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Abstract— Current advances in MEMS technology, 
construction of compact digital devices and improvements in 
design of embedded distributed systems has raised the efforts in 
generating various pervasive systems like healthcare ubiquitous 
systems for assisting patients and hospital staff to improve 
patient care. Inherent structures of such systems require 
various sensing, communication, processing, visualizing and 
actuating devices. Wireless communication is inherently more 
suitable for healthcare pervasive systems because of mobility of 
involved persons and devices.  Due to the wide variety of used 
devices, various networks and communication protocols are 
needed for supporting them. To overcome the complexity of 
developing software for such systems, a cross layered software 
structure is required. Furthermore, due to the existence of 
various hardware and operating systems, a customized 
middleware is required to provide necessary services with 
proper QoS support. This paper presents above requirements 
on the development and running of pervasive healthcare 
systems. 

I. INTRODUCTION 

biquitus Computing (Ubicomp) uses the full range of 
sensors, devices and networks for transparently provide 

services regardless of time and the location of the end users. 
Pervasive services are mostly context-aware which acquire 
and process information about their surrounding 
environment.  Definition of a context aware system is, “A 
system is context-aware if it uses context to provide relevant 
information and/or services to the user, relevancy depends 
on the user’s task” [1]. Collection of data from various 
sensors in the environment drives implicit information for 
producing context aware applications. 

Pervasive computing can be used for patient monitoring 
with regards to physical, physiological and biochemical 
parameters in any environment and without restriction of 
activity  [2]. Realization of this system can be done with 
using wireless small devices and sensor nodes  [3]. 

Some requirements in pervasive systems like security may 
confuse with some other quality of service (QoS) factors. 
Using current protocols may need a tradeoff between goals 
or we must design new protocols  [4]. Many researches has 
been done on potential, challenges, technological 
requirements and benefits of generating pervasive healthcare 
systems  [5], [6]. Generating a pervasive healthcare system 
(PHS) is a multidisciplinary project. Data management 
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system (DMS) is a basic requirement for pervasive 
healthcare system  [7]. Middleware which was designed with 
intelligent agent technology can provide context awareness 
for pervasive medical environment using Wireless Sensor 
Network (WSN)  [8]. Using agents in DMS architecture can 
optimize accurate data delivery and is designed to work 
within a WSN ubiquitous medical environment  [9]. 
ALARM-NET is a WSN for assisted-living and residential 
monitoring.  Its design goal was to adapt the power 
management and privacy policy enforcement to the 
individual life patterns of the residents, which are analyzed 
and feedback into the system using data association  [10]. 

II. CLASSIFICATIONS 

Figure 1 shows a typical PHS. Three types of networks 
which are used in this system are WSN, ad hoc wireless 
network and Local Area Network (LAN). PHS is composed 
of hardware, communication networks and software. In the 
future we briefly discuss each of them. 

Sensing sensor nodes are called source nodes. These 
nodes collect environmental information and send it to the 
three types of sink nodes. Sink node can be a sensor or actor 
sensor node like other nodes. It can be a device like PDA, 
laptop or cellular-phone with more processing and memory 
power. Third option for sink is a gateway node that connects 
the WSN to a LAN or Internet. 

PHS has two types of nodes, static and mobile nodes. 
Static nodes include the sensor nodes which are distributed 
or installed in various indoor or outdoor physical locations in 
hospital. Mobile nodes consist of sensor nodes which are 
carried with patients and PDAs or cellular phones which 
nurses and doctors carry with themselves. 

In ubiquitous system three type of mobility exist. Node 
mobility occurs, when a sensor node is connected to a 
moving device, person or has mobility facility.  Mobile node 
can be a PDA or cellular phone which is carried in the hand 
or pocket of staffs. In PHS the sensor nodes that are 
connected to some devices which may be carried through 
rooms of hospital and mounted sensor nodes on patients are 
some kinds of mobile sensor nodes. Sink mobility occurs 
when the sink nodes move in the WSN field. In particular 
application condition we may have multiple sink nodes. For 
example in emergency condition may be doctor wants that 
his PDA or Cellular-phone acts as sink node. Event mobility 
occurs when the interested event can occur in different parts  
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Fig.  1. A typical PHS.

of ubiquitous filed. For example when a patient moves in 
the rooms or outdoor spaces of hospital various sensor nodes 
sense him. 

