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Abstract.  Context Aware Computing enables the applications or systems to provide relevant services and 
information to users, based on the information collected from various entities involved in the environment. It 
also provides the ability for the systems to acquire and do reasoning on the situational context. In this paper 
we discuss about various research challenges for building context aware system - context data acquisition, 
context interpretation, context data modeling, context reasoning and adapting applications according to 
context. In a dynamic environment, one of the challenges in building context aware applications is the 
communication paradigm between context providers and end applications. Synchronous communication may 
not be suitable since all the entities may not be live all the time. In this paper we present the architecture of a 
Context Aware Framework developed using publish / subscribe paradigm to provide asynchronous 
communication between sensor layer which provides the context information and application layer which 
consumes the context in order to act according to the context. We also present how Context Aware 
Framework has been used for rapid development of context aware applications across various domains. The 
framework maintains a knowledge base to store context information in OWL (Web Ontology Language) 
format and does context interpretation, context modeling, rule based reasoning and event notification.  

Keywords: Context awareness, publish / subscribe, ontology based middleware, context modeling and 
reasoning. 

I. INTRODUCTION

The term context-awareness in Ubiquitous Computing was introduced by Schilit (1994) [1]. Three important 
aspects of context are: where you are, who you are with, and what resources are nearby. Context encompasses more 
than just the user’s location, because other things of interest are also mobile and changing [1]. According to Anind K 
Dey [2], Context is any information that can be used to characterize the situation of an entity. An entity is a person, 
place or object that is considered relevant to the interaction between a user and an application, including the user and 
application themselves. A system is context-aware if it uses context to provide relevant information and/or services to 
the user, where relevancy depends on the user’s task. Context-aware computing offers many advantages, allowing 
systems to act more autonomously and take initiatives, being informed by a better model of what their users need and 
want [3]. Context Aware Computing is a key aspect of the future computing environment, which aims to provide 
relevant services and information to users, based on their situational conditions [4].  

Smart Rooms integrated with sensors, actuators, wireless networks and context-aware applications will soon 
become part of our daily life. With the growing number of interactive devices and smart artifacts, context aware 
systems are essential in order to facilitate meaningful interaction. Building and deploying context aware systems in 
open, dynamic environments raises a new set of research challenges. We have developed a framework addressing 
various challenges of context aware systems to reduce the difficulty and cost of building context aware applications. 
This paper is an extended version of Context Aware Framework [5] detailing on context builder tool, publish 
subscribe implementation and usage of framework in various domains. The rest of the paper is organized in the 
following manner: - Section II gives an insight about related works, Section III elaborates the architecture and sub 
systems of Context Aware Framework, Section IV describes about implementation of publish / subscribe paradigm in 
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the framework, Section V & VI explains about the framework being used in a medical application and aware home 
application, Section VII shows the result of performance test done on Context Aware Framework and finally Section 
VIII concludes with our future work plan. 

II. RELATED WORK

Java Context-Awareness Framework – JCAF, [6] is a Java-based context-awareness infrastructure and programming 
API for creating context-aware computer applications. The goal of JCAF is to create a general-purpose, robust, 
event-based, service-oriented infrastructure and a generic, expressive Java programming framework for the 
deployment and development of context-aware applications. Service-oriented Context-aware Framework [7] 
generalizes the location-based services to context-based services; its aim is to assist context-aware services and 
applications in mobile or desktop environments. The framework supports location-based services, and also 
implements context assistance in general where users’ characteristics (e.g. disabilities and preferences) and 
circumstances (e.g. the environment and history of past actions) are also part of the context. On Context-Aware 
Publish-Subscribe [8] paper proposes a context-aware extension to the publish subscribe model of communication to 
test to which degree it can outperform traditional content-based routing protocols in medium to large scale scenarios 
whenever contextual information is used by publishers and subscribers. A Rule Based Publish/Subscribe Context 
Dissemination Middleware [9] provides the base functionalities for mobile devices to publish their context 
information, and in addition subscribe to the context information published by their mobile peers. The mobile peers 
are able to send notifications to the subscribed devices for context changes. There are various other context aware 
middlewares and architectures that have motivated our work. Context Toolkit [10] aids in development and 
deployment of context aware services. Context Broker Architecture (CoBrA) [11] describes about the architecture 
for smart spaces. Service Oriented Context aware Middleware (SOCAM) [12] is designed for smart home 
environment. Gaia Project [13], another middleware infrastructure, extends typical operating system concepts to 
include context-awareness. 

