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Abstract  

 

Aim: The energy consumption minimization is the important criteria for this research work. The  Efficient 

cluster based routing protocol which minimizes the energy consumption in remote medical applications for 

WBAN by robust and efficient Improved Energy Harvested-aware Routing clustering body area network (IEH-

RCB) protocol using Clustering approach is proposed and compared with Energy Harvested-aware Routing 

clustering body area network (EH-RCB) protocol.  

Materials and Methods: In IEH-RCB protocol the energy consumption is achieved using Cost function (CF) 

selection parameters such as Signal to Noise Ratio (SNR),transmission power, node distance,energy and 

Innovative node Bandwidth of the node are used. The forwarder node selection enhances the efficiency of the 

routing protocol in WBAN. In this work there are two groups in which each group has 20 sample sizes (n=20) 

collected by varying numbers of rounds and it  was calculated by calculator.Net with pre-test power of 80% (G-

power). To evaluate the effectiveness of the IEH-RCB protocol in terms of Residual energy and Packet Drop 

Ratio.  

Results: Simulation results show that IEH-RCB protocol has  performed better than EH-RCB Protocol in terms 

of  throughput and energy consumption. The proposed IEH-RCB protocol increased (3.1%) in Residual energy 

and decreased (2.8%) in packet drop ratio compared with IEH-RCB protocol. The sample T-test also shows that 

there is a significant  difference in IEH-RCB and EH-RCB protocol values in terms of residual energy and 

packet drop ratio (p<0.05).  

Conclusion: Depending on the experimental results and independent statistical T-test shows that proposed IEH-

RCB protocol has achieved higher performance when compared to EH-RCB  protocol. 

 

Keywords: Forwarder node, Clustering, Cost function, Packet drop ratio, Residual energy, WBANs, Innovative 

node bandwidth. 
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1. Introduction 

 

Recent days due to the advancement  in 

communication technology and sensors, a modern 

network has emerged called WBANs. It has been 

emerging because of its  low cost, usage in 

widespread various applications such as healthcare 

and remote monitoring. WBANs consist of a 

variety of intelligent, small size, low cost, low 

powered, light weight invasive or non-invasive 

personal computer  devices that can be worn or 

implanted. These sensor nodes with limited battery 

energy not only impose performance drawbacks, 

but also depletes quickly, limiting the service 

availability. (Qu, Zheng, Wu, et al. 2019) WBANs 

has many applications like sports, social welfare, 

and medical treatment.It suggests promoting 

services in a variety of fields, including mobile 

health care, defense, industry, research, and 

business (Khan et al. 2021) and (Qu, Zheng, Ma, et 

al. 2019). 

 Over the past 5 years, nearly 100 articles 

have been published in IEEE Access and 98 

articles are published in Science Direct related to 

EH-RCB protocol for WBANs. In WBANs the 

cluster based routing algorithm brings a new way 

to enhance the energy consumption of the 

forwarder nodes (David et al. 2021). In this scheme 

CF is calculated using various parameters such as 

SNR,transmission power,distance between nodes, 

total available energy, but the coverage area is less 

in this scheme which leads to inefficient CF 

selection methodology. (HajilooVakil, Khani, and 

Shirmohammadi 2021) proposed CF based routing 

scheme for WBANs, in this methodology residual 

energy is considered for CF selection and this 

scheme is not suitable for WBANs environment, 

due to high energy consumption in the routing 

process. (Rudra and Chakraborty 2017) illustrate 

that a sensor node which is capable of consuming 

minimum energy consumption, gains the required 

energy from various sources available in the 

surrounding environment such as body 

temperature, motion, vibration, ambient light etc, 

and converts it into usable energy. (Prieto 2011) 

proposed a scheme that mainly focuses on energy 

consumption, lifetime, delay and packet drop ratio. 

Various  sensors are placed at different locations of 

the human body and two sink nodes are placed at 

the center in front and back side of the human body 

(Zhang and Ma 2018) and (Senthilkumar and 

Martin Leo Manickam 2017) it used many 

applications such as remote health monitoring and 

IOT based health monitoring. 

Our institution is keen on working on 

latest research trends and has extensive knowledge 

and research experience which resulted in quality 

publications (Rinesh et al. 2022; Sundararaman et 

al. 2022; Mohanavel et al. 2022; Ram et al. 2022; 

Dinesh Kumar et al. 2022; Vijayalakshmi et al. 

2022; Sudhan et al. 2022; Kumar et al. 2022; 

Sathish et al. 2022; Mahesh et al. 2022; Yaashikaa 

et al. 2022). This literature survey includes that 

mostly the cost function selection depends on  

Proximity distance and energy consumption of the 

sensor nodes. These parameters are not efficient to 

select the CF effectively. Hence IEH-RCB protocol 

is proposed, which selects the cost function using 

various parameters such as  link SNR,transmission 

power,distance between nodes, total available 

energy and Innovative node Bandwidth of the node 

to minimize energy consumption of the sensor 

nodes in WBANs.  

