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Recent advances in wireless communications and integrated circuits have enabled 

design, development and implementation of wireless body area networks (WBANs). 

This class of network is paving techniques to develop innovative remote healthcare 

monitoring systems. The pervasive healthcare systems provide continuous monitoring 

for the chronically ill and elderly people to survive them in their independent lives. 

Despite having significant improvements, there are still many considerable issues and 

challenges that might influence quality of service (QoS) of WBANs. Therefore, the 

main objective of this research is to identify the existing gaps in providing a better 

QoS in the network. Although many problems can be addressed in this area, only one 

of them are studied in this thesis to address the issue of congestion. The congestion 

avoidance, congestion detection and control protocol are proposed to ensure 

acceptable data flows are maintained during the network lifetime. In this approach, the 

nodes play an important role in avoidance congestion, detecting congestion and also 

prioritizing the data received by them. That essentially helps to curb down problems 

caused due to congestion occurrence in healthcare applications. The proposed protocol 

contains of two phases. At the first phase, local data of sensor nodes is sent to avoid 

congestion by Active Queue Management (AQM) based on two methods to 

congestion Avoidance and supply QoS by proactively-dropping packets. With these 

system, congestion is capable of controlled, and network performance for example 

delay and packet loss. Second phase is based on three systems. The first system, sensor 

nodes are sent to congestion detection that based on two approaches that operates 

separately and respectively. The first approach of congestion detection based on node 

rate and mean inter arrival time, the second approach of congestion detection based 

on virtual queue state, node rate, packet service time and their automation to analyse 

the network traffic. According to the system output, congestion level is assessed. As 

for the second system, in case of congestion, the parent nodes dynamically compute 

and assign the new transmission rate for each of its children. In this system, 
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physiological signs are discriminated to ensure enhancing QoS by transmitting highly 

important data. Finally, the third system by implicit congestion notification method to 

send notification messages over the network. The results show that proposed protocol 

is better than Congestion Control Scheme based on Fuzzy Logic (CCSFL) and A 

Prioritization Based Congestion Control Protocol in WSNs (PBCCP) protocols with 

different QoS. The percentage of excellence for the proposed protocol in total of 

throughput reaches 51% and 52% compared to CCSFL and PBCCP protocols, 

respectively. On the other hand, the percentage of excellence in the proposed protocol 

was 66% and 75% compared to CCSFL and PBCCP protocols in terms of the packet 

loss. In addition, the proposed protocol decreases the energy consumption based on 

traffic load by about 59% and 66% compared to CCSFL and PBCCP protocols, 

respectively. Furthermore, the percentage of excellence in proposed protocol based on 

End-To-End delay was 68% and 81% compared to CCSFL and PBCCP protocols. 

While, the percentage of excellence in proposed protocol was 94% and 98% compared 

to CCSFL and PBCCP protocols in terms of jitter. The proposed protocol achieved 

better results even as the number of the nodes increased. 
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Kemajuan terkini dalam komunikasi wayarles dan litar bersepadu telah membolehkan 

reka bentuk, pembangunan dan pelaksanaan rangkaian kawasan badan wayarles 

(WBANs). Kelas rangkaian ini membuka teknik untuk membangunkan sistem 

pemantauan penjagaan kesihatan jauh yang inovatif. Sistem penjagaan kesihatan yang 

meluas menyediakan pemantauan yang berterusan untuk mereka yang mempunyai 

sakit kronik dan warga tua untuk terus hidup dalam keadaan yang lebih baik. 

Walaupun terdapat peningkatan yang ketara, masih terdapat banyak isu dan cabaran 

yang mungkin mempengaruhi kualiti perkhidmatan (QoS) WBANs. Oleh itu, objektif 

utama penyelidikan ini adalah untuk mengenal pasti jurang yang sedia ada dalam 

menyediakan QoS yang lebih baik dalam rangkaian tele-perubatan. Walaupun 

terdapat banyak masalah dalam hal ini, hanya satu sahaja yang difokuskan dalam tesis 

ini iaitu untuk menangani isu kesesakan. Penyekatan kesesakan, pengesanan 

kesesakan dan protokol kawalan dicadangkan untuk memastikan aliran data yang 

diterima dikekalkan sepanjang hayat rangkaian. Dalam pendekatan ini, nod 

memainkan peranan penting dalam mengelakkan kesesakan, pengesanan kesesakan 

dan juga mengutamakan data yang diterima oleh mereka. Pada asasnya ini dapat 

membantu mengatasi masalah yang disebabkan oleh kesesakan yang berlaku dalam 

aplikasi penjagaan kesihatan. Protokol yang dicadangkan ini mengandungi dua fasa. 

Pada fasa pertama, data tempatan nod pengesan dihantar kepada penyekatan 

kesesakan melalui pengurusan barisan aktif (AQM) berdasarkan dua mekanisma 

untuk mengelakkan kesesakan dan menawarkan QoS dengan paket yang dijatunkan 

secara proaktif. Dengan sistem ini, kesesakan mampu dikawal, begitajuga dengan 

prestasi rangkaian seperti kelewatan dan kehilangan paket. Fasa kedua berdasarkan 

kepada tiga sistem. Sistem pertama, nod pengesan dihantar ke pengesanan kesesakan 

yang berdasarkan kepada dua pendekatan yang beroperasi secara berasingan dan 

berturutan. Pendekatan pengesanan kesesakan pertama berdasarkan kadar nod dan 

min antara masa yang tiba, pendekatan kedua pengesanan kesesakan berdasarkan 
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status giliran yang berharga, kadar nod, masa perkhidmatan paket dan automasi 