III. HARDWARE 

PHS is composed of various heterogeneous devices like 
RFID tags and readers, wireless sensor nodes, PDA, cellular 
phones, other sensing devices, hospital digital devices, 
servers, various end user PCs and laptops. Most of nodes 
and devices are equipped with sensors. 

ECG, EMG, blood pressure, blood flow, pulse-oxymeter 
is some of the health monitoring devices that use sensors. 
Wireless sensor nodes like mica motes can be equipped with 
these sensors. Beyond the sensor nodes, we assume that 
most of these sensor boards are also battery operated. 
Accelerometer (2 axis), actuator relays, ambient light, 
barometric pressure and temperature, buzzer, external analog 
sensor inputs, GPS, GPIO, magnetic field, microphone, 
photo sensitive light, photo-resistor,  thermostat sensors are 
some of the sensors that are commercially available and can 

be used by sensor nodes  [11]. 
Sensor nodes in WSN are small scale battery powered 

systems which most of them using 8 bit microcontrollers 
which have RF transceiver units and have a limited memory 
and processing power. PDA and cellular phones is used in ad 
hoc wireless networks. These devices have more processing, 
memory and battery resource. Most of these devices have 
LCD or small monitor, keyboard or pen. In LAN network 
various powerful servers and large capacity data stores can 
be used according to required processing and storage 
capacity of the application. 

IV. CONFIGURATION 

Various devices are used in healthcare pervasive system. 
Installed sensor nodes include sensor nodes deployed in 
specific positions in the hospital indoor space to sense 
environmental conditions, such as temperature, light, noise, 
dust, motion or RFID reader. Scattered sensor nodes include 
sensor nodes which are randomly or selectively distributed 
in the area of hospital. These sensors can be installed in the 
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yard or other outdoor common places of hospital. Type of 
sensors for outdoor and indoor is slightly different. These 
sensors send sensed data in a multi-hop routing form to 
nearest gateway node which can be assumed as a nearest 
sink node. Depending on the deployment environment, they 
may use wired or battery power or a combination of them.  

Patient mobile sensor nodes are wireless sensor nodes 
which are worn by a patient and provide physiological 
sensing. Each patient wears a sensor node with required 
sensing devices based on his own medical monitoring needs. 
These sensor nodes may be actor sensor node and have 
actuator components that do a specific function like alerts to 
patient or nurses or gives drug to patient. These nodes use 
the same sensor nodes as installed or scattered in the 
environment. Auxiliary mountable components like color 
LCD for simple input keyboard for improving functionality 
of sensor nodes. Staff mobile wireless devices are hand-held 
wireless devices which connect in wireless form to the 
network and locate him and give required information about 
the patients, devices or other staff. These devices may be 
mobile or PDA devices which have Bluetooth connection 
and have graphical user interface and more processing and 
memory resource and can have installed embedded software. 
Data from/to staff or patient devices is transmitted through 
the installed sensors to/from gateway sink nodes in the 
backbone network. 

Heavy monitoring devices are devices that are not possible 
for motion are installed on wheeled devices or specific 
places and can connect in wireless form to wireless hub in 
rooms. These devices can connect to backbone network 
using LAN-RJ connectors. 

Backbone network is usually a high speed wired or 
wireless LAN which have various facilities. Most intensive 
data storage, retrieval and process are done using powerful 
serves that are installed in this network. Applications 
running on servers provide online analysis of sensor data, 
auditing records, enforcing privacy policies, maintaining  
and long-term storage of system configuration and user 
information. A Circadian Activity Rhythm (CAR) analysis 
program processes sensor data stored in the database and 
learning individual behavior patterns. These are fed back 
into the network to aid context-aware power management 
and privacy. A gateway computer can connect this system to 
internet for tele-medicine, tele-surgery and remote 
management or visiting the patients. 

