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ABSTRACT

Wearable Wireless Body Area Networks (WWBANS) are an emergent technol ogy enabling the gathering of
real-time data, for instance, towards decision making by healthcare professionals in the case of remote
monitoring of vital signs of patients. Recent research, however, does not describe in a straightforward way
how hardware, software and wireless communication platforms fit together in order to fully support a
WWBAN-based healthcare application. In this paper we propose a maturity analysis method of research on
WWBANS in healthcare. The goal is to analyze whether a paper contemplates features that a research
project on WWBAN in healthcare should have to apply it in a real world scenario. As a result of our
method, features not addressed might indicate the lack of maturity of research papers, or even suggest open
issues on that field.
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1. INTRODUCTION

The more the worldwide population gets older, the bigger is the need for technologies capable to
monitor and assist patients anytime anywhere so as to give them a more independent lifestyle.
Even children or young people can also take advantage of the benefits of being monitored by
healthcare professionals either in a properly instrumented place, e.g. a hospital, or at their own
homes. In order to become this a redlity, further improvements in wireless sensor-based
communications are crucial. The remote monitoring of patients is one of the issues the Wearable
Wireless Body Area Networks (WWBAN) has to tackle with, and it constitutes the main focus of
this paper.

The WWBAN technology is a Wireless Sensor Network (WSN) sub-area that can be applied and
presented as a better patient monitoring solutions than other technologies. That is because its
ability to collect real-time information and easily match data against each other for better decision
support. Most of the today's technologies are not able to collect and match different data as easily
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as the WWBAN, or send the data over the Internet or another broad network to a system to store,
present, notify and assist healthcare professionals to make decisions.

The majority of the WWBANS projects according to [17] concentrate in issues related to heart
diseases, asthma, emergency calls and stress monitoring. Though it is important to highlight the
fact that WWBANSs technology are not only applied in the healthcare field, it is also applied in
military, entertaining, agriculture and even detection of earthquakes, but those last applications
are not part of this paper.

One of the facts that motivated this work was not to find enough descriptions in many articles of
how the hardware, software and communication patterns would fit together to compose a
complete WWBAN application in the healthcare field. Sometimes articles do not fully detail the
solution, e.g. poor description of communication protocols and how it is going to be used with
commercial devices that do not have it natively implemented. This might be either because of the
focus of the article which was more concerned in specific aspects of the solution itself or it might
suggest the need of further investigation in order to point it out as an open issue that makes the
research project not applicablein real world scenario.

This paper proposes a maturity analysis method of specific WWBANS articles applied in the
hedlthcare area. A study of the articles of the area resulted in a set of aspects relevant to detect its
applicability in a real world scenario. These aspects were taken into account to compose this
method. As a contribution, the method proposed points out specific characteristics that may
present open issuesin the WWBAN area applied to the headthcare field.

This paper is organized as follows the Sections 2, 3 and 4 describes the hardware and software
platforms and the communications standards respectively, as fundamental characteristics to define
the method proposed in Section 5, which describes articles selected in order to demonstrate the
maturity method described in Section 6.

2. HARDWARE PLATFORMS

There is a vast range of hardware platforms used to compose a WWBAN application, specially
applied to hedlthcare. In this article we are going to be presenting the hardware platforms used to
compose the research projects that are going to be described later in this paper.

Firstly it is important to point out some hardware characteristics that a healthcare targeting
application needs. The healthcare application in general, considering it is going to be collecting
data from the human body, should not hinder the patient's movements and be as comfortable as
possible, in other words, it should be light-weighted, small and noninvasive. On a side note, since
our target is the wearabl e devices, the implantable sensors will not be considered.

Being small and light-weighted is a challenge, especiadly if considered the size of the device
being mostly the size of its battery. The battery size has a direct relation to the amount of energy
it can store and thus since sensors applications usualy requires a fair amount of energy it will
automatically require a fair size of battery. In other words the challenge lies in developing small
and lightweight batteries that does not compromise the life-time of the applications.

The hardware should also be wearable and should be strategically attached in the human body,
sinceit isgoing to be in direct contact with possible injured patients with open skin and blood the
devices should aso be easily washable and sterilizable. The manufacturer has also to be careful
with the material in which the hardware will be fabricated since it will be in contact with the skin,
alergies and irritations must be avoided.
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2.1. Motes

The concept of a mote comes from the Wireless Sensor Network (WSN) and it is basicdly a
device composed by a memory, a processing unit and energy supply on which the sensors and
actuators are attached.

