problem based on competitive learning rather than 

the backpropagation methods. The work compares the proposed algorithm with the traditional 

Ant Colony and Software Defined Network approaches, wherein the proposed approach has 

shown an improvement in terms of energy conservation and network lifetime. 

Keywords: Network lifetime, network energy management, scheduling approach, clustering, 

routing method, neural network in WSN 

 Introduction 1.

Wireless sensor networks are attracting more attention in the recent days due to the 

development of reliable IoT based applications. The IoT applications are running like a 

backend platform that allows a user to monitor and operate the decisions of any hardware 

modules from a remote place. The WSNs are acting in such applications as like a frontend 

model that collects the information from the primary source with a help of sensors with 
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limited energy [1, 2]. Experimentally, the IoT applications are connected with a sensor 

module with a direct power supply or huge rated battery device but while going for real-time 

application it is not possible to connect the sensor nodes with a power supply or a huge 

battery source. In practical scenario, the sensor modules are designed in a small size structure 

that helps to place the module at any critical place. Especially the WSNs that are used for 

medical application need not to be connected with a direct power supply for the safety of a 

patient. The major architectural differences between the IoT and WSN applications are 

shown in Table 1. 

Table 1. Architectural difference between WSN and IoT 

WSN IoT 

 Internet connection is not required 

 Only sensors can be used for data 

gathering 

 Low cost and low power devices 

 

 Battery powered 

 Limited memory 

 Average security 

 Robust in nature on fault tolerance 

 Internet connection is required 

 Sensors, cameras, phone, and PC can be 

used for data gathering 

 High cost and high power devices with 

complex circuits 

 Electric powered 

 High memory 

 Better security 

 Non-robust 

1.1  WSN energy enhancement techniques 

1.1.1 Clustering model 

Clustering is a process of grouping a list of sensors that are placed near to each other 

with minimum distance. The clustering model makes a particular node to act as a head for 

such clustered group to organize its process on data transmission. The data that are 

transmitted from a node will be collected by a cluster head for transferring it to the 

destination. However, the process of selecting an appropriate node as cluster head is a 

challenging task for WSN. Hence different decision making approaches are widely 

implemented on different applications [3]. This approach allows the nodes to save their 

energy by minimizing the failure rate on data transmission. It also avoids the packet drop due 

to transmitting the information for a longer distance. 
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1.1.2 Mobile node technique 

The mobile nodes are allowed change their location in the connected network for 

saving the energy on data transmission loss. The mobile nodes are equipped with an in-built 

battery backup for its own power supply and that allows the node to move to certain range 

toward the destination node for enabling a successful data transmission [4]. This method 

avoids a repetition of data transmission and reduces the data loss to long range of 

communication. Though, the design of mobile node application is comparatively complex 

than the other methods. 

1.1.3 Routing design 

The routing algorithms are designed to find the shortest path between the available 

nodes for data transmission. The operational time variation among the available nodes makes 

the process slightly complicated in deciding their path. Therefore several optimization 

algorithms were utilized for such application to predict the right choice of route in the 

connected network [5]. The main motive of the routing approaches is to find a route that can 

transmit the data with lesser delay and minimal energy consumption. 

1.1.4 Scheduling algorithm 

The scheduling algorithms were developed to make a traffic free environment over 

the sensor node networks. It is done by the help an intelligent algorithm to monitor the 

surroundings of the sensor nodes to enable a collision free process. This reduces the energy 

wastage on data transmission. It also reduces the time delay on the information sharing 

application [6]. The following section explores the different techniques and their attainments 

on scheduling algorithms. 

 Related Works 2.

An ARIMA model -based scheduling algorithm was developed to improve the 

efficiency of a WSN. An experiment was conducted to find the performances of various 

ARIMA models and the result indicates that the energy utilized on 10 sensor nodes without 

ARIMA model is enough to run 50 sensor nodes with ARIMA model [7]. A combination of 

breadth first search and color connected dominated set algorithm was designed to provide an 

optimal scheduling process for WSN. The breadth first search algorithm was utilized to find 

the exact distance between the primary node and the secondary node. Similarly, color 

connected dominated set algorithm was used to forward the packets between the nodes 
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without any collision [8]. Dijkstra’s algorithm based scheduling method was proposed to 

enable scheduling practice on sensor node data transmission. It avoids the chance of data re-

transmission and that minimizes the data collision on their transmission process. The 

experimental analysis indicates a betterment of 54.74% aggregation latency [9].  

