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ABSTRACT 

Campus-wide networks are prevalent in all major educational institutions 

today. Essentially pervasive intranet, a typical campus network interconnects 

hundreds of departments across dozens of buildings, providing high-speed access 

for both students and staff. SIDS application is designed as a cost effective system 

for keeping the members of computer science department informed about the latest 

department news while achieving a paperless culture in the administration area of 

the department. 

 

 The project aims at establishing communication and collaboration, which is 

vital to the success of building a strong knowledge culture and facilitating 

collaborative research for any educational institute. The project incorporates both 

wired and wireless communication to allow the students to have access of the 

administration updates. These updates include event notifications, scheduling 

information and attendance alerts. A prototype system has been developed which 

can be tailored for real world applications with a little effort. 

 

 Key benefits of the application include ease of integration in the existing 

network at negligible cost and seamless integration into the campus environment. 

The educational institutes can be better equipped to achieve their primary objective 

of providing the best knowledge experience for its students and staff. 
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                                                 CHAPTER 1 

    INTRODUCTION 

1.1 INTORDUCTION 

The project belongs to the domain of “pervasive computing” which aims at 

making the environment adaptive to user needs, making it intelligent by 

integrating technology [1]. In the domain of pervasive computing, while dealing 

with any problem focus is always on the user and their needs. Technology that 

needs to be employed is derived from the needs of that particular environment. 

In a university’s department critical information such as the reschedule of an 

exam needs to be passed on to the students who may not be assembled at one 

place so it has to be passed on quickly and reliably. The need for such a system 

arises which provides fast and reliable communication between students and the 

department’s administration that has to be inevitably wireless [2]. The key for any 

system to succeed in such an environment is that it has to use technology that is 

easily available with students and faculty members and can be utilized using the 

available architecture. Mobile phones have today become the most commonly 

available devices and which it is presumed all the users in the targeted 

environment will have, so they are utilized in this project as a means to 

communicate with the user. 

Smart information dissemination system (SIDS) builds on the Bluetooth 

technology and attempts to create a pervasive environment in a university 

campus where students and members of faculty are kept informed about their 

class timings, attendance records and any other notifications through their mobile 
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phones [3]. The wireless communication between the mobile phone of the user 

and the system is established using Bluetooth. Bluetooth offers both reliability 

and cost effectiveness to be used in an environment such as a University’s 

department for which this project is intended [4]. Smart Information 

Dissemination system strives to achieve a pervasive environment where the 

users, after authenticating themselves, are wirelessly connected to the system 

and receive various updates depending upon their profile maintained in the 

system. In the realm of pervasive computing such information dissemination 

using Bluetooth has not been realized before but it offers reliability and efficiency 

without any expensive architecture. The project delivers a reliable information 

dissemination system, which caters for the needs of the students related to 

information retrieval while in the university campus.  

 

1.2 BACKGROUND 

A pervasive environment is one in which users can access relevant information 

and services to facilitate their everyday tasks through the use of most relevant 

technology. Devices that use the technology provide relevant services to 

appropriate users. Pervasive computing strives towards distributing 

computational intelligence throughout the physical environment, making devices 

intelligent so as to perform tasks for the user. Pervasive computing is about 

embedding technology into the environment that as a result provides efficient 

solutions to problems and simplifies tasks and processes.  
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1.3 PROBLEM STATEMENT 

SIDS allows students to communicate with dissemination service using mobile 

devices in addition to personal computers. The project aims at establishing 

communication and collaboration, which is vital to the success of building a 

strong knowledge culture and facilitating collaborative research for any 

educational institute. The project incorporates both wired and wireless 

communication to allow the students to have access of the administration 

updates. These updates include event notifications, scheduling information and 

attendance alerts.  

 

1.4  AIMS AND OBJECTIVES 

The aim for this project is to build an information dissemination system that 

students can use to retrieve information while in the campus. The Smart 

Information Dissemination system creates a pervasive environment where the 

mobile phones along with computers are used for making the environment 

conducive so that information meant for the user can be easily disseminated. 

