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Abstract—Advancement in the field of information and 
communication needs the learning process so pervasive and 
intelligent. But for a good intelligent learning system to be pervasive, 
it requires efficient knowledge representation of the available things 
in the pervasive learning environment. Representation of knowledge 
of the things for a pervasive system poses a big challenge in designing 
the storage and retrieval of information based on the different levels 
of learner’s capability, learner’s learning object, and their context in a 
pervasive learning environment. This paper presents an ontology-
based knowledge representation of the tool soldering iron in a 
pervasive learning system. We have represented knowledge for three 
levels of users for a soldering iron tool by considering the user’s 
context. The designed pervasive learning system architecture is also 
shown here to make an understanding of the effectiveness of the 
system for the delivery of the required learning material of a user 
based on his/her context. We have done an experimental 
environmental study of the ontology-based knowledge representation 
of a soldering iron tool for different users pertaining to different 
contexts using Protege software. We have done a case study to 
present the conceptual view of this ontology-based knowledge 
representation of the soldering iron tool using description logic. This 
experimental environment study shows the efficiency of the ontology-
based knowledge representation of the soldering iron tool in a 
pervasive learning system. This extensive representation of 
knowledge of a soldering iron tool will pave the way for delivering the 
exact content of a user based on his/her context in a pervasive 
learning system. 

 I. INTRODUCTION 

With the significant advancement in information and 
communication technology, learning nowadays becomes pivotal 
activity. People from all walks of life wants to educate or to 
learn or to update themselves through traditional class room 
teaching, e-learning, m-learning, pervasive or ubiquitous 
learning environment based on their profession or interests. The 
rapid development of Internet have paved the way for achieving 
roaring success in all these learning environments. However, 
mobile information [1] and communication technologies have 
become commonplace in recent years. The evolution of 
smartphones in particular has allowed users to utilize 
applications whenever and wherever they want. This has had a 
huge impact on the way people communicate with each other 
and their environment, and how they use and exchange 
information. Pervasive and ubiquitous computing paradigms 
instills context based learning environment which is still being 
revamped because of the uplift growth of pervasive or 
ubiquitous computing technologies like RFIDs, Sensors, 
Badges, Wearable Computers, and etc. 

Many of the research in pervasive learning focuses on 
making the pervasive learning environment smart rather the 
learners [2] [3]. The pervasive learning environment designed 
are detecting the context and provide the right content to the 
learner, which makes the learning environment smart. However, 
we focus on the knowledge representation of the thing in a 
pervasive learning system for facilitating the learning process 
based on the context of the learner which makes him/her smart 
enough in the learning process. We have presented in this paper 
a method of accessing the pervasive database which helps the 
user to learn efficiently. We have taken the soldering iron tool 
as an example and we have done eloborate and extensive 
knowledge representation of the soldering iron tools this 
direction to yield smart learner by designing a pervasive 
learning system a pervasive learning space in which the 
knowledge will be accessed and provided based on the learners’ 
context and system allows the user to access knowledge base 
further by assuring his level of understanding the concepts. The 
idea can be very well incorporated using the appropriate 
knowledge representation of the taken soldering iron tool using 
ontological design. 

The conceptual view of the represented knowledge of the 
soldering iron are represented using description logic and the 
knowledge base will be accessed based on the context and 
personalized information of the users. Since the pervasive 
toolroom environment consists of thousands of sensors 
embedded all around the environment, data from the sensors 
need much space and retrieval of the information for the user. 
The output of the sensors located in different places of the 
soldering tool need to stored in database which requires the fast 
retrieval of data from it. In this regard, our approach will help 
the learner to get the material based on the context fastly. 

This article holds the remaining sections as follows: Section 
II briefs about the some of the existing works. Section III 
eloborates the pervasive learning system architecture and 
Section IV expounds the design of ontology based knowledge 
representation of the soldering irol tool for three users under 
different contexts. Section V gives the conceptual view of the 
represented knowledge of the soldering tool using Description 
Logic. The simulation and results are discussed in Section V and 
conclusions and future directions are given in Section VII. 

