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Abstract: A wireless body area network (WBAN) is a collection 

of miniaturized and energy efficient wireless sensor nodes which 

monitor human body functions and its surroundings. It has been 

observed that WBANs perform single application per network, 

computation and storage capacities are scarce and there is no or 

limited mobility support. Technically complex WBAN 

application solutions today, find refuge in processing 

computationally complex data external to WBANs, i.e., 

processing sensor data on a conventional PC which is impractical 

and clumsy. There is a strong need for WBAN platforms which 

can perform computationally complex tasks on their own having 

enough resources in terms of computation and memory but still 

consuming a slow power as possible in order to prolong net work 

up time. In this thesis work, an improved WBAN named 

multipurpose-BodyNet (MPBodyNet) is implemented. It has 

enough computational and memory resources and compact 

software solutions to achieve high performance and fidelity. 

MPBodyNet is a self configuring, multipurpose WBAN which can 

perform multiple applications and user can switch between 

applications by a mere push of button. It supports mobility and it 

acts like an agent network to other networks. MP-BodyNet forms 

a hierarchy where low-capability networks are supported by 

higher-capacity networks. Hardware used for MP-BodyNet has 

been designed by WSN-Team at Centre for Wireless 

Communications, University of Oulu and this thesis proposes two 

application scenarios. Senior citizen protection mode (SPM) deals 

with a very hot health care issue for elderly people and patients. 

An algorithm is proposed and implemented that can detect falls 

or if the subject/patient has fainted. In SPM, MP-BodyNet can 

generate alarms in case of emergency and events can be seen on a 

central server as well as a special alarm is generated o the user’s 

phone(android app.) which can in turn establish an emergency 

call automatically. Algorithmic efficiency achieved is 100%. 

Silent communication mode (SCM) deals with a military hand 

signal/gesture recognition application. A quite complex pattern 

recognition algorithm has been proposed with two novelties in it 

i.e., a sampling process is introduced in the algorithm and the 

whole algorithmic processing is supposed to be done on the 

sensor node itself, no processing is supposed to be happening 

external to the WBAN. Algorithm for SCM is only presented 

here conceptually after rigorous research about the subject at 

disposal. It is not implemented in this thesis due to lack of time 

and is saved for future development. After a gesture would be 

recognized, an audio message mapped to the gesture will be 

heard over a head phone. 

 

Keywords: WBAN, WSN, fall-detection, gesture-recognition. 

 

1. INTRODUCTION 

 

Wearable health monitoring systems or wearable human body 

monitoring coupled with wireless communications are the 

bedrock of an emerging class of sensor networks known as 

wireless body area networks (WBANs). Such networks have 

myriad applications, including diet monitoring, detection of 

activity or posture or gesture, and health crisis support etc. 

Recently, there has been increasing interest from researchers, 

system designers, and application developers on a new type of 

network architecture generally known as body sensor 

networks or WBANs, made feasible by novel advances on 

lightweight, small-size, ultra-low-power, and intelligent 

monitoring wearable sensors. In WBANs, sensors 

continuously monitor human’s physiological activities and 

actions, such as health status and motion pattern. [1–3] 

AWBAN is a collection of low-power, miniaturized, 

invasive/non-invasive light weight wireless sensor nodes that 

monitor the human body functions and the surrounding 

environment. In addition, it supports a number of innovative 

and interesting applications such as ubiquitous health-care, 

entertainment, interactive gaming, and military applications. 

Present day WBANs perform single application per network, 

computation and storage capacities are scarce and there is no 

mobility support. Technically complex WBAN application 

solutions today find refuge in processing computationally 

complex data external to WBANs, i.e., processing sensor data 

on a conventional PC which is impractical and clumsy. There 

is a strong need for WBAN platforms which can perform 

computationally complex tasks on their own having enough 

resources in terms of computation and memory but still 

consuming as low power as possible in order to prolong 

network uptime. In this thesis work, an improved WBAN 

named MP-BodyNet is designed and implemented with 

enough computational and memory resources and compact 

software solutions to achieve high performance and fidelity. 

MP-BodyNet is a self-configuring, multi-purpose WBAN 

which can perform multiple applications and user can switch 

between applications by a mere push of button. It supports 

mobility and it acts like an agent network to other networks. 

