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ABSTRACT: Rapid growth in biomedical sensors, low power circuits and wireless communications has enabled a new 

generation of Wireless Sensor Networks, the Body Area Networks (BANs) to serve a variety of applications, mainly 

dedicated for health care monitoring applications by providing freedom of movement for patients. The existing design 

challenges in wireless BAN includes energy efficiency, since it is inconvenient to recharge/replace batteries; 

heterogeneous and dynamic traffic, which may lead to intolerant latency; fading and packet loss due to body 

movements and environment. MAC protocols ensure proper channel access control for reliable link level 

communication and are responsible for coordinating the access from active nodes. An Energy Efficient MAC protocol 

design is crucially needed to ensure reliable transmission. Recent developments include hybrid MAC protocols, which 

give consideration to WBAN contexts traffic nature and channel status. A Context Aware MAC (CAMAC) protocol 

can overcome challenges in WBAN. Our objective is to develop an Enhanced Congestion Aware MAC protocol that 

takes into consideration the energy that is remaining in the nodes. The existing works make use of OMNET++, TinyOS 

and NS2 software for analysis. Simulation studies are done using ns2 installed on Fedora. The effectiveness of this 

suggested MAC is studied by comparing with the existing 802.11 MAC. The new protocol outperforms traditional 

MAC and strike a desired trade-off between efficiency and reliability. The performance metrics used for analysis are 

Packet Delivery Ratio, Throughput, Overhead, Jitter, Delay and Average Energy Consumption.  
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I. INTRODUCTION 

 Wireless networking is an exciting area and it has completely invaded our homes and environment during the 

last decade due to cheap equipment and easily implementable standards. Sensor networks with small energy-efficient 

nodes have become reality and a whole new world of applications has emerged. Wireless Sensor Networks that 

operates close to the human body can be called as Wireless Body Area Networks (WBAN). Wireless body area 

networks (WBAN) was first presented by T. G. Zimmerman in an article from 1996 [2] but he gave these body 

networks the name wireless personal are network (WPAN) from the beginning. Later on PAN was redefined and the 

name WBAN evolved instead. [3] This term was first coined by Van Dam et al. in 2001 [4] and received the interest of 

several researchers. 

 A Wireless Body Area Network consists of small, intelligent devices attached on or implanted in the body which 

are capable of establishing a wireless communication link. These devices (nodes) provide continuous health monitoring 

and real-time feedback to the user or medical personnel. Furthermore, the measurements can be recorded over a longer 

period of time, improving quality of the measured data. It is clear from figure 1.1, that WBAN is basically a short range 

wireless network for an individual. It consists of wearable or implanted electronic devices that transmit ID or sensor 

data to a gateway device. This gateway is then connected to an external Access Point which is not more than several 

meters distance.[11], [23]. These sensor nodes can have different topologies (eg: star, tree, mesh). Actually the most 

common one used is the star topology. Here the nodes are connected to a central gateway or coordinator in a star 

manner. 

 
 An important requirement in WBANs is the energy efficiency of the system. A medium access control (MAC) 

layer is the most suitable level to address the energy efficiency [12]-[22]. This layer is used to coordinate node access 
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to the shared wireless medium. The MAC is the core of communication protocol stack which provides the basis for 

achieving Quality of Service (QoS) in any wireless networks. A versatile MAC should support diverse applications and 

different types of data such as continuous, periodic, burst and non-periodic data along with high level QoS. MAC plays 

a major determining factor in improving overall network performance. Channel access control mechanisms provided by 

MAC sub-layer can be called as MAC protocol. 