In comparison with other related works, our Framework provides easy to use APIs and tools for building Context 
Aware Applications across various domains. It provides loosely coupled system where Sensor layer need not know 
anything about Application layer and vice versa. Sensors keep publishing the data in XML format using set of 
interfaces provided under Publish-API. Applications subscribe to interested context using set of interfaces under 
Subscribe-API. Any change in the context will be notified to the application layer along with the action to be taken. 
Application decides on executing the actions. Key features of our Context Aware Framework are 

o It is an ontology based middleware which can be used for building context aware applications for various 
domains / applications like health care, intelligent home and smart meeting rooms.  

o It addresses various challenges in developing context aware applications like context data acquisition, 
context interpretation, context data modeling and reasoning. Context Rules can be dynamically added to the 
framework. 

o It acts as a communication medium between the sensor layer and the application layer. It is developed using 
publish-subscribe paradigm and provides event notification service with the actions (turn on/off AC, switch 
on/off light, send SMS, send E-mail etc.) to be taken based on the context. 

III. ARCHITECTURE AND SUB SYSTEMS

Context Aware Framework has three sub systems: - Context Management, Device Management and Service 
Management. Context Management sub system interacts with the Service Management sub system to know the 
available services and with the Device Management sub system to deliver the required services to the applications 
based on context. 
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Figure. 1 Architecture and sub systems 

Figure. 1. shows the overall architecture of Context Aware Framework. In our model, contexts are described using 
ontology written in OWL. OWL (Web Ontology Language) is an emerging Semantic Web Language proposed by 
W3C for building ontologies. Modeling context using an ontology based approach allows us to describe contexts 
semantically in a way which is independent of programming language, operating system or middleware. Some of the 
reasons [14] for ontology based approach are  

� To share common understanding of the structure of information among people or software agents 
� To enable reuse of domain knowledge 
� To make domain assumptions explicit 
� To separate domain knowledge from the operational knowledge 
� To analyze domain knowledge 

A. Device Management 
Device Management manages the metadata information about the devices (sensor, actuators or any other devices) 
used in the applications. Sensor has to be registered in to the framework using a Context Builder Tool to provide the 
metadata information of the data provided by the sensor.  Once the sensor is registered, a XML template is auto 
generated and provided to the sensor layer to publish data. A Sensor Layer developer does the data extraction from 
the sensor based on the datasheet provided along with sensor and sends the data in the XML format provided by 
Context Aware Framework. Any new device can be dynamically added to the system. 
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Figure. 2 Screenshot of Context Builder Tool 

Figure. 2 shows the screenshot of Context Builder tool. It is a Graphical User Interface for collecting information 
about sensors, actuators, environment and context rules.  It collects information about the sensor devices, type of 
data the sensors produce, how the data relate to the entity present in the environment etc. For actuator devices, it 
collects possible commands which can be sent to the devices to control them. It collects information about number 
of rooms in the environment, the devices (sensors and actuators) available in each room etc. For example Room A 
may have one temperature sensor and one Air Conditioner (AC). If the temperature sensed by sensor in Room A is 
very high and AC is off then the context aware framework will send a event notification to the application layer to 
switch on the AC in Room A. It also provides an interface to create rules for the Environment. Some rules may be 
generic and can be applied to any environment (e.g. temperature is high then switch on AC). Some rules may be 
specific depending on application (e.g. upload presentation materials to a computer in a conference room if the 
speaker enters the room). Rules can be added dynamically using the tool and interpreted by the context management 
module. Rules are classified as low level and high level context rules. High level rules are constructed by combining 
various low level rules. 

B. Service Management 
Service Management maintains a registry for various services available in the framework.  Any application can 
query the context knowledge base and know about status of any existing context entity (person, place or any object). 
Framework exposes the interfaces in various forms such as Java APIs, Web Services and OSGi services. At the 
context server end, one can see the context changes of various entities visually using Entity Watcher Graphical Tool. 
Framework also contains in-built services for sending SMS, sending E-mail, for knowing the current weather 
condition, for receiving weather forecast for a location and for getting news updates. SMS module uses GSM / 
GPRS modem and Java SMSLib package for sending SMS alerts. Publicly available web services are used for 
collecting weather [15] and news.  

C. Context Management 
Context Management manages context parameters of various entities such as people, places, smart artifacts / objects 
etc. Various modules of the context management are the Context Interpreter, Knowledge Base (Rule-base), 
Inference Engine, Service Discovery and Context-to-Service modeler. Knowledge Base is used to store the context 
data for later retrieval. Knowledge Base information is used to compare the historical data with the current context 
data which is required for various applications such as healthcare. Context Interpreter interprets the XML data 
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received and sends to the Inference engine. Inference Engine compares the data against the rules stored in the Rule-
base. Context rules are added / updated to the Rule-base by the respective domain experts using the Context Builder 
tool provided by the framework. These rules act as the trigger points to send alerts when needed.  