 II. SOME OF THE EXISTING WORKS 

Many of the existing works in pervasive environment talk 
about the system automation which gives learner material based 
on location [4] and [3] gives agent based infrastructure for 
pervasive learning environment. Pervasive mobile learning was 
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studied in [2] which provides services to the user dynamically 
according to the learners’ context and situation and give 
scenarios for smart class room and smart university. Authors in 
[5] had made available the live-in laboratory an automated 
system for pervasive computing research from MIT in which 
routine activities and interactions of everyday home life can be 
observed, recorded for later analysis, and experimentally 
manipulated. In [8], they described the framework for agent 
based pervasive computing environment and they realized this 
architecture by using set of ontologies to undergird the 
communication and representation. Authors in [9] have 
presented their work in pervasive learning in retail industries 
and they made protypes and experimental work for system 
automation based pervasive learning. Pervasive learing 
environment in affective learning was presented in [10] in which 
authors are using emotional data to improve learning in 
pervasive learning environment. 

The authors in [14] has represented knowledge of toolkits as 
generic model and specific cases of toolkits in a pervasive 
toolroom maintenance system. For accessing data based on 
ontology, the authors in [6] studied several classes of ontology 
mediated queries which gives focus on ontology based query 
completion and data access. Survey on ontology based data 
access (OBDA) systems, ontology description languages, 
conceptual modeling of subject domain, their basic results and 
the developments are presented in [7]. In [13], knowledge based 
query preference model had been proposed for ambient 
intelligent environment. 

 III. PERVASIVE LEARNING SYSTEM ARCHITECTURE 

The design of pervasive learning system architecture plays 
vital role in delivering the required content of the user in a 
pervasing learning space. Upon entering into the learning space, 
the learner will be driven into various activities which is being 
guided by the system automatically. The architecture given in 
the Figure 1 illustrates the design of the pervasive learning 
system architecture. The system design has considered the 
context of the learner and provides the materials required for 
him/her spontaneously using the represented knowledge of the 
soldering iron tool available in the toolroom. Moreover, the 
system makes the learner brisk, healthy and smart through the 
help of intelligent agents which help the system to work 
efficiently. We use the words user and learner interchangeably 
throughout this article. This section eloborates about the 
individual modules. 

A. System Inputs 

The system collects the input from learner through pervasive 
computing technologies like various sensors and RFID which 
are embedded into the learner’s device, here it is soldering iron 
tool. The learner can have any mobile device like laptop, 
personal digital assistant and smartphone. The location 
information, time will also be allocated by the system. The 
system collects the information about the learner’s preferences, 
history and profile. 

B. Core Module 

The access to the material by the learner will be decided based 
on the different levels of the learners. The learners will be 
allowed based on that. The system first validates the user’s 
authenticity by asking username and password. Upon evaluating 
these credentials, the system is authorizing the user based on the 

history, profile and preferences of the learner. The system has 
three levels of user which is given in the Table I. 

 

Fig. 1: Pervasive Learning System Architecture 

TABLE I: Levels of Learners 

Name of the level No of levels the learner 

has to pass 
Novice User 3 
Semiskilled User 2 
Professional User 1 

Based on the different levels of learner, system further 
analyzes the context of the learner from the learner’s history, 
preferences, profile, time, location and device information 
through context analyzer module. 

C. Agent Manager Module 

Agent manager module acquires the users current status 
information and communicate to the core module. The required 
contents will be delivered to the learner stage by stage based on 
what is the current level of work he is doing. The system will 
ask for questions for each level whether the learner has done that 
work correctly or not otherwise the sytem will not allow him/her 
for next stage. This kind of system will improve the user’s 
creativity and briskness rather by providing full system 
automation. This is done by the help of agent manager which 
creates mobile agent. This mobile agent collects the current 
status of the learner and poses query to know about the 
understanding level of the learner. In this way our system will 
make learner brisk and smart and lead a healthy life by taking 
physical and mental work from the learner through this 
pervasive learning environment. D. Content Generation and 
Providing 

The materials are designed in multimodal way that the learner 
can have text, image, audio, video and multimedia content for 
all type of levels that the learner is going to work within the 
environment. The databases will be accessed through ontology 
retriever and analyzer and enables the user to get the correct 
material based on the context of the learner. We have considered 
formal, informal and social contents for the learner if he wishes 
to go for it. The middleware interface will allow to interact with 
Ontology and formal, informal and social content manager. 

http://www.jetir.org/


© 2018 JETIR November 2018, Volume 5, Issue 11                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1811C60 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 81 
 

