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Aim: The main aim of this research is to minimize the energy consumption of the sensor nodes in Wireless Body Area 

Network (WBAN) for green communication in smart health care systems using Improved Continuous Passive Motion 

(ICPM) protocol and compared with Continuous Passive Motion (CPM) protocol in WBAN. Materials and Methods:In 

this research energy efficient centralized green communication in a health care system is achieved using cluster based 

WBAN routing. In this scheme the cluster head (CH) and Innovative Commander Node (ICN) is selected using various 

parameters such as distance, residual energy, transmission and reception count. In this work there are two groups in which 

each group has 20 sample sizes collected by varying number of rounds and it was calculated by calculator. Net with pre-test 

power of 80% (G-power). To evaluate the effectiveness of the Enhanced ICPM protocol in terms of Lifetime, energy 

consumption, throughput and delay. Results: Energy Consumption and throughput has statistically significant value 

(p<0.05) from the SPSS results. The output obtained by the ICPM protocol has better performance when compared to the 

CPM protocol in terms of2.47% lower energy consumption, and 4.47% higher throughput. Conclusion: From the 

independent statistical T-test and experiment's results the proposed ICPM protocol has efficient routing when compared to 

CPM protocol.   
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INTRODUCTION 
 
To improve the quality of life, a WBAN has been specifically intended for medical care observation (Olatinwo, 

Abu-Mahfouz, and Hancke 2021). To plan of this kind of remote organization is to give wellbeing related 

administrations that objectives the overall prosperity of people by consistently observing basic crucial signs, 

including the heartbeat, breath, temperature, circulatory strain similar to the electromyography (EMG), 

electroencephalogram (EEG) and electrocardiogram (ECG) (L, Liya, and Arjun 2020), and (Wang, Jiang, and 

Chen 2014) detailing the acquired estimations distantly to committed doctors and medical clinics through 

correspondence advances, diminishing medical clinic visits in an expense effective way, and limiting the rate of 

(Lau and Kwok 2006) and (Arboleda, Aedo, and Rivera 2016) hospitalization. The smart healthcare systems use 

green communication. to monitor the vital signs of patients in real-time with the least energy consumption. 

Because of their patient-centric approach, these systems have found their applications in hospitals, nursing care, 

and in-home patient monitoring.With the outbreak of various chronic diseases, e.g., COVID-19, the role of 

smart healthcare systems for its mitigation and control cannot be ignored (Hasan et al. 2020) and (Wang, Jiang, 

and Chen 2014). 

Mostly 80 articles were published in the IEEE access and 83 articles in the Science directly related to the Cluster 

based routing protocol using WBAN for various health Applications. IoT technology may be fused with 

WBANs to shape a WBAN-enabled IoT era for greater functionalities and new use cases. Such structures aren't 

best appropriate for healthcare systems, however additionally have capabilities to autonomously perform 

technique manipulation and decision-making capabilities with or with no human intervention (L, Liya, and 

Arjun 2020) and (“Network Lifetime Enhancement in WSN Using Fuzzy Based Clustering Algorithm” 2020). 

These structures encompass intelligent, miniature size, and low-strength IoT biosensor gadgets which can be 

located inside, round or worn on the human frame to monitor, diagnose, and deal with sufferers that suffers from 
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persistent diseases, which includes cancer, diabetes, obesity, myocardial infarction, stroke, and different styles 

of diseases, in a continuing manner, in addition to speak sensory fitness records to healthcare systems, which 

includes precise hospitals, via get admission to point (AP) or base station (BS) nodes in body area (Shakir et al. 

2016) and (Aslam et al. 2017).Our team has extensive knowledge and research experience  that has translate into 

high quality publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, Ravel, and Perumal 2021; 

Sathiyamoorthi et al. 2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et al. 2020; Kamath et al. 

2020; Shanmugam et al. 2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 2020; 

Aurtherson et al. 2021) 

From this literature review the cluster head alone is not enough to achieve efficient cluster based routing and 

also in the conventional methods CH selection parameters are residual energy, node distance, hop count, but 

these parameters are not enough to select  the efficient cluster head, hence ICPM protocol is proposed to 

minimize the energy consumption of the sensors in WBAN by using efficient CH (Cluster Head) and ICN 

(Innovative Commander Node). Both CH and ICN are selected using various parameters such as distance, 

residual energy, transmission and reception count.  