The Telos and Mica mote platforms are widely used in the WSN applications and after getting
healthcare sensors adapted to them [4] became widely used in the healthcare field. The Telos
platform is basically composed by a MPS430 microcontroller, a 2 AA battery pack and CC2420
radio interface with 2.4 GHz band and reaches 50 meter indoors and 128 meters outdoors. It also
has a USB for programming, and comes with humidity, temperature and light sensors attached to
it. The Micaplatformis dightly different; it is composed by an Atmega 128L microcontroller, a2
AA battery pack and a CC1000 radio interface with 868-870; 902-928 Mhz and reaches 30 meter
indoors.

The characteristics of the Mica and Telos motes are not quite suitable for healthcare applications,
asit was stated in [4], and some other platforms were proposed in order to be specifically applied
to hedthcare environments, which is the case of the Pluto platform described in [4] and the
Shimmer platform described in [11]. Pluto is based on Telos hardware platform. It also has the
MSP430 microcontroller and the radio interface CC2420 but its antenna is dightly different and
instead of a pack of 2 AA batteriesit is supplied by atiny rechargeable 120 mAh lithium polymer
battery, it was proven to function for nearly 5 hours. It has a Mini-B USB port for programming
and recharge and it is compatible with the TinyOS.

The Shimmer platform on the other hand is a commercially available wearable hardware platform
also compatible with TinyOS, and its hardware is composed by the M SP430 microcontroller, the
CC2420 radio interface and arechargeable Li-ion battery.

2.2. Biosensors

There are alot of physiological signals a sensor can collect from the human body and the decision
of which signal to collect depends on the application’s requirements. In the healthcare field there
are certain important signals to determine someone’s health state, those signals are the ones that
are most used in this kind of applications, those are: ECG, Pulse Oximeter and Blood Pressure.
Depending on the application there are going to be other signals complementing those or there are
going to be different signals, for instance, in an application that aims to detect patients’ falls
should have accelerometers and gyroscopes instead.

Table 1. List of signals and the sensors capable of collecting them.

Signals Sensors

Heart Electrical Signals Electrocardiogram (ECG)
Muscles Electrical Activity Electromyogram (EMG)

Blood Oxygenation Pulse Oximeter

Blood Pressure Blood Pressure Cuff

Body Temperature Thermometers

Motion Accelerometers and Gyroscopes
Skin Conductivity Galvanic

Heart Electrical Signals Electrocardiogram (ECG)
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The sensors and signals listed in Table 1 are the most used sensors in the healthcare projects. And
some of them, such as ECG, Pulse Oximeter and the Blood Pressure are indispensable to
monitoring the vital signs of the patients[5].

Also, according to [5] the pulse oximeter has limited accuracy readings with methemoglobin,
carboxyhemoglobin, nail polish, nail fungus, fluorescent light and motion and thus must be
carefully used in WWBANS applications.

Other sensors usually attached to the motes are the GPS and an electronic tag used for triage
purposes but they are not classified as biosensors.

3. SOFTWARE PLATFORMS

The WWBAN technology when applied to the healthcare field requires basically three software
layers; the one used in the sensors motes, the one used in the personal server (PS) and the one that
composes the server-side of the application. There are a great variety of technologies that
compose the server-side, since it basically addresses devel opment of multipurpose systems, in the
healthcare case generdly it basically displays data collected from the patients, and send alert
notifications as needed.

The second layer, the one that lies on the PS which commonly has as a device a cell phone or a
PDA, is composed of commercialy available software for those specific devices. The software
that composes this layer as well as the server-side is not the focus of this paper, and the problems
of these layers concerning communication, security, heathcare data handling can be addressed
with the commercially technologies and standards available.

This paper focuses on the sensor motes and there are plenty of work on operating systems,
frameworks and middleware platforms for embedded devices that compose a WSN. Though
many of these works do not have stable versions of software or was discontinued.

Besides those, one project that is widely used and has an active community in the operating
system areaisthe TinyOS. The TinyOS is an operationa system vastly used in the genera WSN
field due to its design characterigtics. It has a component-based programming model and uses
NesC as a programming language, a dialect of C, it is not an operationa system in the traditional
sense, it is more of a framework and a set of components to develop embedded systems
applications as mentioned and described in [9].