MP-BodyNet forms a hierarchy where low-capability 

networks are supported by higher-capacity networks. This 

master’s thesis is structured as follows. Chapter 2 gives a basic 
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description of WBANs and different tiers of WBANs are 

discussed along with applications relating to WBANs are 

identified. In Chapter 3, various wireless communication 

techniques used in wireless sensor networks were identified 

and the standards pertaining to those communication 

techniques were reviewed. Chapter 4 provides an introduction 

to the MP-BodyNet, the WBAN proposed in this thesis. 

Chapter 5 discusses in detail all components of MP-BodyNet, 

its complete architectural design ,and the algorithms 

developed for different modes of MP-BodyNet are evaluated, 

Overall performance of the MP-BodyNet is also evaluated. 

Chapter 6 sheds light on discussion and Chapter 7 provides 

summary of the thesis. 

 

2. WIRELESSBODYAREANETWORKS 

 

2.1. Overview 

A WBAN is a collection of miniaturized, multi-functional, and 

energy efficient wireless sensor nodes which monitor human 

body functions and its surroundings [2]. Figure 1 depicts a 

WBAN with a few wireless sensor nodes which are 

monitoring different parameters relating to human body and 

are reporting to a central node called as a coordinator node or 

a sink node. Coordinator node itself can be a sensor node or it 

can simply be an aggregating and relaying device. Coordinator 

node in turn transmits monitored data for further processing to 

the backbone network through wireless access point (AP). In 

some applications coordinator node serves as an AP as well. 

[4] Wireless sensor nodes can be either wearable or implanted 

into a human body. Nodes communicate with each other using 

certain short range wireless technology, e.g., Bluetooth, 

ZigBee, or ultra wide band (UWB) [4].  

 

A WBAN sensor node consists of fundamentally six 

components, namely:  

 

• Sensing unit 

• Processing unit  

• Analog-to-digital converter (A/D converter)  

• Power unit  

• Communication unit (radio transceiver)  

• Memory or storage unit 

 

Sometimes a WBAN sensor node is also equipped with an 

actuator. Actuator is a device to convert an electrical signal to 

some action such as a physical phenomenon, e.g., servo 

motors, insulin pumps, etc. Fundamental task of a sensor node 

in a WBAN is to sense (monitor) one or more physical, 

physiological, chemical or biological signal/signals from 

human body or its surroundings. After sensing, they are 

responsible for processing the sensed data (signals),i.e., 

filtration, amplification, digitization, feature extraction etc. 

This processed data is then stored momentarily and forwarded 

to the gateway (sink node or coordinator node) through the 

wireless link. [2,4,5] The gateway or sink is usually a more 

powerful device with better computational capabilities and is 

responsible to collect and process the data generated by the 

WBAN sensor nodes. Depending on the application, the sink 

may provide direct feedbacks (visual or vocal) to user based 

on data collected from sensors, or it may forward data through 

a wireless backbone network, e.g., wireless local area network 

(WLAN), global system for mobile communication (GSM), 

general packet radio service (GPRS), universal mobile 

telecommunication systems (UMTS), worldwide 

interoperability for microwave access (Wi-MAX), etc. [5], to a 

remote server where the data can be processed further and 

displayed in real-time for user’s inspection and/or stored in a 

database for post-analysis. 

 

 
Figure 1. Illustration of a WBAN. 

 

2.2. Generalized system architecture 

Unlike typical wireless sensor networks (WSNs), WBANs are 

not node-dense. In other words, there are no redundant nodes 

to ensure safe operation in case of failures. Sensor/actuator 

nodes are placed at certain locations on the human body 

strategically [1]. Nodes are meant to register human 

physiological activities in a periodic manner and hence the 

data stream exhibits relatively stable rates. Such properties 

make WBAN system architecture a bit different from other 

sensor networks. Communication architecture of a WBAN can 

be based on either peer-to-peer communication or 

infrastructure based communication [1], [6]. Peer-to-peer 

communication is used in ad hoc networks where as 

infrastructure based networks contain an AP or base station 

(BS) which forward the traffic to the intended recipient. In 

infrastructure based networks all communication must go 

through the AP/BS even though the sender and receiver are in 

radio range of each other, i.e., the AP/BS is in charge of the 

network. In Figure 2 (a) an ad-hoc network is shown where all 

nodes can send data traffic to all other nodes within radio 

range and in Figure 2 (b) the infrastructure mode is depicted 

[7]. Today, for example all mobile telephone systems work in 

infrastructure mode and the same goes for the WLAN standard 

IEEE 802.11. However, the latter has support for ad hoc mode 

as well, which could be used for example during a meeting 
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when meeting participants want to exchange documents [6]. 