mereka untuk menganalisis trafik rangkaian. Mengikut keluaran sistem, tahap 

kesesakan akan dinilai. Untuk sistem kedua pula, dalam kes kesesakan, nod induk 

dinamik ditugaskan untuk mengira dan menetapkan kadar penghantaran baru untuk 

setiap anaknya. Dalam sistem ini, tanda-tanda fisiologi didiskriminasikan untuk 

memastikan peningkatan QoS dengan menghantar data yang terpenting. Akhirnya, 

sistem ketiga adalah kaedah pemberitahuan kesesakan tersembunyi untuk menghantar 

mesej pemberitahuan melalui rangkaian. Hasilnya menunjukkan bahawa protokol 

yang dicadangkan lebih baik daripada protokol skim kawalan kesesakan berdasarkan 

logik fuzzy (CCSFL) dan protokol kawalan kesesakan berdasarkan prioriti dalam 

WSNs (PBCCP) dengan Qos yang berbeza. Peratusan kecemerlangan untuk protokol 

yang dicadangkan dalam keseluruhan pengedaran mencapai 51% dan 52% berbanding 

protokol CCSFL dan PBCCP, masing-masing. Sebaliknya, peratusan kecemerlangan 

dalam protokol yang dicadangkan adalah 66% dan 75% berbanding protokol CCSFL 

dan PBCCP dari segi kehilangan paket. Di samping itu, protokol yang dicadangkan 

mengurangkan penggunaan tenaga berdasarkan beban lalu lintas sebanyak 59% dan 

66% berbanding protokol CCSFL dan PBCCP, masing-masing. Selain itu, peratusan 

kecemerlangan dalam protokol yang dicadangkan berdasarkan kelewatan akhir adalah 

hingga 68% dan 81% berbanding protokol CCSFL dan PBCCP. Sementara itu, 

peratusan kecemerlangan dalam protokol yang dicadangkan adalah 94% dan 98% 

berbanding protokol CCSFL dan PBCCP dari segi jitter. Protokol yang dicadangkan 

mencapai hasil yang lebih baik walaupun bilangan nod meningkat. 
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        CHAPTER 1 

1 INTRODUCTION 

Modern advances in Wireless Sensor Networks (WSNs) advanced technologies like 

suitable for wearing and planting sensors have put in the investigation of Wireless 

Body Area Networks (WBANs). A WBAN depends on biomedical-sensor nodes 

which is able to be integrated in or on a human body [1]. Sensors in WBANs are placed 

wisely to register-biological and physiological vicissitudes like body temperature, 

blood pressure, glucose level or Electrocardiography (ECG) signals. The gathered 

information thereafter will be sent to a Base Station (BS) for more operations. 

Characteristically, a BS has more power than other body sensors and can be analysed 

and transfer the gathered information to the next destination [2]. The BS in this 

scenario is able to be as Personal Digital Assistant (PDA) that is lock to the user and 

extradite information from the sensors. Significant cases in WBAN applications 

contain guarantee high standard of performance, dependability and high accuracy [2]. 

So, it is constantly needful to think quality of service (QoS) in WBANs. QoS is based 

on the requirements of WBANs and can be used in different meanings and prospective. 

However, QoS in any WBANs is used to improve the performance of the network for 

users [3]. In this thesis, QoS is analyzed based on the consideration of different 

requirements such as energy consumption, delay, throughput, packet loss probability, 

jitter and source rate. 

1.1 Background  

Monitoring physiological and vital-parameters for various illnesses in humans is one 

of the main defies in healthcare-applications. In order to overawed this defy, WBAN 

proposed as a new sub-field of WSNs. In other words, usually usage for WBANs 

contain Wireless Body Sensor Networks (WBSNs), Body Area Networks (BANs) or 

Body Area Sensor Networks (BASNs). WBANs is able to be utilized in assortment of 

real-word applications. For example, medical and emergency services, consumer 

electronics, health fitness in addition to lifestyle monitoring and personal health 

applications [4]. While, in separate features can be various from one application to 

another in WBANs, the main goal of whole applications is to enhance quality-of-life 

[5]. 

WBAN is one kind of wireless networks which are used for communication between 

sensor-nodes. It processes in or about the human body to observe several decisive 

parameters and also body movements [6]. The WBAN mechanism has been advanced 

in 1995 via sighting wireless personal area network (WPAN) advanced mechanism 

for communications on, within easy reach and about the human body [6].  
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Nowadays, WBAN technology has been paid a lot of attentions among medical 

professions and health care practitioners including engineers in information and 

communication technology field. This mechanism is a key element that can contribute 

to the future of e-health initiative to make main refinement in patient-care and health 

examination. For instance, this WBAN technology could make some of the specialist 

treatments more accessible and efficient as well as cost-effective. In addition, as these 

wireless networks are planted on the body and also easy to wear, it requires specific 

studies and analysis under difficult constraints containing less radioactive energy, 

flexibility, small device size and low weight. The struggle among the demands of the 

body area of the network such as security, effectiveness and safety are further 

challenged by the remediation to address and observe [7]. 

WBANs is suitable for health observation services offer for continuous diagnosis of 

patients. Significantly, it is able to monitor all cases by the patient with very high 

efficiency [1]. In addition, the survival of patients in the hospital requires a high cost 

in terms of services and personnel. Then, in respect of supply a low expense and 

improved quality healthcare system, it is required to change toward e-health systems. 

The term e-health defines the integrated usage of electronic communication and data 

mechanisms in the healthcare in the healthcare systems to have a safer, and improved 

quality health-care [8]. E-health systems will give health practitioners faster and 

secure access to all information they need to treat patients. This protocol aims to 

minimize the negative effects caused by the congestion problem and that all packets 

are simultaneously sent, which makes the system unable to recognize or control 

incoming packets. 

