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Abstract 

 
Proper coding and transmission of medical and 

physiological data is a crucial issue for the effective 
deployment and performance of telemedicine services. 
The paper presents a platform for performing proper 
medical content adaptation based on context 
awareness. Sensors are used in order to determine the 
status of a patient being monitored through a medical 
network. Additional contextual information regarding 
the patient’s environment (e.g., location, data 
transmission device and underlying network 
conditions, etc.) are represented through an 
ontological knowledge base model. Rule-based 
evaluation determines proper content (i.e., biosignals, 
medical video and audio) coding and transmission of 
medical data, in order to optimize the telemedicine 
process. The  paper discusses the design of the 
ontological model and provides an initial assessment. 
 
1. Introduction 
 

A number of telemedicine applications exist 
nowadays, providing remote medical action systems 
(e.g., remote surgery systems), patient remote 
telemonitoring facilities (e.g., homecare of chronic 
disease patients), and transmission of medical content 
for remote assessment ([1]-[5]). Such platforms have 
been proved significant tools for the optimization of 
patient treatment offering better possibilities for 
managing chronic care, controlling health delivery 
costs and increasing quality of life and quality of health 
services in underserved populations. Collaborative 
applications that allow the exchange of medical content 
(e.g., a patient health record) between medical experts 
for educational purposes or for assessment assistance 
are also considered of great significance ([6]-[8]). Due 

to the remote locations of the involved actuators, a 
network infrastructure (wired and/or wireless) is 
needed to enable the transmission of the medical data. 
The majority of the latter data is usually medical 
images and/or medical video related to the patient. 
Thus, telemedicine systems cannot always perform in a 
successful and efficient manner; Issues, like large data 
volumes (e.g., video sequences or high quality medical 
images), unnecessary data transmission occurrence and 
limited network resources can cause inefficient usage 
of such systems ([9], [10]).  In addition, wired and/or 
wireless network infrastructures often fail to deliver the 
required quality of service (e.g., bandwidth 
requirements, minimum delay and jitter requirements) 
due to network congestion and/or limited network 
resources.  Appropriate content coding techniques 
(e.g., video and image compression) have been 
introduced in order to assess such issues ([11]-[13]), 
however the latter are highly associated to specific 
content type and cannot be applied in general. 
Additionally, they do not consider the underlying 
network status for appropriate coding and still cannot 
resolve the case of unnecessary data transmission. 
Scalable coding and context-aware medical networks 
can overcome the aforementioned issues, through 
performing appropriate content adaptation. This paper 
presents a context aware medical content adaptation 
platform that utilizes semantic representation of the 
content and the context. Using proper reasoning 
techniques, content adaptation is performed; medical 
image and video transmission only when determined 
necessary and encode the transmitted data properly 
according to the network availability and quality, the 
user preferences and the patient status. The 
framework’s architecture is open and does not depend 
on the monitoring applications used, the underlying 
networks or any other issues regarding the telemedicine 
system used. The rest of the paper is organized as 
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follows: Section 2 discusses the notion of context 
awareness in telemedicine platforms and Section 3 
presents the semantic representation of the context. 
Section 4 describes content adaptation techniques and 
Section 5 provides information regarding the reasoning 
scheme based on semantic rules for the content 
adaptation decision. Section 6 presents the proposed 
platform architecture and Section 7 concludes the 
paper.  
 
2. Enabling Context Awareness 
 

Context awareness refers to the ability of systems to 
react based on their environment. Devices and 
computer systems may have information about the 
circumstances under which they are able to operate and 
based on rules, or an intelligent stimulus, react 
accordingly. The term context-awareness in ubiquitous 
computing was introduced by Schilit [14], [15]. 
Context aware devices may also try to make 
assumptions about the user's current situation. Dey 
(2001) define context as "any information that can be 
used to characterize the situation of entities." [16]. 
In the domain of patient remote care context awareness 
refers to detection of patient status and appropriate 
adaptation of the medical services according to the 
latter status and environmental conditions. 
 
