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Aim : The aim of the study is to minimise the energy consumption in sensors in wireless body area networks by using 

Improved Thermal aware and Energy Optimized routing protocol (ITAEO) protocol compared with Thermal aware and 

Energy Optimized routing protocol (TAEO) protocol. Materials and Methods: In this research clustering approach based 

routing in ITAEO is proposed to minimise energy consumption in TAEO by efficient selection of cluster head (CH). The 

sample size of each group is 20 (N=20) collected by varying the number of rounds and it was calculated by calculator.net 

with pre- test power of 80% (G- power). Results: Simulation results show that ITAEO protocol has performed better than 

TAEO protocol in terms of Throughput and energy consumption.The proposed ITAEO Protocol achieved  (3.2%) higher 

throughput and (5.6%) lower energy consumption with TAEO Protocol. The sample t-test shows that there is a significant  

difference in ITAEO and TAEO values in terms of information throughput and energy consumption (p<0.05). Conclusion: 

Depending on the experimental results and independent statistical t-test shows that proposed ITAEO protocol has achieved 

higher performance when compared to TAEO protocol. 
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INTRODUCION 
 

Recent developments in sensor notes with compact size and low power consumption, as well as low cost,have 

made it possible to create an effective routing protocol in WBAN (Aftab et al. 2020) and (Javed et al. 2019). It 

is about the energy consumption and remote health care monitoring system in wireless body area networks. It is 

important nowadays because temperature raises harmful effects on the significance of technology and it has 

numerous applications for both medical and non-medical purposes like in defence activities by physicians for 

remote health monitoring. The TAEO routing protocol is proposed that not deals with thermal aspects and 

hotspot problems also extremes the stability of the network. (National Research Council et al. 2013) illustrated 

that the forwarded node selection depends on the distance parameter. WBAN is used for various applications 

such as remote monitoring (Kopparapu 2015) and (Wüest, Zawadzki, and Schmid 2001). 

 

Mostly 25 articles were published in IEEE access and 15 articles in google scholar related to the aware routing 

protocol for WBAN remote health care application (Fox et al. 2021; Almagati and Kran 2021; Johns et al. 2021) 

and (Institute of Medicine and Board on Health Care Services 2012).  In this scheme the clusters are formed and 

the cluster heads are selected using distance parameters. (Rigelsford 2002) in this scheme the clustering and 

cluster head is selected using residual energy of the wireless body area networks sensor nodes. (Wang, n.d.; 

Kumar et al. 2021). A transceiver in a sensor device is responsible for the communication of data through 

electromagnetic waves this scheme is illustrated by  (Wang, n.d.)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).  
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From this literature review, the clusters are formed and the CH selection depends on the distance and residual 

energy parameter, but these parameters are not able to select the efficient CH, hence there is need for energy 

efficient cluster based routing with efficient CH. In this scheme the CH selection depends on various parameters 

such as Innovative node reception count, node distance and residual energy. Therefore the ITAEO protocol is 

proposed and compared with the TAEO protocol. 

 

Materials and Methods 
 
The research was carried out in the Department of Biomedical Engineering at the Saveetha School of 

Engineering, Saveetha Institute of Medical and Technical Science,Saveetha University,Tamil Nadu, India. Two 

groups are required for This Study. Group one consists of the ITAEO Protocol and group Two represents the 

TAEO Protocol. The Sample Size 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 (G-power). 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. 

 

ITAEO Protocol  

All the sensor nodes are placed in the human body and form the clusters. The cluster members need a leader 

node to send the data to the sink. The header node is selected using following parameters such as Innovative 

node reception count, node distance and nore residual energy.  

The various steps involved in the (CH) selection process are described below. 

STEP 1 :All the Sensor nodes are deployed in a human body and clusters are formed  

STEP 2  :All the sensor nodes calculates their values using CH selection  

parameters such as Innovative node reception count, node distance  

STEP 3 :The mode which contains the highest rank the node becomes the CH 

STEP 4 :The coordinate node aggregates the information from the sensor nodes and route  

the information to the sink.  

STEP 5 :The sink gathers all the information from the various CHs and send it to the  

application unit. 

TAEO Protocol 

Temperature aware and energy optimized ( TAEO) routing protocol is proposed that not only deals with the 

thermal aspects and hot spot problems,but also extends the stability and lifetime of a network. WBAN has the 

potential  to solve social problems,like efficient use of limits. The CH selection parameters are distance and 

residual energy of the node (Aftab et al. 2020). 