 

Materials And Methods 
This research work was done in the sensors lab in the Department of Biomedical 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 Proposed ICPM protocol and 

group two represents CPM protocol (Olatinwo, Abu-Mahfouz, and Hancke 2021). 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. 

Icpm Protocol 
In ICPM both CH and ICN (Innovative Commander Node)  are selected using various parameters such as 

distance, Residual energy, transmission and reception count. The various steps involved in the CN  and ICN 

selection process are described below. 

Step 1: All the sensor isolated nodes are deployed in various places in a  human body and  

clusters are formed. 

Step 2: All the nodes in this scheme posses various states such as idle, sleep, Awake and active,  

and also performs the transitions between these states. 

Step 3: CH and ICN are selected using various parameters such as distance, residual energy,   

transmission and reception count. 

Step 4:  The node which contains the highest value is selected as CH as well as ICN.  

Step 5: The CH used the TDMA scheduling scheme to collect various information from the  

cluster member using various states of the nodes.  

Step 6: The CH searches the nearest ICN node to route the information to the destination. 

 

Cpm Protocol 
 In comparison CPM protocol used proximity distance, residual energy of the isolated nodes based probability 

for efficient routing. The based rules are used to select the super cluster-head among the cluster-head to route 

the information from the cluster-head to the base station. 

 

Statistical Analysis 
The statistical analysis was carried out using the SPSS tool. The significance is calculated using an independent 

T-test. It was performed for the two dependent variables such as energy consumption and throughput. The 

independent variables are distance and speed. Using the SPSS software the standard deviation, standard error of 

mean were also calculated (McCormick and Salcedo 2017). 

 

Results 
Table 1 shows experimental results data analysis of the proposed ICPM protocol under varying number of 

rounds and time with reference to throughput. Experimental results of Proposed ICPM protocol  under varying 

number of rounds (0 to 12000) in terms of packet delivery ratio (achieved highest value 8.1 when the number of 

rounds is 12000 and achieved lowest value 0.6 when the number of rounds is 600). 

Table 2 shows experimental results data analysis of the proposed ICPM protocol under varying number of 

rounds and time with reference to residual energy. Experimental results of Proposed ICPM protocol under 

varying number of rounds (0 to 12000) in terms of packet delivery ratio (achieved highest value 6.1 when the 

number of rounds is 600 and achieved lowest value 1.7 when the number of rounds is 12000). 
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Table 3 shows group statistical analysis of Proposed ICPM protocol and PCM protocol. Throughput Mean value 

is 0.59526 in ICPM protocol and Throughput Mean value of CPM protocol is 5.0350. The standard deviation 

value of energy consumption is high in CPM protocol i.e. 2.35451 and throughput has a low standard deviation 

value of 0.25204.  

Table 4 shows the independent sample T-test calculation of Proposed ICPM protocol and comparison of CPM 

protocol. The energy consumption, lifetime, throughput are statistically significant (p<0.05).  

 

Discussion 
 
Comparison of energy efficiency of enhanced ICPM protocol and CPM protocol is studied. The number of 

rounds of the proposed protocol is varied from 0 to 12000. The energy consumption is minimized by 2.47%  as 

shown in Fig. 1. The throughput increased by 4.47% in enhanced ICPM protocol with CPM protocol under 

varying number of rounds as shown in     Fig. 2. 

 Figure 3 shows the bar chart representation of ICPM protocol and CPM protocol in terms of throughput and 

ICPM achieved 4.47% higher throughput when compared with CPM protocol.   

Figure 4 Bar chart representing the comparison of ICPM protocol and CPM protocol in terms of energy 

consumption and ICPM achieved 2.47% lower energy consumption when compared with CPM protocol.   

By Independent sample t-test calculation the energy consumption and throughput is statistically less significant 

(p<0.05) by SPSS software. Optimized ICPM protocol has better performance in efficient routing when 

compared with CPM protocol with reference to the simulation results. 

Modification made in this research is that the CH and ICN are selected using various parameters such as 

distance, residual energy, transmission and reception count. (Karl and Willig 2007) and (“Network Lifetime 

Enhancement in WSN Using Fuzzy Based Clustering Algorithm” 2020) have similar research which uses the 

CPM protocol to improve the performance of the network routing in WBAN. (Arboleda, Aedo, and Rivera 

2016; Lin, Yen, and Lin 2009) opposes the methodology.The main limitation of this work is the ICPM is if the 

size of the network increases, the number of cluster members increases which causes more redundant messages 

in the network, hence the packet delivery ratio in the network decreases and also due to the multiple function the 

cluster head nodes consumes more energy. In Future the security of the routing protocol needs to be improved 

by using the cryptographic techniques with movable sink scenarios. 

