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Abstract— Modern Smartphone’s includes Context Aware applications that exploit knowledge about external operating 
conditions. They are equipped with various connectivity features and a wide range of sensors or hardware units that can be 
utilized as sensors such as accelerometers, GPS, light sensors, distance sensors, video/photo cameras, microphones. Android 
has become a popular mobile platform, which has addressed context-awareness from day one through hardware and software 
support for sensor and context management. Additionally, context reasoners and external Context Providers exist. Thus, it is 
possible that several context provider offer information of same type (e.g. location) but differ in quality levels (e.g. 
accuracy), representation (e.g. position in coordinates and as an address) and cost (e.g. battery consumption). Therefore 
support is required for selecting and activating ((de-) activation of local providers to save resources) one of the context 
providers.  
The proposed Personalized Context Aware Ontology based Recommendation System (PCARS); provide proactive services 
based on user’s usage pattern of mobile device combined with environmental context of user. This personalized service of 
user would capture location, user profile context. The framework searches the nearby locations and recommends the user 
with offers those best suits his/her profile. Ontological support is provided for common domain vocabularies, Knowledge 
sharing and Context reasoning. The essential part of the design phase of this framework would be representing concepts 
through Ontology by providing an unambiguous definition represented in the knowledge base of the system. It allows 
enriching information when it is imprecise or incomplete; it supports interoperability and exchange of information. 
 
Keywords— Context Aware, Context provider, Context Reasoning, Knowledge Sharing, Personalization, Ontology 
 
 
I. INTRODUCTION 
 

During the past few years, smart phones, 
combining the functionalities of traditional mobile 
phone and increasing computing and storage 
capabilities, have become prevalent. They are 
serving more and more individuals and 
organizations as extensions of desktop computers. 
As a result, many critical applications are moved 
to smart phones. 

Context aware applications are those 
applications which can sense the environment and 
adapt their behaviors accordingly. For example, an 
application might detect that you are in a noisy 
place, so it enable vibration and increase the 
ringing volume. 
The application logic requires the inclusion of 
code for the entire context-awareness stack as well 
as proper detailed implementation of 
intelligibility. Further after deployment, such 
applications have to be running in the foreground 
to collect context data thus consuming resources 
such as memory as well as battery both of which 
are relatively scarce on mobile platforms. 

A number of systems are now emerging that 
use techniques to apply ontology-based domain-
specific knowledge to the indexing including: 
similarity evaluation, results expansion and query 
enrichment processes. An important role of 
ontologies is to serve as schemata or ‘intelligent‘ 
view over information resources. Thus they can be 
used for indexing, querying, and reference  
 

 
purposes over non-ontological datasets and 
systems. 

This paper first defines the concept of context, 
workflow of context awareness and their 
shortcomings. Further, it explains how ontology 
based models are better approach for modeling.  The 
proposed Personalized Context Aware Ontology 
based Recommendation System (PCARS); provide 
proactive services based on user’s usage pattern of 
mobile device combined with environmental context 
of user. This personalized service of user would 
capture location, user profile context.  PCARS 
collects user’s historical preferences dynamically, and 
integrates historical preferences with the domain 
ontology to generate a User Dynamic Preference 
Ontology (UDPO). After the user profile is captured, 
PCARS considers UDPO and the user profile to 
calculate the set of recommended items. Here, the 
user profile means the location and interests of the 
user. 
 
II. CONTEXT-AWARE SYSTEMS 
 
 Defining Context 

The interaction between humans and 
computers in socio-technical systems takes place in 
a certain context referring to the physical and social 
situation in which computational devices and 
environments are embedded. The context is 
determined by: 

 (1)The people involved (including their 
background knowledge and their intentions),  
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(2) The objective of the interaction (including the 
tasks to be carried out), and 

 (3) The time and place where the interactions 
occur.  

An important aspect of context-aware systems is 
how the information representing the context is 
obtained [16]: 
 In today’s world of ubiquitous and pervasive 

computing many activities that people engage in 
take place inside a computational environment 
and can be tracked and analyzed by software 
components (providing information about 
activities, time, and location).   

 In design activities, context is not a fixed entity 
sensed by devices, but is emerging and is 
unbounded. Some context parameters may be 
inferred from partial designs but the intent of 
the designer may need to be articulated 
explicitly via specification components. 