 

Need for a MAC protocol: [31] 

 Wireless channel is a shared medium and BW is a scarce resource 

 To avoid packet collisions 

 To maximize probability of successful packet transmissions 

 To avoid problems due to hidden and exposed nodes 

 To maintain fairness among all users 

 Mac protocol design has been an active area of research 

 

 
 

Figure 1.1: WBAN [28] 

 

 An important requirement in WBANs is the energy efficiency of the system. A MAC layer is the most suitable 

level to address the energy efficiency. In WBAN, different data sources generate time-varying traffic. Large traffic 

volume may result in intolerant latency and thus it is extremely important that the most significant data can always be 

delivered in a real-time fashion. Besides, data transmission may suffer from deep fading and packets loss due to the 

dynamic on-body channel induced by movements and surrounding environment.  

 Hence, energy-efficient medium access control (MAC) is crucially needed to allocate transmission bandwidth 

and to ensure reliable transmission considering WBAN contexts, i.e., time-varying traffic, channel status, along with 

checking remaining energy of nodes. Bin Liu proposed a context aware MAC Protocol [1], with almost all 

requirements of WBAN, but it doesn‟t take into consideration the remaining energy of nodes. Design of an Enhanced 

version of Context Aware MAC which is aware about congestion and energy-checking provision forms the objective of 
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this work. Also, a brief survey of Energy-Efficient MAC protocols is presented. The design and analysis of this 

Enhanced MAC Protocol completed in ns-2 (network simulator version 2).  

 The IEEE 802.11 standard is the most widely deployed Wireless Local Area Network (WLAN) standard today. 

IEEE 802.11 is a set of media access control and physical layer specifications for implementing WLAN computer 

communication in the 2.4, 3.6, 5 and 60 GHz frequency bands. They are created and maintained by the IEEE 

LAN/MAN Standards Committee (IEEE 802). The base version of the standard was released in 1997 and has had 

subsequent amendments. The standard and amendments provide the basis for wireless network products using the Wi-

Fi brand. Its MAC layer includes a set of protocols which are responsible for maintaining order in the use of a shared 

medium. Wireless channel is defined, with AODV routing protocol. For MAC protocol we use Mac/802_11. 

II. RELATED WORK 

 Studies about IEEE 802.15.4 MAC protocol and its effectiveness in WBANs can be seen in [1], [3], [4]. More 

facts about IEEE 802.15.4 can be obtained from [16], [17], [18]. The low power performance of three modes of the 

IEEE 802.15.4 standard were evaluated, in relation to a body area network of implanted medical sensors by Timmons 

et.al in [17]. The modes evaluated were beacon, beacon plus guaranteed timeslots and non-beacon, all at 2.4 GHz. 

Analysis of performance of IEEE 802.15.6 carried out by several researchers, as IEEE 802.15.6 is very important and 

inevitable standard for WBANs. Details are available in [6], [7], [8], [9], [10]. The throughput and delay analysis of 

IEEE 802.15.6 based CSMA/CA protocol carried out by S. Ullah et.al in [12]. From [2], the packets received remain 

the same for IEEE 802.15.6, regardless of the state of GTS but a significant improvement is seen when GTS is turned 

on while implementing IEEE 802.15.4 and shows that IEEE 802.15.4 is better than IEEE 802.15.6. 

 

III. PROPOSED ENHANCED IEEE 802.15.4 MAC  

 The IEEE 802.15.4 MAC is implemented here by incorporating congestion awareness and some extra features. 

The IEEE 802.15.4 standard can be also called as Low Rate Wireless Personal Area Networks (LR-WPAN). This 

standard defines the physical and MAC layers of the LR-WPANs. It is easy to install and provides reliable data 

transfer. As it is using unlicensed ISM, these are said to be extremely low cost, flexible and extendable networks. The 

LR-WPAN is used for short range of operations while maintaining integrated intelligence for network setup as well as 

routing. IEEE 802.15.4 maintains a simple and flexible protocol stack which helps LR-WPAN in achieving a 

reasonable battery life. Our discussion is giving emphasis to the MAC sub-layer. 