1.4.1 PRIMARY OBJECTIVE: 

The primary objective of SIDS is to develop a student information dissemination 

system in pervasive campus. The students have access of the administration 

updates including event notifications, scheduling information and attendance 

alerts. 
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1.4.2 SUBOBJECTIVES: 

The sub-objectives of the project are to establish communication between the 

computer and the mobile devices using Bluetooth, to provide search based 

retrieval of information and to provide user authentication.  

 

The communication between the computer and the mobile device is established 

via Bluetooth. A Bluetooth stack is used for this purpose that has layers defined 

so that message is passed reliably between two Bluetooth communicating 

devices [5]. For the user to use the system a GUI’s have to be developed both at 

the computer and the mobile-end. GUI for the mobile device is made simple so 

that the user can easily process the information it is not too heavy for mobile 

device’s limited processing capability. Before the user can use the system he/she 

has to be authenticated by providing his/her ID or Password which are then 

authenticated by the system [6]. 

 

1.5 TASKS:  

The basic tasks performed by SIDS fall into two categories i-e information    

provided to students by administration of the computer science department and 

search based information retrieval  

SIDS primarily deals with two kinds of information, first are the notifications or 

alerts that are issued by the university administration that are transmitted to the 

desired section of students in the campus and delivered later to those students 

that were not visible to the system at that time secondly the user may want to 

retrieve any desired information from the system at any given time, the user can 
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search for the information based to different criteria and the system then 

responds to the user in reasonable time. 

 

1.6 OUTLINE OF REPORT 

In this chapter 1 the overview, background, aims and objectives of the project 

were discussed briefly. Chapter 2 discusses literature overview that is carried out 

for the project. Chapter 3 discusses system design and its architectural model. 

Chapter 4 discussed tools, techniques and implementation details. Chapter 5 

looks into the limitations and future enhancements of the project. 
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 CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

This chapter includes a summary of the literature review that was carried out for 

the understanding the project domain and defining the scope of the project. The 

technologies, hardware and protocols used in this project for communication are 

briefly discussed. The comparison of existing systems in pervasive computing is 

carried out by listing all the differentiating features in form of a comparison table 

and by giving the architectural designs. The proposed system is also discussed. 

2.2 PERVASIVE COMPUTING 

The term “pervasive computing” also known as ubiquitous computing refers to 

the embodiment of computation into our everyday life [7]. In a pervasive 

computing environment the basic objective is to make the environment adaptive 

to needs of the user by making it intelligent through the integration of technology 

into the everyday aspects of the human environment. 

 

2.2.1 OBJECTIVES OF PERVASIVE COMPUTING 

Pervasive computing has emerged as a result of advancements in the field of 

technology. Pervasive computing is about embedding technology into our 

environment, as a result providing efficient solutions to our problems and making 

tasks and processes simplified. It aims at combining current network 

technologies with wireless computing. Pervasive computing is not only restricted 

to the territory of personal computers, it also deals with almost any device 
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ranging from household items to the hi-tech appliances that can be embedded 

with chips to connect devices to an infinite network of other devices [8]. The idea 

behind the pervasive computing is that our main focus is on the users and their 

tasks and activities. We are not concerned about the technologies or the devices 

used. The existing hardware or the networking infrastructure however cannot run 

all pervasive applications because of heterogeneity, network connectivity, 

automatic configuration with the underlying system, invisibility, scalability, 

integration, security, piracy and safety, fault tolerance and data loss due to 

limited wireless links. 

 

2.2.2 HISTORY OF PERVASIVE COMPUTING  

In the mid-1970s mobile computing and pervasive computing were considered as 

major evolutionary steps in the line of research. In the early 1990’s mobile 

computing was born with the advent of full-function laptop computers and 

wireless LANs. The four key constraints of mobility that forced the development 

of specialized techniques in addition to many basic principles of distributed 

system design are erratic variation in network quality, lowered reliance and 

robustness of mobile elements, limitations on local resources imposed by weight 

and size constraints, concern for battery power consumption. 