 

2. Materials and Methods 

 

The research work was done in the 

Department of Biomedical and Engineering at 

Saveetha School of Engineering, Saveetha Institute 

of Medical and Technical Sciences, Saveetha 

University, Chennai,Tamilnadu, India. Two groups 

are required for this study. Group one consists of 

IEH-RCB protocol and group two represents EH-

RCB protocol (Kumari and Nand 2018). The 

sample size was calculated by using a sample size 

calculator finding the mean and standard 

deviation.The sample size was 20 per group 80% of 

the pre-test power (G-power) used for this study. A 

PC with Ubuntu OS by VMware workstation and 

NS2 simulator software was used for execution of 

the project. The ns run command was given to 

execute the code in TCL script. 

 

IEH-RCB Protocol  

The clustering based routing algorithms 

are used to improve the performance of the 

WBANs routing protocol by enhancing the sensor 

nodes battery power in the network. The IEH-RCB 

protocol uses innovative cost function (CF) 

selection parameters such as Signal to Noise Ratio, 

transmission power, distance, energy and 

Innovative node Bandwidth.  

 

The various steps involved in the forwarded node 

selection are described below. 

Step 1: All the sensor nodes are deployed  in a 

human body and formed  WBAN. 

Step 2: All the sensor nodes calculate their values 

using CF based forwarder node             

             selection parameters such as  link 

SNR,transmission power,distance between nodes, 

total  

             available energy and Innovative node 

Bandwidth. 

Step 3: The node which contains the highest rank 

that node becomes the Forwarded node 

https://paperpile.com/c/L5Z9Z6/yyed
https://paperpile.com/c/L5Z9Z6/qHt7
https://paperpile.com/c/L5Z9Z6/8N5Q
https://paperpile.com/c/L5Z9Z6/8N5Q
https://paperpile.com/c/L5Z9Z6/CqvQ
https://paperpile.com/c/L5Z9Z6/jJO8
https://paperpile.com/c/L5Z9Z6/jJO8
https://paperpile.com/c/L5Z9Z6/ZCMP
https://paperpile.com/c/L5Z9Z6/AQx6
https://paperpile.com/c/L5Z9Z6/MvrN
https://paperpile.com/c/L5Z9Z6/0KFUc
https://paperpile.com/c/L5Z9Z6/0KFUc
https://paperpile.com/c/L5Z9Z6/b6gXx+a6C1A+krogB+WTfLS+UrqKb+3eQkW+3LD5S+DRBpe+mJZ5j+7WGqq+TRF49
https://paperpile.com/c/L5Z9Z6/b6gXx+a6C1A+krogB+WTfLS+UrqKb+3eQkW+3LD5S+DRBpe+mJZ5j+7WGqq+TRF49
https://paperpile.com/c/L5Z9Z6/b6gXx+a6C1A+krogB+WTfLS+UrqKb+3eQkW+3LD5S+DRBpe+mJZ5j+7WGqq+TRF49
https://paperpile.com/c/L5Z9Z6/b6gXx+a6C1A+krogB+WTfLS+UrqKb+3eQkW+3LD5S+DRBpe+mJZ5j+7WGqq+TRF49
https://paperpile.com/c/L5Z9Z6/b6gXx+a6C1A+krogB+WTfLS+UrqKb+3eQkW+3LD5S+DRBpe+mJZ5j+7WGqq+TRF49
https://paperpile.com/c/L5Z9Z6/b6gXx+a6C1A+krogB+WTfLS+UrqKb+3eQkW+3LD5S+DRBpe+mJZ5j+7WGqq+TRF49
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Step 4 : The CF aggregates the information from 

the sensor nodes using Hello and Reply   

                message within the cluster and other 

sensors in the network. 

 

Step 5: The Forwarded node routes the information 

to the mobile health monitoring server using  

               the shortest routing path.  

 

Step 6: The mobile health monitoring server 

gathers all the information from various forwarder  

               nodes. 

EH-RCB Protocol  

The EH-RCB protocol used  the following 

parameters to select cost function  selection 

parameters such as  link SNR,transmission 

power,distance between nodes, node Bandwidth the 

cost function based rules are used to select the 

super forwarder node among the forwarder node to 

route the information from the forwarder node  to 

the base station.  

 

Statistical Analysis  

The statistical analysis was carried out 

using the SPSS tool.The significance is calculated 

using Independent t-test. It was performed for the 

two dependent variables such as packet drop ratio 

and residual energy. The independent variables are 

number of nodes, battery power and battery size. 

Using the SPSS software the standard deviation, 

standard error of mean were also calculated. 

