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Abstract — Modern day medicine can significantly 
benefit from use of state-of the art technology such 
are Wireless Sensor Networks and data mining. Both 
can be applied in a variety of scenarios, ranging from 
hospital care and screenings, to patent treatment. A 
general architecture of a system, which allows 
combined use of these two technologies, can be 
defined. Two case studies, multiple sclerosis, and 
retinal detachment are presented and analysed. 
Important issues, from the engineering and medical 
standpoints are discussed. 
 

Index Terms — Data mining in medicine, Sensor 
nets, Wireless Sensor Networks. 

1. INTRODUCTION 

 
Medicine, a science and art of healing, largely 

relies on abstracting information from numerous data. 
Nowadays, application of electronic sensors brought 
novel approach that complements clinical data (anamnesis 
and physical examination signs), followed by diagnostic 
procedures, such as imaging techniques, and therapy. 
Though yield of myriad of information is necessary for 
progress of aspects of patient management, it becomes 
overwhelming for a physician to analyze and draw 
conclusions from. Therefore, data mining comes in focus 
as a mean of identifying significant patterns concerning 
health care. 

With today’s technological progress in sensing 
devices, integrated, low-powered electronics, new 
frontiers are opened for using sensors that became 
smaller, more accurate, using less energy. Typical sensing 
device is capable not only to measure some physical 
parameters, but also to perform some signal processing, 
and to communicate with other similar devices in order to 
build a wireless network. Embedded in the physical world 
for sensing and measuring various physical phenomena 
like temperature, light, humidity, pressure, with 
possibility to be spread throughout some environment, 
such networked sensors are used in various applications in 
different domains like environment monitoring, traffic 
control, personal or public health protection. 
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In the case of medical applications, there are numerous 
sensors available on the market for measuring blood 
pressure, glucose monitoring, pulse oximetry, ECG, EEG 
[1]. Typically, such sensors are wirelessly connected with 
one central device also attached to the human where all 
sensed data are collected, and after initial analysis and 
processing, forwarded to the central server. This network 
of a central device and human attached sensors is called 
Personal Body Area Network (PBAN) and could be used 
for treatment of various diseases, or healthcare scenarios. 
 The field of biomedical informatics has seen a 
rapid expansion over the past two decades. Following the 
advances in biomedical, molecular, and genetic 
technologies and applications such as genome 
sequencing, protein identification, medical imaging, 
patient medical records, and continuous vital parameter 
monitoring, large amounts of biomedical data are 
generated in the processes of treatment and research. 
Currently, the rate of data accumulation surpasses the rate 
of data interpretation. Data mining, relying on machine 
learning techniques, presents itself as an approach to 
identify various biological relations, drug discovery, and 
patient care knowledge and patterns. With an expansion 
of WBAN systems aimed at medical applications, a 
substantial further increase in available medical data can 
be expected, thus making the application of data mining 
ever more important. Additionally, continuous nature of 
data gathered, opens possibilities for fine-grain, real time 
monitoring and predictions.  
 Statistical Office of the Republic of Serbia 
provides the real situation of social trends in the country, 
as well as statistics about most common diseases and 
causes of death. Just in Belgrade, over 3 200 000 physical 
exams per year are realized in centers for Primary health 
care. Statistics from year 2009 and 2010 have shown a 
6% rise of the use of Primary health care comparing to 
former years. Hospital care increased for about 20%. 
Mortality in Belgrade is 18,500 citizens of all ages per 
year, which is around 20% of mortality at the state level. 
Cardiovascular diseases cause 50% of deaths in Belgrade, 
this is slightly lower percentage comparing to Serbia, 
which is one of the leading countries in the region with 
this cause of mortality.  
 We can conclude that Serbia needs many 
initiatives in order to improve the health care of its 
citizens. Utilization of the WSNs, together with data 
mining applied on collected data about patients state, is 
one possible way to support this improvement. Usage of 
these technologies could also contribute to the 
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development of Clinical Data Repositories, and Central 
Patient Data System, which is not yet operable in Serbia.  
 This paper proposes real use cases for 
improvement of healthcare with analysis from various 
aspects. Section 2 describes general scenarios for medical 
applications with WSN and data mining as a main 
technology behind them. Section 3 gives a brief overview 
of the existing solutions. The typical system architecture 
for this environment is described in Section 4. In Section 
5 two case studies of interest are described. In Sections 6 
and 7 the analysis from the engineering and medical 
perspective is given.  