By 2000, mobile computing research began to touch upon issues that we now 

identify as the purview of pervasive computing. In 1991 paper entitled “The 

Computer for the 21st Century” by Mark Weiser of Xerox PARC laid foundation of 

pervasive computing. In this paper he observed, “The most profound 
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technologies are those that disappear. They weave themselves into the fabric of 

everyday life until they are indistinguishable from it.” Thus, the essence of 

pervasive computing lies in the creation of environments saturated with 

computing and communication that are gracefully integrated with human users 

[9].  

The revolution in the area of pervasive computing has begun to affect our 

everyday lives. In the future it will often be invisible, and the user interface will be 

natural. One important aspect in pervasive computing is networking that is data, 

once entered, will never have to be entered again, but will be readily available 

whenever and wherever needed [10]. The current phase of pervasive computing, 

in which computers are already being embedded in many devices, can be 

achieved by assuring that computing is spread throughout the environment, 

Users are mobile, information appliances are becoming increasingly available 

and communication is made easier between individuals, between individuals and 

things, and between things [10]. Architecture of pervasive computing is shown in 

figure 2.1 [11]. 
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    Figure-2.1: Architecture of pervasive computing  

2.3 BLUETOOTH 

Bluetooth is a wireless technology that enables any electrical device such as 

mobile phones, headsets, and PDA’s and portable computers to communicate 

and send data to each other wirelessly. Bluetooth connections take place over a 

2.4 GHz frequency, and have a range of approximately 10 meters (33 feet). It 

has been specifically designed as a low cost, low power, radio technology, which 

is particularly suited to the short range Personal Area Network (PAN) 

application.  It focuses on low cost, low size and low power that distinguishes it 

from the IEEE 802.11 wireless LAN technology. Bluetooth supports both point-to-

point wireless connections without cables between mobile phones and personal 

computers, as well as point-to-multipoint connections to enable ad hoc local 

wireless networks [12]. 
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2.3.1 ORIGIN OF BLUETOOTH 

Bluetooth makes connections just like cables connect a computer to a keyboard, 

or wire connects an MP3 player to headphones. Bluetooth technology is actually 

derived from a combination of wireless technologies that are united by the 

Bluetooth specification under the title “Bluetooth technology”. Bluetooth 

technology was first developed by Ericsson and then formalized by a group of 

electronics manufacturers (Ericsson, IBM, Intel, Nokia, and Toshiba) who joined 

forces to form a private trade association known as the Bluetooth Special Interest 

Group (SIG). They established a global standard on formal introduction of the 

Bluetooth specification to the public. In this way they created a universal way for 

mobile computers, cell phones, and various other devices to wirelessly connect 

with one another [13].  

2.3.2 MODES OF OPERATION  

An interesting aspect of the technology is the instant formations of networks once 

the Bluetooth devices come in range of each other forming a Pico net. A Pico net 

is a collection of two devices or more than two devices connected via Bluetooth 

technology in an ad hoc fashion. Multiple independent and non-synchronized 

Pico nets can form a scatter net. A device can be a part of more than one Pico 

net by means of time multiplexing. When a device is connected to another 

device, a point to point connection is established. If it is connected to more that 

one (up to 7), a point to multipoint connection is formed [14]. The Bluetooth 

system supports both point-to-point and point-to-multi-point connections as can 

be seen from figure 2.2 [14].  
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Figure-2.2: Pico nets with (a) single slave operation 

(b) multi-slave operation (c) scatter net operation 

2.3.3 BLUETOOTH PROTOCOL STACK  

Bluetooth is both a hardware-based radio system and a software stack that 

specifies the linkages between layers. Well-defined layers of functionality ensure 

interoperability of Bluetooth devices. The protocol stack is the core of the 

Bluetooth specification that defines how the technology works (figure 2.3). 