Another project that has an available version is the software platform CodeBlue. The CodeBlue
platform addresses the issues in the hardware (as described in the last section, with the Pluto
hardware platform) and the software; most importantly it is focused in the healthcare field. The
CodeBlue software platform runs on top of the TinyOS, and it is described in [4] as a protocol
and middleware framework for medical applications. In other words the software platform comes
to make the hardware platform developed to healthcare applications functional, and adds
protocols and services such as routing protocols and query services that addresses the healthcare
applications challenges and help implementing applications in the healthcare field.

As mentioned before there are not only this two software platforms, there a many projects that
develop software specificaly to their hardware platforms, but the TinyOS and CodeBlue are the
most commonly used in the WWBAN applied to the healthcare field and they are presented in the
great mgjority of the research projects that will be described in alater section.
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4. \WIRELESS COMMUNICATION STANDARDS

In this section it is going to be presented some important and widely used communication
standards in the WWBAN technology and most importantly the problems when they are used to
compose WWBAN-based applications. Some of the issues presented in this section are aso
described in [15].

The ZigBee/IEEE 802.15.4 standard communication is widely used in this kind of close range
network, e.g. [19], mostly due to itslow energy consumption and cost, this standard characteristic
is best described in its documentation [13]. One of the issuesis that some environments which use
WWBAN technology might also have a WLAN, in [14] it argues that the WLAN might interfere
with ZigBee. Another issue that the WWBAN applied in the healthcare field suffers is with the
highly variable path loss near the human body, in [12] mentions a project that uses the Telos
hardware platform which is composed of a |EEE 802.15.4 radio attached to a patient's chest that
was not able to communicate with another Telos located at the patient's back.

The Bluetooth is aso a well known communication standard and are implemented in many
commercia devices, such as laptops, cell phones and tablets, and thus it is also widely used. It
was designed to consume low power energy but apparently would consume too much energy to
connect mobile terminals wirelesdy with small devices that has very little energy supply, with
that proposal it was designed the Bluetooth Low Energy technology, which can be suitable to
compose the hardware of a WWBAN, specialy in the hedlthcare field since the mote should be
very small. The Bluetooth is described in detail in [16].

Table 2. Communication Protocols extracted from [10].

Standards Range Data Rate Cost per Chip | Frequency

ZigBee 10-75 (m) 20kbps/ $2.00 868MHZz/
40kbps / 915MHz/
250kbps 2.4GHz

BlueTooth 10-100 (m) 1-3 Mbps $3.00 2.4GHz

The Table 2 illustrates the two wireless communication protocols that were described in this
section aong with the range they reach, data rate, cost per chip and their frequency. These are the
most used standardsin WSN technology.

This paper does not intend to propose solutions to the problems listed in this section, since the
majority of this problems lies in the IEEE 802.15.4 which was the most used standards in the
research projects that will be described in the next session, but we believe the solution is in the
development and investment on new technologies standards such as the Bluetooth Low Energy
and the study and devel opment of new communication protocols.

5. RESEARCH PrROJECTSON WWBANS

In this section it is presented some WWBANSs research projects used to demonstrate the
evauation method in the Section 6. The research projects will be described along with some of
their features such as the hardware platforms, software platforms, communication patterns and
biosensors. It is important to mention that these projects were chosen due to the following
criteria i) being relevant; ii) having wireless communication; iii) having wearable sensors; iv)
being applied to the healthcare field.
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The relevance was a criterion based on the Google Scholar which takes into account the author’s
ranking, the number of references linked to it, the ranking of the publication that journal appears,
among others. The other reason why Google Scholar was chosen was because it indexes a large
number of articles from different search bases.

The wireless communications was a criterion to choose the research projects because it is an
important requirement for healthcare applications, since the wires can cause skin irritation and
specially hinder the patient’s movements. The best case scenario should be the absolute absence
of wires and cords, but the technology has not evolved enough thus far. However this paper is
more concerned in the projects which the communication from the persona server (cell phones,
PDA, etc...) to a computer or access point is wireless to alow the patient to move freely in an
environment, and to make it possible to collect data from patients remotely.