 

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, throughput. The 

independent number of clusters, battery power. Using the SPSS software the Standard deviation,standard error 

of means were also calculated. 

 

Results 

Table 1 shows experimental results of data analysis of the ITAEO protocol under varying number of rounds and 

throughput with reference to  energy consumption.  Experimental results of ITAEO protocol  under varying 

number of rounds (0 to 12000) in terms of throughput (achieved highest  value  5.00 when the number of rounds  

is 12000 and achieved lowest value 1.00when the number of rounds  is 600).Table 2 shows the experimental 

results of the TAEO protocol under varying number of rounds and energy with reference to the 

throughput.Experimental results of TAEO  protocol under varying number of rounds (0 to 12000) in terms of 

energy consumption (achieved highest  value 0.90 when the number of rounds  is 600 and achieved lowest value 

0.35when the number of rounds  is 12000).Table 3 shows the Group statistical analysis of ITAEO protocol and 

TAEO protocol. Throughput Mean value is 0.33208 in ITAEO and the energy is 0.31401. The standard 

deviation value of energy consumption is 1.40431 and throughput value in the standard deviation value is 

0.26518.Table 4 shows the independent sample T-test calculation of proposed ITAEO protocol and comparison 

of TAEO protocol.The energy consumption and throughput  are statistically significant (p<0.05).Figure 1 shows 

a  comparison of throughput in ITAEO with TAEO  protocol under varying number of rounds and the 

throughput  is increased by 3.2%. Figure 2  represents comparison of energy consumption of sensor nodes 

battery power in ITAEO with TAEO protocol under varying numbers of rounds the energy consumption is 

minimized by 5.6% due to the position of the node. Figure 3 shows the  bar chart representing the comparison  

of ITAEO protocol and TAEO protocol in terms of   throughput. X Axis: ITAEO protocol vs TAEO protocol 

https://paperpile.com/c/BPEi3L/lMUS
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protocol, Y Axis: Mean throughput of detection ± 1 SD. Figure  4 illustrates the bar chart representing the 

comparison  of ITAEO protocol and TAEO protocol in terms of energy consumption when compared with the 

previous protocol of TAEO X Axis: ITAEO protocol vs TAEO protocol protocol.  

Discussion 
 

Comparison of energy consumption of ITAEO protocol and TAEO protocol is studied.The numbers of rounds 

of the proposed protocol is varied from 600 to 1200 .The energy consumption is reduced by 5.6% and the 

throughput is increased by 3.2% in ITAEO protocol compared with TAEO protocol under varying numbers of 

rounds.The energy consumption,throughput are statistically significant (p<0.05) using SPSS software 

independent sample t-test calculation. According to simulation data,the ITAEO  protocol output performs the 

TAEO in terms of efficient routing. 

 Modification made in this research is that the CH node selection depends on multiple parameters such as 

Innovative node reception count, node distance and residual                 energy. (Kopparapu 2015; Institute of 

Medicine and Board on Health Care Services 2012)(Maddocks 2019) These papers are similar routing protocols 

in order to improve the performance of CH nodes in sensors in the WBAN (Javed et al. 2019)(Institute of 

Medicine and Board on Health Care Services 2012). 

The Main limitation of this work is the ITAEO is if the size of the network increases the number of clusters 

increases which causes more packet drop ratio in the network. In future the security of the routing protocol 

needs to be improved. 

 

Conclusion 
 

The cluster based routing protocols are used to minimise the energy consumption and maximise the throughput 

in the network. The ITAEO protocol has better simulated outputs when compared to the TAEO protocol in 

terms of energy consumption minimised by 5.6% and throughput increased by 3.2 % 

 

Declaration 
 
Conflict of Interests No conflict of interest in this manuscript. 

Author Contribution 

Author NM was involved in Methodology creation,simulation,data collection,data analysis,Manuscript 

writing.Author CS was involved in conceptualization,guidelines and critical review of manuscript. 

Acknowledgements 

The author would like to express theirgratitude towards Saveetha School of Engineering,Saveetha Institute of 

Medicaland Technical Sciences (Formerly known as saveetha university) for providing the necessary 

infrastructure to carry out this work successfully. 

