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Abstract- This research article investigates effective energy protocols for wireless sensor 

networks (WSN). The newly proposed taxonomic classification and comparison provides the 

following protocol categories: latency and efficient routing based on energy and hop selection in 

network and its architecture, communication sensor network, networking structure, procedure 

functioning, sending and receiving round mode, and route setting. This research work has 

examined each class to discuss and compare the different parameters of its representative routing 

protocols (mechanisms, advantages, disadvantages) based on the energy efficient rate along with 

delivery delay and network time. The simulation results on the NS-simulator of various protocols 

show that, the routing task has to be built upon different intelligent technologies to improve the 

network life and ensures better sensory area coverage. 
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1.  INTRODUCTION 

Recently, many intelligent systems are working for WSN to achieve many challenging 

tasks motivated by the defense and domestic applications. The WSNs are acknowledged as a 

new trend to capture various types of applications through the environment and physical 

conditions [1]. These limited features require effective system for routing task in order to 

increase the lifespan of communication networks [2]. Figure 1 shows the types of energy 

efficient routing protocol for WSN. 

 

Figure 1 Types of Energy Efficient Routing Protocols of WSN 

 

In the field of highly efficient routing protocols, much recent research attempts to solve 

sensor challenges, which are based on resource constraints. [3] [4]. The diverse application 

requirements of many sensors are required to frame a procedure for WSN requirement, which is 

called protocol [5–8]. Several surveys were published to analyze and classify these protocols by 

using various parameters. The main aim of the proposed research work is to provide an 

examination of the protocols under a new model of classification discussed in section 4. Figure 2 

shows the mobile sensor nodes in communication medium architecture. 
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Figure 2. Mobile Sensor Node Architecture  

 

The proposed research work has reviewed many research articles of the recently proposed 

protocols by using our taxonomics, identifying many protocol categories like latency and 

efficient routing based on energy, hop selection in network and its architecture, communication 

sensor network, networking structure, procedure functioning, sending and receiving round mode, 

and route setting [9]. We present under all categories the classification, comparison, and 

advantage of recent routing techniques. Displaying a short-range transmission, high sensor 

density, and low data rate are the principal features of WSNs [10]. Strict latency and bit error 

rates may also occur depending on the application. Battery substitution is a difficult task, because 

of the randomly distributed nature and the large density of WSNs [11]. Short battery life is an 

important issue that prevents the use of WSNs in different applications. Therefore, it is important 

to maximize the battery life of the sensor nodes. The first step is to fully understand the energy 

source in wireless sensor networks [12]. In this paper, an example is given to discuss the energy 

consumption of each hardware unit in the typical sensor node. The impact of WSN stacks on 

energy use is discussed by concerning the communications protocols. In addition, a survey has 

been conducted on existing energy consumption models. These models are classified as physical 
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energy layer models, MAC energy layer models, and cross-layer energy models [13]. Network 

architectures like OSI and Internet, are essentially functional models organized like layers in 

which the layer provides the above-layer services (e.g. the application layer provides services to 

the end-users). The quality of its service parameters, for example, delay, flow, chipboard, 

availableness, reliability, and even safety are often evaluated by a network. However, concerning 

energy (EC), the evaluation and optimization of the network often present difficulties as a 

comprehensive model, which hardly takes the EC into account. Figure 3 shows some energy 

consumption factors of WSN [14].  

 

Figure 3 Energy consumption factors of WSN  

 

In general, researchers focus on traditional network architecture, with the hope that the 

overall network EC is reduced without regard to other components or layers, and attempts to 

minimize a certain component of the single layer [15]. This isn't an ideal situation, when one 

doesn't know how one component fits into the entire wireless sensor network's energy picture. 

2.  ORGANIZATION OF THE RESEARCH 

The remaining document is structured accordingly. Section 3 deals with the related work 

of WSN energy measurements. Section 4 deals with the proposed sensor node energy consumed 
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in each unit with energy consumption sources individually in the communication layer. In 

Section 5, energy consumption in the various channel space in the channel discussed with results 

obtained in the simulator. Section 6 summarizes the paper and provides possible directions for 

future work. 

3.  PRELIMINARIES 

This section is consisting of related works in detail on energy-efficient sources of WSN. 

The accessing of non-accessible environment can be installed by WSN sensors for many 

applications such as monitoring volcano, harvesting, etc. The batteries are connected with the 

sensors for power consumption. This battery will limit the sensors lifetime during working and 

makes an effective management system of WSN. The limitations are energy supply and 

consumption for WSN of the protocol stack [16]. 