2.1 Patient Status Awareness 
 

Patient status awareness can be achieved by 
continuously monitoring the patient state through 
collecting information either directly related to the 
individual’s health (e.g., biosignals like heart rate, 
temperature, blood oximetry, etc.) or information that 
can be processed and indicate emergency cases (e.g., 
detection of fall events, call for help, etc.). The latter 
information is usually collected by equipment installed 
on the patient or on his/her surrounding environment 
and is transmitted to monitoring units. Proper 
processing and classification follows in order to detect 
the patient status from the data.  
 
Data Collection 
 

The data acquisition is usually performed either 
through sensor devices placed on user’s body or 
monitoring devices at the user’s environment. The first 
collect biosignals, sounds, and/or movement related 
data, whereas the latter capture and process audiovisual 
content and generate estimation for events like patient 
falling, abnormal movement, distress situations like 
fire, etc. [17], [18], [19]. Previous works [20], [21] 

present overviews of such system and a prototype 
platform for detecting fall incidents and distress 
situation based on user motion and sound data. Sensor 
devices illustrated in Figure 1. have been used for data 
collection and transmission to the monitoring unit. 

 
Figure 1. On-body sensor node for collection 
sound and movement data from the user. It can 
be utilized for detecting fall events and other 
distress situations [20], [21]. 
 
Data Processing and Classification 
 

The collected data contain information regarding the 
user’s physiological status (in case of biosignals), 
potential distress situations (e.g., falls in case of 
movement data) and general information that can be 
correlated with the patient state. The data need further 
processing upon collection until the latter information 
can be acquired. Proper filtering might be required in 
order to remove irrelevant data like noise (e.g., in case 
of movement or sound data). In some cases patient 
state can be determined by applying simple value 
thresholds (e.g., in case of body temperature or heart 
rate) but in cases motion detection and interpretation 
advanced data classification techniques might be 
required. In [22] an overview of classification 
algorithms is presented that can be applied on 
movement and sound data collected by on-body sensors 
for patient fall event detection.  

 
2.2 User Environment Context Awareness 

 
Apart from determining the patient status, context 

aware medical treatment and monitoring systems must 
incorporate information related to user’s environment. 
More specifically: 

User’s indoor or outdoor location can be determined 
by external devices (i.e. GPS, mobile or WLAN 
phones) and facilitate the process of ambulatory 
dispatching in case of emergency events. Based on 
location, proper proactive or reactive data transmission 
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Figure 2. Illustration of the semantic representation of the context aware data adaptation system using an 
ontological structure. Major component and actuator classes are illustrated among with most important 
features for each class. 
may also be performed. Information regarding the 
communication equipment used (e.g., laptop computer, 
mobile phone or PDA) can facilitate the content 
adaptation in case of video communication. 

Transmission capabilities of the underlying 
networking infrastructures (e.g., network interface type 
used, allocated bandwidth, real time network traffic 
information, etc.) can affect the communication and 
thus facilitate the determination of proper content 
adaptation like application of compression schemes. 
More information regarding context-aware medical 
networks and telemedicine services can be found at 
[23]. 

   
3. Context Semantic Representation 
 

In order to semantically represent the context aware 
system and the content adaptation the ontology 
illustrated in Figure 2 has been developed. Both the 
patient-related context and content have been modeled. 
More specifically: regarding the medical content, a 
representative class with three subclasses has been 
created. Each subclass represents image and video 
medical data, audio data and biosignals respectively. 
Most important features for the proper content 
adaptation are the transmission data rate, type of 
encryption used (e.g., PKI [24], simple symmetric, or 
none), compression ratio (in case of scalable 
compression), codec used (e.g., H.264 for video, 
JPEG2000 for images and ITU G.723 for audio), and 
analysis (specifically for images and video according to 
the network status and the presentation device). The 
patient status is characterized according to 
physiological state, distress state (i.e. more generic 