Backend servers and databases are used for processing, 
managing and recording large amount of sensed data. 
Generating appropriate reports, quick and accurate 
answering to queries and data logging are the responsibilities 
of them. 

System interface is done using PDA, cellular phones and 
front end PC or laptop systems. Using proper GUI and 
interface can improve the efficiency of the system. 

V. RFID 

A. Specification 
Devices, goods and patients can be equipped with sensors 

which allow a simple tracking and localizing of them during 
movement in the various indoors and out outdoor locations 
of the hospital. For this purpose it is not needed that sensor 
node actively communicates but passive reading of data 
from sensor is sufficient. Radio Frequency Identifier (RFID) 
is a simple method for this purpose. In standard application 
form, RFID is used for asset identification but in enhanced 
applications, data can be sent to the tags. No line of sight is 
required. System is composed of tags, readers and required 
software. A tag contains an identification code and designed 
to respond to specific frequency. When a tag enters into the 
sensing range of a RFID reader sends information to reader 
wirelessly. RIFD system uses wireless radio wave 
technology to identify objects automatically and remotely 
without human intervention. RFID tags withstand in difficult 
environmental conditions. In passive RFID the tag relies on 
energy received from reader and supports up to 3 m. Active 
RFID uses battery powered transmission and supports up to 
30-100 m. It works with 125 kHz, 13.56 MHz, 433 MHz, 2.4 
GHz, 5.8 GHz frequency  [12]. 

B. Application 
RFID alone cannot support more advanced applications. It 

is very difficult that a passive RFID tag can locate an item in 
hospital. For eliminating this weakness RFID technology 
can be mixed with WSN and used in PHS. In this method the 
RFID reader mounts on sensor mote and sends their data 
using multi-hop routing to the gateway node using wireless 
sensor nodes and then stores the information in the database. 
By this means the patients can be tracked especially in 
outdoor space. RFID reader can be connected to the system 
with various another technologies. For example in indoor 
space it can be equipped with Ethernet or wireless NIC to 
communicates with wired or wireless HUB to connecting to 
the high speed backbone LAN  [13]. When a special device 
moves in out of one room and enters in another room the 
RFID readers which are installed on the doors senses the 
RFID tags that are labeled to the devices and send the ID 
code to the server. It keeps records of the device movement 
and when a doctor needs this device, a simple query could 
tell the location of it to the doctor. HPS is a mission critical 
system and its middleware must have high QoS support  [14]. 

VI. SOFTWARE 

A. Objectives 
The environment and its sensor nodes are reachable so the 

power consumption is not a major constraint in the wireless 
sensor nodes in the healthcare application. QoS requirements 
play the major rule in this application. Their support is a big 
challenge in WSN and ubiquitous systems especially in 
healthcare application which the QoS requirements change 
over time. For example in medical emergency condition the 
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QoS requirements are of hard constraint type and is different 
from normal working condition. 

B. Software Layers 
PHS is a distributed system. A satisfactory and common 

definition of distributed system with loose characterization is 
“A distributed system is a collection of independent 
computers that appears to its users as a single coherent 
system”  [15]. Functionality of WSN is provided with 
installed system software and running distributed 
application. System software is composition of components 
providing application-independent services and managing 
sensor node resources. 

Two major system software of our concern is OS and 
middleware. OS is the most commonly used system 
software. The heterogeneity of platforms can be hidden 
under common interfaces provided by the OS. The major 
disadvantages of OS are heavy computation and memory 
usage. Task scheduling, inter-process communication (IPC) 
between tasks, memory control, and possible power control 
in terms of voltage scaling and component activation and 
inactivation are some of implemented services of OS. OS 
provides interfaces to have access and do control on 
peripherals. The interfaces are typically associated with 
layered software components with more sophisticated 
functionality, for example a network protocol stack  [16]. A 
sensor node in WSN is not seen only as infrastructure for 
transporting data, but nodes are tasked with collaboratively 
monitoring and controlling the physical environment  [17].  