 Some context parameters are determined by 
information outside of computational 
environments; for example: people talking to 
each other around a computationally enhanced 
table. In such environments either sensing 
mechanisms are required to map external events 
into computational objects or people have to 
provide the information explicitly. 
 
The second important aspect of context-aware 

systems is how the context is represented. A 
particular challenge often consists to infer higher-
level goals from low-level observed operations. If the 
users have to create context information explicitly, 
the question is who of the stakeholders is willing to 
do so. 

The third important aspect of context-aware 
systems is for what objectives and purposes the 
context information is used for. Rather than creating 
an information overload problem, the context should 
be used to say “the ‘right’ information, at the ‘right’ 
time, in the ‘right’ place, in the ‘right’ way to the 
‘right’ person”. 

 
Specific research and developed efforts have 

explored particular aspects of context — for 
example: 
 Location-based information systems [13] have 

focused on a narrow notion of context: how to 
capture location automatically by hardware and 
software sensors. 

 Recommender systems[14]  have explored 
techniques for recommending various products 
or services to individual users based on the 
knowledge of users' tastes and preferences as 
well as users' past activities (such as: previous 
purchases, previous articles read, previous 
search commands issued). 

 Ambient Intelligence research [15] has 
analyzed environments with many embedded 
devices where these devices can recognize the 

situational context of users and exploit the 
additional information for personalization and 
customization. 
 

The work flow of Context awareness and 
shortcomings of context aware systems are listed 
below: 
  

Workflow of Context-Awareness 
 

 
Fig. 1. Workflow of Context-Awareness 

 
Referring above figure 1, Gadgets sense their 

environment independent or with the aid of other 
nearby entities (PROVISIONING), differentiate what 
data is currently interesting or reusable 
(REFINEMENT), model this data to an idea of 
context (ANALYSIS), process it (PROCESSING) 
and use the information for a context-aware 
application (OUTPUT) and/or store the data for a 
later usage (STORAGE). 
 

Shortcomings of previous Context Aware Systems 
 Weak support for knowledge sharing and 

reasoning. 
 Location information was guiding adaptive 

behavior of system but none produce the 
semantics of spatial relations in reasoning 
about context. 

 They implemented context as simple 
programming objects (Java Class objects) or 
informally described in documentation but 
they can’t share knowledge in an open and 
dynamic environment. In Ontology classes, an 
individual can belong to 0 or more classes in 
addition to any inherited classes. 

 Weak support to integrate context information 
from many resources into single system or to 
exchange it between systems. 

 According to this study, within the scope of 
pervasive computing, ontology –based models 
are the most favorable assets for context 
modeling due to great extent of their formal 
expressiveness and possibilities for applying 
ontology reasoning techniques. 

According to this study, within the scope of 
pervasive computing, ontology –based models are the 
most favorable assets for context modeling due to 
great extent of their formal expressiveness and 
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possibilities for applying ontology reasoning 
techniques. Ontology-based models manage to satisfy 
all demands placed concerning context modeling, 
such as distributed composition, partial validation, 
richness and quality of information, incompleteness 
and ambiguity, level of formality and, also, 
applicability to existing environments. 
 
 What are Ontologies? 

Ontologies are key requirements for building 
pervasive context-aware systems, in which 
independently developed sensors, devices, and agents 
are expected to share contextual information, 
Knowledge and to provide relevant services and 
information to users based on their situational needs. 
Ontologies serve as metadata schemas, providing a 
controlled vocabulary of concepts, each with 
explicitly defined and machine-processable 
semantics. By defining shared and common domain 
theories, ontologies help people and machines to 
communicate concisely, supporting semantic 
exchange, not just syntax. 
In the PhD-thesis, Chen [1] defines agent architecture 
for rapid prototyping of context-aware applications 
based on a context broker that utilizes ontologies for 
representing and modeling context. It consists of a 
context knowledge base, a context reasoning engine, 
context acquisition module, and a privacy-
management module. 

 
Definition of Ontology 

The word ontology was taken from Philosophy, 
where it means a systematic explanation of being. 

 Neches and colleagues [2], who defined 
ontology as follows: “Ontology defines the basic 
terms and relations comprising the vocabulary of a 
topic area as well as the rules for combining terms 
and relations to define extensions to the vocabulary”. 
an ontology includes not only the terms that are 
explicitly defined in it, but also the knowledge that 
can be inferred from it. 