Generalized system architecture of a WBAN can be divided in 

three fundamental levels or tiers of communication as 

described in [1,2,5]:  

 

i) Tier-1 communication (intra-WBAN)  

ii) Tier-2 communication (inter-WBAN)  

iii) Tier-3 communication (beyond WBAN). 

 

 
Figure 2. (a) Ad-hoc communication (b) Infrastructure based communication. 

 

2.2.1. Tier-1 communication-Intra-WBAN 

Tier-1 communication or intra-WBAN communication refers 

to the radio communication range of about 2 meters around 

the human body [1]. Intra-WBAN communication can be sub-

categorized as follows: (a) Communication among body 

sensors (b) Communication between body sensors and a 

personal server (PS) A PS is any machine that can collect data 

from sensors and do processing on it to generate some 

meaningful result, e.g., a cell phone or a personal digital 

assistant (PDA) or a palm top. PS is quite different than a 

coordinator node or a gateway node because PS is a more 

complicated multipurpose machine, that is needed to be 

equipped with some peripheral radio or cable to communicate 

with the body sensors. PS should also have sensor data 

manipulating or processing software to generate outputs. 

Gateway or coordinator nodes are just like sensor nodes, in 

architecture, from which they collect data. Their task is to 

forward the data to AP and then AP will route the data on 

internet to the remote server/database. Design of intra-WBAN 

tier is far more complicated and challenging than other ones. 

In existing schemes like MIThrill [8] and SMART [9], the 

challengesofwirelesslyinterconnectingsensorsandaPSareavoide

dbyutilizingcables to directly connect multiple commercially 

available sensors with a PS. Alternatively, Code Blue [7] 

stipulates that sensors directly communicate with APs without 

a PS. However, the typical intra-WBAN designs suggests 

multiple sensors forwarding body signals to a PS that in turn 

forwards the processed physiological data to an access point, 

e.g., in WiMoCa [10]. Well known communication techniques 

for intra-WBAN communication are ZigBee, Bluetooth and 

UWB. 

 

2.2.2. Tier-2communication-Inter-WBAN 

Inter-WBAN involves communication of PS with the AP, if 

the network is infrastructure based. In the ad hoc based 

architecture, multiple APs are deployed to help body sensors 

to transmit information. Thus, the service coverage is larger 

than in the infrastructure based architecture, facilitating users 

to move around in a building, playground, or in an emergency 

rescue spot. While the coverage of a WBAN is limited to 

about two meters, this way of interconnection extends the 

system to approximately one-hundred meters, which suits both 

in a short-term setup, and in a long-term setup, e.g., at home. 

Two categories of nodes exist in this architecture setup, i.e., 

sensor/actuator nodes in or around a human body, and router 

nodes around a WBAN, both of which have the same radio 

hardware to facilitate multi-hop routing. This architecture 

setup is similar to that of a traditional WSN, and both of them 

often employ a gateway or a coordinator node to interface 

with the outside world. In WSNs, however, every node 

functions as a sensor node and a router node. Tier-2 

communication techniques can be WLAN, ZigBee, UWB, 

GSM or UMTS. [1,5,6] 

 

