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Abstract— In today’s environment health care monitoring is very important area of research. Wireless Sensor 

Networks (WSNs) can also be used in various health care applications. Wireless Body Area Networks (WBANs) 

are getting developing interest on account of their appropriateness for extensive variety of medicinal and non-

therapeutic applications In this paper we have studied various wireless body area networks for health care 

application. In this paper we provide study report on Wireless Body area Networks 

Keywords- (Wsn,Wbn) 

________________________________________________________________________________________________________ 

I.  INTRODUCTION  

Ubiquitous healthcare is an emerging technology that promises increases in efficiency, accuracy and availability of 

medical treatment due to the recent advances in wireless communication and in electronics offering small and 

intelligent sensors able to be used on, around, in or implanted in the human body. In this context, Wireless Body area 

networks (WBANs) constitute an active field of research and development as it offers the potential of great 

improvement in the delivery and monitoring of healthcare 22. WBANs consist of a number of heterogeneous 

biological sensors. These sensors are placed in different parts of the body and can be wearable or implanted under the 

user skin. Each of them has specific requirements and is used for different missions. These devices are used for 

measuring changes in a patient vital signs and detecting emotions or human statuses, such as fear, stress, happiness, 

etc. They communicate with a special coordinator node, which is generally less energy constrained and has more 

processing time medical diagnostic and allow him to take the right decisions.  

 

Applications while responding to the majority of their requirements. However, it looks less performing in some cases 

in comparison with other technologies supporting WBAN. Wi-Fi, Bluetooth and mobile networks can be solutions for 

implementing WBAN applications, since each technology offers specific characteristics, allowing it to meet the 

constraints of some applications4. In fact, WBAN applications cover numerous fields in order to improve the user’s 

quality of life. These applications can be categorized mainly according to whether they are used in medical field or in 

non-medical field. Non-medical applications include motion and gestures detection for interactive gaming and fitness 

monitoring applications, cognitive and emotional recognition for driving assistance or social interactions and medical 

assistance in disaster events, like terrorist attacks, earthquakes and bush fires. Medical applications comprise 

healthcare. 

Typical examples include the early detection, prevention and monitoring of diseases, elderly assistance at home, 

rehabilitation after surgeries, biofeedback applications which controls emotional states and assisted living applications 

which improve the quality of life for people with disabilities. Generally, body sensors used in health monitoring3 can 

be either: (a) Physiological sensors used to measure human body vital signals internally or externally, like body 
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temperature, blood pressure or Electrocardiography (ECG); or (b) Bio kinetic sensors able to collect human body 

movement based signals as acceleration or angular rate of rotation. To offer additional information about ambient 

temperature, environment pressure, light or humidity, ambient sensors can be combined to body sensors. In fact, since 

these sensors are in charge of monitoring the environment, they can provide valuable additional information for 

medical diagnosis and treatment, which is often the case in home environment. 

 

Figure 1. The four-layer typical architecture of an e Healthcare system 

However, the conception of WBAN applications should take into account many technical requirements, such as the 

motions and the temperature of the nodes, the node locations and the low node capacities in term of energy and 

processing. Other constraints tightly associated to wireless technologies, used for the communications between on 

body and in-body nodes, must be taken into account, such as the short area range, the data rate, etc. ISO/IEEE 11073 1 

specifies for some classes of medical applications the required data rates and latencies1, 21. Besides, WBAN 

applications can involve additional requirements, tightly related to the medical application as well as the patient 

condition. For example, applications using implanted sensors should rely on mechanisms minimizing energy 

consumption in order to extend battery life; while achieving maximum throughput and minimum delay is a perquisite 

for applications with high criticality, like operation of elderly heart patients. All these statements and requirements 

motivate us to Study the different WBAN applications and to highlight the constraints to satisfy for the well 

functioning. We study also the different technologies used and try to associate the WBAN applications with the 

appropriate technologies in order to achieve the maximum of QoS.  

1.1. Residential Environment eHealthcare System Architecture 

A typical architecture of a residential environment eHealthcare system [25] consists of four layers as shown 

in Figure 1. Each layer of this architecture is further explained in more detail as follows. The BAN layer (layer 1) 

incorporates a number of sensor nodes operating within a wireless network. Sensor nodes in this layer are designed 

such that they can be placed on the human body as very small patches (on-body sensors), sewed into fabric (wearable 

sensors), or implanted under the skin (in-body sensors).. 