The projects described in this paper makes usage of nonintrusive sensors, specifically wearable
sensors, it is known that intrusive sensors such as implantable sensors has some challenges, for
instance, due to the skin resistance there are frequently loss packages in the data communication,
another challenge is the energy consumption, due to the fact that the sensor isimplanted under the
patient’s skin making it more complicated to recharge. Those problems and challenges are out of
this paper’s scope, thus the projects listed here will only be the ones that use wearable
nonintrusive sensors.

It iswell known that WWBAN technology is applied in a great variety of fields; it can be used in
the military attaching wearable sensors to a soldier or fire-fighter so it can measure the levels of
toxic substances in the environment and warn the user of the risks. It also can be used to train golf
athletes to perfect their swing, for example, attaching motion sensors to them and run agorithms
to detect eventual mistakes. But al of these other applications of the technology are out of the
scope of this paper, since it focuses only on the hedthcare field.

One of the research projects was developed in the Division of Engineering and Applied Sciences
of the Harvard University. It was devel oped the software and hardware platform for medical care.
Attempting to fill out the gap between the need of medical care and the existing technology in
WSN it was developed the CodeBlue [4]. The CodeBlue platform is composed by the hardware
and software platforms that addresses the healthcare field, the hardware platforms were built on
top of the widely used MicaZ, Mica2 and Telos motes, it was created medical sensors such as
ECG, pulse oximeter and a specialized motion-analysis sensor board. The software platform isthe
CodeBlue framework built on top of the TinyOS [9] and provides protocols for device discovery,
publish/subscribe multihop routing, and a simple query interface for care professional's access one
or agroup of patients.

The Real-Time Wireless Physiologica Monitoring System (RTWPMS) described in [2] is a
research project that monitors aged patients on nursing centers. It collects real-time heart rate,
pressure and body temperature. The patient is monitored and gets his data stored, so he can be
real-time monitored or get his data analyzed latter to detect changes in his hedth status. The
hardware platform of the system is composed mainly by four parts; a mobile physiologica
examination device(s); a wireless base station(s); a voice/data exchange device; and a network
management center, the hardware platform was developed specifically to this application. The
software platform was devel oped based on a modular approach in an object-oriented way to make
it easy to update, modify and maintain.

The Wireless sensor networks for persona health monitoring (WPHM) [3] is an article that
describes the utilization of BAN technology in a heathcare application. It points out some
architecture concepts describing generaly three layer architecture among others WWBANS
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concepts. The WPHM [3] aso describes in more detail a prototype that ams to cover the
chalenges described in the article, such as smal size, low power consumption, secure
communication, and interoperability. It uses the ActiS hardware platform with custom sensor
platform, it monitors the heart rate as well as the position of the upper body trunk and two motion
sensors attached to the patient's ankle to monitor his activity. It makes it possible to correlate the
steps and body movements with the patient's heart rate to determine medical conditions. The
Actis hardware platform is made of two custom boards designed specifically for health
monitoring applications attached to the commercia Telos platform. One of the boards is the
Intelligent Signal Processing Module (I1SPM) that extends the Telos features and adds to it two
perpendicular dual axis accelerometers (Analog Devices ADXL202), a bioamplifier with signd
conditioning circuit, and a microcontroller MSP430F1232. The other board is the Intelligent
Activity Sensor (IAS) which is aversion of the ISPM with only accelerometer sensors and signal
conditioning. The software platform used to coordinate the motes as well as the sensor boards is
the TinyOS platform.

The Advanced Health and Disaster Aid Network (AID-N) described in [5] is another project that
applies the WWBAN technology in the healthcare field. It utilizes the technology to feed data to
the Advanced Health and Disaster Aid Network of patients and to make the triage and better send
them to the hospital. It uses an ECG, blood pressure and pulse oximeter as well as atriage tag to
continuously monitor the vital signs of a patient and deliver pertinent information to first
responder. The triage tag is utilized to disseminate data from the incident site to some key
members of the distributed emergency response community which makes it faster and triple the
number of patients triaged compared to the paper system. It uses a MicaZ or TmoteSky platform
and an ETag, ECG, blood pressure, and pulse oximetry sensors attached to it and for the software
platform it used the CodeBlue framework on top of the TinyOS.

Another WWBAN system is the CareNet described in [6], the project basically provides aremote
healthcare system that provides data privacy, scalability, extensibility and integration with web-
based patient portal between the patient at home and the care givers, the system monitors the
physical activity of the patient remotdly using Telos motes equipped with accelerometers and
gyroscopes to detect movements and fall detection. The software platform was developed on top
of the TinyOS.