from the latter containing status indications based on 
vocal and sound analysis), and movement state (e.g., 
detection of falls or long periods of inactivity). The 
basic attributes for the aforementioned states are the 
severity of the status (e.g., numerical representation of 
the emergency severity level), description of the 
incident and indication of fall or long inactivity status. 
A patient environment-related class has also been 
developed for representing the status of the underlying 
network infrastructures, the user location and the 
device types that are used for data collection, 
transmission. Concerning the network status, wired or 
wireless interfaces can be used. For both interfaces, the 
type of the medium, the total available bandwidth and 
the current throughput can affect the data transmission 
and thus content adaptation, whereas in the case of 
wireless interface the received signal strength might 
also be an important factor for the content adaptation. 
User location has been categorized into indoor and 
outdoor with a simple description as a respective 
attribute. Finally, the class “Device Type” refers to the 
transmission device the patient/user operates for 
communicating with the treatment/monitoring units. In 
case of static devices (e.g. PCs) the operating system 
and the screen resolution might determine content like 
the video analysis, and frame rate, whereas in case of 
mobile devices (e.g, mobile phones, PDAs, etc.) 
memory and power resources can also affect the 
transmission and presentation of the medical content 
respectively.    
The ontological model has been developed within the 
Protégé [29] semantic framework using the Ontology 
Web Language (OWL). The main advantages of the 
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semantic representation of the context aware adaptive 
system can be summarized into the following: 
− Flexibility to modify and extend the contextual 

scheme by adding more classes. In case the 
parameters that define the context of the patient 
(e.g.., status, environment, location, etc.) need to 
be modified, the ontological model can be altered 
without invoking modifications to the 
implementation modules or the architecture of the 
platform. 

− Better and more flexible evaluation of the context 
facilitating the decisions for the medical content 
adaptation. Using advanced semantic rule 
evaluation techniques (to be discussed in Section 
5) content adaptation decisions can be made 
according to a plethora of contextual parameters. 
The rules can be updated and extended without 
any need for system platform software 
modifications.  

Additionally, ontologies are explicit because define the 
concepts, properties, relationships, functions, axioms 
and constraints that compose the contextual model. 
They are formal because they are machine readable and 
interpreted.  
 
4. Content Adaptation 
 

Content adaptation refers to proper medical data 
coding and proactive or reactive transmission for 
achieving better utilization of network and system 
resources during the monitoring and treatment process. 
The most demanding data in terms of network and 
system resources for transmission and processing are 
the medical and audiovisual data. Additionally, content 
adaptation can also include different data encryption 
schemes that can be applied according to data 
sensitivity and severity of an emergency incident. 
 
Image and Video/Audio Coding 
 

The coding of medical image and audiovisual data 
refers to data compression. According to the patient 
status and underlying network interfaces and 
conditions, several compression schemes can be 
applied; for instance, uncompressed data can be 
transmitted in case of a fast wired network connection, 
whereas higher compression schemes can be applied 
when using wireless connections with lower data rate 
availability. In case of visual assessment it might be 
important to maintain particular parts of the 
image/video of visual context at higher quality and 
increase the compression on less diagnostic important 
regions. Examples of special region of interest (ROI) 

coding with scalable compression can be found at [25], 
[26] for both medical image and video data. 
 
Adapted Data encryption 
 

Several data encryption schemes can be applied for 
providing medical content privacy, confidentiality, non 
repudiation and encryption. According to the sensitivity 
of the data and the severity of the case, simple 
symmetrical encryption schemes [27] to more complex 
public key infrastructures can be applied [28].  The 
platform decides according to specific context 
parameters, which data encryption methodology will be 
utilized prior to transmission. For instance in case of an 
emergency incident in an area where only low-
bandwidth networks are available, the platform skips 
the encryption process.  
 
Reactive Data Transmission 
 

Unnecessary transmission of medical data or 
monitoring data (e.g., video from user’s environment) 
can be avoided by using reactive data transmission. In 
case of normal patient state, data related to the patient 
context and status (e.g., visual data and biosignals) can 
be transmitted to monitoring units proactively in 
specified time intervals. In case of a detected distress 
situation, reactive transmission can begin. More 
information on data transmission based on context 
awareness can be found in [23]. 
 