Such sensors continuously capture and relay vital parameters. However, depending on the functionalities and 

computation capabilities of nodes, data may require low-level on-tag processing prior to transmission. The collected 

data then may either initially be relayed to a central coordinator on the body or may be transmitted directly to the 

upper layers for further processing. The required transmission power by a sensor node in an off-body communication 
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is mainly dependent on a number of factors such as Body Path Loss (BPL), Receive Noise Figure (RNF) and Signal to 

Noise Ratio (SNR) [26]. BPL greatly depends on the radiation patterns of the antennas used [27,28]. RNF is also a 

device-dependent factor. Each device has its own RNF and is indicated in its datasheet. SNR however is influenced by 

the quality of the overall communication link. The performance of SNR can be improved by a number of techniques 

such as Error Control Coding (ECC) techniques and Single-Input and Multiple-Output (SIMO) methods [29,30]. 

Layer 2 contains user interaction devices. Depending on the selected wireless communication protocol, different 

devices may be required to be used. For instance, Bluetooth-based sensor nodes require Bluetooth-based monitoring 

devices such as smart phones or PDAs. Layer 2 acts as an Access Point (AP). APs for residential monitoring are 

usually located within a room environment. Each room is equipped with an AP, where wireless devices are connected 

to a wired network, Wi-Fi or other relevant standards [31]. Collected data from this layer is required to be transferred 

to an upper layer (layer 3) in order to be prepared for the final destination. From room (layer 2) to black box (layer 3), 

there are a number of home networking possibilities that need to be considered [32]. 

There are three “room-to-box” scenarios which are explained in more detail as follows. First scenario provides 

an approach based on dedicated cabling. In this scenario, either both data and power are transferred over a cable (e.g., 

Power over Ethernet (POE)) [33] or data and power are transferred over separate cables (e.g., power over mains and 

data over Ethernet) [34]. The main disadvantage of this scenario is the requirement for cable installation which adds 

repetition complexity and cost to the system [35]. Table 1 lists some of the existing wired home networking 

technologies that can potentially be used to transfer the data over the cables [35,36]. 

Table 1. Possible wired home networking technologies. 

 

The second scenario relies on Power Line Communication (PLC) technology, where data and power are 

transferred over the mains [37]. The main advantage of this scenario is the use of existing electrical wiring 

infrastructure and electrical outlets [38]. PLC is a reliable technology and in terms of cost, it is less expensive than a 

dedicated cabling scenario [38]. However, embedded based standards for PLC are limited in bandwidth. Another 

important disadvantage of PLC technology is that data may be lost due to an unexpected power outage [38]. 

The final scenario is based on existing wireless communication protocols such as Wi-Fi or ZigBee in order to 

transfer the collected data from rooms to black box [35]. However, this communication method is considered less 

reliable when it is compared to dedicated cabling and PLC technology [38]. 

The third layer of the proposed system architecture as depicted in Figure 1 consists of a Decision Measuring 

Unit (DMU). A DMU is an automatic computing system which performs all major computing operations and is 

connected to the Internet. It is the main core of the solution where all important decisions are made. The role of the 

DMU is to collect, filter and analyze the information. The aim of the DMU is to create a typical example of resident’s 

environment that includes a comprehensive database of resident’s medical profile. The DMU is able to recognize 

resident’s conditions based on the information obtained from a number of sensors which are transformed into 

knowledge and a list of user-defined policy rules. Subsequently, appropriate decisions are made automatically 

regarding the health status of inhabitant. The DMU is connected to a back-end medical institution such as a hospital in 

which physicians are able to consider people’s health status. 
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The last layer (layer 4) of this architecture as shown in Figure 1 provides healthcare services to patients. The 

analyzed data stored in the DMU is delivered to a remote server in a hospital, where medical professionals have access 

to it. In this layer, two different types of services may be provided by healthcare personnel: healthcare services and 

emergency services. 

a) 1.2. Taxonomy and Requirements 

Let us summarize the primary requirements and design considerations of wireless communication technologies 

that can potentially be applied in WBAN systems before ending this section. These requirements can be categorized 

into four main subjects: low power consumption, transmission reliability and latency, data rates, security and privacy. 