In the hedthcare field the monitoring of patients, usually older patients, in an assisted-living
community is a common scenario. In this scenario there are a lot of challenges to be addressed
and solved, in [7] it is described a Wireless Sensor Networks for Assisted-Living and Residential
Monitoring, the ALARM-NET project, that addresses those challenges and propose a system to
monitor those patients. The system's hardware platform is composed by MicaZ motes with
infrared motion, dust sensors, temperature, light, pulse, and blood oxygenation sensors and it is
developed using TinyOS software platform.

The problem of monitoring older patient's body posture for falling detection has been solved in
different ways, one of them is described in the Adaptive Body Posture Analysis Using
Collaborative Multi-Sensors for Elderly Falling Detection (ABPA) in [8]. It uses sensors attached
to some parts of the patient body to calculate the body posture and gets high accuracy, in this
project it is used tri-axial G-sensor on the neck the neck, waist, left wrist, right wrist, 1eft thigh,
and right thigh, and the software platform used was Triax Rel oaded and Matlab.

6. MATURITY LEVEL
The maturity level method proposed may evaluate articles and determine whether or not it can be

applied in areal world scenario. In this section we describe how the method is applied to analyze
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the articles listed in previous section as an example of the method’s applicability and to point out
the results obtained. It is important to remark that this method is manually conducted. A series of
research projects should be read and the set of characteristics pointed by this method must be
identified in them.

The research projects are evaluated, as mentioned, according to a set of characteristics described
in[10]. Asaresult, articles ranked in a high position satisfy more of those characteristics and thus
are mature enough to be used in real world scenario. Those characteristics were elected to be
essential for the research project to be used in a rea world scenario and aims to supply key
factors from the perspective of the hedthcare professional, the patient and the
devel oper/manufacturer. Each characteristic is more important to one perspective than other but
they are all essential for the maturity level of the research project in general.

According to [10] the Table 3, atable which was extracted and extended from [10], points out the
characteristics and its weight. The weight was calculated based on the patient's, physician's and
manufacturer's perspective.

The characterigtic's weight can assume vaues from 3 to 1, being 3 important and 1 not so
important or impacting from the evaluators' perspective. The weights given for each characteristic
and from each perspective (patient, physician and manufacturer) are described in more detail in
[10]. The Table 3 only shows the average weight between each perspective and thus gives us
generally how crucia and impacting the characteristic is, in other words it tells us if the
characteristic is important to all perspectives or just one or two. The average itself is calculated
summing up the weights from each perspective and dividing this value by three, so if the weight
is 2.3 it means that from two perspectives it got weight 2 and from one it got weight 3. One can
conclude that the higher the weight average gets the more impacting the characteristic is because
it impacts more perspectives and thus it is crucia when applying the research project in a real
world scenario. However one should be careful to jump into the conclusion that if the weight
averageislow the characteristic is not impacting and thusit is not so important when applying the
research project in areal world scenario, the last piece is not true since it only means it does not
impact all perspectives but can impact the appliance of the research project in the rea world,
specidly if the characteristic affects the functioning aspects of the solution.

Another important observation is that most of the characteristicsis crucia and impacting since it
got the minimum average weight of 1.7, in other words it got weight 2 in two perspectives and
weight 1 in only one, so the minimum average weight characteristic has medium impact from the
perspective of two different evaluators and a low impact in only one. The characteristics and its
weights are shown bellow.
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Table 3. The characteristics' list.

Characteristics | Description Weight Average
Wearability (1) | The system must have low weight and size 2
Appropriate The system has to be unobtrusive and comfortable, 2
placement on in order to not interfere with the user's movements
the body (2) and daily activities.
Aestheticissues | The system should not severely affect user's 2
(3) appearance.
Dataencryption | Encrypted transmission of measured signals and 3
and security (4) | authentication requirement for private data access.
Operational Ultralow power consumption for long-term, 2.3
lifetime (5) mai ntenance-free health monitoring.
Real-application | The developed system is applicable (and useful) to 3
(6) real-life scenariog/health conditions.
Real-time The wearable system produces results, e.g. display of | 2.3
application (7) measurements, aerts, diagnosis etc, in (or near) real -
time.
Computational The computation and the storage required or utilized | 1.7
and storage by the system to achieve desirable results.
reguirements (8)
Easy of use (9) | The system incorporates afriendly, easy-to-useand | 2
easy-to-learn user interface.
Performance Sufficient results and performance stetistics are 3
and test in real provided to verify the system's functionality in rea
cases (10) Cases.