Issues related to statistical analysis are given in 
the web appendix at www.etf.bg.ac.rs/~vm/appendix. 
 

2. PROBLEM STATEMENT 

 
 WSNs with attached data mining uncover a 
number of possibilities, from theoretical to  practical 
aspects. Generally, we can identify several main 
healthcare scenarios:  
 

Hospital care scenarios include pre-hospital 
care, in-hospital care, post-hospital care, and continuous 
care. Pre-hospital care refers to situations of mass 
accidents or any other kinds of emergency help situations, 
when physicians are faced with the lack of time. For 
them, it would be very useful to have an insight into the 
real state of injured people, and sensor nets can provide 
this kind of control. In-hospital care implies continuous 
monitoring of patients’ vital parameters, and appropriate 
data transfer to persons in charge. Post-hospital care 
includes post-surgery parameter tracking or any other 
situations where people face illness recovery. Continuous 
care involves all three previous patterns, but also refers to 
smart homes and elderly care. 
 

Screening scenarios involve situations when 
risk group individuals are monitored during some period 
of time, some parameters gathered via sensors attached to 
them, and then data mining algorithms applied on 
collected data in order to find some anomalies. Another 
approach could combine sensor data with other bio-
chemical, genetic, and epidemiologic data in order to 
extract new information, which can help doctors in early 
disease detection.  

 
 Treatment scenarios would assess responses of 
patients’ to various therapies with different drugs, specific 
life regimes, and certain diets. Huge amount of patients 
parameters collected from sensors could provide more 
qualitative information to doctors about efficiency of new 
therapy methods, or to better compare influences of 
different methods. Applying data mining algorithms 
enable finding optimal methods in this situation.  
 Currently, we can find some systems for health 
protection and treatment on the market, which 
encapsulated some functions of systems necessary for 
tomorrow. Some of those systems will be described in the 

next section as well as system architecture suitable for 
supporting different health care scenarios.  

3. EXISTING SOLUTIONS 

  
In the following section an overview of several 

selected application of the wireless sensor networks in the 
medical domain is presented. For a more extensive survey 
see [1]. 
 CodeBlue: Project CodeBlue, developed at 
Harvard University aims at apply WSN technology in 
providing support for response and treatment of victims in 
disaster and emergency scenarios. Key goal of the project 
is the development of protocols for ad-hoc 
communication between diverse sensors. The software 
framework includes service discovery protocols, multihop 
routing, and a query interface for accessing the data. 
Furthermore, data obtained from sensors can be used for 
“decision support”, either by direct availability to the 
medical personnel, or through decision support system 
software. 
 AMON (Alert Portable Telemedical  Monitor), is 
an EU-sponsored project whose aim is to develop a wrist 
worn device encapsulating many sensors. Currently, 
blood pressure, pulse oximetry, ECG, accelerometer, and 
skin temperature sensors are available. The device 
communicates directly to a telemedicine center via a 
GSM network, allowing direct contact with the patient if 
necessary. AMON enables patients which are not 
confined to a hospital to be monitored continuously and 
their vital signs to be analyzed. 
 IBM Personal Care Connect: IBM’s PCC 
(www.zurich.ibm.com/pcc/) is a standardization platform 
for interfacing to biomedical devices and sensors,  and for 
collecting, storing, and making available the data received 
from them. PCC is meant to be open and extensible so 
that new technologies can leverage the PCC architecture.  

4. SYSTEM ARCHITECTURE 

 
In a typical system architecture that should achieve 

necessary functions for efficient health care, we can 
identify several blocks: sensor nodes, which sense certain 
human parameters or signals; personal device that collects 
data measured by sensors, usually denoted as personal 
server, or personal base station; central data server which 
is connected with many personal servers, and stores data 
from many patients in the format that is suitable for data 
mining. 

Sensors: Advances in microelectronics has 
enabled creation of many sensors that are small, with low 
power requirement. Current sensors market ranges from 
sensors for measuring blood pressure, glucose monitoring, 
pulse oximetry, to more complex like an 
electrocardiogram sensor (ECG) used for sensing heart 
activity,  an electromyogram sensor (EMG) for 
monitoring muscle activity, an electroencephalogram 
sensor (EEG) for monitoring brain electrical activity, and 
more. Sensors could be off-the-shelf or embedded in a 
wear. One sensor node typically contains few sensors and 
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it is capable to process sensor data and to communicate 
with personal base station over wireless connection. It 
runs its application on TinyOS operating system.  Most 
common protocol for this short range communication is 
Bluetooth.  Working mode is so defined that sensor 
device is idle most of the time, and only during short 
periods it takes a snapshot of a certain human parameter 
or signal, processes it, and sends it to the base station. 