Gruber [3] defined ontology as “an explicit 
specification of a conceptualization”. 
Conceptualization is a set of informal rules that 
constrain the structure of a piece of reality. 

Borst [4] modified slightly Gruber definition: 
“Ontologies are defined as a formal specification of a 
shared conceptualization”. Gruber and Borst 
definitions have been merged and explained by 
Studer and colleagues [5] as follows:  

“Conceptualization refers to an abstract model of 
some phenomenon in the world by having identified 
the relevant concepts of that phenomenon.  

Explicit means that the type of concepts used, 
and the constraints on their use are explicitly defined. 
Formal refers to the fact that the ontology should be 
machine readable. 

Shared reflects the notion that an ontology 
captures consensual knowledge, that is, it is not 
private of some individual, but accepted by a group”. 

Guarino and colleagues [6] collected and 
analyzed definitions of ontology’s and provided their 
corresponding syntactic and semantic interpretations. 
In that paper, the authors proposed to consider an 
ontology as “a logical theory which gives an explicit, 
partial account of a conceptualization”, where 
conceptualization is basically an idea of the world 
that a person or a group of people can have. 
Uschold and Jasper [7] defined ontology as follows: 
“An ontology may take a variety of forms, but it will 
necessarily include a vocabulary of terms and some 
specification of their meaning. This includes 
definitions and an indication of how concepts are 
inter-related which collectively impose a structure on 
the domain and constrain the possible interpretations 
of terms.” 
 
III. LITERATURE SURVEY 
 

Many recommender Systems have been 
developed for specific domains, like movies, music, 
books, news and others. However, those systems do 
not consider context in their recommendation 
process, which makes the use of such systems in 
Infraware unfeasible. 

Recommendation techniques can be 
distinguished on the basis of their knowledge sources: 
where does the knowledge needed to make 
recommendations come from? In some systems, this 
knowledge is the knowledge of other users' 
preferences. In others, it is ontological or inferential 
knowledge about the domain, added by a human 
knowledge engineer. 

Recommender systems have been researched and 
deployed extensively over the last decade in various 
application areas, including e-commerce and e-health. 
Several recommendation algorithms, such as content-
based filtering [8], collaborative filtering [9], 
knowledge-based filtering[10] and their 
hybridizations [11]. 

 In the SOCAM architecture, they use FOL rules 
to reason about context ([12]). To resolve possible 
conflicts, they have defined sets of rules on the 
classification and quality information of the context 
data. They suggest that different types of context 
have different levels of confidence and reliability. For 
example, defined context is more reliable compared 
to sensed and deduced context. They also have 
different levels of quality; for example, an RFID-
based location sensor may have a 80% accuracy rate 
whereas a Bluetooth-based sensor may only have a 
60% accuracy rate. The reasoning engine is 
implemented in Jena2. 

FLAME2008 [23] is an ontology-based approach 
to personalize situation-aware mobile services. It 
translates specific contexts into logical situation, and 
use ontology for determining situations and service 
spaces for different users. Entrée [24] uses a 
knowledge-based and case-based reasoning to 
recommend restaurants. Neither of the two 
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approaches considers using ontology to represent the 
user historical preference, and none of them mine the 
knowledge of user’s navigation histories, which is 
believed to be more natural to the user. 

The authors of [20] present learning content 
recommendation based on ontology, which utilizes 
sequencing rules to connect learning objects. The 
rules are formed from the knowledge base and 
competency gap analysis. 
Ontology-Based Semantic Recommendation for 
Context-aware e-learning[21]. The recommender 
takes knowledge about the learner (user 
context),knowledge about content, and knowledge 
about the domain being learned into consideration. 
The recommendation approach is characterized with 
semantic relevance calculation, recommendation 
refining, learning path generation, and 
recommendation augmentation. 

The work in paper presents recommendation 
algorithms that utilize ontologies to personalize 
course and curriculum content for individual students 
through the development of Pervasive 
Cyberinfrastructure for personalizing Learning and 
Instructional Support (PERCEPOLIS). 