Funding: We thank the following organisation for providing financial support that enable us to complete the 

study  

1.Qbee Infosol Pvt Ltd,Chennai  

2.Saveetha University. 

3.Saveetha Institute of Medical and Technical Science, 

4.Saveetha School of Engineering. 

 

References 

1. Adhinarayanan, Rajesh, Aravindh Ramakrishnan, Gopal Kaliyaperumal, Melvinvíctor De Poures, Rajesh Kumar Babu, and 

Damodharan Dillikannan. 2020. “Comparative Analysis on the Effect of 1-Decanol and Di-N-Butyl Ether as Additive with 
diesel/LDPE Blends in Compression Ignition Engine.” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 

June, 1–18. 

2. Aftab, Ahmad, Hussain Amjad, Mughal Mohammad, Mufti Nadeem, Saleem Muhammad, and Ahram Tareq. 2020. “Perceived 
Stress: Role and Levels of Demographics – a Cross-Sectional Study of Textile Industry Employees.” Industria Textila. 

https://doi.org/10.35530/it.071.02.1643. 

3. Almagati, Reem, and Barry S. Kran. 2021. “Implications of a Remote Study of Children With Cerebral Visual Impairment for 
Conducting Virtual Pediatric Eye Care Research: Virtual Assessment Is Possible for Children With CVI.” Frontiers in Human 

Neuroscience 15 (September): 733179. 

4. Arun Prakash, V. R., J. Francis Xavier, G. Ramesh, T. Maridurai, K. Siva Kumar, and R. Blessing Sam Raj. 2020. “Mechanical, 
Thermal and Fatigue Behaviour of Surface-Treated Novel Caryota Urens Fibre–reinforced Epoxy Composite.” Biomass Conversion 

and Biorefinery, August. https://doi.org/10.1007/s13399-020-00938-0. 

5. Aurtherson, P. Babu, Bhanu Teja Nalla, Karthikeyan Srinivasan, Kulmani Mehar, and Yuvarajan Devarajan. 2021. “Biofuel 
Production from Novel Prunus Domestica Kernel Oil: Process Optimization Technique.” Biomass Conversion and Biorefinery, 

May. https://doi.org/10.1007/s13399-021-01551-5. 

https://paperpile.com/c/BPEi3L/qHi5+C7Ip
https://paperpile.com/c/BPEi3L/qHi5+C7Ip
https://paperpile.com/c/BPEi3L/QS56
https://paperpile.com/c/BPEi3L/pjqW
https://paperpile.com/c/BPEi3L/pjqW
https://paperpile.com/c/BPEi3L/C7Ip
http://paperpile.com/b/BPEi3L/NAiqb
http://paperpile.com/b/BPEi3L/NAiqb
http://paperpile.com/b/BPEi3L/NAiqb
http://paperpile.com/b/BPEi3L/NAiqb
http://paperpile.com/b/BPEi3L/NAiqb
http://paperpile.com/b/BPEi3L/NAiqb
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/lMUS
http://paperpile.com/b/BPEi3L/DTtr
http://paperpile.com/b/BPEi3L/DTtr
http://paperpile.com/b/BPEi3L/DTtr
http://paperpile.com/b/BPEi3L/DTtr
http://paperpile.com/b/BPEi3L/DTtr
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/UhdCz
http://paperpile.com/b/BPEi3L/goG4i
http://paperpile.com/b/BPEi3L/goG4i
http://paperpile.com/b/BPEi3L/goG4i
http://paperpile.com/b/BPEi3L/goG4i
http://paperpile.com/b/BPEi3L/goG4i
http://paperpile.com/b/BPEi3L/goG4i
http://paperpile.com/b/BPEi3L/goG4i


 
Journal of Pharmaceutical Negative Results  ¦Volume13¦SpecialIssue 4¦2022 264 

M.Naveena,etal.:Analysis of an Efficient Energy Optimized Routing Mechanism using ITAEO Protocol and Compared with TAEO Protocol in 
WBAN 

 

 

6. Bhansali, Karan J., Kamlesh R. Balinge, Subodh U. Raut, Shubham A. Deshmukh, M. Senthil Kumar, C. Ramesh Kumar, and 

Pundlik R. Bhagat. 2021. “Visible Light Assisted Sulfonic Acid-Functionalized Porphyrin Comprising Benzimidazolium Moiety for 

Photocatalytic Transesterification of Castor Oil.” Fuel 304 (November): 121490. 