1.2 Problem Statement 

In spite of the vast admission of WBANs in different remote control and observing 

applications, there are still clear challenges which need to be addressed. Significant 

QoS cases for example, real-time warranty, energy competence, network throughput 

and delay still remain to be solved [9-13]. Sensor nodes are designed to be 

comparatively small, battery-powered and low-cost. The characteristics of these 

design made them vulnerable to suffering in terms of processing-power and low-

memory and this limit their performance to a convinced standard [14]. 

Furthermore, in WBAN the overall amount of the sensed information cumulative at 

each sensor-node is able to be comparatively great. This problem issues a dispute 

between the packets waiting to receive over the following node that has restricted 

ability [10]. In addition, congestion is a case of traffic overloading due to buffer 

overflow. The reason for the congestion is by sending from many to one information 

method in the WBANs. In case of emergency, where a huge number of sensors send 

the sensed information to a few sink nodes, an abrupt surge of data communication 

happens. This will result in high notify rates at the sink-node and may generate a lack 

of resources such as buffer space. Moreover, the vast amount of notify information 

may as well generate dispute of intense packets at the total buffer and issue QoS 
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degradation like increase in delay, low network productivity and extra energy 

consumption. 

This thesis is focused on heavy congestion problem that may occur when multiple 

leads from a patient have information to be sent to the gateway which is constrained 

because of limited resources, and sensors from several patients are also sending their 

readings at the same time. A congestion scenario in WBANs is shown in Figure 1.1a. 

This scenario may repudiate the intermediate nodes are capable of handling the extra 

streams incoming from the downstream nodes which results in the loss of a large 

number of packets. Congestion leads to loss of much energy and useful resources and 

has caused many of collapse in real time applications in WSNs and WBANs that need 

high quality emphasis [15]. Therefore, dependability and timely delivery are 

significant cases to be collected in these fields [16, 17]. 

ECG Signal

ECG Signal with Packet Loss

Emergency

Hospital

Medical 
Database

Internet

Limited
 Bandwidth

(a) (b)
 

Figure 1.1 : (a) instance of how data flows from node of sensors to node of sink 
that is able to issue congestion. (b). The congestion effect on send ECG signal 
 

 

The problem of congestion is bad in a greater number of hops traversed. Moreover, 

the packets tour, the extra energy is missed and the congestion impact is able to be 

huge as well. The information will be neglected because of high delay and re-

transmission process. In addition, waiting of sensor information through space of not 

available become agreeable at the sink-node then can be stale and expire. This fact 

could lead to inaccuracies in data and may involve the loss of much data as well. 

In healthcare-applications, include suitable access of the sensed information over 

climacteric times is critical. For example, in healthcare-monitoring of ECG and EMG 

information, the signals have to be given during a specific time of period to become 

valid for a decision-making operation. Delayed access of the information and data 

damage in this situation is intolerable as data will seem to become outdated, causing 

a false diagnosis that could imperil the patient. A congestion causes some part of 

patient's abnormal ECG signals to become missing. As an outcome, erroneous data 

around the patient's existing case will be received through physicians and this will lead 

to false diagnosis as illustrated in Figure 1.1b. In addition, including the appropriate 



© C
OPYRIG

HT U
PM

 

4 

 

delivery for packets and keeping careful data in those real-time applications are 

between greatest importance as it will help to avoid false alarms that might lead to 

wrong diagnoses. According to all above-mentioned cases, congestion avoidance is a 

topic worth studying. Then, the motivation behind this thesis is to come up with a new 

and dependable solution to congestion control, congestion detection and congestion 

avoidance in healthcare WBAN applications. 

1.3 Motivation of Study  

In spite of important enhancements, there are still further restrictions connected to 

WBANs such as limited buffer capacity, bandwidth, processing speed and energy.  

Those restrictions able to be negatively influence the network QoS mostly in 

emergency conditions [1]. With extremely restricted capacities of bandwidth and 

storage, the buffer is highly probable to be suppressed via huge volumes of sensor 

readings. This problem, that is intuitively known as congestion problem, has 

intimidated almost whole types of networks and seems to be even more challenging 

in life-threatening applications. To solve this problem, this protocol concentrates on 

how to detect, avoid and control congestion especially during the high demand and 

emergency event monitoring process especially over high request and emergency 

event monitoring-process. Massive amounts of information created over critical 

intervals may result in a poor performance that may impact the underlying 

applications. Especially, this thesis goal to control congestion and reduce the effect of 

traffic overload because of huge sensor readings over concurrent data-transmissions. 

In another sense, it is aiming to decrease intense impacts from congestion problem 

where packets are delivered with each other, causing the system to be unable to 

confirm the incoming packets. 

1.4 Objectives  

1- To propose a congestion control system for utilize in the designed Multi-Source 

Data Fusion framework with the major features of enhancing the total network for 

QoS. 

2- To analyse and compare proposed protocol with other protocols mechanisms using 

different QoS metrics. 

3- To show the results of the new proposed congestion control system based on the 

performance metrics. 

 

 

1.5 Scope of Study 

This thesis proposed a new protocol to avoid, detect and control congestion for utilize 

in healthcare WBAN applications. The proposed approach contains of two phases. At 

the first phase, local data of sensor nodes is sent to avoid congestion by Active Queue 

Management (AQM) based on two approaches to congestion avoidance and supply 

QoS by proactively-dropping packets. With these system, congestion is capable of 
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controlled, and network performance for example delay and packet loss. After that, 

second phase that contain based on three systems. The first system sensor nodes are 

sent to congestion detection that based on two approaches that operates separately and 

respectively. The first approach of congestion detection based on node rate and mean 

inter arrive time, the second approach of congestion detection based on virtual queue 

state, node rate, packet service time and their automation to analyse the network 

traffic. According to system output, congestion level is assessed. In case of congestion, 

parent nodes dynamically compute and assign the new transmission rate for each of 

its children, this is second system. The main objective of the rate adjustment is to 

prioritize physiological signals and sent them based on their level of significant. 