Wang et al present energy minimization models for WSN to communicate the data during 

neglecting essential details [17]. Heinzelman et al proposed to develop the minimized power 

consumption model for WSN. They were computed sending and receiving data consume the 

energy in every single hop distance. This computation technique is saving energy at the nodes 

between sources to destination. They have evaluated the energy efficiency methods of WSN by 

power consumption model [18].   

Goldsmith et al discuss traditional network drawbacks and challenges with different 

specifications of WSN. They created flexible network architecture for WSN with the cross-layer 

idea. This key idea has been proposed for enhancing the different layers. The resulting protocols 

are compared with protocols designed for the layer management approach. The cross-layer idea 

is combined for every parameter in the layers. This determination can be taken randomly to get 

energy-efficient [19]. Musznicki et al compute the procedures for WSN multicast with the 

geographic position in the communication network nodes. The implemented Dijkstra algorithm 

is used to find the shortest paths between sources and destination nodes in the networks. This can 

create the shortest energy-efficient paths through an active node in the networks.        
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They concluded that these nodes of the networks are organizing within the radio range 

which can give good efficient energy consumptions [20].  Bhattacharya et al proposed toward 

source tree algorithm to produces the paths between sending data node to receive data node 

through the multicast tree. They focus on the number of hops that minimizing with low 

complexity in WSN [21].   

Qiong et al presented many power consumption methods through grid and chain 

topologies. They compared those methods through many topologies that showed virtual 

connection delivery. They concluded that grid type topology meets the poorest performance in 

the power consumption in the networks through the main parameter [22]. 

 

4.  Proposed Work 

The proposed research work presents the routing protocol representation with two main 

categories based on the application:  

1. Event-driven protocol 

2. Time-driven protocol,  

The data packets are being sent and received at regular interval after an event. Only after a 

weighty event is detected in the region of convergence can sense the node and send data in 

event-driven protocols [23] [24]. Due to various advantages, these protocols are used in several 

domains. The various triggered events can be immediately detected. They enable communication 

and the unnecessary use of energy and node computing resources to be avoided. Despite, the 

event-driven protocols are also available with some limitations. Since events occur in random 

manner, the workload is unbalanced and some nodes are activated more than the other nodes 

[25]. This will allow some nodes to be discharged and killed, wherein it can cause various 

problems, including isolated areas. 

 

4.1 Energy efficient routing protocol (EERP) 

The EERP protocol eliminates data redundancies by using the clustering mechanism, and 

it delivers best path for node to node transmission [26]. It builds expressways on a link factor to 
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send the sensed data and its aggregation procedure by groups. In the study [27], researchers have 

shown that, this protocol provides effective power management and even accurate data 

aggregation detection that remains less reliable.  

 

4.2 Energy consumption by event protocol (ECEP) 

ECEP is developed as a reliable transmission protocol for real-time events [28]. It uses a 

regional mechanism for performing selection retransmission while redundancy in the data fields 

occurs without any network congestion. This procedure has secured the event transfer and 

prevents collision in the communication network since it consumes more energy. 

 

4.3 Prediction of Event protocol (PEP) 

PEP is designed for event monitoring applications as reliable data protocol requires quick 

data detection and transmission [29]. It allows nodes based on the basic decision rule and it is 

based on the complex network procedures to decide correctly. PEP provides the exact detection 

of events but it is less reliable [30]. 

 

4.4 Data-Centric Routing Strategy (DCRS)  

The WSNs are categorized based on the routing protocol function and architectural 

behaviour. 

1. Data-centered routing protocol 

2. Position-centered route protocol  

These two classes are described in the forthcoming section. By using random distributions in 

multitudinous sensor applications, a global identification system cannot be used to find nodes, 

and the traditional address-based routing is therefore not possible. The data cenetered routing 

protocol is based on question formation strategy which is overcome the problems in the database 

in queries to this environment [31]. 
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4.4.1 Active Query Mechanism (AQM) 

Basically, this mechanism involves in querying sector in the communication medium to 

display sensor networks for data centered routing protocol. It transfers the query and it is solving 

in hop at each node. This query consists of complex and passive types based on nature of the 

queries. AQM can handle complex queries, but in terms of energy consumption, it remains 

ineffective [32]. 

 

4.4.2 Security routing in sensor network (SRSN) 

SRSN provides the secured routing in the network and it is based on a data-centered 

protocol for routing [33]. The routing information is collected based on the previous event query 

through the communication node in network, which contains real-time data and probabilistic 

procedure based on the fingerprint security. 

 

4.5 Position Centric Routing Strategy (PCRS)  

The position can be accessed by GPS technology and it is based on the signal strength of 

the reception signal. The transmission metrics is obtained for transmitting requests to that region 

and transferring data to the located area in order to reduce transmission [34]. 