 

3. Results 

 

Table 1 shows experimental results of data 

analysis of the IEH-RCB protocol under varying 

number of rounds and residual energy with 

reference to packet drop ratio. Experimental results 

of IEH-RCB protocol under varying number of 

rounds (0 to 16000) in terms of residual energy 

(achieved highest value 7.7 when the number of 

rounds is 800 and achieved lowest value 1.2 when 

the number of rounds is 16000). 

Table 2 shows the experimental results of 

the IEH-RCB protocol under  varying number of 

rounds (0 to 16000) in terms of packet drop ratio ( 

achieved lowest value 0.15 when the number of 

rounds is 800 and achieved highest value is 2 when 

the number of rounds is 16000). 

Table 3 Group statistical analysis of IEH-

RCB protocol and EH-RCB protocol. Residual 

energy Mean value is 4.3650 in IEH-RCB protocol. 

Packet drop ratio Mean value is 0.6445 in IEH-

RCB.  

Table 4 Shows the independent sample T-

test calculation of IEH-RCB protocol and EH-RCB 

protocol. The Residual energy and packet drop 

ratio are statistically significant (p<0.05) 

 

4. Discussion 

 

Figure 1 shows a comparison of residual 

energy in IEH-RCB with EH-RCB protocol under 

varying number of rounds and the residual energy 

is increased by 3.1% due to the routing based 

forwarded node selection. Figure 2 represents 

comparison of packet drop ratio of sensor nodes 

battery power in IEH-RCB with EH-RCB protocol. 

(Alkhayyat, Thabit, and Ali 2019). Under varying 

number of rounds the packet drop ratio minimized 

by 2.8%  due to the position of the node. Figure 3 

shows the bar chart representing the comparison of 

IEH-RCB protocol and EH-RCB protocol in terms 

of residual energy and achieved 3.1% higher 

residual energy when compared with EH-RCB 

protocol. X axis: IEH-RCB protocol vs EH-RCB 

protocol, Y axis: mean residual energy of detection 

± 1 SD. Figure 4 illustrates that the bar chart 

representing the comparison of IEH-RCB protocol 

and EH-RCB protocol in terms of 2.8% pocket 

drop ratio when compared with the previous 

protocol of EH-RCB X axis: IEH-RCB protocol vs 

EH-RCB protocol, Y axis: Mean packet drop ratio  

± 1 SD    

       Comparison of energy efficiency of IEH-RCB 

protocol and EH-RCB protocol is studied. The 

number of rounds of the proposed protocol is 

varied from 0 to 16000.(Kim and Cho 2009) and 

(Al-Turjman 2019)The residual energy is increased 

by 3.1% in IEH-RCB as shown in Fig 1. The 

packet drop ratio is decreased by 2.8% in IEH-RCB 

protocol with EH-RCB protocol under varying 

number of rounds as shown in Fig 2. By 

independent sample t-test calculation the residual 

energy and packet delivery ratio is statistically 

significant (p<0.05) by SPSS software shown in 

Fig 3 and Fig 4. The proposed  IEH-RCB protocol 

has better performance in efficient routing when 

compared with the EH-RCB protocol with 

reference to the stimulation results.  

         Modification made in this research is that the 

forwarder node selection depends on multiple 

parameters such as  link SNR,transmiss-ion 

power,distance between nodes, total available 

energy and Innovative node Bandwidth of the node 

are used (Yuce and Khan 2011) and (Ramirez, 

Vidal, and Universitat de Barcelona. Departament 

d’Electrònica 2014) This paper has similar research 

which uses the EH-RCB (Energy Harvested-aware 

routing protocol with clustering approach in body 

area network) protocol to improve the performance 

of the network routing in WBAN. (Bizon et al. 

2017) in this paper the  the authors used gateway 

nodes between the forwarder node for long distance 

communication which oppose the methodology of 

IEH-RCB protocol which uses an angle as a 

https://paperpile.com/c/L5Z9Z6/nT4g
https://paperpile.com/c/L5Z9Z6/SWK6
https://paperpile.com/c/L5Z9Z6/9eeU
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forwarder node selection parameter. The main 

limitation of this paper is high end-to-end delay is 

present in the network and battery size to be 

improved. 

 

5. Conclusion 

 

         The proposed  IEH-RCB  protocol has better 

simulated outputs when compared to EH-RCB 

protocol in terms of residual energy increased by 

3.1%, packet drop ratio is increased by 2.8% and 

also the sample T-test also shows that  there is a 

significant  difference in IEH-RCB and EH-RCB 

protocol values in terms of residual energy and 

packet drop ratio (p<0.05).  
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TABLES AND FIGURES 

  

Table 1. Experimental results of IEH-RCB protocol and compared with EH-RCB protocol under varying 

number of rounds (0 to 16000) in terms of Residual energy (achieved highest value 7.7 when the number of 

rounds is 800 and achieved lowest value 1.2 when the number of rounds is 16000). 