Finally, the third system by implicit congestion notification method to send 

notification messages over the network. In this thesis, the proposed protocol was 

evaluated and studied by combining OPNET and MATLAB simulations. Then, the 

proposed protocol is compared with the existing protocols and the approach achieves 

the best performance and the fairest in terms of minimize energy consumption, packet 

loss probability, loss cumulated of packet, delay, jitter and in turn rising the overall 

network throughput. 

1.6 Thesis Organization 

This thesis is organized as follows: 

Chapter 1 : This chapter presents a broad and comprehensive introduction for 

healthcare WBANs applications. In addition, it presents problem statement and 

objectives of this thesis. 

Chapter 2 : It provides a comprehensive literature review of WBANs and their related 

challenges. This chapter starts with an understanding of fixed advantages of WBANs. 

After that, this chapter discusses solutions to congestion problems in WBANs. In 

addition, it presents an inclusive review of congestion control methods and discusses 

the advantages and disadvantages of this approach. 

Chapter 3 : The methodology of the proposed protocol that contains of two phases in 

Multi-Source Data Fusion infrastructure is presented. Furthermore, it is discussing all 

the details for a Multi-Source Data Fusion architecture and method of work. 

Chapter 4 : It presents the performance analysis and compare of proposed congestion 

control protocol with other protocols utilizing combine OPNET and MATLAB 

simulations. 

Chapter 5 : This chapter presents a comprehensive summary of the main objectives 

of this thesis and future work. 



© C
OPYRIG

HT U
PM

 

81 

 

6 REFERENCES 

[1] Ullah, S., Higgins, H., Braem, B., Latre, B., Blondia, C., Moerman, I., ... & 

Kwak, K. S. (2012). A comprehensive survey of wireless body area 

networks. Journal of medical systems, 36(3), 1065-1094. 

 

[2] Khan, Z. A. (2013). A Novel Patient Monitoring Framework and Routing 

Protocols for Energy & QoS Aware Communication in Body Area Networks. 

 

[3] Diaz, J. R., Lloret, J., Jimenez, J. M., & Rodrigues, J. J. (2014). A QoS-based 

wireless multimedia sensor cluster protocol. International Journal of 
Distributed Sensor Networks, 10(5), 480372. 

 

[4] Movassaghi, S., Abolhasan, M., Lipman, J., Smith, D., & Jamalipour, A. 

(2014). Wireless body area networks: A survey. IEEE Communications 
Surveys & Tutorials, 16(3), 1658-1686. 

 

[5] Crosby, G. V., Ghosh, T., Murimi, R., & Chin, C. A. (2012). Wireless body 

area networks for healthcare: A survey. International Journal of Ad Hoc, 
Sensor & Ubiquitous Computing, 3(3), 1. 

 

[6] Negra, R., Jemili, I., & Belghith, A. (2016). Wireless body area networks: 

Applications and technologies. Procedia Computer Science, 83, 1274-1281. 

 

[7] Al-Janabi, S., Al-Shourbaji, I., Shojafar, M., & Shamshirband, S. (2017). 

Survey of main challenges (security and privacy) in wireless body area 

networks for healthcare applications. Egyptian Informatics Journal, 18(2), 

113-122. 

 

[8] Black, A. D., Car, J., Pagliari, C., Anandan, C., Cresswell, K., Bokun, T., ... & 

Sheikh, A. (2011). The impact of eHealth on the quality and safety of health 

care: a systematic overview. PLoS medicine, 8(1), e1000387. 

 

[9] Mo, L., & Xu, B. (2014). Distributed collaborative processing under 

communication delay over wireless sensor and actuator 

networks. International Journal of Computers Communications & 
Control, 7(4), 709-720. 

 

[10] Gungor, V. C., & Hancke, G. P. (2009). Industrial wireless sensor networks: 

Challenges, design principles, and technical approaches. IEEE Transactions 
on industrial electronics, 56(10), 4258-4265. 

 

[11] Jonsson, M., & Kunert, K. (2009). Towards reliable wireless industrial 

communication with real-time guarantees. IEEE Transactions on Industrial 
Informatics, 5(4), 429-442. 

 



© C
OPYRIG

HT U
PM

 

82 

 

[12] Koubâa, A., Severino, R., Alves, M., & Tovar, E. (2009). Improving quality-

of-service in wireless sensor networks by mitigating “hidden-node 

collisions”. IEEE Transactions on Industrial Informatics, 5(3), 299-313. 

[13] Lee, J. W., Choi, B. S., & Lee, J. J. (2011). Energy-efficient coverage of 

wireless sensor networks using ant colony optimization with three types of 

pheromones. IEEE Transactions on Industrial Informatics, 7(3), 419-427. 

 

[14] Palopoli, L., Passerone, R., & Rizano, T. (2011). Scalable offline optimization 

of industrial wireless sensor networks. IEEE Transactions on Industrial 
Informatics, 7(2), 328-339. 

 

[15] Singh, D., Kushwaha, N. S., & Kumar, S. (2015, May). Fast-AIMD: A fairness 

based congestion control approach for TCP networks. In Computing, 
Communication & Automation (ICCCA), 2015 International Conference 
on (pp. 458-463). IEEE. 

 

[16] Nasri, M., & Kargahi, M. (2012, August). A method for improving delay-

sensitive accuracy in real-time embedded systems. In Embedded and Real-
Time Computing Systems and Applications (RTCSA), 2012 IEEE 18th 
International Conference on (pp. 378-387). IEEE. 

  

[17] Tavallaie, O., Naji, H. R., Sabaei, M., & Arastouie, N. (2017). RTEA: Real-

Time and Energy Aware Routing for Industrial Wireless Sensor 

Networks. Wireless Personal Communications, 95(4), 4601-4621. 