 

4.5.1 Least Hop Usage in Routing Protocol (LHURP) 

LHURP is designed as an energy-constrained routing protocol based on the location. It 

sends packages based on two phases they are, minimum energy consumption transmission and 

routing. During the transmission process, least number of hops constructs routing tables to build 

the finest route towards the endpoint, the shorter route to transmit envelopes to the endpoint 

during the routing phase. This protocol increases energy consumption by taking a short distance, 

where the nodes exist between active and isolated areas [35]. 

 

4.5.2 Energy Computation in Route Protocol (ECRP) 

ECRP has been conceived as a protocol based on location. The mapping of the network 

energy standards globally use a global viewing mechanism [36]. The selection of transmission 
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routes is based on the distribution of energy along the route and the selection with a balance in 

energy and this will be increased to prevent energy holes and it is improving the network 

lifecycle. 

 

5.  RESULTS & DISCUSSION 

The performance of WSN can be measured with a constant sensing area along with the 

constant number of sensors for evaluation and this is designed under the NS simulator [37]. In 

this research article, several metrics are used to measure the system efficiency and energy 

consumption in the networks [38]. The proposed survey comprises of transmission energy 

passing through several medium and paths as follows; 

1. Free space channel 

2. Multipath channel 

𝐸𝑇𝑥(𝑘, 𝑑) = 𝑘 ∗ (𝐸𝑒𝑙𝑒𝑐 + 𝜎𝑓𝑠 ∗ 𝑑
2), 𝑑 ≤ 𝑇𝑑 

𝐸𝑇𝑥(𝑘, 𝑑) = 𝑘 ∗ (𝐸𝑒𝑙𝑒𝑐 + 𝜎𝑚𝑠 ∗ 𝑑
4), 𝑑 > 𝑇𝑑 

The Td is denoted as threshold distance value.  

𝑇𝑑 = √
𝜎𝑓𝑠

𝜎𝑚𝑠
⁄

2

 

Where, 

k is to be transmissible bits between source to destination 

𝐸𝑒𝑙𝑒𝑐 is transmission energy in the network 

𝜎𝑓𝑠  is energy consumption at free space (fs) channel  

𝜎𝑚𝑠 is energy consumption at multi path (mp) channel 

d denotes the distance between the nodes 

The measuring metrics are tabulated in the table 1. Particularly, we concentrated on 

energy efficiency, Delivery delay and network life time with reliability. The results are tabulated 

here and it’s obtained from the simulator. Figure 4 shows variable graphs between energy 

efficiency vs. proposed protocol.  
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 Figure 4 Energy Efficiency Vs Protocol  

 

 

 

Figure 5 Network Life Time Vs Protocol 

 

Figure 5 shows the performance measurements of proposed methods between network 

lifetime vs. protocol. The lifetime of the network can be defined as the time between the 

beginning and the end of the network node. The energy efficiency is very high in EERP 

protocol in WSN, which is used to reduce the energy consumption rate in the data 

routing.   
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Table 1 Overall Performance Metric Measures of Various Proposed Protocols 

 

 

The main aim of routing protocol is to maximize the network lifetime while 

maintaining the network quality. The most energy-efficient task in WSN is data routing. 

Thus, intelligent techniques must be used to reduce the usage of energy in the routing 

protocol. 

 

6.  CONCLUSION 

In recent years, researchers have been motivated by the emergence of WSNs for wide 

range of purposes by performing routing tasks among the most active and challenging research 

domains in WSN projects. The proposed protocols have investigated the recent taxonomy and 

has suggested 9 categories of protocols: type of application, mode of delivery, communication 

initiator, network architecture, path-development (route discovery), and network topology 

(structure), operation of the protocol, next-hop selection, latency warning, and effective path 

detection. In addition, under the NS3 simulator, performance assessment has been carried out on 

the most representative protocols. As a future work, the security measures of WSN can be 

developed through the simulation analysis performed by intelligent function procedure [39]. In 

this research paper, the application-related interplay between these ingredients and energy were 

ignored when the research work aims to draw energy-consuming components and their relations 

in a generic model. One extension to the architecture would therefore be to explore energy 
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consumption patterns and shapes for a generic application (e.g. health monitoring applications) 

and to develop a complete energy consumption map for a particular application. One additional 

goal is to produce the whole network of wireless sensors with a single overall energy 

consumption formula; a first examination took the weighted, linear energy consumption with a 

combination of the components. Components can interact as a function of the WSN and 

application in terms of their weights.  

In the future, a more accurate energy costs function will be developed with due emphasis 

on parameters, components, and playoff factors for components. The energy cost function should 

therefore be considered [40]. We think that a nonlinear cost function would allow the model to 

better adapt to a specific WSN application rather than a linear combination. A second important 

purpose that has been planned to pursue in the next phase is to fully model the components of 

each of the architecture's energy components. 
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