2.2.3. Tier-3communication-Beyond-WBAN 

Tier-3 involves communication between a WBAN and an 

outside network, e.g., internet or some E-care (electronic care) 

center. PS and gateway can directly communicate to the 

outside network and it can also have some base stations 

involved in between as well. Figure 3 represents a pictorial 

representation of the tiers of communication for WBANs. A 

database is an important component of the beyond-WBAN 

tier. This database maintains, e.g., the user’s profile and 

medical history. According to user’s service priority and/or 

doctor’s availability, the doctor may access the user’s 

information as needed. At the same time, automated 

notifications can be issued to his/her relatives based on this 

data via various means of telecommunications. The design of 

beyond WBAN communication is application-specific, and 

should adapt to the requirements of user-specific services. For 

example, if any abnormalities are found based on the up-to-

date body signal transmitted to the database, an alarm can 

notify patient or doctor through email or short message service 

(SMS).If necessary, doctors or other care-givers can 

communicate with patients directly by video conference via 

the Internet. In fact, it might be possible for the doctor to 

remotely diagnose a problem by relying on both video 

communications with the patient and the patient’s 

physiological data information stored in the database or 

retrieved by a WBAN worn by the patient. Literature, 

e.g.,[1,2] and [4–6] discuss the above mentioned statements.  

 

2.3. Summary of standards and frequency bands used for 

WBAN 

WBANs are made up of low power, inexpensive and less 

sophisticated sensor devices, and the design goal is to 

consume minimum amount of power along with sufficient 

computational capabilities. This makes WBAN design a real 

challenge. A WBAN design engineer has to plan intelligently 

what communication techniques or standards to follow, how 

much computational capability is needed in devices, how 

much power is needed and how to prevent exhaustion of 

resources (both energy and computational). [1,4] 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/


 

International Journal of Research 
Available at https://edupediapublications.org/journals 

 e-ISSN: 2348-6848   

p-ISSN: 2348-795X  

Volume 05  Issue 1 

January 2018 

 

Available online:  https://edupediapublications.org/journals/index.php/IJR/  P a g e  | 4100    

 

 

 

 
Figure 3. A pictorial representation of 3-tier communication in a WBAN. 

 

The Institute of Electrical and Electronics Engineers (IEEE) is 

a non-profit professional institution dedicated to advancing 

technological innovation and excellence. IEEE is one of the 

leading standards-making organizations in the world. IEEE 

performs its standards making and maintaining functions 

through the IEEE standards association (IEEE-SA). IEEE 

standards affect a wide range of industries including power 

and energy, biomedical and healthcare, information 

technology (IT), telecommunications, transportation, nano-

technology, information assurance, and many more. IEEE has 

many work groups committed to various scientific research 

areas. [11] IEEE 802.15 is the wireless personal area networks 

(WPAN) workgroup. WPAN constitute a network class which 

typically refers to communication of devices located in 

proximity of an individual. Hence, the typical range of such 

networks is a few or tens of meters. [12] WBANs fall in the 

category of WPANs. IEEE has broken down the WPAN 

working group into 7 task groups, each focused on a different 

aspect of WPANs. These task groups have issued various 

standards and exhaustive details about these standards are 

described in [12]. A brief summary discerned from [12] is as 

follows: 

 

 Task Group 1 - WPAN / Bluetooth: A WPAN standard 

initially based on the Bluetooth v1.1 specifications, later 

updated to include changes from Bluetooth v1.2, and 

published as IEEE802.15.1-2005. The most recent 

version of Bluetooth is v4.0 which was specified in 2010.  

 Task Group 2 - Coexistence: A standard that addresses 

the issue of coexistence of WPANs with other wireless 

networks and devices operating in unlicensed frequency 

bands. TG-2 (Task group 2) gave its specifications for 

IEEE 802.15.2 in 2003 and now this task group is in 

hibernation until further notice.  

 Task Group 3 - High Rate WPAN: A standard for high 

data rate WPANs. This includes different physical layer 

definitions. In the original specifications 2.4 GHz 

physical layer (PHY) was proposed. Then an amendment 

proposal was considered and it was called as 802.15.3a 

in which UWB was the candidate PHY to achieve target 

data rate of 110 Mb. However this proposal was 

withdrawn later.  

 Task Group 4 - Low Rate WPAN: A standard that 

focuses on low data rate and long battery life known as 

IEEE 802.15.4.  

 Task Group 5 - Mesh Networking: A standard that 

defines a recommended practice for mash topologies of 

WPANs.  

 Task Group 6 - BAN: This group focuses on 

technologies for body area networks (BANs). Its goal is 

the definition of an ultra-low power and short range 

wireless communication standard.  