5. Content Adaptation based on Semantic 
Rules evaluation 
 

In order to perform the appropriate medical content 
adaptation that has been discussed in the previous 
sections, several semantic rules have been defined. 
These rules concern features of the ontological class 
that represents the context aware model semantically. 
By performing proper evaluation of the latter, decision 
regarding the content adaptation can be made.  

The creation of semantic rules required the 
description of the latter through abstract semantic 
languages like the Semantic Web Rule Language 
(SWRL) [30]. Within this context, the SWRL Factory 
[29] mechanism and an integrated Jess rule engine [31] 
using the Protégé tool have been utilized. Jess provides 
both an interactive command line interface and a Java-
based API to its rule engine. This engine can be 
embedded in Java applications and provides a flexible 
two-way run-time communication between Jess rules 
and Java. The Jess system consists of a rule base, a fact 
base, and an execution engine.  
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Two indicative sample SWRL rules follow that can 
be used within the presented framework in order to 
facilitate the decision on the content adaptation based 
on patient’s context parameters: 
 
Patient(?x) ^ PhysiologicalState(?y) ^ 
hasSeverity(?x,?y, ?severity) ^ 
hasDescription(?y,?description)^ 
Biosignal(?BS) ^ BiosignalRate(?Rate)^ 
swrlb:otherThan(?severity,?Normal) -> 
DefineTransmissionRate(?Rate,”100kbps”)
^ StartTransmission(“true”) 
 
Patient(?x) ^ MovementState(?move) ^ 
FallDetected(?x,?move) ^ 
hasDescription(?move,?description)^ 
UserLocation(?Location) ^ 
VideoRate(?Rate)^NetworkStatus(?Wired)^ 
swrlb:equals(?move,”Fall”)^swrlb:equals
(?Location, 
“Indoor”)^swrlb:equals(?Wired, ”true”) 
-> 
DefineVideoRate(?Rate,”300kbps”)^ 
StartTransmission(“true”) 
 
The first rule examines the physiological state of the 
patient as characterized by the status awareness 
modules in terms of status severity. If the latter is 
considered to be other than “Normal” then transmission 
of the collected biosignals to the monitoring units begins 
at a specific data rate. The second rule is more advanced 
and takes into consideration potential indication of a fall 
event, the location of the user and the network status. 
According to the rule, video transmission of the patient’s 
premises will begin in case a fall has been detected. High 
transmission rate will be used if the user is located indoor 
and a wired network infrastructure is used. 
 
6. Proposed Architecture Scheme 
 

This Section presents the proposed architecture 
scheme that incorporates modules that feature the 
discussed aspects of context awareness and medical 
content adaptation. The interconnection and 
communication of the different components can be 
illustrated as five different application layers (see 
Figure 3). Initial data acquisition from the sensor and 
monitoring devices is followed by proper processing 
for feature extraction. The context awareness is 
performed by classifying the generated features and 
utilizing semantic evaluation of the latter. Application 
of semantic rules facilitates the determination of patient 
status and detection of emergency events. 
According to the detected patient status and additional 
contextual information regarding the patient’s 
environment and underlying network conditions, 

proper content adaptation to the medical data is 
performed. The content related to incident is coded (i.e. 
compressed and encrypted) accordingly and 
transmitted to the monitoring units. 

 

 
Figure 3. Illustration of the incorporated 
application layers for context awareness and 
content adaptation and transmission.  

 
 

 
Figure 4. The proposed architecture that 
incorporates modules and components for proper 
medical content adaptation based on context 
awareness. 
 
Figure 4 illustrates a proposed architecture scheme for 
interconnected all the involved components for 
enabling context awareness and proper content coding. 
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7. Conclusions 
 

A context-aware medical content adaptation 
platform has been presented. The platform utilizes 
sensor data for determining the patient status and takes 
into account additional contextual information like 
underlying network conditions, and data transmission 
devices. A semantic representation for the patient 
context has been developed and appropriate rule-based 
system is used in order to perform proper medical 
content adaptation according to the context, facilitating 
and improving the diagnosis and treatment process. 
Future work might include the deployment of the 
proposed platform in a real remote treatment and 
monitoring environment for assessing the actual 
contribution of context awareness and content 
adaptation to the remote medical care process.  
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