b) 1.2.1. Low-Power Consumption 

Low-power consumption is considered to be one of the most important and challenging requirements in WBAN 

systems. Devices in WBAN systems mainly consume energy during sensing vital information, wireless 

communication and data processing. However, compared to sensing information and data computation, wireless 

communication consumes a significant amount of energy. Thus, reducing the energy consumption of data transmission 

during communication can conserve considerable amounts of the energy reserves. In almost all WBAN devices, 

batteries are the main source of power supply, but they are also the largest component in terms of weight and volume 

compared to other electronic components. This is important because in many WBAN applications such as pacemakers, 

wearable devices must be able to operate for very long duration of time without being recharged or replaced. Many 

techniques have been proposed in the past to lower the power consumption of such devices. As an example, an 

energy-efficient hybrid system has recently been proposed by Ghamari et al. [39] to minimize the required 

transmission energy consumption of such systems by utilizing energy harvesting techniques and low-power MAC 

protocols. In order to minimize power consumption, it is also important that the upper layer, the application layer, uses 

a better strategy of sampling and transmitting data that is more convenient for its application. As an example, the 

system can reduce the sampling rate of pulse when the user is at rest according to the motion sensor. Dieter et al. [40] 

and Krause et al. [41] showed how selective sampling strategies can decrease the power consumption of such systems 

which results in an increase in the deployment lifetime of wearable technologies. Furthermore, authors in [42] believe 

that, in order to lower the power consumption, it is also possible to reduce the sampling rate below the Nyquist rate 

while still achieving an acceptable quality reconstruction. 

In the bigger picture, the topology of network and placement of sensors also play a role in power consumption. 

The network topology consists of multiple healthcare sensors and relay nodes. Location of these network elements are 

mostly fixed and are in close proximity of each other. In this setup, the messages can be relayed through the network 

to communicate various physiological parameters. The optimization of network mesh and positioning is explained in 

[43]. Authors in [44,45] show that cooperative transmission with the use of relay nodes can boost the efficiency. In 

[46], Ahmed et al., refined the network/MAC layer towards an energy efficient routing protocol. A joint optimization 

of positioning and routing is developed in [47]. Finally, in [48] Liu et al. considered the quality of service (QoS) 

requirements. 

c) 1.2.2. Transmission Reliability and Latency 

Data transmission reliability and latency are two extremely important factors in patient monitoring applications. 

High reliability and low latency of data transfer ensures that real time data is successfully transmitted and is 

immediately accessible to healthcare providers. Reliability directly influences the quality of patient monitoring. It can 
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be life-saving in many situations and in a worst-case event; it can be disastrous when a life threatening incident has 

not been observed or detected. 

On-body channel modeling is another key consideration that has significant impact on the robustness of the 

communication link. On-body radio propagation channels are mainly influenced by the frequent body movements and 

dynamic characteristic of the communication channel. Although complicated analysis techniques such as Finite-

Difference Time-Domain (FDTD) is able to provide an accurate representation of static on-body radio propagation as 

shown in [49], extending such analysis into dynamic on-body channel modeling cases is typically too costly. As a 

result of that many studies focus on statistical techniques or uncomplicated analytical approaches [50]. 

In addition, data transmission reliability and latency are mostly relied on the design of Physical (PHY) and 

Medium Access Control (MAC) layers. In order to achieve optimal reliability and network efficiency, appropriate 

MAC layer protocols are required to be designed to fulfill the particular needs of specific applications [37,38]. 

Reliability of WBAN systems can also be determined in terms of their major Quality of Service (QoS) parameters 

such as transmission loss rate, delay profile and delay jitter. 

d) 1.2.3. Data Rates 

Due to the great diversity of the applications in WBAN systems, data rates differ greatly, ranging from low data 

rate sensors focused mainly on on-body monitoring at a few kbps to high data rate systems designed for multimedia 

data streams of several Mbps [50]. Information may also be transmitted in bursts, though this way of transmitting 

information is not considered energy efficient due to the fact that burst transmission sends out very high data 

transmission rate with very short transmission durations. In medical applications, the reliability of the WBAN systems 

also depends on the employed data rates as low data rate devices are able to manage high BER environments, whereas, 

devices with higher data rates are most suitable to be used in lower BER conditions [50]. 

e) 1.2.4. Security and Privacy 

The transmission of health-related information between on-body sensors and monitoring devices in WBAN 

systems and subsequently over the internet to central controllers in hospitals is strictly private and confidential. 

Health-related information must be encrypted so that the patient’s privacy is protected. Healthcare professionals who 

have access to information must be confident that the patient’s vital information is not tampered with or altered and 

did truly originate from the monitored individual. Furthermore, an overly secure system might disallow healthcare 

professionals from accessing vital health-related information in certain emergency events and thus jeopardize patient’s 

life.  