A multi-node Q learning-based cooperative computing approach was structured to 

make a sleep scheduling strategy. The work represents an acceptable energy balance ratio and 

that leads to better network lifetime [10]. Cluster based sleep scheduling algorithm was 

introduced to improve the network lifetime of WSNs. The work enforces a probability based 

technique for selecting the cluster heads and the particle swarm optimization model was 

utilized for the sleep scheduling process. An improved lifetime of 64% is achieved over the 

EBCS protocol with 95% of stability period [11]. A hybrid multi-task scheduling approach 

was developed using fuzzy Dijkstra’s algorithm and deep neural network. The work follows 

queuing strategy by estimating the light weight characteristics of the sensor nodes [12]. 

An energy efficient data aggregation system was developed by analyzing the 

availability, throughput and network lifetime of the connected nodes. The simulation result 

indicates an acceptable lifetime maximization and energy efficiency over the previous 

techniques [13]. A multi-objective clustering methodology was proposed to do node sleep 

scheduling in WSNs. The work is equipped with a wolf optimization technique for clustering 

and a selective track search algorithm was implemented to predict the optimized path for 

node movement [14]. An optimized backoff sleep protocol was designed to find various 

parameters of sensor nodes and that makes the network to schedule the data transmission 

between the inside their cluster region. The performance improvement on network lifetime 

and active node count was increased in the work over the LEACH and HEED protocols [15]. 

A novel ring partitioned based MAC protocol was structured to improve the energy 

efficiency of the WSN through a better routing approach. The cluster model was incorporated 

with a weighted Voronoi diagram by giving a weighted value for each node. The 

experimental work indicates a throughput outcome of 95.44% [16]. A metaheuristic 

algorithm based scheduling algorithm was modelled to schedule the packet movement in an 

adjustable sensing range. The simulated result indicates an improvement on network lifetime 

around the given sensing range [17]. A reinforcement Q-learning algorithm was designed to 

reduce the information loss during the packet transfer between the nodes and cluster heads. 

The work gives a better energy consumption and provides a better improvement on live node 

counts [18]. 
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A special purpose energy efficient content based hybrid MAC protocol was proposed 

to improve the network lifetime by making a scheduled packet transmission on dual hop 

networks. A residual energy improvement of 75% was achieved in the work even at high 

traffic condition [19]. A web based cross layer optimization algorithm was designed to 

organize the energy efficiency of the WSN. A dynamically adapted sleep scheduling model is 

also incorporated in the work to optimize the energy dissipation of each sensor nodes. The 

outcome represents a better improvement on packet loss over the LEACH and optimized 

LEACH models [20]. A multilevel dynamic feedback scheduling algorithm was framed to 

address the data prioritizing issue in WSNs. The proposed algorithm prioritizes the sensor 

node information into three categories for a better transmission [21]. It has been found from 

the literature that the scheduling is one of the efficient processes for WSN on saving their 

energy. The proposed work tries to experiment the efficiency of an SOM based algorithm on 

scheduling process. 

 Proposed Work 3.

Self Organizing Map (SOM) follows an unsupervised learning approach on 

competitive learning method in an artificial neural network.  In general, the SOM techniques 

are widely employed for clustering and dimensionality reduction applications. The SOM is 

efficient in terms of reducing the multi-dimensional parameters into a single or lower 

dimensional factor. The SOM is constructed with an input and output layer and its 

architecture is shown in figure 1 with two numbers of clusters. 

 
Figure 1. Architecture of SOM 

SOM input sample comprises of two information namely training samples count and 

their feature count. The input layer determines the weight sizes of the input by estimating the 

cluster count. The input data is further iterated for detecting the shortest distance vector 
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trained from the given samples. The weight updating rule of SOM is estimated by the 

following equation. 

𝑊𝑥𝑦 =  𝑊𝑥𝑦 (𝑜𝑙𝑑) + 𝛼 (𝑡) ∗ (𝑖𝑥
𝑘 − 𝑊𝑥𝑦(𝑜𝑙𝑑))    (1) 

where, 

 α = learning rate with time (t) 

 y = shortest vector 

 x = 𝑥𝑡ℎ feature of training sample 

 k = 𝑘𝑡ℎ training sample from input sample 

 
Figure 2. Workflow of the SOM in scheduling application 

The workflow of SOM algorithm on the proposed scheduling application is shown in 

figure 2. The training data of the given problem comprises of the information like node 

number with their energy availability, data count with its distance information from the sink. 
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Based on the given information the neuron weights are initialized and the estimation was 

performed to find the prioritized neuron between each available node. Hence the algorithm 

forwards the information of that particular node and makes other nodes to be in sleep mode. 