7. Deepanraj, B., N. Senthilkumar, D. Mala, and A. Sathiamourthy. 2021. “Cashew Nut Shell Liquid as Alternate Fuel for CI 

Engine—optimization Approach for Performance Improvement.” Biomass Conversion and Biorefinery, February. 
https://doi.org/10.1007/s13399-021-01312-4. 

8. Fox, Robert, Sophie Mulcahy Symmons, Aoife De Brún, David Joyce, Eavan G. Muldoon, Tara McGinty, Katherine M. A. 

O’Reilly, Eileen O’Connor, and Eilish McAuliffe. 2021. “Mixed Methods Protocol to Examine the Acceptability and Clinical 
Characteristics of a Remote Monitoring Programme for Delivery of COVID-19 Care, among Healthcare Staff and Patients.” BMJ 

Open 11 (9): e051408. 

9. Institute of Medicine, and Board on Health Care Services. 2012. The Role of Telehealth in an Evolving Health Care Environment: 
Workshop Summary. National Academies Press. 

10. Javed, Mohsin, Ghufran Ahmed, Danish Mahmood, Mohsin Raza, Kamran Ali, and Masood Ur-Rehman. 2019. “TAEO-A Thermal 

Aware & Energy Optimized Routing Protocol for Wireless Body Area Networks.” Sensors  19 (15). 
https://doi.org/10.3390/s19153275. 

11. Jayanth, Bellappu Venkat, Melvin Victor Depoures, Gopal Kaliyaperumal, Damodharan Dillikannan, Dilipsingh Jawahar, Kumaran 

Palani, and Ganesha Prasad Meravanigee Shivappa. 2021. “A Comprehensive Study on the Effects of Multiple Injection Strategies 
and Exhaust Gas Recirculation on Diesel Engine Characteristics That Utilize Waste High Density Polyethylene Oil.” Energy 

Sources, Part A: Recovery, Utilization, and Environmental Effects, June, 1–18. 

12. Johns, Gemma, Anna Burhouse, Jacinta Tan, Oliver John, Sara Khalil, Jessica Williams, Bethan Whistance, Mike Ogonovsky, and 
Alka Ahuja. 2021. “Remote Mental Health Services: A Mixed-Methods Survey and Interview Study on the Use, Value, Benefits 

and Challenges of a National Video Consulting Service in NHS Wales, UK.” BMJ Open 11 (9): e053014. 

13. Kamath, Manjunath, Subha Krishna Rao, Jaison, Sridhar, Kasthuri, Gopinath, Sivaperumal, and Shantanu Patil. 2020. “Melatonin 

Delivery from PCL Scaffold Enhances Glycosaminoglycans Deposition in Human Chondrocytes – Bioactive Scaffold Model for 

Cartilage Regeneration.” Process Biochemistry  99 (December): 36–47. 

14. Kopparapu, Sunil Kumar. 2015. “Using Noise Statistics for Effective Noise Filtering.” TENCON 2015 - 2015 IEEE Region 10 
Conference. https://doi.org/10.1109/tencon.2015.7372770. 

15. Kumar, Ashok, Damyanti Prajapati, Khaidem Aruna Devi, Ajay Pal, Urmila Choudhary, Abhay Dashora, Jagdish Choudhary, 
Harish, Arunabh Joshi, and Vinod Saharan. 2021. “Slow-Release Zn Application through Zn-Chitosan Nanoparticles in Wheat to 

Intensify Source Activity and Sink Strength.” Plant Physiology and Biochemistry: PPB / Societe Francaise de Physiologie Vegetale 

168 (October): 272–81. 
16. Maddocks, Richard. 2019. The Energy Book: 50 Ways to Boost Your Energy in Work and Life. 

17. National Research Council, Division on Engineering and Physical Sciences, Board on Physics and Astronomy, and Committee to 

Assess the Current Status and Future Direction of High Magnetic Field Science in the United States. 2013. High Magnetic Field 
Science and Its Application in the United States: Current Status and Future Directions. National Academies Press. 

18. Rajasekaran, S., D. Damodharan, K. Gopal, B. Rajesh Kumar, and Melvin Victor De Poures. 2020. “Collective Influence of 1-

Decanol Addition, Injection Pressure and EGR on Diesel Engine Characteristics Fueled with diesel/LDPE Oil Blends.” Fuel 277 
(October): 118166. 