2. Candidate Wireless  

 

Figure 2. Intra-body communications combined with existing low-power protocols. 
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B. 3. Discussion 

In wearable health monitoring systems, energy efficient functioning of wearable devices is highly dependent on 

the selection of appropriate communication protocols. This is because wireless communication, unlike sensing and 

computation, consumes a significant amount of energy in the sensor nodes. Thus, a suitable selection of low-power 

communication technology can substantially increase the useful lifetime. This section highlights some of the important 

features of possible low-power communication technologies that must be taken into account when choosing a 

particular technology choice. There are a number of low-power wireless communication protocols that can accomplish 

this task. Out of these protocols, ZigBee and Bluetooth are most broadly used. The preference of Zigbee over 

Bluetooth/BLE or vice versa can be made based on the following factors. 

4. Summary of Recent Research Articles 

One of the main goals of this paper is to provide a brief overview of the most recent technological advances in 

the area of e Healthcare systems where healthcare providers are able to remotely monitor patients through the state-of-

the-art WBAN systems along with existing ICTs. Since this area of research is able to significantly affect the existing 

healthcare systems by reducing the current operational costs, it has attracted the attention of a large number of 

researchers and scientists during the past decade and as a result of that many promising prototypes have been designed 

and developed. This section attempts to consider some of the most recent scientific publications in the field of tele 

monitoring systems for elderly and chronically ill patients. 

In order to find the most relevant research articles in this area of research, three scientific databases were used 

for this review paper. We used the IEEE Xplore Digital Library, the ACM Digital Library and the PubMed scientific 

databases. The survey is limited to recent articles no older than five years as the wireless technologies of concern were 

only adopted widely in this period. In order to select the related articles from a large number of papers appeared in the 

search results, the following specific objective criteria were used when we were examining the abstracts and the main 

body of the texts, (A) only articles consisting of on-body (including wearable) sensors that may or may not be 

considered along with off-body (ambient) sensors; (B) articles that are more focused on elderly health monitoring and 

addressing chronic health issues; (C) articles that use a type of wireless communication technology. In addition, this 

survey excluded scientific papers that mainly address in-body (implantable) sensors and ambient sensors (out of the 

scope of this survey).  

Survey Results 

Thus, these systems appear to have high power requirement especially when compared to home-based 

eHealthcare system requirements. When power is of little concern, the choice of wireless is less critical and designers 

usually choose ones they are familiar with, easy to implement or in certain scenarios ones which fit with existing 

infrastructure (WiFi, GSM, etc.). A home environment eHealthcare system has tight restrictions on power 

consumption, which therefore rule out many protocols including WiFi and classic Bluetooth, or even ZigBee. There is 

however a distinct lack of application of alternative low- power wireless technologies or even BLE technology. This 

may be due to aforementioned need to interface with infrastructure or other devices. 

A true home-based patient monitoring system must be able to transparently monitor individuals in home 

environment over extended periods of time. In these systems, sensor power requirements are of utmost importance. 

Hence it is imperative that the employed wireless technologies have minimal power consumption. If the application 

and choice of communication technology allow, energy harvesting based operation has the potential to power the 
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devices indefinitely. It is expected that in the years following this survey a large body of research will accumulate with 

systems utilizing devices that require no specific attention from those they monitor (i.e., charging). These systems 

would therefore allow devices to be worn in everyday clothing and be operating continuously. 

C. 5. Conclusion 

In this survey paper, a review of the currently available low-power wireless communication protocols that can 

potentially be employed in WBAN systems is provided. More specifically, this survey paper provides a review of the 

current research in the area of WBANs with a specific focus on low-power consumption, transmission reliability, 

latency, data rates and security. A comparison of various energy-efficient and reliable wireless communication 

protocols is provided. This survey paper also considers the requirements and challenges of WBAN systems in a 

typical e Healthcare system in order to explore how such systems are able to effectively communicate with the home 

infrastructure. The imposed restrictions and requirements of WBAN systems are pointed out. The shortfalls of various 

WBAN systems in the residential environments are diagnosed and discussed and also suggestions for developing more 

appropriate systems for residential eHealthcare are proposed. In this survey, WBANs are used to enable healthcare 

professionals to continuously monitor patients and elderly people in their own residential environments. In this way, 

abnormal conditions can be detected early which results in major improvements in the quality of patients’ lives. This 

survey then investigates the future prospects of eHealthcare systems which includes the advantages, challenges and 

the fastest areas of growth in the near future. Finally, this survey concludes with a brief review of a number of 

currently published articles in the area of eHealthcare systems. 
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