Personal Station is a device located close to the 
individual, and it is connected over wireless connection 
with all attached sensors, collects measured sensor data, 
and forwards this data to the central patients’ data server. 
The central device is either mobile phone or Personal 
Digital Assistant (PDA), and together with other sensors 
form Wireless Body Area Network (WBAN), or Personal 
Body Area Network (PBAN). Applications that run on the 
personal server are enriched with complex set of functions 
and algorithms for analysis and displaying data, with 
possibility to alarm the patient if it is necessary. Online 
monitoring and intervention by doctor is also a desirable 
feature, when doctor can send some suggestions to 
patient. Processed data could be sent to the central server 
over Internet (3G/GPRS network, WiFi). In the case when 
there is no available Internet connection, data should be 
stored in the local memory, and sent to the server later. 
This device should work with as many as possible 
different sensor nodes, which implies existence of sensor 
data interoperability. 

Central Data Server stores sensor data received 
from personal patients’ servers in the appropriate format 
for processing. This server often contains other patients 
data that can be used in combination with latest measured 
parameters from the sensors. Data mining techniques are 
powerful tool for processing this huge amount of data, but 
it is also important to have sophistication of visualisation 
tools that interpret results of data mining algorithms in the 
most suitable format for doctors.  
 Data mining: The methods listed below are 
included in most of the modern data mining suites and are 
usually used in combination with data pre-processing. The 
biggest differences may arise in the predictive 
performance and interpretability of results. Both of these 
are important and if methods perform similarly with 
respect to accuracy, those that offer an explanation and 
interpretable models should be preferred.  
 Decision trees use recursive data partitioning, 
inducing transparent classifiers. The computational 
complexity of the induction algorithms is low due to use 
of powerful heuristics. Most current data mining suites 
include variants of C4.5 and its successors See5 and 
CART decision tree induction algorithms. Their 
performance may suffer from data segmentation: the 
leaves in decision trees may include too few instances to 
ascertain reliable predictions. 
 The Naïve Bayesian classifier is a probabilistic 
classifier applying the Bayesian theorem with strong 
independence assumptions. This implies that the input 
parameters take values independently from each other, an 
assumption that significantly reduces the computational 
complexity. Despite its simplicity, its performance is 

often at least comparable with other more sophisticated 
approaches. When they are surpassed in predictive 
performance by other more sophisticated algorithms, it 
usually indicates the presence of non-linear interactions 
between attributes. 
 Logistic regression is a well-established and 
powerful method from classical statistics. It is an 
extension of ordinary regression and it can be used to 
model a two-valued outcome, which usually represents 
the occurrence or non-occurrence of some event. As with 
the naıve Bayesian classifier, the underlying model for 
probability is multiplicative, but it uses a more 
sophisticated method based on a maximum likelihood 
estimation to determine the coefficients in its probability 
formula. The model can be nicely represented through a 
nomogram.   
 Support vector machines (SVM) are perhaps 
today’s most powerful classification algorithms in terms 
of predictive performance. They are based on a complex 
mathematical foundations and statistical learning theory. 
Central to the method is finding a hyper-plane that 
separates the examples of different outcomes. The hyper-
plane with the largest distances from the closest points of 
the classes is designated as the optimal hyper-plane. A set 
of instances that is closest to the optimal hyper-plane is 
called a support vector. Besides this linear approach, 
SVMs are also frequently used with other, non-linear 
kernels that in essence transform the original attribute 
space into a new, higher dimensional space in which a 
linear classifier is inferred. Support vector machines are 
becoming increasingly popular in medicine and, in 
particular, in bioinformatics, partially due to their ability 
to deal with large amounts of data. However, SVMs 
provide models that are difficult to interpret.  

5. CASE STUDIES OF INTEREST FOR WB 

 
This section sheds more light on different 

medical fields that benefit from existence of a system that 
includes, synergistically, the elements of WSN, data 
mining, and large medical databases, related to all 
relevant aspects of medical information system 
(anamnesis, analysis, diagnosis, and treatment). 