19. Rajesh, A., K. Gopal, De Poures Melvin Victor, B. Rajesh Kumar, A. P. Sathiyagnanam, and D. Damodharan. 2020. “Effect of 

Anisole Addition to Waste Cooking Oil Methyl Ester on Combustion, Emission and Performance Characteristics of a DI Diesel 
Engine without Any Modifications.” Fuel 278 (October): 118315. 

20. Raju, P., K. Raja, K. Lingadurai, T. Maridurai, and S. C. Prasanna. 2021. “Glass/Caryota Urens Hybridized Fibre-Reinforced 

nanoclay/SiC Toughened Epoxy Hybrid Composite: Mechanical, Drop Load Impact, Hydrophobicity and Fatigue Behaviour.” 

Biomass Conversion and Biorefinery, March. https://doi.org/10.1007/s13399-021-01427-8. 

21. Rigelsford, John. 2002. “Micro Sensor Device.” Sensor Review. https://doi.org/10.1108/sr.2002.08722aad.016. 

22. Sathiyamoorthi, Ramalingam, Gomathinayakam Sankaranarayanan, Dinesh Babu Munuswamy, and Yuvarajan Devarajan. 2021. 

“Experimental Study of Spray Analysis for Palmarosa Biodiesel‐diesel Blends in a Constant Volume Chamber.” Environmental 

Progress & Sustainable Energy 40 (6). https://doi.org/10.1002/ep.13696. 
23. Shanmugam, Rajasekaran, Damodharan Dillikannan, Gopal Kaliyaperumal, Melvin Victor De Poures, and Rajesh Kumar Babu. 

2021. “A Comprehensive Study on the Effects of 1-Decanol, Compression Ratio and Exhaust Gas Recirculation on Diesel Engine 

Characteristics Powered with Low Density Polyethylene Oil.” Energy Sources, Part A: Recovery, Utilization, and Environmental 
Effects 43 (23): 3064–81. 

24. Sudhakar, M. P., Merlyn Ravel, and K. Perumal. 2021. “Pretreatment and Process Optimization of Bioethanol Production from 
Spent Biomass of Ganoderma Lucidum Using Saccharomyces Cerevisiae.” Fuel 306 (December): 121680. 

25. Wang, Dongmei. n.d. “Design of Novel Thermal Barrier Coatings with Reduced Thermal Conduction and Thermal Radiation.” 

https://doi.org/10.22215/etd/2007-06211. 
26. Wüest, Marc, Isztar Zawadzki, and Willi Schmid. 2001. “Noise Filtering in a Variational Wind Field Retrieval from Doppler 

Radar.” Meteorologische Zeitschrift. https://doi.org/10.1127/0941-2948/2001/0010-0131. 

 
 

 

 

 

  