Radio layer is responsible for the modulation and demodulation of data into RF 

signals for transmission in the air. Above the radio layer is the base band and link 

controller layer. The base band portion of the layer is responsible for properly 

formatting data for transmission to and from the radio layer. The link controller 

layer is responsible for carrying out the link manager’s commands and 

establishing and maintaining the link set by the link manager. The link manager 

translates the host controller interface (HCI) commands it receives into base 

band-level operations. The HCI (host controller interface) layer acts as a 

boundary between the lower layers of the Bluetooth protocol stack and the upper 

layers. L2CAP (logical link control and adaptation protocol) layer is responsible 

for repackaging the data packets it receives from the higher layers into the form 
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expected by the lower layers. The SDP (service discovery protocol) defines 

actions for both servers and clients of Bluetooth services. The RFCOMM protocol 

emulates the serial cable line settings and status of an RS-232 serial port. 

RFCOMM connects to the lower layers of the Bluetooth protocol stack through 

the L2CAP layer. OBEX (object exchange) is a transfer protocol that defines data 

objects and a communication protocol two devices can use to easily exchange 

those objects [15].  

 

 

 

 

 
 

        Figure-2.3: Bluetooth protocol stack  
 

(Taken from Bluetooth Device Access guide) 
 

2.3.4 LIMITATIONS  

Bluetooth wireless standard has its limitations, which may consequently set limits 

on any system employing this technology for wireless communication. Some of 

the significant limitations are discussed below [16]: 
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2.3.4.1 LOW SPEED 

Currently transfer rate of data in Bluetooth is about 3 megabits (375 kilobytes) 

per second. This slow rate is only obvious when very large files are being sent. 

However synchronizing of contacts or talking on a wireless headset, tend to work 

fine.  

2.3.4.2 COMMONLY USED FREQUENCY BAND 

The frequency range of Bluetooth enabled devices is 2.4 GHz band. It is the 

same unlicensed frequency that is used by many other electronic devices such 

as microwaves, cordless phones, and the majority of Wi-Fi devices. This 

frequency sharing could cause signal collision that leads to slower overall 

network performance. 

2.3.5 ADVANTAGES  

The key benefits of Bluetooth wireless technology that make its employment 

worthwhile are listed below [16]. 

2.3.5.1 EASE OF CONFIGURATION 

Configuration of Bluetooth enabled devices is easy. It only requires getting the 

two devices near each other and turning them on without the need to install 

drivers. Seamless communication between any two wireless products featuring 

Bluetooth technology regardless of brand or country of their origin is possible. 
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2.3.5.2 INHERENT SECURITY OF THE STANDARD 

Wireless security is a primary concern for consumers as identity and information 

theft is pervasive these days. Bluetooth offers built-in security, unlike Wi-Fi where 

security is the responsibility of the network administrator. Security in Bluetooth is 

realized using adaptive frequency hopping (AFH). In AFH "hopping” of frequency 

between the allotted 79 frequencies 1,600 times per second takes place making 

it extremely difficult to intercept transmissions.  

2.3.5.3 LOW POWER CONSUMPTION 

Up to eight devices are able to connect simultaneously to the same Pico net, and 

that it has very low power consumption. The ability to exchange information 

across devices gives Bluetooth technology great potential. 

2.3.5.4 FREE OF COST 

Bluetooth is the most widely supported wireless standard in the world today. It 

does not require membership fees or services to sign up for. 

2.3.5.5 PAIRING OF DEVICES 

Pairing of devices prior to communication is required. As a result a unique, 

synchronized frequency-hopping pattern for their Pico net is established. 

Typically users have to enter a numerical passkey to pair devices. 
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2.4 PROBLEM STATEMENT 

To allow students to communicate with dissemination service using mobile 

devices in addition to personal computers.  