 

[18] Honeine, P., Mourad, F., Kallas, M., Snoussi, H., Amoud, H., & Francis, C. 

(2011, May). Wireless sensor networks in biomedical: Body area networks. 

In Systems, Signal Processing and their Applications (WOSSPA), 2011 7th 
International Workshop on (pp. 388-391). IEEE. 

 

[19] Chaudhary, K., & Sharma, D. (2016, March). Body area networks: a survey. 

In Computing for Sustainable Global Development (INDIACom), 2016 3rd 
International Conference on (pp. 3319-3323). IEEE. 

 

[20] Braojos, R., Mamaghanian, H., Junior, A. D., Ansaloni, G., Atienza, D., 

Rincón, F. J., & Murali, S. (2014, June). Ultra-low power design of wearable 

cardiac monitoring systems. In Proceedings of the 51st Annual Design 
Automation Conference (pp. 1-6). ACM. 

 

[21] Portelli, A. J., & Nasuto, S. J. (2017). Design and Development of Non-

Contact Bio-Potential Electrodes for Pervasive Health Monitoring 

Applications. Biosensors, 7(1), 2. 

 

[22] Nemati, E., Deen, M. J., & Mondal, T. (2012). A wireless wearable ECG 

sensor for long-term applications. IEEE Communications Magazine, 50(1). 

 



© C
OPYRIG

HT U
PM

 

83 

 

[23] Wang, Y., Thatcher, S. E., & Cassis, L. A. (2017). Measuring Blood Pressure 

Using a Noninvasive Tail Cuff Method in Mice. The Renin-Angiotensin-
Aldosterone System: Methods and Protocols, 69-73. 

 

[24] Akbari, H., & Heravi, M. Y. (2014). Designing and Constructing Blood Flow 

Monitoring System to Predict Pressure Ulcers on Heel. Journal of biomedical 
physics & engineering, 4(2), 61. 

 

[25] Barnard, K. D., Kropff, J., Choudhary, P., Neupane, S., Bain, S. C., Kapitza, 

C., ... & DeVries, J. H. (2017). Acceptability of Implantable Continuous 

Glucose Monitoring Sensor. Journal of diabetes science and technology, 

1932296817735123. 

 

[26] Heller, A., & Feldman, B. (2013). Electrochemical glucose sensors and their 

application in diabetes management. In Applications of Electrochemistry in 
Medicine (pp. 121-187). Springer, Boston, MA. 

 

[27] Yuan, H., Li, C., & Du, M. (2012). Optimal distribution of nodes in wireless 

sensor network based on multi-objective optimization. Journal of 
Computational Information Systems, 8(8), 3331-3338. 

 

[28] Braem, B. (2011). Reliable and energy efficient protocols for wireless body 
area networks (Doctoral dissertation, Universiteit Antwerpen (Belgium)). 

 

[29] Lutz, W., Butz, W. P., & Samir, K. E. (Eds.). (2017). World Population & 
Human Capital in the Twenty-First Century: An Overview. Oxford University 

Press. 

 

[30] Oey, C. H. W., & Moh, S. (2013). A survey on temperature-aware routing 

protocols in wireless body sensor networks. Sensors, 13(8), 9860-9877. 

 

[31] Kwak, K. S., Ullah, S., & Ullah, N. (2010, November). An overview of IEEE 

802.15. 6 standards. In Applied Sciences in Biomedical and Communication 
Technologies (ISABEL), 2010 3rd International Symposium on (pp. 1-6). 

IEEE. 

 

[32] Chen, M., Gonzalez, S., Vasilakos, A., Cao, H., & Leung, V. C. (2011). Body 

area networks: A survey. Mobile networks and applications, 16(2), 171-193. 

 

[33] González-Valenzuela, S., Liang, X., Cao, H., Chen, M., & Leung, V. C. 

(2012). Body area networks. In Autonomous Sensor Networks (pp. 17-37). 

Springer, Berlin, Heidelberg. 

 

[34] Smith, D. B., Miniutti, D., & Hanlen, L. W. (2011). Characterization of the 

body-area propagation channel for monitoring a subject sleeping. IEEE 
Transactions on antennas and propagation, 59(11), 4388-4392. 

 



© C
OPYRIG

HT U
PM

 

84 

 

[35] Al-Momani, O., & Gharaibeh, K. M. (2014). Effect of wireless channels on 

detection and classification of asthma attacks in wireless remote health 

monitoring systems. International journal of telemedicine and 
applications, 2014, 2. 

 

[36] Memon, M., Wagner, S. R., Pedersen, C. F., Beevi, F. H. A., & Hansen, F. O. 

(2014). Ambient assisted living healthcare frameworks, platforms, standards, 

and quality attributes. Sensors, 14(3), 4312-4341. 

 

[37] Liu, X., Zheng, Y., Phyu, M. W., Endru, F. N., Navaneethan, V., & Zhao, B. 

(2012). An ultra-low power ECG acquisition and monitoring ASIC system for 

WBAN applications. IEEE Journal on Emerging and Selected Topics in 
Circuits and Systems, 2(1), 60-70. 

 

[38] Patel, M., & Wang, J. (2010). Applications, challenges, and prospective in 

emerging body area networking technologies. IEEE Wireless 
communications, 17(1). 

 

[39] Parthasarathy, K. R. (2013). Communication in the Presence of Noise. 

In Coding Theorems of Classical and Quantum Information Theory (pp. 61-

92). Hindustan Book Agency, Gurgaon. 

 

[40] Devi, L., & Nithya, R. (2014). Wireless Body Area Sensor System for 

Monitoring Physical Activities Using GUI. Int. J. Comput. Sci. Mobile 
Comput., 3(1), 569-577. 

 

[41] Jovanov, E., & Milenkovic, A. (2011). Body area networks for ubiquitous 

healthcare applications: opportunities and challenges. Journal of medical 
systems, 35(5), 1245-1254. 