D. Context Interpreter 
The Context Interpreter gathers contextual information about a certain entity from Context Providers (sensors or 
external sources), aggregates gathered context and makes it uniformly available to the rest of the sub systems of the 
framework. It converts the gathered context into OWL format and sends to Inference Engine for further processing. 

E. Context Knowledge Base  
It is a persistent store for context knowledge in a given environment. It manages the context information in the form 
of an OWL file and information about the context provider as meta-data in the XML form. It provides a set of APIs 
for other components to manage and query stored knowledge. It keeps the context history, since it is essential to 
allow context inference based on past occurrences. SPARQL, an RDF query language is used to query the 
knowledge base. Jena, a Java framework for building Semantic Web applications is used for managing the 
information stored in the Knowledge base. It has an easy to use interface where user can add new context 
information, modify existing information, remove irrelevant information or query knowledge base as per 
requirements. 

F. Inference Engine  
Rule based inference engine is developed using Jena framework along with SPARQL queries. Whenever any 
context information is given from the Context Interpreter, Inference Engine analyzes the context and decides on the 
action to be taken using context-to-service modeler. The result could be just storing the information into Context 
Knowledge Base or to find what service is to be provided by matching the context with the rules framed using 
Context-to-Service modeler. Rule matching is an important task of Inference Engine. Whenever a context of an 
entity E is changing, it has to fetch all the low level and high level rules defined for the context parameters of E. 
Once the rules are fetched, it has to find all the matching low level rules. With the matched low level rules, it has to 
identify matching high level rules, and then decide on the services to be provided to the application layer. 

G. Service Discovery  
Service Discovery module communicates with various service providers or service registries and it forms a list of 
services and the status of their availability. This information is made available for the Context-to-Service Modeler 
while mapping the context to service. It maintains the list of service providers. It checks periodically about the 
availability of the existing services and also checks for any new services that may have been added.  

H. Context-to-Service Modeler 
Basically Context-to-Service Modeler is a mapping module in the Context Builder Tool where the context is 
mapped with relevant services. Context-to-Service modeler finds the list of all context information from Context 
Knowledge Base, and gets available services in the environment by communicating with Service Discovery module. 
Context Builder tool collects the gathered information and displays to the user to map the context with the services 
related to it.  

IV. PUBLISH SUBSCRIBE IN CONTEXT AWARE FRAMEWORK

As distributed systems on wide area networks grow, the demands of flexible, efficient, and dynamic communication 
mechanisms increase. The publish/subscribe communication paradigm provides a many-to-many data dissemination 
[16]. In general, the provider is also called the publisher, the consumer is the subscriber, and the information bus is 
the middleware or broker. In systems based on the publish/subscribe interaction paradigm, subscribers register their 
interests in an event or pattern of events, and are subsequently asynchronously notified of events generated by 
publishers [17]. This decoupling of publishers and subscribers can allow for greater scalability and a more dynamic 
network topology [18]. Key attributes of Publish / Subscribe communication model are [19] 

o Publishing entities and Subscribing entities are anonymous and are highly de-coupled.  
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o The number of publishing and subscribing entities can dynamically change without affecting the entire 
system.  

o Failure of publishers or subscribers does not bring down the entire system. 

Figure. 3  Publish / Subscribe usage in Context Aware Framework 

In Context Aware Framework, Publish / Subscribe paradigm has been developed using RMI Callback Mechanism 
and interfaces are exposed for publish, subscribe, unsubscribe operations. Context Manager manages the context 
information provided by the publishers and Subscription Manager manages a set of all subscriptions made by 
various subscribers. Whenever a publisher publishes context information, Context Interpreter parses the published 
data which is in XML format, searches for a Context Entity E associated with the published data and updates the 
entity E if it exists or creates a new Context Entity E. Then it interprets the context based on the data gathered from 
various other sensors. If there is any change in the Context Entity due to the newly published data, then Context 
Manager generates a Context Event (which contains Context Entity E) and invokes the “notifyListener” method. 
When notifyListener method is locally invoked, it notifies all subscribers of Context Entity E.  

In Figure. 3. Sensors act as publishers and keep publishing information like health parameters, location of a 
person, temperature of a room etc. to the Context Service. Applications like Medicare, Intelligent Home and 
Discussion Room subscribe for information required for them.  

Context Builder tool generates a template in XML format for the sensor to publish data, when the sensor is 
registered. Given below is a sample data for a Pulse Oximeter sensor using the template. 