2.5 EXISTING SYSTEMS IN PERVASIVE COMPUTING 

SIDS allows students to communicate with dissemination service using mobile 

devices in addition to personal computers. The project aims at establishing 

communication and collaboration, which is vital to the success of building a 

strong knowledge culture and facilitating collaborative research for any 

educational institute. The project incorporates both wired and wireless 

communication to allow the students to have access of the administration 

updates. These updates include event notifications, scheduling information and 

attendance alerts. 

2.5.1 OXYGEN  

Project Oxygen to develop pervasive, human-centered computing is a research 

project at the Technology. This project uses face identification technology for 

handheld computers. Capturing face images is less disturbing than fingerprint, 

iris, or retinal scanning as person’s face is exposed to the public. Face 

identification can be done with a standard low-resolution camera whereas other 

biometric devices require specialized hardware. In Face identification system the 

user takes snapshots of his or her face, which can be performed in the 

background as the handheld is being used. The Oxygen architecture consists of 

handheld terminals; computers embedded in the environment, and dynamically 

configured networks which connect these devices. Oxygen enables pervasive, 
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human- centered computing through a combination of specific user and system 

technologies [17] [18]. 

2.5.2 ONE WORLD  

One world provides an integrated, comprehensive framework for building 

pervasive applications. It targets applications that automatically adapt to highly 

dynamic computing environments, and it includes services that make it easier for 

developers to manage constant change. Pervasive computing provides an 

attractive vision for accessing information anywhere and anytime. However, a 

considerable obstacle to realizing this vision is the development of applications 

that continually adapt to an ever-changing computing environment and still 

function when people move through the physical world or switch devices. In the 

one world project an appropriate system is created to support the developers so 

that they can effectively build and deploy adaptable applications. This 

architecture includes services that simplify the task of coping with constant 

change [19]. 

 

2.5.3 GAIA  

Both physical and virtual entities may be allowed to seamlessly interact by 

extending the reach of traditional computing systems to include the devices and 

physical space surrounding the machines. Physical spaces become interactive 

systems, or in other terms, Active Spaces. Such environments are analogous to 

traditional computing systems and Active Spaces are viewed as one object, 

composed of input/output devices, resources and peripherals. However, the 

heterogeneity, mobility and sheer number of devices makes the system vastly 
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more complex. Applications may have the choice of a number of input devices 

such as location sensing system, mouse, pen, or finger and output devices, such 

as an everywhere display, monitor, PDA screen, wall-mounted display, speakers, 

or phone. Gaia brings the functionality of an operating system to physical spaces 

as shown in figure-2.4 [20]. Common operating system functions are supported, 

such as events, signals, file system, security, processes, process groups, etc. 

Gaia extends typical operating system concepts to include context, location 

awareness, mobile computing devices and actuators like door locks and light 

switches. The main goal of the project is to design and implement a middleware 

operating system that manages the resources contained in an Active Space.  An 

operating system for such a space must be able to locate the most appropriate 

device, detect when new devices are spontaneously added to the system, and 

adapt content when data formats are not compatible with output devices.  

Traditional operating systems manage the tasks common to all applications; the 

same management is necessary for physical spaces [20].   

 

                                                Figure-2.4: Gaia Architecture  
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2.5.4 CAMUS  

Context-awareness is one of the fundamental requirements for achieving user-

oriented ubiquity. Context-Aware Middleware for Ubiquitous computing Systems 

(CAMUS) envisions a comprehensive middleware solution that not only focuses 

on providing context composition at the software level but also facilitates dynamic 

features retrieval at the hardware level by masking the inherent heterogeneity of 

environment sensors. Complexity is handled by providing ‘separation of 

concerns’ between environment features extraction, contextual data composition 

and context interpretation. With a systematic approach, CAMUS is proved to be a 

flexible and reusable novel middleware framework. The vision of ubiquitous 

computing, with devices seamlessly integrated into the life of everyday users, 

and services readily available to users anywhere all the time is becoming a 

reality. A ubiquitous computing environment is characterized by a diverse range 

of hardware (sensors, user devices, computing infrastructure etc) and equally 

diverse set of applications, which anticipate the need of users and act on their 

behalf in a proactive manner. One of the major goals of context-aware computing 

is to provide services that are appropriate for a person at a particular place, time, 

situation, etc [21] [22]. Table 2.1 shows a comparison of differentiating features 

of the pervasive systems discussed. 
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                   Table 2.1 Comparison of SIDS and existing research study. 