 

[42] Yang, G. Z., & Yang, G. (2006). Body sensor networks (Vol. 1). London: 

Springer. 

 

[43] Bourouis, A., Feham, M., & Bouchachia, A. (2012). A new architecture of a 

ubiquitous health monitoring system: a prototype of cloud mobile health 

monitoring system. arXiv preprint arXiv:1205.6910. 

 

[44] Sakanushi, K., Hieda, T., Shiraishi, T., Ode, Y., Takeuchi, Y., Imai, M., ... & 

Tanaka, H. (2013). Electronic triage system for continuously monitoring 

casualties at disaster scenes. Journal of Ambient Intelligence and Humanized 
Computing, 4(5), 547-558. 

 

[45] Sghaier, N., Mellouk, A., Augustin, B., Amirat, Y., Marty, J., Khoussa, M. E. 

A., ... & Zitouni, R. (2011, July). Wireless sensor networks for medical care 

services. In Wireless Communications and Mobile Computing Conference 
(IWCMC), 2011 7th International (pp. 571-576). IEEE. 

 



© C
OPYRIG

HT U
PM

 

85 

 

[46] Patrick, D. L., Burke, L. B., Gwaltney, C. J., Leidy, N. K., Martin, M. L., 

Molsen, E., & Ring, L. (2011). Content validity—establishing and reporting 

the evidence in newly developed patient-reported outcomes (PRO) instruments 

for medical product evaluation: ISPOR PRO good research practices task force 

report: part 1—eliciting concepts for a new PRO instrument. Value in 
Health, 14(8), 967-977. 

 

[47] Zubairi, J. A., & Idwan, S. (2017). Smart algorithms for patient assignment in 

disasters. ICT Express. 

 

[48] Nandkishor, B. R., Shinde, A., & Malathi, P. (2014, August). Android 

smartphone based body area network for monitoring and evaluation of medical 

parameters. In Networks & Soft Computing (ICNSC), 2014 First International 
Conference on(pp. 284-288). IEEE. 

 

[49] Yu, X., & Ganz, A. (2011, August). Scalable patients tracking framework for 

mass casualty incidents. In Engineering in Medicine and Biology Society, 
EMBC, 2011 Annual International Conference of the IEEE (pp. 860-863). 

IEEE. 

 

[50] Tavana, M. (Ed.). (2014). Healthcare Informatics and Analytics: Emerging 
Issues and Trends: Emerging Issues and Trends. IGI Global. 

 

[51] Touati, F., & Tabish, R. (2013). U-healthcare system: State-of-the-art review 

and challenges. Journal of medical systems, 37(3), 9949. 

 

[52] Shih, D. H., Chiang, H. S., Lin, B., & Lin, S. B. (2010). An embedded mobile 

ECG reasoning system for elderly patients. IEEE Transactions on Information 
Technology in Biomedicine, 14(3), 854-865. 

 

[53] Rezaee, A. A., Yaghmaee, M. H., Rahmani, A. M., & Mohajerzadeh, A. H. 

(2014). HOCA: Healthcare Aware Optimized Congestion Avoidance and 

control protocol for wireless sensor networks. Journal of Network and 
Computer Applications, 37, 216-228. 

 

[54] Kateretse, C., Lee, G. W., & Huh, E. N. (2013). A practical traffic scheduling 

scheme for differentiated services of healthcare systems on wireless sensor 

networks. Wireless personal communications, 71(2), 909-927. 

 

[55] Seising, R., & Tabacchi, M. E. (Eds.). (2013). Fuzziness and Medicine: 
Philosophical Reflections and Application Systems in Health Care: A 
Companion Volume to Sadegh-Zadeh’s Handbook of Analytical Philosophy of 
Medicine (Vol. 302). Springer. 

 

[56] Hall, D. L., & Llinas, J. (2017). Multisensor Data Fusion. Handbook 
Multisensor Data Fusion: Theory and Practice,. 

 



© C
OPYRIG

HT U
PM

 

86 

 

[57] Wang, Y., Li, J., & Wang, H. H. (2017). Cluster and cloud computing 

framework for scientific metrology in flow control. Cluster Computing, 1-10. 

 

[58] Koshmak, G., Loutfi, A., & Linden, M. (2016). Challenges and issues in 

multisensor fusion approach for fall detection. Journal of Sensors, 2016. 

 

[59] Lemoine, B., Rayburn, S., & Benton, R. (2010, August). Data fusion and 

feature selection for Alzheimer’s diagnosis. In International Conference on 
Brain Informatics (pp. 320-327). Springer, Berlin, Heidelberg. 

 

[60] Venkatesh, V., Raj, P., Gopalan, K., & Rajeev, T. (2011). Healthcare data 

fusion and presentation using Service-Oriented Architecture (SOA) 

orchestration mechanism. IJCA Special Issue on Artificial Intelligence 
Techniques-Novel Approaches & Practical Applications, 2, 17-23. 

 

[61] Medjahed, H., Istrate, D., Boudy, J., Baldinger, J. L., & Dorizzi, B. (2011, 

June). A pervasive multi-sensor data fusion for smart home healthcare 

monitoring. In Fuzzy Systems (FUZZ), 2011 IEEE International Conference 
on (pp. 1466-1473). IEEE. 

 

[62] Kakria, P., Tripathi, N. K., & Kitipawang, P. (2015). A real-time health 

monitoring system for remote cardiac patients using smartphone and wearable 

sensors. International journal of telemedicine and applications, 2015, 8. 

 

[63] Khaleghi, B., Khamis, A., Karray, F. O., & Razavi, S. N. (2013). Multisensor 

data fusion: A review of the state-of-the-art. Information Fusion, 14(1), 28-44. 