 
5.1. Case Study No. 1 - Multiple sclerosis 
 

 Multiple sclerosis (MS) is a chronic autoimmune 
disease of the central nervous system (CNS).  The 
pathologic basis for clinical signs of motor, sensorial, and 
autonomous neuron affection such as paresis, paralysis, 
incontinence, or sensitive impairments is demyelination, 
due to inflammation and neuro-degeneration. There is a 
consensus that environmental trigger provokes innate 
and/or adaptive immune system turning against itself in a 
susceptible genetic background. Genome-Wide 
Association Studies (GWAS) reveal association between 
common human single nucleotide polymorphisms (SNP) 
and MS. 
 The MS is characterized with spatial and 
temporal dissemination of lesions resulting in disability 



accumulation, eventually with lethal outcome. Lesion 
location and time of appearance is irregular and 
unpredictable. For diagnosis of MS at least two events are 
necessary. Initial attack is termed clinically isolated 
syndrome (CIS). Anti-inflammatory and disease 
modifying drugs improve patients’ condition but there is 
no curative therapy. 
 Despite great endeavours, susceptibility to MS 
remains elusive. The GWAS data suggest the role of 
genes coding for molecules that control differentiation of 
functionally distinct lineages of helper T lymphocytes, 
key players in chronic inflammation and autoimmunity 
[2]. Finding marker/s that would predict relapse is 
essential considering that CNS tissue destruction precedes 
clinical signs that urge the patients ask for medical help. 
Therefore, recognition of this preclinical stage is one of 
the major goals in the field, as an early treatment might 
reduce or prevent the attack. In line with these, once a 
patient is diagnosed with MS, it would be important to 
predict new relapse before neurological manifestations. 
Another intriguing question in MS research is treatment 
response. Bearing in mind that only about 40% of patients 
treated by costly interferon (IFN)-β benefit from this 
treatment, it would be crucial to identify responders [2]. 
 Study would include MS patients and patients 
with CIS. Neuronal activity in MS can be monitored by 
electroencephalography (EEG). Modifications of EEG 
including evoked potentials might reveal neuronal signal 
transduction patterns [3; 4]. It would be of interest to 
define patterns in relapse compared to steady state and 
depending on the response to the treatment. Based on 
their clinical status, they would be compared with healthy 
controls for risk predictors on DNA and RNA level and 
scanned for CNS activity. The follow-up of CIS patients 
and responders and non-responders to therapy would help 
classify patterns that might distinguish specific groups. 
 Identification of CNS activity changes associated 
with relapse might be useful in relapse prediction before 
the neurological impairments occur. Along with high-
throughput molecular studies, it would help defining MS 
predisposition in CIS or therapy response in patients with 
MS. 
  

5.2. Case Study No. 2 - Retinal detachment  
 

 Retinal detachment (RD) is separation of the 
sensory retina from the retinal pigment epithelium (RPE) 
by accumulation of subretinal fluid. Regarding 
pathogenesis, there are several types of RD. 
Rhegmatogenous RD occurs secondary, due to defect in 
the sensory retina that permits fluid derived from 
liquefied vitreous to gain access to the subretinal space. In 
tractional RD, sensory retina is pulled away from the RPE 
in the absence of a retinal break, caused by the formation 
of fibrous or fibrovascular bands that exert traction on the 
retina and elevate it from the RPE. This process is 
typically seen in conditions such as proliferative diabetic 
retinopathy and proliferative vitreoretinopathy. In 
exudative RD, subretinal fluid is derived from fluid in the 
vessels of the sensory retina or choroid. 