C. Middleware 
 In traditional systems the middleware installed on top of 

the OS and prepares the required services for upper 
application layer. Middleware in traditional systems is used 
to eliminate the differences in hardware and software of 
various heterogeneous computers in a distributed system 
from distributed application. Application layer sees the 
heterogeneous computers as a single coherent system and 
middleware fills the gap between OS and distributed 
application. 

In health-care monitoring systems we have various 
heterogeneous hardware like sensor nodes, PDAs, cellular 
phones, personal computers, RFID readers and various health 
monitoring hardware. Producing distributed applications with 
various and varying QoS constraints needs a perfect and 
powerful middleware.  

The systems software for WSNs divided into two main 
groups, single node control and network-level distribution 
control. The single node control software implements the 
required low-level routines for managing a single sensor 
node. The network-level distribution control manages 
distributed application execution on a group of several 
nodes. Service discovery, task allocation, remote task 
communication and task migration are four essential 
distribution aspects in WSNs. The control actions in WSN 
are taken according to the application QoS. 

VII. APPLICATION MODELS IN WSN 
WSN has inherent redundancy and fault-tolerance. Sensed 

data which flows from sensor nodes are highly correlated and 
have much redundancy. WSN are data-centric networks. 
Generally applications are divided into four basic models 
base on the data delivery methods, Event-driven, query-
driven, continuous and hybrid data delivery models  [18], [19]. 
Event-driven: In this applications, the sensor nodes are 
instructed to be sensitive to special kinds of events or 
phenomenon  and when these sensor nodes detects such 
events reports the visited event to the sink node. Because of 
redundancy, burst traffic may be generated by a set of sensor 
nodes which the event is appeared in the sensing area of these 
sensor nodes although the data traffic of a single sensor node 
may be very low. These types of applications are pushed 
model and sensing nodes push the sensed data toward sink 
node in multi-hop basis. In some applications which WSN is 
composed of actuator or mobile sensor nodes, actions must 
be done in response to event with instructions of sink node 
as quickly and reliably. Medical health-care systems, 
surveillance and tracking systems are examples of event-
driven applications on WSN. Most event-driven applications 
are mission critical, usually hard real-time, interactive. 

Query-driven: In this applications, the sink nodes makes 
queries on deployed sensor nodes for gathering required 
information from the physical area of under monitoring by 
WSN. These types of applications are pulled model and sink 
pulled the required data from sensor nodes by making 
requests. Generally the queries send on demand to sensor 
nodes. Reconfiguration instructions such as changing 
querying rate, sensing type or software upgrades can be send 
like queries to sensor nodes. Medical health-care systems, 
surveillance systems are examples of query-driven 
applications on WSN. Most query-driven applications are 
mission critical, generally query-specific soft real-time, 
interactive. 

Continuous: In these types of application sensor nodes 
send their sensed data continuously to the sink with a 
specified rate. Sending information can do in two different 
modes, real-time and non real-time. Real-time continuous 
data transmission applications are delay-constrained with 
certain bandwidth requirement and packet losses can be 
tolerated to a certain extent. Real-time voice, image, or video 
data transmission for multimedia application are sample 
applications with continuous data stream model. Non Real-
time continuous data transmission applications are delay and 
packet losses tolerated. In these applications periodic data 
collected from sensing node for sink node. 

Hybrid: Many applications require the combination of data 
delivery models described above. 