 

[64] Luo, R. C., Chang, C. C., & Lai, C. C. (2011). Multisensor fusion and 

integration: Theories, applications, and its perspectives. IEEE Sensors 
Journal, 11(12), 3122-3138. 

 

[65] Sung, W. T. (2010). Multi-sensors data fusion system for wireless sensors 

networks of factory monitoring via BPN technology. Expert Systems with 
Applications, 37(3), 2124-2131. 

 

[66] Samiullah, M., Abdullah, S. M., Bappi, A. I. H., & Anwar, S. (2012, May). 

Queue management based congestion control in wireless body sensor network. 

In Informatics, electronics & vision (ICIEV), 2012 international conference 
on (pp. 493-496). IEEE. 

 

[67] Farzaneh, N., & Yaghmaee, M. H. (2011, June). Joint active queue 

management and congestion control protocol for healthcare applications in 

wireless body sensor networks. In International conference on smart homes 
and health telematics (pp. 88-95). Springer, Berlin, Heidelberg. 

 

[68] Ghanavati, S., Abawaji, J., & Izadi, D. (2015, September). A congestion 

control scheme based on fuzzy logic in wireless body area networks. 



© C
OPYRIG

HT U
PM

 

87 

 

In Network computing and applications (NCA), 2015 IEEE 14th international 
symposium on (pp. 235-242). IEEE. 

 

[69] Yaghmaee, M. H., Bahalgardi, N. F., & Adjeroh, D. (2013). A prioritization 

based congestion control protocol for healthcare monitoring application in 

wireless sensor networks. Wireless personal communications, 72(4), 2605-

2631. 

 

[70] Rezaee, A. A., Yaghmaee, M. H., & Rahmani, A. M. (2013). COCM: Class 

Based Optimized Congestion Management Protocol for Healthcare Wireless 

Sensor Networks. Wireless Sensor Network, 5(7), 137-149. 

 

[71] Monowar, M. M., Rahman, M. O., Pathan, A. S. K., & Hong, C. S. (2012). 

Prioritized heterogeneous traffic-oriented congestion control protocol for 

WSNs. Int. Arab J. Inf. Technol., 9(1), 39-48. 

 

[72] Brahma, S., Chatterjee, M., & Kwiat, K. (2010, March). Congestion control 

and fairness in wireless sensor networks. In Pervasive Computing and 
Communications Workshops (PERCOM Workshops), 2010 8th IEEE 
International Conference on (pp. 413-418). IEEE. 

 

[73] Barath, S. R., Vijila, C. K. S., & Prakash, A. J. (2011). Mitigating Congestion 

and Improving the Performance of Wireless Sensor Networks. In Signal 
Processing, Image Processing and Pattern Recognition (pp. 336-345). 

Springer, Berlin, Heidelberg. 

 

[74] Ghanavati, S., Abawajy, J., & Izadi, D. (2013, August). A fuzzy technique to 

control congestion in WSN. In Neural Networks (IJCNN), The 2013 
International Joint Conference on (pp. 1-5). IEEE. 

 

[75] Baek, Y. M., Lee, B. H., Yun, J., Cho, K., & Han, K. (2009, December). A 

Self-adjustable rate control in wireless body area networks. In Networks and 
Communications, 2009. NETCOM'09. First International Conference on (pp. 

404-407). IEEE. 

 

[76] Salman, O. H., Rasid, M. F. A., Saripan, M. I., & Subramaniam, S. K. (2014). 

Multi-sources data fusion framework for remote triage prioritization in 

telehealth. Journal of medical systems, 38(9), 103. 

 

[77] Khaleghi, B., Khamis, A., Karray, F. O., & Razavi, S. N. (2013). Multisensor 

data fusion: A review of the state-of-the-art. Information Fusion, 14(1), 28-44.  

 

[78] Yan, H., Huo, H., Xu, Y., & Gidlund, M. (2010). Wireless sensor network 

based E-health system-implementation and experimental results. IEEE 
Transactions on Consumer Electronics, 56(4), 2288-2295.  

 

[79] Shapira, J. (2011). Electromagnetic Compatibility for System Engineers. IETE 
Technical Review, 28(1), 70-77.  



© C
OPYRIG

HT U
PM

 

88 

 

[80] Christensen, D., Jensen, N. M., Maaløe, R., Rudolph, S. S., Belhage, B., & 

Perrild, H. (2011). Nurse-administered early warning score system can be used 

for emergency department triage. Dan Med Bull, 58(6), A4221.  

 

[81] Christensen, D., Jensen, N. M., Maaloe, R., Rudolph, S. S., Belhage, B., & 

Perrild, H. (2011). Low compliance with a validated system for emergency 

department triage. Dan Med Bull, 58(6), A4294.  

 

[82] Misra, S., Tiwari, V., & Obaidat, M. S. (2009). LACAS: learning automata-

based congestion avoidance scheme for healthcare wireless sensor 

networks. IEEE Journal on Selected Areas in Communications, 27(4).  

 

[83] Kim, J. S., Kim, P. S., Choi, S. Y., & Kim, J. G. (2014). A MAC Protocol for 

Delay Reduction in IEEE 802.15. 4 based Sensor Network.  

 

[84] Lin, L., Yang, C., Wong, K. J., Yan, H., Shen, J., & Phee, S. J. (2014). An 

energy efficient MAC protocol for multi-hop swallowable body sensor 

networks. sensors, 14(10), 19457-19476.  

 

[85] IEEE Standards Association. (2011). IEEE Std 802.15. 4-2011, IEEE standard 

for local and metropolitan area networks—part 15.4: Low-rate wireless 

personal area networks (LR-WPANs).  

 

[86] Yuan, X., Li, C., Song, Y., Yang, L., & Ullah, S. (2015, December). On 

energy-saving in e-healthcare: a directional MAC protocol for WBAN. 