  The pathologic basis for RD is retinal break 
caused by interplay between dynamic vitreoretinal 
traction and an underlying weakness in the peripheral 
retina (predisposing degeneration). Symptoms of 
rhegmatogemous RD are photopsia and vitreous floaters, 
peripheral visual field defects which may progress to 
involve central vision. Prophylaxis treatment modalities 
are laser photocoagulation using slit lamp or indirect 
ophthalmoscopic delivery system or cryotherapy around 
the tear. If the RD develops, treatment is strictly surgical. 
Incidence of RD in the world is 1 : 10 000, including all 
ages. 
 What determines a person who will develop RD 
is still unknown. When the retina becomes separated from 
the RPE, there is a disruption in the normal homeostasis 
of the retina. This results in significant morphologic, 
biochemical, and functional changes, such as 
photoreceptor cell death, Müller cell hypertrophy, and 
neuronal rewiring, all of which can contribute to 
permanent visual loss, even if the retina is reattached [5]. 
One way in which cells respond to alterations in their 
homeostatic condition is by altering the types of genes 
they express. AOS thesis suggest that these genes may 
code for stress-response proteins or for enzymes that can 
help the cell cope with the new surrounding conditions 
[5]. Retinal-RPE separation also increases the levels of 
excitotoxic amino acids in the microenvironment 
surrounding photoreceptors. Supplemental oxygen can 
prevent some of the separation-induced photoreceptor 
death and glial cell changes, but the mechanisms 
responsible for this effect are unknown [6]. Recognition 
of this preclinical stage is one of the major goals in the 
field, as an early treatment or prophylaxis might reduce or 
prevent visual loss.  
 Neuronal activity in RD can be monitored by 
electroretinogram (ERG). Modifications of ERG 
including evoked potentials might reveal neuronal signal 
transduction patterns. It would be of interest to define 
patterns in relapse compared to steady state.  
 Our planned study would include 
rhegmatogenous RD patients, and those with just a retinal 
tear. Based on their clinical status, they would be 
compared with healthy controls for risk predictors on 
DNA and RNA level and scanned for neuroretinal 
activity. Complex genetic and biochemical changes occur 
within the cells of the retina in response to separation 
from the RPE. Defining the specific signals that initiate 
activation of these early stress-response pathways; 
ascertaining the specific retinal cell types within which 
different transcriptional changes are occurring; and 
further characterizing the role the differentially expressed 
genes play in the morphologic and functional changes that 
occur after retinal detachment.  
 The follow-up of both groups, patients with RD 
and control group and measuring “new” proteins and 
enzymes maybe would help classify patterns that might 
distinguish specific group. 
 Identification of neuroretinal activity changes 
associated with RD, finding “new” proteins, defining the 
stress – response pathways, might be useful in screening 



the risk group and develop system for prevention. Along 
with high-throughput molecular studies, it would help 
how to intervene at the molecular level to improve visual 
outcomes for patients with RD. 
  

5.3. General remarks 
 

Once the entire system is implemented 
(including a wireless sensor network, database with 
information, which grows over time, a piece of data 
mining software which does the analysis, and new cases 
that are analysed), several useful activities can be 
organized around the implemented technology: 
Predictions on the individual and on the population levels, 
forming of statistics on the national level, and 
classification of patients, which is potentially of interest 
for the legislature level. 

6. ANALYSIS: ENGINEERING ASPECTS  

 
6.1. WSN  
 
Utilization and adaptations of WSN technology 

for widespread use in the selected use-cases present 
several important challenges that need to be properly 
addressed in the process of system design and 
development: 

Safety: Sensors in the contact with the patient’s 
body (both wearable and implanted) will need to be bio- 
compatible and unobtrusive. Critical applications must 
have fault-resistant and fault-tolerant operation.  

Security: Unauthorized access or manipulation 
of system function could have severe consequences. This 
is especially the case with systems that offer actuation of 
any form (systems capable of producing some influence 
on the patient, rather than simply collection data). 
Security measures such as user authentication will prevent 
such consequences.  

Compatibility: WSN nodes need to be capable 
of interoperating with other nodes, existing networks, and 
even with electronic health record systems. This requires 
standardizations of communication protocols and data 
storage formats.  

Ease of use: Wearable BASN nodes will need to 
be small, easy to equip, non-obtrusive, and ergonomic.  

 
6.2.  Data mining 
 
The following section gives an overview of 

issues that need to be taken into account and addressed 
when applying data mining to medical data. 

Assessing the performance: Choosing the best-
trained model is often a non-trivial task. Simple classifier 
accuracy might seem like the most logical, and certainly 
the most intuitive measure. However, accuracy is very 
robust, and can often be misleading. Alternative measures 
have explored, including kappa statistic and F-score.  

Dealing with missing data: In medical diagnosis 
often descriptions of patients in patient records lack some 
of the parameters. These need to be addressed with, either 

through data mining algorithms able to appropriately deal 
with such incomplete descriptions of patients, or by using 
data preprocessing techniques.  