E. Learning Activities in Pervasive Learning Environment 

The learning activities are guided by the system which directs 
the learner in each stage and gets the work done in a smart way. 
The entire learning activities are given in the Figure 2. The user 
has to face the very first activity about his authenticity and 
authorization for the usage of this pervasive learning space. As 
soon as the learner gets into the learning point, he/she will get 
the materials based on his/her level of understanding. This is 
being done from the learner’s profile, history and preferences. 
The materials can be seen either any of devices which the learner 
has so that learner will not be in displeased situation. The next 
stage of activity will be the acquiring skill and reasoning about 
the work the learner is doing. This is the crucial stage of the 
learning process from where the learner becomes smart enough 
through this pervasive learning paradigm. Having done the job, 
the learner is now in the evaluation stage and his performance 
will be correctly measured and the necessary encouragement 
will be provided to the learner in order to get further becoming 
good in the future learning stage. The learner is also allowed to 
give his/her feedback about the system and the learner can also 
give the contributions for further design aspects assistance if the 
learner wishes. 

IV. PROPOSED PERVASIVE KNOWLEDGE REPRESENTATION 

By philosophy, ontology is branch of metaphysics and it 
talks about existence of nature of beings. While Ontology 
studies what exists in a domain of interest, “an ontology” as a 
computational artifact encodes knowledge about this domain in 
a machine-processable form to make it available to information 
systems[11]. 

Definition of an Ontology 

An ontology is a formal explicit specification of a shared 

conceptualisation of a domain of interest. 

This definition captures several characteristics of an ontology as 
a specification of domain knowledge, namely the aspects of 
formality, explicitness, being shared, conceptuality and domain-
specificity. Technically, the principal constituents of 

 

Fig. 2: Learning Activities in Pervasive Learning Space 

an ontology are concepts, relations and instances[11]. 

A. What is a toolroom 

The design of our system has considered to do our groundwork 
is toolroom in which many kinds of soldering irons are kept with 
their corresponding consumables in different locations. This 
toolroom helps the user from different fields can learn the 
specific soldering iron with respect to their requirement. Figure 
3 shows the one type of soldering iron used for joining two 
electronic objects, for example the single stranded wire with a 
electronic device. The learner from different background with 
different levels of understanding may select soldering iron based 
on their wish. 

Upon entering into the toolroom, the learner is authenticated by 
his username and password. The user will be asked to select the 
soldering iron based on his wish by the system through one of 
his mobile device. The system will only allow him based on his 
history, preferences and profile to go further for his chosen 
soldering iron to work with. This scenario shows the adapted 
pervasive technologies that RFID technologies, different types 
of sensors embedded in the toolroom environment, servers and 
databases. This pervasive toolroom environment will also 
provide heterogeneous networks access facility for the learner 
through WiFi, 3G/4G, and WiMAX from which the learner can 
access the pervasive learning system. If any one network fails, 
he can choose the other one which should be supported by 
his/her mobile device. The learner can get the learner material 
through either of his mobile devices like laptop, personal digital 
assitant or smartphone. 

B. Description of toolkit 

The toolkit of specific type consists of Soldering Iron, Soldering 
Iron Station, Flux, Soldering Lead. 

Soldering Iron 

Soldering Iron is a device which is used to join two metal objects 
together by using the heating element which is applied upon the 
two metal objects at the high temperature around 150 degree 
celsius to 450 degree celsius. It operates on 230 Volts AC which 
consumes power of 200 Watts - 400 Watts. Soldering Iron is 
available in different types according to the type of application 
required. 

Soldering Flux 

Soldering Flux is a consumable which is like a paste material 
and it is applied on the metal objects before soldering. This 
material is used to hold melted heated lead firmly. 

Soldering Lead 

Soldering Lead is used to join two metals and it is a kind fusible 
material. After applying the soldering flux into the objects, the 
heating element of the soldering iron is holding upon the lead 
and then this fused metal alloy lead is applied on these two metal 
objects. 
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Fig. 3: Pervasive Learning Environment with Toolroom as an 
Example 

C. Taxonomies of knowledge for the pervasive toolroom 

The entire knowledge for learning in the pervasive toolroom is 
arranged into six categories. The taxonomies of knowledge 
considered for this pervasive toolroom learning paradigm has 
given in the Table II. The first category technical details covers 
up the technical details of electrical specification(Voltage, 
Current and Power Details), operating temperature range and 
heating element specification. The second level is precautionary 
details which covers up what kind of precautions are required 
while operating with soldering iron. The third level is 
consumable knowledge which gives the details about 
consumables. The fourth level is operating knowledge which 
covers up the how to operate the soldering iron. The fifth level 
is maintenance knowledge which covers up how to maintain the 
soldering iron after its use. Finally, the sixth level covers up the 
full practical knowledge step by step so that the learner becomes 
smart and brisk during the learning process. 