Time estimation is performed in the algorithm for enabling the nodes after the transmission of 

data from the primary node with the updated neuron weights. A cluster threshold function is 

enabled to conclude the data transmission work at its value becomes zero in the connected 

node. 

 Experimental Analysis and Discussion 4.

The proposed work generates the training data samples by creating a customized 

sensor network in the NS-2 platform and the neural network -based operations are performed 

in the MATLAB platform. The values that are generated in the NS-2 applications are 

converted into a spreadsheet form and that is incorporated to the MATLAB tool for making 

the neurons to understand the values. The experimental outcome of the proposed work 

estimates the energy conservation and network lifetime of the connected network over the 

traditional ant colony [22] and Software Defined Network (SDN) [23] models on various 

numbers of nodes ranging from 50 to 500. Table 2 represents the energy consumption of 

connected network for transferring the same amount of data on different techniques.  

Table 2. Energy consumption study of the proposed model with the existing ones 

Number of nodes 

Total energy consumption in Joules 

SOM Ant Colony SDN 

50 25.2 30.55 42.78 

100 51.01 63.1 76.3 

150 77.68 90.9 102.05 

200 99.7 114 128.6 

250 128.35 144.63 158.9 

300 154 170.1 184.44 

350 175.5 193.2 216.2 

400 201.1 220.3 233.7 

450 227.26 244.01 265 

500 256.08 285 297.7 
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Figure 3 represents a comparative analysis on energy consumption between the 

verified algorithms. A steady improvement on the SOM energy consumption is observed in 

the graph. The performance of SDN lags behind the ant colony algorithm. However, this 

slight variation on the energy consumption gives a major reflection to the network lifetime. 

Table 3 and 4 indicate the network lifetime of the sensor nodes on their first node failure and 

last node failure with respect to time. 

 

Figure 3. Comparison of the SOM energy consumption with the existing algorithms 

Table 3. Network lifetime on first node failure 

Number of nodes 
Time consumed for first node failure in Seconds 

SOM Ant Colony SDN 

50 7.1 6.8 5.9 

100 7.2 6.5 6.2 

200 6.9 6.6 6.8 

300 7.3 6 5.9 

400 7.2 6.1 6.7 

500 7 6.6 7.1 

The network lifetime on first node failure is represented in figure 4 as a comparative 

study and that indicates that the SOM technique performs better in almost all the conditions 

except on the maximum count of sensor nodes. The performance of ant colony algorithm is 

found satisfied up to 200 sensor nodes than the SDN that found degradation beyond 200 

sensor nodes. 
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Figure 4. Comparison of network lifetime on first node failure 

Table 4. Network lifetime on all node failure 

Number of nodes 
Time consumed for all node failure in Seconds 

SOM Ant Colony SDN 

50 35.4 27.8 24.2 

100 32.8 31.1 26.4 

200 39.3 26.9 25.3 

300 41.2 28.7 27 

400 37.8 30.6 30.1 

500 43.7 28.3 23.7 

 

 

Figure 5. Comparison of network lifetime on all node failure 
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A study on overall network failure is shown in figure 5 and that indicates that the 

proposed SOM technique performs better than the ant colony and SDN approaches. 

Similarly, the overall performance of ant colony is found better than that of the SDN. 

 Conclusion 5.

The WSN energy enhancement problems are widely addressed with metaheuristic 

algorithms, and that addresses the energy enhancement issue to a certain extent. The ant 

colony optimization is found to be one of the successful optimization algorithms on the 

energy improvement in WSN, and the software defined network approach is another 

technique implemented for WSN scheduling process. The proposed work utilizes the SOM 

technique for finding the efficacy of the deep learning algorithm on energy optimization 

problem of WSN. A comparative experimental analysis is performed in the work and is found 

satisfied with the outcome of SOM on energy consumption and network lifetime 

improvement. The work can be further improved by analyzing the performances of the WSNs 

with different kinds of deep learning approaches. 
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