Number of Rounds  IEH-RCB EH-RCB 

800 7.7 4.2 

1600 7.6 3.8 

2400 6.6 3 

3200 6.4 2.8 

4000 6.1 2.4 

4800 6 2.2 

5600 5.6 2 

6400 5.2 1.4 

7200 4.8 1.2 

8000 4.4 1 

8800 4 0.38 

9600 3.7 0.35 

10400 3.4 0.32 

11200 3 0.28 

12000 2.8 0.26 

12800 2.6 0.24 

13600 2.4 0.22 

14400 2.2 0.2 

15200 1.6 0.14 

16000 1.2 0.1 

 

Table 2. Experimental results of IEH-RCB protocol and compared with EH-RCB protocol under varying 

number of rounds (0 to 16000) in terms of packet drop ratio (achieved lowest value 0.15 when the number of 

rounds is 800 and achieved highest value is 2 when the number of rounds is 16000) 

Number of Rounds IEH-RCB EH-RCB 

800 0.15 1.2 

1600 0.21 1.8 

2400 0.28 2.5 
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3200 0.31 2.8 

4000 0.33 3 

4800 0.34 3.1 

5600 0.35 3.2 

6400 0.36 3.3 

7200 0.38 3.5 

8000 0.4 3.7 

8800 0.41 3.8 

9600 0.42 3.9 

10400 0.44 4.1 

11200 0.45 4.2 

12000 0.46 4.3 

12800 1 4.5 

13600 1.2 4.6 

14400 1.6 4.7 

15200 1.8 4.8 

16000 2 5 

 

Table 3. Group statistical analysis of IEH-RCB protocol and EH-RCB protocol. Residual energy Mean value is 

4.3650 in IEH-RCB protocol. Packet drop ratio Mean value is 0.6445 in IEH-RCB 

 

 

 

Residual 

energy 

Group N Mean Std.Deviation  Std. Error 

mean 

IEH-RCB 20 4.3650 1.97305 0.44119 

EH-RCB 20 1.3245 1.32833 0.29702 

Packet drop 

ratio 

IEH-RCB 20 0.6445 0.55756 0.12468 

EH-ECB 20 3.6000 1.00995 0.22583 

 

 

 

 

 

 



Section A-Research paper 
Comparison of Efficient Energy Harvesting Routing Algorithm 

using IEH-RCB Protocol and Compared with EH-RCB in Wireless 

Body Area Networks 

 
 

   Eur. Chem. Bull. 2023, 12 (S1), 3900 – 3909                                                                                                                  3907                                                                                                                                            

 

Table 4. Shows the independent sample T-test calculation of IEH-RCB protocol and EH-RCB protocol. The 

Residual energy and packet drop ratio are statistically significant(p<0.05) 

 Levene’s 

Test for 

Equality of 

variances 

                 T-test for Equality of Means 

   F Sig   t df Sig.(2-

tailed) 

Mean 

Difference 

std.Error 

Difference 

Lower Upper 

Residual 

Energy 

Equal 

variances 

assumed 

4.44 0.042 5.717 38 <.001 3.04 0.53185 1.96 4.117 

 Equal 

variances 

not 

assumed 

  5.717 33.28 <.001 3.04 0.53185 1.9587 4.122 

Packet 

drop 

ratio 

Equal 

variances 

assumed  

5.76 0.021 -

11.45 

38 <.001 -2.95 0.25796 -3.477 -2.43 

 Equal 

variances 

not 

assumed 

  -

11.45 

29.59 .001 -2.95 0.25796 -3.482 2.23 

 

 
Fig. 1. Comparison of residual energy in IEH-RCB protocol with EH-RCB protocol. Under varying.number of 

rounds the residual energy is increased by 3.1% due to routing based forwarder node. 
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Fig.  2. Comparison of packet drop ratio in IEH-RCB protocol with EH-RCB protocol. Under varying number 

of rounds the pocket drop ratio is decreased by 2.8% due to routing based forwarded node. 

 

 
Fig. 3. Bar chart representing the comparison  of IEH-RCB protocol and EH-RCB protocol in terms of Packet 

Drop Ratio. The  IEH-RCB protocol achieved a 3.1%  increased residual energy when compared with the EH-

RCB protocol. X Axis: IEH-RCB protocol vs EH-RCB protocol protocol, Y Axis: Mean residual energy of 

detection ± 1 SD. 
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Fig. 4. Bar chart representing the comparison  of IEH-RCB protocol and EH-RCB protocol in terms of Packet 

Drop Ratio. The  IEH-RCB protocol achieved a 2.8%  minimized pocket drop ratio when compared with the 

EH-RCB protocol. X Axis: IEH-RCB protocol vs EH-RCB protocol protocol, Y Axis: Mean residual energy of 

detection ± 1 SD.
 