 

 

 

Project  Underlying 

communication? 

Architecture Data 

structure 

Bluetooth [23]/ 

802.11 [24]/ 

Ethernet [25]/ 

 

Distributed[26] 

/centralized 

Modular [27] 

/layered          

type 

C2K [28][29] 802.11, Ethernet 

 

Centralized Modular  RDF [41] 

CAMUS [30][31] Not specified Distributed 2-tier [38] 

[39] 

Ontology 

based [42] 

Aura [32] 

 

 

802.11  Distributed Layered  

[40] 

Ontology 

based 

Gaia [33] Not specified Distributed Layered  Ontology 

based 

One World [34] Not specified Distributed Layered  Not 

specified 

Oxygen [35][36] 802.11  Distributed Layered  Not 

specified 

 

Endeavour [37] 

802.11  Distributed Layered  RDF 

SIDS Bluetooth Distributed Modular  Entity 

based 



 20 
 

2.6 CONCLUSION 

In this chapter the overview of the domain of the project, protocols, technology, 

existing systems in pervasive computing were discussed. The analysis of existing 

pervasive systems revealed that the contribution is mainly research oriented. 

Almost all of the projects listed provide 802.11 wireless supports mainly because 

they are aiming to achieve wide range wireless connectivity without taking into 

consideration the budget constraints. SIDS however, is based on a simple design 

and the concept of using easily accessible devices to meet the low budget 

constraint. 
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CHAPTER 3 

SYSTEM DESIGN 

 

3.1 INTRODUCTION 
 

This chapter describes in detail the design approach used for developing the 

SIDS application and justifies the said approach by highlighting the key 

advantages resulting from it. Software engineering practices were followed side 

by side in the design and the design approach is explained in the light of these 

aids as well. 

 

The SIDS application is modular in design and the distributed paradigm followed 

is middleware-oriented, in which a disseminator component is added between 

client and server to access the information. Figure 3.1 shows the system 

architecture, which is three tier, modular and distributed. The client tier provides 

the GUI to interact with the user. The client end is installed on the user’s java 

enabled mobile device. The user then communicates with the system using 

Bluetooth. Middle tier is essentially the service layer. It is responsible for making 

the communication with the user over the Bluetooth. It also receives 

alerts/notifications from the application server on the data tier and forwards any 

search queries to the application server. The most important function of the 

middle tier is to authenticate the users. For this purpose it has the authentication 

database, which has all the authentication details of the users. The middle tier is 

connected to the system database on the data tier through a wired link (local 

area network). 
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Figure-3.1: block diagram of SIDS architecture 

 

This is the part of the system where all the service details of the system are kept, 

since SIDS deals with the alerts and notification related to a department at a 

university campus. This will include classes’ schedules, any event notification, 

and attendance alerts. All this information is stored in the system database.  

Since the system has wireless links involved so the amount of unnecessary 

traffic should be reduced to make it more efficient. For this purpose, information 

needs to be disseminated in a smart way that is, maintaining an information 

profile of our users, logging the information they have already received so only 

the latest information is passed onto them and it is not duplicated. So before 

broadcasting a message the relevant audience is decided here. 

The architecture diagram shows three primary modules namely client (mobile 

device, disseminator (Session Manager) and application server. 
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3.2 PRESENTATION – TIER (Client Tier) 

The first tier is the client tier, basically the application interface. This tier includes 

the GUI application running on the mobile devices of the users. There is a 

wireless connection between the mobile device and the second tier: the 

disseminator, which is the session manager. This wireless communication is 

established using the Bluetooth protocol stack. 