http://paperpile.com/b/BPEi3L/Ikj7q
http://paperpile.com/b/BPEi3L/Ikj7q
http://paperpile.com/b/BPEi3L/Ikj7q
http://paperpile.com/b/BPEi3L/Ikj7q
http://paperpile.com/b/BPEi3L/Ikj7q
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/Gi42o
http://paperpile.com/b/BPEi3L/DL9o
http://paperpile.com/b/BPEi3L/DL9o
http://paperpile.com/b/BPEi3L/DL9o
http://paperpile.com/b/BPEi3L/DL9o
http://paperpile.com/b/BPEi3L/DL9o
http://paperpile.com/b/BPEi3L/DL9o
http://paperpile.com/b/BPEi3L/C7Ip
http://paperpile.com/b/BPEi3L/C7Ip
http://paperpile.com/b/BPEi3L/C7Ip
http://paperpile.com/b/BPEi3L/C7Ip
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/pjqW
http://paperpile.com/b/BPEi3L/px6f4
http://paperpile.com/b/BPEi3L/px6f4
http://paperpile.com/b/BPEi3L/px6f4
http://paperpile.com/b/BPEi3L/px6f4
http://paperpile.com/b/BPEi3L/px6f4
http://paperpile.com/b/BPEi3L/px6f4
http://paperpile.com/b/BPEi3L/Vw6C
http://paperpile.com/b/BPEi3L/Vw6C
http://paperpile.com/b/BPEi3L/Vw6C
http://paperpile.com/b/BPEi3L/Vw6C
http://paperpile.com/b/BPEi3L/Vw6C
http://paperpile.com/b/BPEi3L/b0Ph1
http://paperpile.com/b/BPEi3L/b0Ph1
http://paperpile.com/b/BPEi3L/b0Ph1
http://paperpile.com/b/BPEi3L/b0Ph1
http://paperpile.com/b/BPEi3L/b0Ph1
http://paperpile.com/b/BPEi3L/qHi5
http://paperpile.com/b/BPEi3L/qHi5
http://paperpile.com/b/BPEi3L/qHi5
http://paperpile.com/b/BPEi3L/qHi5
http://dx.doi.org/10.1109/tencon.2015.7372770
http://dx.doi.org/10.1109/tencon.2015.7372770
http://paperpile.com/b/BPEi3L/qTPN
http://paperpile.com/b/BPEi3L/qTPN
http://paperpile.com/b/BPEi3L/qTPN
http://paperpile.com/b/BPEi3L/qTPN
http://paperpile.com/b/BPEi3L/qTPN
http://paperpile.com/b/BPEi3L/qTPN
http://paperpile.com/b/BPEi3L/QS56
http://paperpile.com/b/BPEi3L/QS56
http://paperpile.com/b/BPEi3L/QS56
http://paperpile.com/b/BPEi3L/cDyU
http://paperpile.com/b/BPEi3L/cDyU
http://paperpile.com/b/BPEi3L/cDyU
http://paperpile.com/b/BPEi3L/cDyU
http://paperpile.com/b/BPEi3L/cDyU
http://paperpile.com/b/BPEi3L/tnUQ5
http://paperpile.com/b/BPEi3L/tnUQ5
http://paperpile.com/b/BPEi3L/tnUQ5
http://paperpile.com/b/BPEi3L/tnUQ5
http://paperpile.com/b/BPEi3L/tnUQ5
http://paperpile.com/b/BPEi3L/NUupt
http://paperpile.com/b/BPEi3L/NUupt
http://paperpile.com/b/BPEi3L/NUupt
http://paperpile.com/b/BPEi3L/NUupt
http://paperpile.com/b/BPEi3L/NUupt
http://paperpile.com/b/BPEi3L/l7lwA
http://paperpile.com/b/BPEi3L/l7lwA
http://paperpile.com/b/BPEi3L/l7lwA
http://paperpile.com/b/BPEi3L/l7lwA
http://dx.doi.org/10.1007/s13399-021-01427-8
http://dx.doi.org/10.1007/s13399-021-01427-8
http://paperpile.com/b/BPEi3L/hxrh
http://paperpile.com/b/BPEi3L/hxrh
http://paperpile.com/b/BPEi3L/hxrh
http://paperpile.com/b/BPEi3L/hxrh
http://paperpile.com/b/BPEi3L/hxrh
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/e3Ecm
http://paperpile.com/b/BPEi3L/Dx10E
http://paperpile.com/b/BPEi3L/Dx10E
http://paperpile.com/b/BPEi3L/Dx10E
http://paperpile.com/b/BPEi3L/Dx10E
http://paperpile.com/b/BPEi3L/Dx10E
http://paperpile.com/b/BPEi3L/Dx10E
http://paperpile.com/b/BPEi3L/NPEJT
http://paperpile.com/b/BPEi3L/NPEJT
http://paperpile.com/b/BPEi3L/NPEJT
http://paperpile.com/b/BPEi3L/NPEJT
http://paperpile.com/b/BPEi3L/ajcJ
http://paperpile.com/b/BPEi3L/ajcJ
http://dx.doi.org/10.22215/etd/2007-06211
http://dx.doi.org/10.22215/etd/2007-06211
http://paperpile.com/b/BPEi3L/SbPR
http://paperpile.com/b/BPEi3L/SbPR
http://paperpile.com/b/BPEi3L/SbPR
http://paperpile.com/b/BPEi3L/SbPR
http://dx.doi.org/10.1127/0941-2948/2001/0010-0131
http://dx.doi.org/10.1127/0941-2948/2001/0010-0131


 
Journal of Pharmaceutical Negative Results  ¦Volume13¦SpecialIssue 4¦2022 265 

M.Naveena,etal.:Analysis of an Efficient Energy Optimized Routing Mechanism using ITAEO Protocol and Compared with TAEO Protocol in 
WBAN 

 

 

TABLES AND FIGURES 
 

Table 1. shows experimental result data analysis of the ITAEO protocol under varying numbers of rounds (600 

to 1200) in terms of throughput (achieved highest value 5.90 when the number of rounds is 1200 and achieved 

lowest value 1.00 when the number of rounds is 600). 