COMPASS, which means Context-aware Mobile 
Personal Assistant [22], is a context-aware mobile 
tourist application that serves a tourist with 
information and services based on his interests and 
current context. The application consists of a map 
showing the user location. Depending on his profile 
and goal, the system selects nearby buildings, buddies 
and other objects and shows (recommend) them on 
the map and in a list. The application is built upon the 
WASP platform that provides generic supporting 
services, such as a context manager and service 
registry. The COMPASS, to show objects on the 
map, first queries the service registry for search 
services that are bound to deliver objects related to 
the user’s context. The WASP retrieves services 
matching the user’s context and goal. After that, the 
relevant search services are queried to retrieve the 
objects matching the context’s criteria, e.g. being in a 
certain distance from the user. The retrieved objects 
are then sent to the recommendation engine which 
scores each object based on the user’s interests and 
contextual factors. The resulting objects and scores 
are displayed on the map and in the list of objects. 

Chen proposed a context-aware collaborative 
filtering system, UbiMate that can predict a user’s 
preference in different context situations based on 
past user-experiences. The system uses what other 
like-minded users have done in similar context to 
predict a user’s preference towards an item in the 
current context. UbiMate include are: user 
information (profile and rating history), social 
environment (alone, friends, family, etc.), tasks 
(activity), location (coordinates), weather (derived 
from coordinates) and time (time of interaction). The 
composition of different context information 
establishes a snapshot of context. The information 

may be available or unavailable, so they are stored 
independently. The collaborative filtering algorithm 
the user’s profile and a snapshot of the current 
context along with the rating, and use statistical 
methods to predict the items the user will most prefer. 

Context-aware, Ontology-based, Recommender 
system for Service recommendation) COReS is a 
hybrid system that besides combining content-based 
and collaborative recommendations, apply some other 
techniques, such as stereotypes and knowledge-based 
approaches. This recommendation technique based on 
an existing system named KARe [17] 
(Knowledgeable Agent for Recommendations). 
KARe proposed for knowledge sharing, through the 
exchange of textual information items. This 
combination has the main purpose of eliminating 
some problems existing in each individual technique 
and improving the quality of the recommendation. 

Above literature demonstrates that very few 
recommendation approaches consider the semantic 
information of the user historical preferences, and the 
preferences are neither sharable nor understandable. 
This paper considers the shortcomings mentioned 
above, and introduces UDPO to PCARS. UDPO 
captures user preference dynamically and represents 
user historical preference as an ontology, which can 
find potential semantic information of the user. Using 
ontology can mine association rules automatically, 
does not require the explicit ratings for items and 
offers robust way to make recommendations. 
 
IV. TRADITIONAL RECOMMENDATION 

SYSTEM 
 

Currently, context-aware applications mostly rely 
on manually defined rules to determine application 
behavior for varying context. These rules can be 
predefined by application developers [18] or, 
alternatively user configured either by static 
preferences or formed over time from user feedback. 
Static rules are inflexible and difficult to customize 
for individuals, whereas the underlying learning 
process in the latter case has a long learning curve 
and can be tedious for users. More importantly, these 
systems are unable to predict a user’s preference in an 
unseen situation. 

It is understandably difficult for a computer to 
judge the taste of a user, so in recent years, we have 
seen a trend towards recommendation systems that 
leverage the opinions of other users to make 
predictions for the user. 

 
 
 
 
 
 

Fig. 2. Traditional Recommender System 
A traditional 2-dimensional (2D) (User × Item) 
recommender system can be described as a function, 

U 
2D 

Recomme
nder U*I 

Recommen
dations 

         

Data 
U*I*R 
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which takes partial user preference data as its input 
and produces a list of recommendations for each user 
as an output. A general overview of the traditional 2D 
recommendation process, which includes three 
components: data (input), 2D recommender system 
(function), and recommendation list (output)[19]. As 
indicated in Figure 2, after the recommendation 
function is defined (or constructed) based on the 
available data, recommendation list for any given 
user u is typically generated by using the 
recommendation function on user u and all candidate 
items to obtain a predicted rating for each of the items 
and then by ranking all items according to their 
predicted rating value. 
 
V. PROPOSED SYSTEM 
 

The Personalized context Aware Recommendation 
System (PCARS) captures user preferences in context 
extraction module and maps these preferences to the 
domain ontology done in context processing module. 
Finally the last module gives recommendation of 
preferred places to user based on in his location. Using 
ontology can mine association rules automatically, 
does not require the explicit ratings for items and 
offers robust way to make recommendations.  

The proposed middleware layered architecture is 
as shown in fig. 3. 

 
 

Fig. 3 PCARS middleware architecture 
 
 Context sensing Layer: This layer senses the 

related context which is the location of the 
user. Location could be sensed by an external 
sensor like GPS. 