TABLE II: Knowledge Taxonomies for Learning Material 

Sl. No. Name of the declarative 

knowledge 
1 Technical Details 
2 Precautionary 

Knowledge 
3 Consumable Knowledge 
4 Operating Knowledge 
5 Maintenance Knowledge 
6 Practical Knowledge 

D. Layout of the database: Ontology based

 knowledge representation 

We have represented pervasive data conceptually using 
ontology for the pervasive learning environment. Ontology 
based knowledge representation gives the conceptual view of 
the database system in which the retrieval of the data is not a 
much issue. The learner’s system context ontology is given in 
the Figure 4. In this system’s ontology, the system considers 
history, preference, objective, mobile devices used by user, 
profile of the user, location for providing the material. From the 
Figure 4, the knowledge can be taken by the system as, 

Example 1: 

Devices. 

System will understand that learner has 

Example 2: 

Preferences. 

System will understand that learner has 

Example 3: System will understand that learner has 

History. 

Based on these above contexts and personalized information, 
the material will be available to the user. 

 

Fig. 4: Learner’s System Context Ontology 

E. Learning Material Ontology 

Learning material ontology represents the knowledge of how 
further materials can be represented. As shown in the Table II, 
the entire knowledge of the pervasive toolroom has been divided 
into 6 stages. The first stage covers the technical details which 
technical specification of a particular soldering iron. Here we 
present the ontology based knowledge representation for three 
technical specification such as Electrical Specification, 
Operating Temperature Range, Heating Element Specification. 
The specification will be different for three type of learners 
based on their status level. The learner status level is given in 
Table I. The Figure 5 gives device ontology in which the user 
may have PDA, Laptop or Mobile Phone and each devices may 
have its own MAC address and applications. 

 

Fig. 5: System Context with Device Ontology 

http://www.jetir.org/


© 2018 JETIR November 2018, Volume 5, Issue 11                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1811C60 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 83 
 

Technical Details: Electrical specification for Novice, 

Semiskilled, Professional Learners 

We have represented here the technical details of soldering iron 
for example electrical specification for Novice, Semiskilled and 
Professional learners. Novice learner who does not know 
anything about the soldering iron device. Semiskilled learner 
who has some experience and the professional learner who is 
having good knowledge in operating this soldering iron. The 
Figure 6 gives electrical specication ontology for the novice 
learner. 

This knowledge representation for electrical specification gives 
the electrical details of the soldering iron. For example, 
soldering iron requires voltage whose value is 230 and its unit 
is Volts. Volt is a SI Unit. Further it tells the novice user that 
voltage is a electromotive force. Soldering iron takes 0.001 
ampere current for its operation and dissipates 300 watts. All 
three parameters can be related using Ohms law. Since the 
learner is novice user, our systems makes the learner to gain the 
knowledge properly. The electrical specification for the 
semiskilled learner and professional learner will be different. 
The following Figure 7 and Figure 8 depicts the fact. 

 

Fig. 6: Electrical Specification: Novice Learner 

 

Fig. 7: Electrical Specification: Semiskilled Learner 

The Figure 8 gives the electrical specification for the 
professional learner. The professional user who has good 
knowledge and hence the system provides very little 
information. 

Technical Details: Operating Temperature Range of Soldering 

Iron for Novice, Semiskilled, Professional Learners 

The next level of technical details gives operating temperature 
range of soldering iron. The Figure 9 describes how the novice 
learner will get the material for temperature specification of 
soldering iron. The system provides knowledge to the novice 

 

Fig. 8: Electrical Specification: Professional Learner 

learner as soldering iron can produce 150 degree celsius to 450 
degree celsius to join the two metal objects. 
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Fig. 9: Operating Temprature Range: Novice Learner 

The knowledge representation for operating temperature range 
of soldering iron for the semiskilled learner is depicted in the 
Figure 10. 