Dealing with noisy data: Medical data typically 
suffer from uncertainty and errors. Therefore machine-
learning algorithms appropriate for medical applications 
need to be capable of efficiently handling noisy data. 
Alternatively, data preprocessing techniques can be used 
to reduce/eliminate noise.  

Transparency of diagnostic knowledge: The 
extracted knowledge and the explanation of decisions 
need to be transparent to the physician. Ideally, the 
automatically generated knowledge will provide to the 
physician a novel point of view of a given problem, and 
may reveal new interrelations and regularities that 
physicians did not see before in an explicit form.  

Patient privacy: Medical records and biological 
data generated from human subjects contain private and 
confidential information. In biomedical data mining, 
under most conditions patient data should not be 
individually identifiable, i.e., no record should provide 
sufficient data to identify the individual related to the 
record. 

7. ANALYSIS: MEDICAL ASPECTS 

 
 Anamnesis-related issues: Anamnesis provides 
clinicians with plenty of data, but it is necessary to set the 
standards and organise it in a database that will enable 
extensive analysis by data mining. Health system in 
Serbia does not have a unique electronic support and 
therefore the analysis for making decisions is based only 
on local databases. These local (“personal”) data systems 
are usually focused on specific disease, a narrow field of 
medicine or customized for certain managerial decisions. 
It would be of interest to organize those partial banks of 
knowledge on a state-level system with uniform records. 
One of the major advantages of WSN application would 
be patients’ follow-up in real time conditions. Therefore, 
based on the patients’ interview, values detected by WSN 
could be related to specific daily activities. 
  Analysis-related issues: To reveal hidden 
information assumed to help in solving medical problems, 
data mining would utilize several sources: anamnesis 
given by a patient, physical exam findings, laboratory and 
imaging results and genetic studies with data obtained by 
wireless sensor systems. Data mining identified 
associations would represent new knowledge that could 
not be discovered otherwise. Presentation of the analyzed 
data is one of the emerging issues concerning analysis. 
Key point is to develop software for optimal graphical 
presentation of combined data from clinical record, 
genetic studies and WSN so that medical personnel could 
use it efficiently on a daily basis. 
 Diagnosis-related issues: On one hand, clinical 
decisions have to be made promptly for optimal 
treatment. On the other hand, number of inputs in clinical 
records is constantly growing. The complexity of analysis 
of parameters obtained by WSN for a single patient and a 
goal to scan patients in large cohorts would complicate 



decision making even more. Taking these into account, 
multidimensional data screening without data mining 
solutions in a short period of time would be virtually 
impossible.  
 Treatment-related issues: For each patient the 
most comfortable and psychologically most acceptable 
treatment is the one at home. The rationale for outward 
therapy is also economically justified since the costs of 
hospital stay are cut. With devices available for home 
care, patients would also be comfortable to use them in 
most convenient time for them. What certainly will be a 
problem is reducing patients’ compliance to continuous 
wearing of WS and patient conformity should be an 
imperative in design of such a device. Furthermore, 
Wireless Sensor Networks could invade patients` social 
life in the sense to imperil the privacy, the usual daily 
activities and to stigmatize persons with specific 
problems. Additionally, ethical issues might emerge 
concerning application of large scale population screening 
and Wireless Sensor Networks. What to do with findings 
of genetic studies saying that a particular person harbours 
predisposition to some disease, i.e. whether to inform 
otherwise healthy person on having a risk is an open 
question. Public availability of obtained data could 
endanger privacy policy since data mining gives plenty of 
information about certain person. Protection of data from 
the abuse that could identify participants should be kept in 
mind. 

8. CONCLUSION (VM) 

 
This paper presented a summery of WSN 

technologies and data mining, from the perspective of 
their applications in the medical domain. It has been 
shown that both WSN and data mining poses the capacity 
to significantly reinforce medical knowledge and improve 
the quality of health-care services. Further, major, 
benefits can, however, be gained from using WSN and 
data mining together.  

A general architecture for a system, which would 
allow for combination and application of these 
technologies, was proposed. Two possible use cases have 
been selected and examined from the medical and 
engineering points of view.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The paper does not present or analyse an already 
implemented system. It is intended as a “proposal” for 
future research and development, with a discussion of 
relevant issues, identified by the authors, based on an 
extensive experience in their respective fields. 

Finally, if a system, such as is proposed in this 
paper, is to be implemented, this would need to be done 
by a highly multidisciplinary team.  
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