 802.15.4 can support star topology, peer-to-peer topology. Commonly used topology for WBANs is star 

topology. Advantage is that an external coordinator can be used with access to rechargeable power supply. [26]. The 

enhanced MAC protocol is context aware. Context is based on channel condition and congestion. We are implementing 

future work described in [1], that is the remaining energy of the nodes are calculated, and if it is less than the threshold, 

route will be changed, which will enhance the paper results.  

 

Algorithm:  

 Check the remaining energy of the node  

 If energy is less than threshold, then change the path  

 If energy is greater than threshold, continue with same path  

 If high packet loss happens to occur due to congestion and high interference, then reduce the congestion 

parameters including the packet size and number of packets sent per second. 

 No congestion detected, then continue with same parameters  

NS-2 is primarily Unix based, is used for analysis. It uses TCL as its scripting language. Overall, NS-2 is a standard 

experiment environment in research community. The visualisation tool is termed NAM (Network Animator). 

 

IV. RESULTS AND DISCUSSIONS 

 The parameters considered during simulation have their own significance for the better performance of the 

network. In this phase, the results obtained are compared and the inferences are drawn. 
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Packet Delivery Ratio 

 
Figure 4.1: Packet Delivery Ratio 

 

 In all comparison graphs, „with protocol‟ refers to the proposed protocol performance and „without protocol‟ is 

the 802.11 MAC. Thus the Packet Delivery Ratio is analysed for both 802.11 MAC and the proposed MAC. The 

proposed Enhanced Context-Aware MAC outperforms traditional 802.11 MAC in terms of the Packet Delivery Ratio. 

The succeeding figures show comparison of both in terms of throughput, control overhead, normalized routing 

overhead, jitter and average energy consumption respectively. 

 

Throughput 

 
Figure 4.2: Throughput 
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Control Overhead 

 
Figure 4.3: Control Overhead 

 

Normalized Routing Overhead 

 
Figure 4.4: Normalized Routing Overhead 

   

Jitter 

 
Figure 4.5: Jitter 
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Average Energy Consumption 

 
Figure 4.6: Average Energy Consumption 

 

 From the above comparison graphs, figure 4.1 to 4.6, it is evident that the enhanced MAC outperforms 

traditional MAC protocol in terms of significant performance parameters. The greater the value of PDR means better 

performance. So the greater value of PDR for „with protocol‟ means its better. Similarly throughput is the most 

important parameter to analyze the performance of the network. It is evident that the throughput values of proposed 

protocol are greater than 802.11 MAC. Also control overhead, normalized routing overhead, jitter values, average 

energy consumption of both are compared.  

V. CONCLUSION  

 Through this project work, a new variant of Context-Aware MAC protocol is proposed, which suits for 

WBANs. The proposed MAC is congestion-aware. If congestion and packet loss is detected, the packet size and report 

rate will get reduced to overcome the situation. The proposed enhanced version of MAC protocol tends to increase the 

throughput by efficient selection of route. The route will be replaced when the energy of participant nodes fall below 

certain threshold. This work also gives a brief discussion on Energy-Efficient MAC protocols for WBANs. The 

provision of calculation of remaining energy of nodes and the ability to perform accordingly makes it an enhancement 

over traditional MAC. 

 The MAC protocol is implemented using Network Simulator version 2 analysing tool. Comparison is done with 

IEEE 802.11 MAC protocol, by considering several significant performance parameters including the throughput. Also, 

the simulation is performed in five different instances by varying packet rates, separately for both protocols. The results 

show that the proposed work is having less overhead, jitter, and delay. Also, Enhanced Context Aware MAC 

outperforms IEEE 802.11 MAC, in terms of packet delivery ratio, throughput.  

 

Suggestions for future work: 

 Implementation of Enhanced MAC protocol with error-correction mechanisms. 

 Next improvement can be possible by considering sink mobility and to ensure successful delivery of data. 

 The future work can include some more contextual parameters like inter WBAN interference rejection 

while receiving the data 
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