 Task Group 7 - VLC: This group’s goal is the definition 

of a standard for visible Light communications (VLC). 

 

Recently IEEE-SA has published a standard for WBANs 

which is termed as IEEE 802.15.6 [2]. The standard defines 

three physical layers (PHY) and a sophisticated medium 

access control (MAC) protocol. More details about it are given 

in Chapter 3. The available frequencies for WBANs are 

regulated by local communication authorities in different 

countries. Figure 4, which is a discerned version from [13] and 

[3] show a short summary of some of the frequency bands 

available for WBAN in different countries. Medical implant 

communications service (MICS) band is a license db and used 

for implant communication and has the same frequency range 

(402-405 MHz) in most of the countries. Wireless medical 

telemetry services (WMTS) are a licensed band used for 

medical telemetry system. Neither MICS nor WMTS 

bandwidths support high data rate applications. The industrial, 

scientific and medical (ISM) band supports high data rate 

applications and is available worldwide. However, there are 

considerable sources of interference as many wireless devices 

including the ones based on IEEE802.15.1, IEEE 802.15.4 and 

IEEE 802.11 (WLAN) operate at ISM band.  

 

The UWB is a narrow pulse transmission system whose 

spectrum is spread across a wide range of frequencies. The 

UWB is a different solution compared to the carrier based 

communication. The lack of carrier also implies that the 

frequency band is not divided into a number of channels. 

Instead, a number of pseudo-random sequences in the time 

domain replace what is normally referred as a channel. UWB 

has really low emission power density and hence it guarantees 

more battery life plus much larger bandwidth. In case of high 

rate UWB, this larger band width gives an opportunity to use 

even multimedia applications. [2,6,14] Although a standard 

exclusively for WBAN has emerged, design and development 

phases for WBAN application architectures are no trigid. Still 
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a lot of work is needed to be done for proper implementation 

of IEEE 802.15.6. In the past, WBAN application 

architectures have been finding roots from LR-WPAN (low-

rate WPAN) or IEEE 802.15.4 and from IEEE 802.15.1 

(Bluetooth). Bluetooth consumes a lot of power and therefore 

it is replaced by the IEEE 802.15.4. However, recently 

Bluetooth has evolved as a technology with significantly lower 

power consumption, e.g., Bluetooth low energy (BLE) [15]. In 

near future, most probably IEEE 802.15.6 will be 

implemented for WBAN applications especially in healthcare 

and tactical military domains. The discussion above 

summarizes that the 802.15.6 standard will determine the 

dedicated signal structures for future use in WBANs. The 

existing standards for WBANs are 802.15.4 and its extension 

802.15.4a where physical layer is UWB. In 2011, IEEE 

merged original 802.15.4 and various other related 

amendments into a single standard termed as IEEE 802.15.4-

2011. [16] 

 

 
Figure 4. Frequency bands for WBAN. 

 

2.4. State-of-the-art transceiver 

The choice of off-the-shelf transceiver or designing a custom 

transceiver for WBANs is a pivotal network design task. What 

kind of radio system is to select or design depends on what 

kind of radio enabling technology one is going to use. In the 

recent past, an off-the-shelf transceiver for IEEE 802.15.4 

radio has been used quite a lot for sensor network applications, 

including WBANs [17]. It is known as CC2420, made by 

Texas Instruments powered by ChipCon’s Smart RF 

technology [18]. A lot of research has been done in this 

respect and various solutions for different air interfaces have 

emerged. State-of-the art is pacing quite quickly and a lot of 

innovations are being added to the IEEE 802.15.4 and 

802.15.6 standards [13]. Numerous commercial solutions 

forIEEE802.15.4 receiver architecture are available e.g., 

Atmel AT86RF231 [19], Free scale MC13191 [20], Panasonic 

PAN4561 [21] etc. For characteristic IEEE 802.15.4 radio, 

both academia and industry have done exhaustive research and 

still this area is hot and buzzing. Such receiver architectures 

are discussed in literature, e.g., [14] and [22–27]. Later in 

2007, an amendment was done for the IEEE 802.15.4 standard 

[28] and it was then called as IEEE 802.15.4a, which proposed 

UWB as an air interface technology (physical layer) and it 

proposed higher data rate, more mobility and precision 

ranging. Different types of UWB based receivers for IEEE 

802.15.4 a are compared in [29] and [30]. Generally, a state-

of-the-art receiver for WBAN applications should be robust 

and reliable but consume ultra-low power, hence having long 

battery life. It should be competent against interference; this 

becomes significant property when it comes to already 

crowded ISM band.  