In Globecom Workshops (GC Wkshps), 2015 IEEE (pp. 1-6). IEEE.  

 

[87] Salehi, S. A., Razzaque, M. A., Tomeo-Reyes, I., & Hussain, N. (2016, 

August). IEEE 802.15. 6 standards in wireless body area networks from a 

healthcare point of view. In Communications (APCC), 2016 22nd Asia-Pacific 
Conference on (pp. 523-528). IEEE.  

 

[88] Antonescu, B., & Basagni, S. (2013, September). Wireless body area 

networks: challenges, trends and emerging technologies. In Proceedings of the 
8th international conference on body area networks (pp. 1-7). ICST (Institute 

for Computer Sciences, Social-Informatics and Telecommunications 

Engineering).  

 

[89] Islam, M. K., Tangim, G., Ahammad, T., & Khondokar, M. R. H. (2012). 

Study and analysis of ecg signal using matlab &labview as effective 

tools. International journal of Computer and Electrical engineering, 4(3), 404.  

 

[90] Cavallari, R., Martelli, F., Rosini, R., Buratti, C., & Verdone, R. (2014). A 

survey on wireless body area networks: Technologies and design 

challenges. IEEE Communications Surveys & Tutorials, 16(3), 1635-1657.  

 



© C
OPYRIG

HT U
PM

 

89 

 

[91] Shell, J., Coupland, S., & Goodyer, E. (2010, September). Fuzzy data fusion 

for fault detection in wireless sensor networks. In Computational Intelligence 
(UKCI), 2010 UK Workshop on (pp. 1-6). IEEE.  

 

[92] Yazdkhasti, S., & Sasiadek, J. Z. (2018). Multi Sensor Fusion Based on 

Adaptive Kalman Filtering. In Advances in Aerospace Guidance, Navigation 
and Control (pp. 317-333). Springer, Cham.  

 

[93] Sharma, B., & Aseri, T. C. (2012). A comparative analysis of reliable and 

congestion-aware transport layer protocols for wireless sensor networks. ISRN 
sensor networks, 2012.  

[94] Shah, S. A., Nazir, B., & Khan, I. A. (2017). Congestion control algorithms in 

wireless sensor networks: Trends and opportunities. Journal of King Saud 
University-Computer and Information Sciences, 29(3), 236-245.  

 

[95] Dashkova, E., & Gurtov, A. (2012). Survey on congestion control mechanisms 

for wireless sensor networks. In Internet of things, smart spaces, and next 
generation networking (pp. 75-85). Springer, Berlin, Heidelberg.  

 

[96] Rahmath Ameena S.S. (2014). An Enhanced Timeliness for Energy Efficient 

Relocation of Gateway by AQM in Wireless Sensor Networks. International 
Journal of Advanced Research in Computer Science & Technology.  

 

[97] Hou, B. H., Takanaga, H., Grossmann, G., Chen, L. Q., Qu, X. Q., Jones, A. 

M., ... & Frommer, W. B. (2011). Optical sensors for monitoring dynamic 

changes of intracellular metabolite levels in mammalian cells. Nature 
protocols, 6(11), 1818.  

 

[98] Yaghmaee, M. H., & Adjeroh, D. A. (2009). Priority-based rate control for 

service differentiation and congestion control in wireless multimedia sensor 

networks. Computer Networks, 53(11), 1798-1811.  

 

[99] Pathan, A. S. K. (Ed.). (2015). Securing cyber-physical systems. CRC Press.  

 

[100] Ignaciuk, P., & Bartoszewicz, A. (2012). Congestion control in data 
transmission networks: sliding mode and other designs. Springer Science & 

Business Media.  

 

[101] Misra, S., Woungang, I., & Misra, S. C. (Eds.). (2009). Guide to wireless 
sensor networks. Springer Science & Business Media.  

 

[102] Webster, J. G., & Eren, H. (Eds.). (2017). Measurement, instrumentation, and 
sensors handbook: spatial, mechanical, thermal, and radiation measurement. 
CRC press.  

 

[103] Narendra, K. S., & Thathachar, M. A. (2012). Learning automata: an 
introduction. Courier Corporation.  

 



© C
OPYRIG

HT U
PM

 

90 

 

[104] Gross, D., Shortle, J. F., Thompson, J. M., & Harris, C. M. (2008). 

Fundamentals of queueing theory. London: Wiley-Interscience.  

 

[105] Wang, H., Liao, C., & Tian, Z. (2011). Effective adaptive virtual queue: a 

stabilising active queue management algorithm for improving responsiveness 

and robustness. IET communications, 5(1), 99-109.  

 

[106] Chen, W., Fan, X. L., & Zhang, J. (2012, October). An adaptive BLUE 

algorithm for active queue management. In proceedings of the 2012 
international conference on electronics, communications and control (pp. 511-

514). IEEE Computer Society.  

[107] Shankar, L., & Ambe, S. (2010). U.S. Patent No. 7,782,776. Washington, DC: 

U.S. Patent and Trademark Office.  

 

[108] Birla, J., Sah, B., & BRCM, B. (2012). Performance Metrics in Ad-hoc 

Network. BRCM, Bahal.  
 

[109] Sarma, H. K. D., Rai, P., & Deka, B. (2014, May). Energy efficient 

communication protocol for wireless sensor networks with mobile node. 

In Recent Advances and Innovations in Engineering (ICRAIE), 2014 (pp. 1-6). 

IEEE.  

 

[110] Mohajerzadeh, A. H., Yaghmaee, M. H., & Monsefi, R. (2010, August). A 

QoS based data dissemination protocol for wireless multimedia sensor 

networks. In Advanced Computational Intelligence (IWACI), 2010 Third 
International Workshop on (pp. 670-675). IEEE.  

 

 
 

 

 

 

 

 

 

 

 

 

 