 

Conclusion 
 

The cluster based routing protocols are used to minimize the energy consumption and also improves the packet 

delivery ratio in the green communication using WBAN. The proposed ICPM protocol has better simulated 

outputs when compared to CPM protocol in terms of energy is minimized by 2.47% and throughput increased 

by 4.47%. 
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TABLES AND FIGURES 
 

Table 1. Experimental results of proposed ICPM protocol compared with CPM under varying number of rounds 

(0 to 12000) in terms of throughput (achieved highest value 8.1 when the number of rounds is 12000 and 

achieved lowest value 0.6 when the number of rounds is 600). 

No of rounds ICPM CPM 

600 0.6 0.4 

1200 1.2 0.8 

1800 2.2 0.02 

2400 2.8 0.23 

3000 3.2 0.29 

3600 3.8 0.36 

4200 4 0.38 

4800 4.6 0.44 

6300 5 0.49 

5400 5.3 0.05 

6000 6 0.59 

6600 6.7 0.64 

7200 7.3 0.07 

7800 7.5 0.73 

8400 7.8 0.76 

9600 8 0.75 

10200 8.1 0.74 

10800 8.1 0.73 

11400 8.1 0.72 

12000 8.1 0.71 

 

Table 2. Experimental results of ICPM protocol under varying number of rounds (0 to 12000) in terms of  

throughput (achieved highest value 6.1 when the number of rounds is 600 and achieved lowest value 0.08 when 

the number of rounds  is 12000). 

No of rounds ICPM CPM 

600 6.1 7 

1200 6 6.9 

1800 5.7 6.4 
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2400 5.2 6.3 

3000 5.1 5.9 

3600 4.3 5.3 

4200 4.2 5.1 

4800 4 4.8 

6300 3.9 4.5 

5400 3.2 4.2 

6000 3.1 3.4 

6600 3 3.2 

7200 2.9 3.1 

7800 2.8 2.9 

8400 2.5 1.8 

9600 2.1 1.2 

10200 2 0.07 

10800 1.9 0.06 

11400 1.8 0.06 

12000 1.7 0.08 

 

 

Table 3. Group statistical analysis of Proposed ICPM protocol and PCM protocol. Throughput Mean value is 

0.59526 in ICPM protocol. Throughput mean value is 5.0350. The standard deviation value of Energy 

Consumption is high in CPM protocol i.e. 2.35451 and throughput has a low standard deviation value of 

0.25204. 

 GROUP N MEAN STD.Deviation STD.Error.Mean 

 

Throughput 

ICPM 20 5.0350 2.66207 .59526 

CPM 20 .4855 .27076 .06054 

 

Energy Consumption 

ICPM 20 3.4000 1.12718 .25204 

CPM 20 3.5435 2.35451 .52648 
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Table 4. Independent sample T-test calculation of ICPM protocol and CPM protocol. The energy consumption 

and throughput are statistically significant (p<0.05). 
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Fig. 1. Comparison of Energy Consumption of sensor nodes battery power in proposed ICPM protocol with 

compared CPM protocol. Under varying numbers of rounds the energy consumption is minimized by 4.47%. 
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Fig. 2. Comparison of Energy Consumption of sensor nodes battery power in proposed ICPM protocol with 

compared CPM protocol. Under varying number of rounds the energy consumption is minimized by 2.47% due 

to the Innovative node bandwidth parameter for efficient cluster head selection which reduces the node energy 

consumption. 

 

 
Fig. 3. Bar chart representing the comparison of ICPM protocol and CPM protocol in terms of throughput and 

ICPM achieved 4.47% higher throughput when compared with CPM protocol. X Axis: Mean throughput of 

detection ± 1 SD. 

 
Fig. 4. Bar chart representing the comparison of ICPM protocol and CPM protocol in terms of energy 

consumption and ICPM achieved 2.47% lower energy consumption when compared with CPM protocol. X 

Axis: Mean energy consumption of detection ± 1 SD. 