 Context middleware Layer: It comprises of 
following   modules: 
 Context Ontology Processing module,   
 Recommendation module,  
 Context Reasoner, 
 Location Aggregator all which interact 

with runtime binding module.  

Finally there is a database kept of Candidate Items 
that suits user’s profile. 

 Context application Layer: This comprise of 
context extraction in terms of web service of 
registering the user for the application. 

 
Context Processing and reasoning module 

PCARS is built by the combination of user’s 
dynamic preferences and the domain ontology. 
Firstly, we need to construct the domain ontology. 
Then, PCARS maps user’s preferences to the domain 
ontology to build UPO User Profile Ontology .The 
domain ontology utilizes Service Relationship 
Ontology (SRO). 
 
Approach 1  

The Domain Ontology is an oriented graph G 
(N, R) , N is a set of nodes. Each node means a 

concept of the Domain Ontology. R is a set of 
relations among all nodes, and can represents as 
directed edges   R2 R1 R3. 
Approach 2  

Assume that there are two directed graphs:  G1 = 
(N1,R1 ) and  G2 = (N2 ,R2) . If N2 € N1, and R2  € R1 , 
we call G2 is a sub graph of  G1 , and represent this 
relation as G2 € G1 . 
As shown in Fig.5, the domain ontology is G1 = (N1, 
R1), the set of dynamic user preferences is N2. 
UDPO is a sub graph of G1, which involves the basic 
nodes N2 (black circles) and expanded nodes (gray 
circles), as well as edges of N2 and edges of expanded 
nodes. 
 

                                                                                
UDPO 

Fig. 5. Domain ontology (G1) combines with user preferences 
to generate UDPO. 

 
Recommendation module 

After building UDPO and capturing the user 
profile (location and require), the next crucial step is 
to combine the domain ontology with the user profile 
and UDPO as in fig 6. 
The Recommendation module approach can be 
divided into three concrete steps: 
 
Step1: PCARS captures user profile from the mobile 
device, and maps the user’s location to the domain 
ontology, in order to get POIs (Point Of Interest) in a 
certain range of the user location. The certain range is 
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a threshold, which can be defined by the user or 
PCARS. Meanwhile, we mark the set of retrieved 
POIs as E. 
 
Step2: The nodes in UDPO and E are all in the same 
domain ontology, so it is easy to calculate similarity 
between each node in UDPO (the black circle) and 
each node in E (the white circle in the rectangle). At 
present, several algorithms have been developed to 
measure similarity. The calculated similarity is 
recorded as sim.  

 
Fig. 6. Recommendation based on Ontology’s 

 
Given two ontologies A and B, mapping one 

ontology with another means that for each concept 
(node) in ontology A, we try to find a corresponding 
concept (node), which has the same or similar 
semantics, in ontology B and vice verse.” 

 
Fig. 7. Similarity stack 

 
The presented general idea of Similarity Stack in 

Figure 7 is explicitly used to determine similarity 
between ontologies.  
 
Step3: Finally, PCARS calculates the score of each 
collected item, so as to determine the recommended 
order. 

Scorex(e, p, t) = Px( t)*  sim(e, p) 
Score(t) is defined by the product of P(t) and 

sim(e, p) . 
e means a node of E , and p means a node of UDPO. 
Short-term preferences make a great impact on the 
user potential interests. P(t) ensures the effectiveness 

of short term preferences. The recommended items are 
ranked by the value of Score (t). 
 
CONCLUSION AND FUTURE WORK 
 

In modern internet, information is sharply 
increased. It is a trend to develop a personalized 
recommendation approach to satisfy the user 
demands. Meanwhile, it is a requirement of mobile 
services to minimize human-computer interaction, 
mine user potential interests. Integration of the user 
preferences and the domain ontology is a feasible 
approach. 
This paper proposes an ontology-based personalized 
recommendation approach, (PCARS) which captures 
user preferences dynamically. Then, UDPO is 
constructed by the integration of the domain ontology 
and user preferences. The user profile is mapped into 
the domain ontology to get initial recommended 
items. These items are mapped into UDPO to infer 
user potential interests and semantic similarity. 
 Further, the implementation of this framework would 
be done on Android SDK with eclipse IDE, protégé 
tool for Ontology editor and Jena API. 
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