Most of the literature suggests direct-conversion receiver 

architecture with frequency shift keying (FSK) or on-off 

keying (OOK) modulation schemes and to use a medium 

access scheme based on a duty cycled wake-up radio capable 

of detecting node addresses. Such a transceiver which gives an 

overall power budget of only 1 mW is proposed in [14]. It is 

realized in a nanometer complementary metal oxide 

semiconductor (CMOS) as a single chip, thereby reducing the 

size and cost. Figure 5 depicts a block diagram of a WBAN 

application which has a ZL70102 radio system built by 

ZARLINK Semiconductor TM [31]. This transceiver has a 

built-in wake-up radio which operates at ISM band (2.45 

GHz) thus allows to transmit the wake-up at higher power and 

the main radio operates at MICS band (400 MHz). It is quite 

self-contained, completer audio system with very few external 

components required and consumes extremely low power. 

 
Figure 5. A Simple WBAN using ZL.70102 transceiver system  

 

In WBAN applications, low data rate and low transmit power 

are required because nodes are located on the body and are 

quite close to each other as compared to other WPANs. 

However, still significant signal attenuation can take place 

because different parts of human body have different dielectric 

constants and absorption of signal happens differently. It even 

varies from human to human. [32] 

 

3. WBAN APPLICATIONS 

 

WBAN is an emerging enabling technology with a broad 

range of potential applications and use cases in diverse 

application domains including medical, fitness and wellness 

management, military, safety and security, sports, social 

networking and entertainment. These application domains are 

described in [33] and are presented here as follows: 

  

• In medical domain, a WBAN of medical sensors can be 

used in different scenarios, for example, sleep staging, 

computer-assisted physical rehabilitation, monitoring 

patients at home, at hospital, or anywhere. 

• In fitness and wellness management, a WBAN of 

physical and physiological sensors can be used by health 

enthusiasts who wish to track their fitness and improve 

their well-being.  

• In military domain, WBAN has a wide spectrum of 

possible applications. For instance, WBAN of sensors 

and actuators worn on the body of soldiers can help 
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commanders not just to acquire real-time information 

about the location and physiological status of their 

soldiers while in battle fields or during extensive 

trainings, but also to send instructions/commands to the 

soldiers in real-time.  

• In safety and security domain, a WBAN of wearable 

biosensors can be used, for instance, for monitoring fire 

fighters or hazardous material workers (using hazmat 

sensors),or for detecting chemical and biological attacks, 

or for automatic identification and authorization, e.g., 

using RFID (radio frequency identification) tags [34], 

etc.  

• In sports domain, WBAN of physical and physiological 

sensors worn on the body of athletes can be used, for 

instance, by coaches/trainers to remotely monitor the 

physical activities and physiological status of the athletes 

during trainings/exercises or during real matches.  

• In social networking and entertainment domain, WBAN 

can be used for exchanging digital profile or business 

cards, match making (hobby, interest, game, and 

community member), creating groups with same 

preferences and emotions etc. 

 

IEEE 802.15 TG-6 [35] has proposed many designed cases 

and application possibilities of WBANs. Mainly those 

applications are divided in two types.  

 

i) Class B: Non-Medical Applications  

ii) Class A: Medical Applications Table 1 and Table 2 

list IEEE proposed WBAN application possibilities 

as presented in [35] and [36]. 

 
Table 1. List of IEEE proposed Class B WBAN applications Class B: Non-

Medical Applications 

 
 

Further details about the use-cases and applications listed in 

Table 1 and Table 2 can be found from [35] whereas examples 

of non-medical applications are given in [36]. 

 
Table 2. List of IEEE proposed Class A WBAN applications 

 

 

 

4. NETWORK ARCHITECTURE 

 

Figure 14 represents a pictorial manifestation of MP-BodyNet. 