Reliability (11) | The system produces reliable and accurate results. 3
Cost (12) The amount of money required to produce and 2.3
purchase the proposed wearabl e system.

Interference Availability and reliability of wirelesdy transmitted | 2.3
Robustness (13) | physiologica measurements.
Fault Tolerant The system produces reliable results under any 3
(14) circumstances, such as various kinds of patient's
movements.
Scalability (15) | Potentialy of upgrading, enhancing and easily 2
incorporating additional components to the
developed system.
Decision The implemented system includes some type of 2.3
support (16) diagnosi s/decision mechanism or an
algorithm/pattern recognition system for context
aware sensing of parameters.

It will be presented the results after the process of evaluation. For each article it was verified if it
contempl ates the listed characteristics. So for each characteristic in each research project received
a score that represents how well described, or if described at al, the characteristic was in the
article. The score vary from 0 to 2. Being O very little or none detail or does not apply, 1 it is
described but lacks some details, and 2 the characteristic was described very detailed and was
well used in the research project.
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In aside note it is known that the research projects that are being evaluated have more than one
article published and some are till being devel oped. But even so the following results were based
in only one article of each project. It has to be clear that it was considered only the concepts
shown in the project's article as to exemplify the method being proposed, even though it is known
that afull analysis must consider al the articles produced in the research project.

Taking the characteristics listed above and verifying if each one of them is considered in each
article is a step-by-step way to evaluate WWBANS research projects applied to healthcare field.
The resulting analyses led to features that are not receiving attention by the articles. The reason
why a characteristic is being targeted in an article and not in others can suffer from a great range
of reasons, but the intent is to firstly identify the characteristics most presented and the ones that
are not. So the characteristics that are not described in the majority of the articles become atopic
of interest which can be identified as open issues in a future work that would analyze the
literature to confirmiit.

It is important to point out that the articles that do not take into account some of the
characteristics specifically because they are not crucia parts of the solution (e.g. adequate
hardware platforms) will get a low level of maturity. That is because some characteristics can
impact directly the way the application would work, for instance, the solution might use an
algorithm that demands energy that an adequate hardware platform could not provide, and by not
considered these aspects the WWBAN-based application would not work in areal world scenario.
Analyzing the research projects we arrive in the resulting graphic that gives an overview of the
maturity levels, it isillustrated in the Figure 1.

Maturity Level Overview

Projects Maturity Level

W Projects

Level

s

L~

0.8
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Projects

Figurel. 1-RTWPMS; 2 - WPHM; 3 - CodeBlue; 4 — AID-N; 5- CareNet; 6 - ALARM-NET; 7 —
ABPA. Resulting Graphic: Maturity Level Overview.

The result plotted in the graphic shows what articles better consider the characteristics listed. It
has to be noted that some articles do not consider some set of characteristics due to its focus. The
ABPA is an example. It has a very good approach to the falling detecting problem giving a
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method very accurate to identify falls and it basically considers only that. On the other hand it
does not consider other fundamental characteristic that must be considered for the solution to be
applied in real world scenarios and thus had the worse average score.

The graphic points out the project number four, the research project AID-N, as the one that has
the mgjority of the characteristics better described in its article. The AID-N article analyzed
covers most of the characteristics in a detailed way, it isavery complete article and gives avery
detailed description of the project as well as their concerns on the healthcare area’s problems,
such as scaability, wearability, fault tolerance, cost, among others that compose the
characteristic'slist.

The characteristics that were not detailed described were: data encryption and security,
interference robustness and decision support. Since the AID-N applies the platforms developed in
the CodeBlue project it states that even though security is very important in the healthcare field to
keep the privacy of the patients data it is a conflicting requirement with the scalability of the
system, since the security generates overhead in the network's communication, so in this case it
was invested in the scalability of the project over the security.

On the other hand after analyzing al the projects selected we can see each of the characteristics
were better detailed in the projects. From that perspective the resulting graphic illustrated in the

Figure 2 shows for each characteristic on the y-axis how much each of them was described in the
articles.