NUMBER OF ROUNDS IEOCER PROTOCOL EOCER PROTOCOL 

600 1.00 0.05 

1200 1.20 0.05 

1800 1.50 0.31 

2400 1.90 0.36 

3000 2.00 0.42 

3600 2.30 0.55 

4200 2.50 0.57 

4800 2.90 0.61 

6300 3.00 0.63 

5400 3.30 0.67 

6000 3.70 0.69 

6600 3.90 0.71 

7200 4.00 0.75 

7800 4.20 0.79 

8400 4.40 0.80 

9600 4.90 0.82 

10200 5.00 0.85 

10800 5.20 0.89 

11400 5.50 0.90 

12000 5.90 0.90 

 

Table 2. shows the experimental results of the ITAEO protocol under varying number rounds (600 to 1200) in 

terms of energy consumption ( achieved highest value 0.90 when the number of rounds is 600 and achieved 

lowest value 0.31 when the rounds is 12000 ) 

NUMBER OF ROUNDS IEOCER PROTOCOL EOCER PROTOCOL 

600 0.90 4.9 

1200 0.88 4.2 

1800 0.85 3.8 

2400 0.81 3.5 
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3000 0.77 3.2 

3600 0.74 2.9 

4200 0.71 2.8 

4800 0.68 2.5 

6300 0.65 2.1 

5400 0.61 1.8 

6000 0.59 1.5 

6600 0.57 1.2 

7200 0.51 1.2 

7800 0.48 1.2 

8400 0.45 1.2 

9600 0.42 0.8 

10200 0.38 0.5 

10800 0.35 0.4 

11400 0.32 0.2 

12000 0.31 0.2 

 

Table 3. Group statistical analysis of  ITAEO Protocol and  TAEO protocol.throughput Mean value is 33208 in 

ITAEO protocol and the energy is . The standard Deviation value of Energy 

consumption is  i.e..19425 and throughput value in the  standard deviation value is  1.48511 

 

 
GROUP 

 
N MEAN STD.DEVIATION 

STD.ERROR 

MEAN 

Throughput 

ITAEO 20 3.4150 1.48511 .33208 

TAEO 20 6135 26518 05930 

Energy 

ITAEO 20 .5990 .19425 .04281 

TAEO 20 2.0050 1.40431 .31401 
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Table 4. Shows the independent sample T-test Calculation of proposed ITAEO protocol and Comparison of 

TAEO protocol. The energy consumption,end-to-end delay 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 

Differenc

e 

std.Error 

Differenc

e 

Lowe

r 
Upper 

Throughpu

t 

Equal 

variance

s 

assumed 

36.4

8 

<.00

1 

0.30

5 

<.00

1 
<.001 2.80150 3.3733 2.1186 

3.4843

9 

 

Equal 

variance

s not 

assumed 

  
0.30

5 
20.21 <.001 2.80150 3.3733 2.0983 3.5047 

Energy 

Equal 

variance

s 

assumed 

41.8

1 

<.00

1 
-4.43 38 <.001 1.40600 .31692 -2.047 -.7644 

 

Equal 

variance

s not 

assumed 

  -4.43 19.70 <.001 -1.40600 .31692 -2.067 -7442 
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Fig. 1. Comparison of end-to-end delay in ITAEO with TAEO protocol under varying number of rounds and the 

end-to-end delay is decreased by 3.2% . 

 

 
Fig. 2.compared the energy consumption of sensor nodes battery power in ITAEO with TAEO protocol.under 

varying number of rounds the energy consumption is minimized by 5.6%. 

 

 
Fig. 3. Bar chart representing the comparison of ITAEO and TAEO protocol in terms of Throughput and 

achieved 3.2% higher throughput when compared with TAEO protocol.X axis  ITAEO protocol vs TAEO 

protocol,Y axis : Mean throughput of detection ± 1 SD. 
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Fig. 4. Bar chart representing the comparison of ITAEO protocol and TAEO protocol in terms of 5.6% lower 

energy consumption when compared with the previous protocol of TAEO X Axis : ITAEO protocol vs TAEO 

protocol ,Y axis : Mean energy consumption of detection ± 1 SD. 