VIII. COMMUNICATION 
PHS is composed of three different types of wireless 

networks which each network uses specific communication 
protocol. Each network has specific characteristics that must 
be considered in designing the middleware and the total 
system. In this part, Bluetooth technology is discussed for ah 
doc network, IEEE 802.11 protocol for wireless LAN and 
IEEE 802.15.4 protocol for WSN. 
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A. Bluetooth 
Bluetooth is a short-range (10 m) low power consumption 

wireless networking system which is designed as a Wireless 
Personal Area Network (WPAN) for connecting electronic 
consumer devices like computer and peripherals, handheld 
devices, PDAs, pagers, cell phones and is a replacement of 
IrDA in these applications  [21]. It is a universal radio 
interface for providing ad-hoc wireless connectivity.  It uses 
license-free 2.45 GHz ISM Band for Voice and data 
transmission with approximately 1 Mbit/s gross data rate. 
Ericsson, Intel, IBM, Nokia, Toshiba was the original 
founding corporations and 3Com, Agere, Microsoft, 
Motorola are added promoters of Bluetooth system  [20]. 

Bluetooth 1.2 uses Adaptive frequency hopping.  Higher 
Bluetooth versions have more improved capabilities. 
Bluetooth 2.0 has enhanced data rates (up to 2.1 Mbit/s) and 
lower power consumption which is backward compatible 
with further improved BER performance. Bluetooth 3.0 is 
designed based on Ultra-Wide Band which is Multi-Band. 

Bluetooth organizes network nodes into piconets. Piconet 
is a collection of devices which are connected in ad hoc 
fashion with star topology. Each piconet has one master 
node that determines the hopping pattern which is unique for 
each piconet and many slave nodes which synchronize with 
hopping pattern. Each of nodes can be as master node. In 
traditional Bluetooth systems up to seven slave nodes can be 
active and remainder up to 200 other slave nodes can be 
parked (passive) but in newer systems the number of active 
nodes is increased. 

A single Master node in one piconet can be slave in 
another piconet and a node can be a slave in two different 
piconets which each having capacity of 1Mbits/s. Multiple 
co-located piconets can linking with each other  through the 
sharing of common master or slave devices and make the 
scatternet. By this means the communication between 
piconets is possible. 

 
 
 

Number of active slaves is limited for providing high 
capacity link for multimedia and high baud-rate transmission 
and reducing the addressing overhead. The master polls the 
active slave nodes and it selects the next hopping slave node. 
It uses a TDMA and CDMA hybrid scheduling based MAC 

schema. Bluetooth uses frequency hopping code division 
multiple access (FH-CDMA), which uses a large number of 
pseudorandom sequence for hopping the active slave nodes. 

Bluetooth has four major weaknesses. First is that master 
nodes spends much energy in polling its slaves. Second is 
that active slave node must always be switched on since it 
cannot predict when it will be polled by the master. Third is 
that passive slave must repeatedly apply to master to become 
active. Fourth is the limited number of slave nodes. This 
limitation causes that we don’t mix the WSN from ad-hoc 
wireless networks which can be generated using cellular-
phones and PDAs. Bluetooth consumes about 100 nJ per bit 
for a distance 10 to 100 meters  [22]. 

Bluetooth uses 2.4 GHz ISM band, 79 (23) RF channels, 1 
MHz carrier spacing Channel 0: 2.402 GHz … channel 78: 
2.480 GHz with G-FSK modulation, 1-100 mW transmit 
power FHSS and TDD Frequency hopping with 1600 hops/s. 
Hopping sequence is determined by master in a pseudo 
random fashion, Time division duplex for send/receive 
separation. 
 

 
Fig.  3. Protocol Stack of Bluetooth  [20]. 

Unlike most sensor nodes implementations in some 
researches the Bluetooth system is used for communication 
between sensor nodes  [23]. “BTNode” has been developed 
in ETH Zurich with Atmel 128L micro controller, 64+128 
Kb RAM AND 128 kb FLASH memory and Bluetooth radio 
technology in combination with Chipcon CC1000 operating 
between 433 and 915 MHz  [24]. 