The knowledge representation for operating temperature range 
of soldering iron for the professional learner is depicted in the 
Figure 11. 

Technical Details: Heating Element Specification of Soldering 

Iron for Novice, Semiskilled, Professional Learners 

The next technical specification of soldering iron is about the 

 

Fig. 10: Operating Temprature Range: Semiskilled Learner 

 

Fig. 11: Operating Temprature Range: Professional Learner 

details of heating element of soldering iron. The specification is 
designed for all three levels of learner novice, semiskilled and 
professional. The specification will be in detailed for the novice 
learner whereas for the semiskilled it will give overall 
information and for the professional learner it will be standard 
information. Figure 12 shows for the novice learner. 

The ontology for the heating element of soldering iron for the 
semiskilled learner is depicted in the Figure 13. 

The ontology for the heating element of soldering iron for the 
professional learner is depicted in the Figure 14. 

 V. CONCEPTUAL VIEW USING DESCRIPTION LOGIC 

The conceptual view of pervasive data represented using 
ontology will be stored in the knowledge base and represented 
using description logic[14]. The description logics are the 
family of knowledge representation used widely in ontological 
modelling [14]. The storage ofHere we have chosen DL-Lite 

 

Fig. 12: Heating Element Specification: Novice Learner 
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Fig. 13: Heating Element Specification: Semiskilled Learner 

which is one of the family of description logics. We have used 
Description Logic Lite Family to represent our pervasive data to 
store in the knowledge base. This DL-Lite consists of three 
axioms conventionally that TBox axiom, ABox axiom and 
RBox axiom. The expressive of knowledge uses constructors for 
concepts and roles to explain the complex concept expressions. 

The constructors are intersection ⊓, union ⊔, complement ¬. 
The representation of pervasive data using DL-Lite are given 
here. 

The concept inclusions are, 

MobilePhone ⊑ MobileDevice Laptop ⊑ MobileDevice 

 

Fig. 14: Heating Element Specification: Professional Learner 

 

 

PDA ⊑ MobileDevice 

The role assertions are, 

isA(MobilePhone, MobileDevice) isA(Laptop, 

MobileDevice) isA(PDA, MobileDevice) 

isFor(LearningMaterial, NoviceUser) 

isFor(LearningMaterial, Semiskilled) 

isFor(LearningMaterial, ProfessionalUser) 

learns(NoviceUser, TechnicalDetails) 

has(SolderingIron, Power) has(SolderingIron, 

OperatingVoltage) isA(Voltage, 

ElectromotiveForceorPotentialDifference) isA(Volts, 

SIUnits) isA(Watts, SIUnits) 

whoseUnitIs(ElectromotiveForceorPontentialDifference, 

Volts) 

canBeDerived(Voltage, OhmsLaw) 

isUsedToCalculate(OhmsLaw, 

CurrentConsumption) is(OhmsLaw, EqualToIintoR) 

isOfferedBy(Resistance, SolderingElement) 

 VI. SIMULATION & RESULTS 

The represented knowledge for the Learner’s System 

Context using ontology tested with the Protege [17] software. 

The learner’s system context ontology builded using Protege 
Software is shown in the Figure 15. The ontologies builded can 
be stored using Ontology Web Language (OWL) which uses 
Resource Description Framework(RDF) serilization format or 
Extensible Markup Language (XML) serialization format. 

 

Fig. 15: Learner’s System Context Ontology 

 VII. CONCLUSION 

We have presented the ontology based knowledge 
representation of the soldering iron tool in a pervasive learning 
system. It gives the conceptual view of pervasive database 
system. We have designed our pervasive environment which 
provides the different learning material of the soldering iron 
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depending upon status of the learner. By peculiar method of 
knowledge representation of the soldering iron, the system 
allows the learner to learn satisfactorily by providing necessary 
material. The pervasing learning system architecture’s design is 
also presented which the learner to get the material based on 
their context and their personalized information. This pervasive 
learning space infact makes the learner smart in his specific area 
in which he/she wants to become expertise. We have described 
our knowledge base using description logic in which the 
represented data can be accessed through relational queries. We 
are planning our future works to enhance the intelligence of this 
pervasive learning environment by providing device 
adaptability and location awareness. 
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