Characteristics in the Projects (Overview)

Average Characteristics Values in the Projects

W Characteristics

Characteristics
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Figure 2. Resulting Graphic: Characteristicsin the Articles.

This resulting graphic is very important considering it shows which characteristics were better
described in the articles and which ones were not.

The Decision Support characteristic, for example, was not detailed in any project analyzed
according to the resulting graphic. One can misinterpret this information since all of those
projects are support systems, so generaly they provide tools and information to the healthcare
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professiona that supports decisions making and thus they support decision. But that characteristic
as far as this analysis was conducted considers if elaborated computational techniques were
applied to assist in the decision making by the healthcare professionals.

Another issue that can be pointed out is the lack of heathcare professionas in the research
project, some of the articles describes the presence of healthcare professionals in the project but
not all, so problems such as easy of usage, wearability concerns and cost sometimes are not well
described. And since it is a system that provides tools and real-time information to heathcare
professionas, their presence in the project is essentia to feed the project with the application
field's concerns and for their evaluation.

The majority of hardware platforms used is the Berkley motes with adapted healthcare sensors,
the most commons were the Telos and Micaz which is a great commercia sensor platform for
WSN in genera, but as mentioned in [4] they are not quite adequate to use as wearable sensors
dueto its size and weight.

The security aspects of the healthcare application seems to appear in many projects due to the
patient's data privacy, but most of the articles fail to detail techniques, agorithms or
software/hardware platforms that addresses the security aspects, especialy since a secure system
can cost other important requirements of healthcare applications that can be compromised such as
scalability [4].

The reliability and fault tolerance characteristics which are very important to a healthcare system
in the resulting graphics of the characteristics did not get a satisfying level of details in the
articles. It is kind of tricky to provide fault tolerance mechanisms to a healthcare sensor
application since classical approaches such as redundancy might not be possible by aesthetic
issues, hinder patient’s movements and cause discomfort.

Another topic is the standards in the WWBAN technology applied in the healthcare field; the
standards can provide system interoperability in al levels of a healthcare system. They are not
presented in any article of the projects analyzed.

The usage of standards in a WWBAN application facilitates the integration of the various
software and hardware platforms. The projects listed in this paper do not mention the usage of
any healthcare standards but a lot of attempts to make interoperability possible in the heathcare
application technologies were made in the literature. The Health Level Seven (HL7) and the
ISO/IEEE 11073-10471 are examples of headthcare standards for telehealth and bedside devices.

The HL7 defines and standardize the integration between heathcare systems defining languages,
structure, data types, data sending and packaging to integrate systems. It also defines
management, delivery and evaluation of healthcare services. The HL7 standard is recognized as
the most commonly used in the world. The ISO/IEEE 11073-10471 on the other hand establishes
and defines the communication between telehealth independent devices and computers (such as
cell phones, personal computers, persona health appliances) to provide interoperability plug-and-
play. Those standards differ in the way they address certain needs. The ISO/IEEE 11073-10471
addresses the need of an openly defined and independent standard to control the exchange of the
information between the personal devices and the computers. The HL7 is more complete in the
sense it addresses the need to integrate, exchange, share, and retrieve electronic health
information.
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7. CONCLUSIONS/OUTLOOK

WWBANSs are a promising technology that addresses a great variety of chalenges presented
nowadays in different areas. One of the areas that can greatly benefit from this technology is
healthcare. Although this technology is very promising in the medical field some research
projects do not describe in a straightforward way how hardware, software and wireless
communication platforms fit together in order to fully support a WWBAN-based hedlthcare
application. Thus the maturity anaysis method proposed assists researchers to spot lacking
characterigtics in articles that are important for a research project when applied in a real world
scenario.

Characteristics such as inappropriate hardware platform, software platforms not covering al the
hedlthcare requirements and communication standards presenting limitations when applied in
healthcare environment were commonly found among the selected articles analyzed with our
method. Specificaly using light-weighted, washable, wearable, unobtrusive and sterilizable motes
in regards to hardware and data security and elaborated computational techniques for decision
support in regards to software, another issue that would greatly contribute to this type of research
is having healthcare professiona s working actively in the project.

Research projects that do not consider the test of a solution according to those characteristics
received for their articles alow level of maturity because their solutions might be invalid in area
world scenario and that is the main goal of the method. Some of those lacking characteristics that
were common among all the articles analyzed might suggest an open issue, therefore further
research has to be conducted to confirm it.
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