 

B. IEEE 802.11 
Wired LAN has many limitations such as static nodes and 

installation cost. IEEE 802.3 is Ethernet wired line standard 
which is used for wired LAN networks. WLAN provides 
high flexibility, mobility of nodes and easy installation with 
respect to wired LAN. Two major protocols for WLAN is 
IEEE 802.11 and High Performance Radio LAN 
(HiperLAN) which former is most popular. IEEE 802.11 
WLAN standard is a family of wireless single-hop protocols 
for ad-hoc and infrastructure-based networks which several 
physical layers are sharing a single MAC Layer. By this 
means a number of independent users share a common 
channel in fair manner with high bitrates which needs more 

Fig.  2. Piconets that make a scatternet.
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energy consumption  [25]. This protocol operate in 2.4 GHz 
Industrial, Scientific and Medicine ISM unlicensed band. 

 
Fig.  4. IEEE 802.11 layer structure. 

 
 

Fig.  5. (a) Infrastructure WLAN. (b) Wireless ad hoc Network in IEEE 
802.11. 

Figure 4 shows the layer architecture of IEEE 802.11 
protocol. Physical layer contains FHSS and DSSS which are 
two RF transmission methods and IR which is one infrared 
method.  MAC layer contains two access methods, the 
distributed Coordination Function (DCF) which used to 
support asynchronous data transfer on a best-effort basis in 
ad-hoc mode, and the Point Coordination Function (PCF) on 
top of it. 

MAC Layer of IEEE 802.11 like IEEE 802.3 uses carrier-
sense, multiple accesses with collision avoidance 
(CSMA/CA) channel access. But IEEE 802.3 detected the 
collisions. A node is unable listen to the channel for collision 
when transmitting so Collision Detection (CD) cannot apply. 
Because of compatibility the applications which are 
designed in 802.3 and 802.5 can work with this protocol. 
This protocol mostly used in communications between 
wireless HUBs and NIC in computer networks.  

In infrastructure-based networks, for each cell a 
centralized controller as access point exists. Mobile nodes 
communicate with fixed access point which is usually 
connected to the high speed wired network. In ad-hoc 
network, no fixed access point exists and networks do not 
have special structure. Every 802.11 equipped devices in the 
same cell or Independent Basic Service Set (IBSS) can 
directly communicate with every other 802.11 equipped 
devices within the cell.  

C. IEEE 802.15.4 
1) Specification 

IEEE 802.15.4 network is part of the WPAN family of 
standards and is finalized in October 2003. This standard 
covers the physical and MAC layer of a Low-Rate Wireless 
Personal Area Network (LR-WPAN). A LR-WPAN is a 
simple, low-cost communication network that allows 
wireless connectivity in applications with limited power and 
relaxed throughput requirements. This standard designed for 
WSN, interactive toys, smart badges, remote controls, 
connecting devices to a PC and home automation, 
networking and security. These applications require only 
low-to-medium bitrates, moderate average delays without 
too precise delay guarantee which supports low latency 
devices. This protocol is highly desirable for WSN because 
of low power consumption. Short-range operation, 
extremely low cost, ease of installation, reliable data 
transfer, reasonable multi-month to multi-year battery life, 
and simple and flexible protocol with the main design 
objectives of  LR-WPAN. 

Physical layer supports the data rates of 20,40,250 kb/s 
respectively with 1, 10, 16 channels in the frequency bands 
of 868-868.6, 905-928 MHz, 2.4-2.485 GHz ISM. It is not 
multichannel protocol and its MAC only uses one of 27 
available Channels at a time and combines the Schedule-
based and contention-based schemas. It has low power 
consumption with latency down to 15 ms with 10 - 75 meter 
communication ranges. This protocol is asymmetric which 
uses different node types and rules. IEEE 802.15.4 works in 
beaconed and non beaconed mode  [26],  [27]. 

It supports dynamic device addressing and fully 
handshake protocol for reliable data transfer. The network 
can operate in a beacon enabled or non-beacon mode. In 
beacon enabled mode, channel access is facilitated by super 
frames. Each super frame is bounded by a beacon from the 
coordinator. Any device that wants to communicate in the 
PAN should synchronize with the beacon. In non-beacon 
enabled mode, the devices specifically ask for a beacon from 
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the coordinator in order to carry out any transmission in the 
PAN. Channel can be accessed either by CSMA/CA or 
TDMA mechanisms. The super frame is divided into a 
mandatory contention access period (CAP) and an optional 
Contention Free Period (CFP). Slotted and unslotted 
CSMA/CA while CFP is TDMA based. All devices that 
require dedicated time slots for data transmission can request 
the coordinator for guaranteed time slot (GTS) allocation. 
 