 

3.3 MIDDLE-TIER 

The second tier includes the disseminator that maintains its own database for the 

user authentication. The disseminator has the Bluetooth dongle attached with it. 

It is responsible for session management and service discovery. It performs the 

following basic operations: 

 

       3.3.1 Authenticating Client Devices 

Authentication of the client devices is being carried out in the middle tier. The 

database at this level provides efficiency and simplicity of design, the 

authentication details don’t have to travel to the data tier and acknowledgment is 

sent back to client. It receives the login parameters from the user which it 

authenticates using the associated user authentication database. 

 

3.3.2 Receiving Updates from the Application Server 

The updates are received from the application over wired LAN. The updates 

received are then transmitted to the user using Bluetooth.  
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3.3.3 Forwarding User Request to the Application Server 

The user may request for an update at some point of time, this request is then 

forwarded to the application server. The request is not a complete query but 

some integer value received from the mobile device that represents a particular 

query. The query is then forwarded to the application server by the disseminator 

residing at the middle tier. 

 

3.3.4 Delivering Updates to the User Using Bluetooth 

The communication between the client and the middle tier is established using                  

Bluetooth.   

 

3.4 DATA-TIER 

The third tier is the data tier that includes the application server and the system 

database. The application server has a wired-LAN connection with the 

disseminator and a GUI interface for managing the database. This is the module 

that makes the system intelligent in that it is capable of automatically detecting 

the updates in the service and delivering these updates timely to the 

disseminator, which in turn sends notifications and alerts to the client device 

(mobile device). The modular architecture of SIDS provides the following key 

advantages: 

3.4.1 Ease of Maintenance 

The system is modular which means that there are relatively independent 

components making up the system as a whole so maintaining them is easy. The 
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database additions are done in the data tier so the client end and the middle tier 

remain static once they are integrated to the system. 

 

3.4.2 Ease of Integration 

The system being modular is easier to integrate. The central service layer or the 

data tier can have several disseminators integrated with it to increase scalability. 

The user devices can connect with the disseminators using Bluetooth. 

 

3.4.3 Flexibility 

The system is intended to work in a campus environment. Since the system is 

modular it gives us the flexibility. Disseminators can be placed as per 

requirement to allow the users to connect via their Bluetooth devices. By making 

the service layer and disseminator layer separate, connecting to users becomes 

more flexible, giving additional room to work with the physical constraints. Thus, 

the application layer can be maintained at a central place and then several 

disseminators can be placed at convenient locations for user connectivity.  

 

3.4.4 Scalability 

The SIDS application also addresses the scalability issue. By implementing the  

concepts of scatter net and Pico net we can enhance the scalability factor for the 

application. 
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Figure- 3.2: Bluetooth scatter net example 

 

If the Bluetooth device attached with the disseminator is over loaded by the 

amount of connections, and additional disseminators are not available, 

implementing scatter net or Pico net can solve this issue. The application since it 

employs Bluetooth can fully utilize the wireless environment, as the Bluetooth 

technology is master/slave by nature. A Bluetooth device that will connect to the 

disseminator can be assigned as a master by function. A master can connect to 

seven slaves at the same time forming a Pico net. This is the point to multipoint 

feature that makes the Bluetooth technology more adaptable and useful for 

environments like that of a university campus since scalability can be achieved in 

a temporary fashion without much cost. 
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3.5 SEQUENCE DIAGRAMS 

The sequence of events followed in the system are shown in figure 3.3 where the 

user instantiates the process. The user will use his mobile device to interact with 

the system. For this the Bluetooth has to be turned on the client device. The 

mobile device searches for the Bluetooth connection with the disseminator. The 

disseminator accepts the connection request. Next the authentication details are 

sent to disseminator, which include the username and the password. The update 

request is sent to the disseminator, which is duly forwarded to the application 

server, the application server then uses its service database to get the latest 

update. The application server maintains a list of the last updates sent to the 

users so that always the latest updates are sent. 