<Pulse_Oximeter> 
 <Sensor id=‘po1’/>  
 <Person id=‘SSA664’/> 
 <Pulse unit=‘bpm’>75</Pulse> 
 <Spo2 unit=‘%’>98</Spo2> 
</Pulse_Oximeter>
Subscription Manager manages the subscription using a Hash table <K, Vector<S>> where K is a context item 

and S is the reference of a subscriber. Subscriptions are added and removed by calling subscribe(c, k) and 
unsubscribe(c, k) operations where c is the connection to context server and k is the interested context item. 
Whenever there is a change in a context item K, Subscription Manager forwards the event to all the set (Vector<S>) 
of subscribers of K using the reference S.  

V. CONTEXT AWARE HEALTHCARE APPLICATION

Context aware computing is a research field which often refers to healthcare as an interesting and potential area of 
application [20]. Context Aware Systems can help healthcare professionals perform their tasks in a better way based 
on the context information and increase the quality of patient care. We have developed a Context Aware Health 
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Monitoring System [21] using the Context Aware Framework. In our experiment, we use three wireless medical 
devices: - Alive Pulse Oximeter, Alive Heart Monitor and Corscience Blood Pressure Monitor 705IT. All three 
devices are Bluetooth enabled. Health parameters are collected by a mobile phone through Bluetooth and 
transmitted to the Context Aware Framework through General Packet Radio Service (GPRS). Inference engine of 
our framework compares the health parameters against the rules available in the Rule-base to check for any 
abnormalities. If any abnormalities are detected, SMS (Short Message Service) alert about the health status of the 
patient is sent to a medical practitioner’s mobile. On receiving the alert message, he / she can login to the UbiHealth 
Web Application to study the patients’ health report and take necessary action. 

In the view of role of Context Aware Framework, medical data received using GPRS by the Web server is 
published in our framework. Health Service Provider is the service running in the application layer which subscribes 
to the framework for any change in the health parameters like Blood Pressure, SPO2 (amount of oxygen being 
carried by the red blood cell in the blood), Pulse rate etc. The Context Aware Framework receives health parameters 
in the XML format. These health parameters are parsed by the Context Interpreter and the Inference engine 
compares the parsed health data against the Rule-base to find if any abnormities are present. Knowledge base 
information will be used at this point to know about past health history. If any abnormality is detected, an event will 
be triggered and notified to the application layer requesting to send SMS / Email to the domain experts depending on 
the state of the abnormities. Applications make use of SMS and Email services that are built-in with Context Aware 
Framework.  

VI. CONTEXT AWARE FRAMEWORK IN AWARE HOME APPLICATION

Context Aware Framework has been used in Aware Home Application deployed in our Lab. Occupancy based 
Lighting Control has been developed using Context Aware Framework. PIR Sensor senses the presence of human. 
Light (Illumination) Sensor provides illumination level of a location. Both occupancy and light level published to 
the context aware framework periodically. Lights and Blinds in the room are controlled wirelessly using WSN motes 
when the room gets occupied. Automatically the Lights get turned ON based on the presence of human. 

VII. PERFORMANCE TEST ON CONTEXT AWARE FRAMEWORK

Performance Test has been conducted on Context Aware Framework and Figure. 4 shows the results of the test. 
Context Server has been tested on a computer with Intel Pentium 4 CPU @ 3.00GHz, 1.48GB RAM. Sensor Layer 
and Application Layer are simulated, tested on a computer with Intel Core2Duo E6750 @ 2.64GHz processor, 1GB 
RAM. Totally 6 sensors were simulated to publish data for various number of context entities at 10 minute intervals 
in a local area network with 100mbps speed. Time delay in event notification has been recorded after loading 100, 
200, 400, 600, 800, 1000 context entities in the context server. Results depict that time delay is only in the order of a 
few milliseconds.  
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Figure. 4 Publish / Subscribe usage in Context Aware Framework 

VIII. CONCLUSION AND FUTURE WORK

We believe an infrastructure is necessary for building context-aware systems and it should provide adequate support 
for context modeling and context reasoning. The development of Context Aware Framework is the initial step 

International Journal of Latest Trends in Engineering and Technology (IJLTET)

Vol. 3 Issue 4 March 2014 308 ISSN: 2278-621X



towards our research on Context Aware Systems. Based on the experience and the feedback on the Context Aware 
Health Monitoring System developed using the framework, we are improving our reasoning engine with enhanced 
reasoning capabilities. We aim to deploy our framework in buildings to make them smart and energy efficient. 
Future work includes development of a light weight Java API for Mobile based Context Aware Applications.  
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