2) Architecture 

Figure 6 shows the architecture of IEEE 802.15.4. The 
upper layers consist of a network layer and an application 
layer. An IEEE 802.2™ Type 1 logical link control (LLC) 
can access the MAC sub-layer through the service specific 
convergence sub-layer (SSCS). The LR-WPAN architecture 
can be implemented either as embedded devices or as 
devices requiring the support of an external device such as a 
PC.  

 
 
 
 

3) Network Formation 
LR-WPAN consists of two different device types, a full-

function device (FFD) and a reduced-function device (RFD). 
An FFD can communicate in a peer to peer fashion in three 
modes serving as a personal area network (PAN) 
coordinator, a coordinator, or a device. An FFD can talk to 
RFDs or other FFDs. whereas an RFD can communicate 
only with an FFD. An RFD is intended extremely simple 
applications which do not have the need to send large 
amounts of data and may only associate with a single FFD at 
a time and can be implemented using minimal resources and 
memory capacity. A WPAN is composed of two or more 
devices within a Personal Operating Space (POS) 
communicating on the same physical channel which at least 
one of them is FFD and operating as the Personal Area 
Network (PAN) coordinator. Coverage of an LR-WPAN 
may extend beyond the (POS) and tends to WPAN. LR-
WPAN may operate in the star or the peer-to-peer topology. 
Figure 7 shows these two network structure.  

In the star topology the communication is established 

between devices and a single central controller, called the 
PAN coordinator. The basic building block of 802.15.4 
network is a PAN. A PAN is started and maintained by a 
coordinator. The PAN coordinator is responsible for initiate, 
terminate, route communication around the network, 
beaconing, device associations, regulating channel access 
etc. 

 
Fig.  7. Star and peer-to-peer topology in IEEE 802.15.4  [29]. 

In a peer-to-peer topology, each device is capable of 
communicating with any other device within its radio sphere 
of influence. One device will be as the PAN coordinator. 
Further network structures can be constructed out of the 
peer-to-peer topology and may impose topological 
restrictions on the formation of the network. 

A special case of a peer-to-peer network is cluster-tree in 
which most devices are FFDs. An RFD may appear as a 
leave node at the end of a branch, because it may only 
associate with one FFD at a time. Any of the FFDs may act 
as a coordinator and provide synchronization services to 
other devices or other coordinators. Only one of these 
coordinators can be the overall PAN coordinator. The PAN 
coordinator forms the first cluster by establishing itself as 
the cluster head (CLH) with a cluster identifier (CID) of 
zero, choosing an unused PAN identifier, and broadcasting 
beacon frames to neighboring devices. A candidate device 
receiving a beacon frame may request to join the network at 
the CLH. This process continues recursively. Figure 8 shows 
the structure of a cluster-tree. 

 
Fig.  8. Cluster tree network in IEEE 802.15.4  [29]. 

Table 1 compares these three categories of wireless 
communications protocols which design goal of each one is 
different from another. Middleware for PHS must consider 

Fig.  6. IEEE 802.15.4 Architecture  [28],  [29].
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the capabilities of each network and its protocols for 
supporting QoS metrics of the system.  Various protocol 
stacks which must be implemented in middleware. 

Implanted medical devices may use a licensed band 
allocated for that purpose by the FCC [14] . 

Table 1. Various RF standards in use today 
 [28].

 

IX. CONCLUSION 
Building PHS is a multidisciplinary work. Various 

hardware devices, sensors, networks, network protocols and 
software are required for implementing such systems. This 
paper briefly presents the current state of the art technologies 
and protocols in the area of WSN, ad hoc wireless networks, 
WLAN, RFID and software layers for a pervasive healthcare 
system. 
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