IEEE 802.15.4 [38] has been chosen as the communication 

technology. Architecturally, MP-BodyNet consists of three 

main components namely sensor-nodes (SN), concentrator-

node (CN), and a gateway node (GN). Beyond-WBAN 

components include a generic WSN gateway (GWG),a client 

Android application(C-app)to show measurements, alarms or 

messages to intended staff or personnel and an ear-piece in 

case of SCM. In SPM, ear-piece is not needed. MP-BodyNet 

not only fulfills the requirements laid down by the WAS 

project, it provides flexible and versatile WBAN with multiple 

applications. All SNs communicate with a single CN and the 

CN communicates with a GN. Complexity of the nodes grows 

from SNs to GN. Architecture and functionality of each entity 

in WBAN is given in Chapter 5. Figure 15 depicts the block 

diagram of beyond-WBAN communication in MPBodyNet. 

Link between concentrator node and gateway node is IEEE 

802.15.4 based whereas the link between gateway node and 

GWG is WLAN based. 
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Figure 6. MP-BodyNet full configuration. 

 

GN has two front-ends, an IEEE 802.15.4 frontend serving as 

a bridge for MPBodyNet, and a WLAN front-end serving as 

gateway. C-apps are connected to GWG. SNs, CN, GN and C-

app are designed and developed at CWC whereas GWG is 

developed at Tampere University of Technology (TUT) [88]. 

Hardware for the network entities is mostly developed by the 

WSN-Team at CWC and partly acquired from industry. 

Software for SN, CN, GN (gateway) is developed during the 

course of this thesis except GWG and GN (bridge). 

 

 
Figure 7. Beyond-WBAN communication in MP-BodyNet. 

 

5. SUMMARY 

 

Wearable health monitoring systems or wearable human body 

monitoring coupled with wireless communications are the 

bedrock of an emerging class of sensor networks WBANs. 

Such networks have myriad applications, including diet 

monitoring, detection of activity or posture or gesture, and 

health crisis support etc. Recently, there has been increasing 

interest from researchers, system designers, and application 

developers on a new type of network architecture generally 

known as body sensor networks or WBANs, made feasible by 

novel advances on lightweight, small-size, ultra-low-power, 

and intelligent monitoring wearable sensors. In WBANs, 

sensors continuously monitor human’s physiological activities 

and actions, such as health status and motion pattern. 

Generalized system architecture of a WBAN can be divided in 

three fundamental levels or tiers of communication namely 

intra-WBAN, inter-WBAN, and beyond WBAN. Various 

identified frequency bands available for WBANs include ISM 

band, MICS band, WMTS band, UWB etc. Two major classes 

of WBAN applications have been listed by IEEE namely, 

class A (medical applications) and class B (non-medical 

applications). Three different short-range wireless 

communication technologies for intra-WBAN 

communications can be considered as potential candidates 

namely IEEE 802.15.1 (Bluetooth), IEEE 802.15.4 (ZigBee) 

and IEEE 802.15.6. Bluetooth is not suitable in general for 

WBAN or WSN applications because of excessive power 

consumption although Bluetooth low energy is a good 

candidate. IEEE802.15.4 has been used mostly for WSNs and 

is a strong candidate for WBANs as well. IEEE 802.15.6 is the 

standard exclusively for WBANs. It offers three different 

physical layers and huge bandwidth with less power 

consumption. However, it is not still implemented on industry 

level. In this thesis, a wireless body area network named MP-

BodyNet was partially implemented. The network can perform 

multiple applications and two modes of applications were 

devised, i.e., senior citizen protection mode (SPM) and silent 

communication mode (SCM). IEEE 802.15.4 was chosen as a 

communication technique for implementation. MP-Body Net 

has enough computational and memory resources and compact 

software solutions to achieve high performance and fidelity. 

MP-BodyNet is a self-configuring, multipurpose WBAN 

which can perform multiple applications and user can switch 

between applications by a mere push of button. It supports 

mobility and it acts like an agent network to other networks. 

MP-BodyNet forms a hierarchy where low-capability 

networks are supported by higher-capacity networks. 

Algorithm for fall detection in SPM was developed and 

implemented. Due to lack of time, algorithm for SCM could 

not be implemented. However, the proposed algorithm is 

presented. 
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