 Figure- 3.3: sequence of events for requesting updates from the system. 
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In the event of an updating of the service database at the application server, the 

notification is then generated for the disseminator, which is then forwarded to the 

client. The notification is only delivered to the clients who have opted to receive 

update notifications. This sequence is shown in figure 3.4. 

 

                                 Figure- 3.4: delivering automatic updates to the users 

 

3.6 FLOWCHART DIAGRAMS 

The flowchart diagram in figure 3.5 shows the client end flow in the system. The 

user name and password is entered by the user, which is then authenticated by 

the disseminator. The user then has two options, one it can get the latest 

updates or he can search for the particular updates. In case of automatically 

receiving latest updates he may be prompted for receiving the pending 
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messages that he can refuse or accept. In case of searching for updates the user 

will get the latest update/notification, which he has not received yet. 

 

 

 

Figure- 3.5: flow chart showing the client participation 

 

The service record is added to the service database at the application layer. The 

flow chart in figure 3.6 shows how information travels from the application layer 

to the user depending on the actions taken by the user. The system will wait for 

an incoming connection by the user. Once the user has provided the 

authentication details, these are authenticated by the system. A session is then 

initiated with the user and the user’s mobile device gets connected with the 

disseminator. The user at this point can choose to receive automatic updates or 
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take no action. On receiving automatic updates the user can also receive 

pending alerts depending on user input. 

 

 

 

Figure -3.6: flow chart showing the server participation. 

 

3.7 USE CASE DIAGRAMS 

The use case diagram in figure 3.7 shows two actors, the application server and 

the system administrator. The application server delivers notifications to the 

users and keeps a look out for new notifications so that it can inform the users. 

The administrator adds new updates to the system database. 
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     Figure- 3.7: Server use case diagram 

 

In the use case diagram in figure 3.8 the actor is the user who can choose to 

initiate a number of actions in the system. 

 

 

                                       Figure- 3.8: use case diagram 
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3.8 CLASS DIAGRAMS 

This section shows the class diagrams of the server and client end classes. 

Some of the important methods of the classes are mentioned and the 

relationship between the classes is also shown. 

 

3.8.1 SERVER END CLASS DIAGRAM 

Figure- 3.9: Server end class diagram 
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The class diagram in figure 3.9 shows the server end classes and their 

relationships. The classes are divided on the multi tier architecture. The 

Bluetooth client class resides on the client device. It offers methods for service, 

device discovery and for reading and writing. The disseminator class has the 

methods to send requests to the application server and sending updates to the 

Bluetooth client. It uses the TCP client to communicate with the application 

server. The application server has the methods to update or search the service 

database on the basis of attendance, event or schedule. 

 

3.8.2 CLIENT END CLASS DIAGRAM 

gui driver

login_screen

Screen_su

search_s
creen

time_scr
een

utype_s
creen

gui

<composition>

<composition>

BluetoothClient

midlet

GUI

<extends>

<composition>

<composition>

<composition>

<composition>

<composition>

<composition>

<composition>

<composition>

<composition>

 

 

Figure- 3.10: Client end class diagram 
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The Bluetooth client class has the GUI extended by the midlet class. The GUI 

has login screen, search screen and the update screen. 

3.9 CONCLUSION 

This chapter explained the system architecture and design approach used. The 

architecture is distributed, modular, three tier architecture. The system is flexible 

because of its modular nature and hence ideal for its utilization in an environment 

where flexibility in terms of robustness and scalability is required. Wireless link is 

used between the client and the service end of the system to create utility for the 

system in terms of providing seamless service to its users.  

 

The system employs Bluetooth associated classes in java that implement the jsr-

82 specification of the Bluetooth technology. Bluetooth comes as the most viable 

option for wireless communication while working in the pervasive domain. Other 

options such as Infrared [44], RF [45], Home RF [45] and IEEE 802.11 have their 

constraints such as cost and lack of architecture support among users which 

prevent employing these options for this system. The mobile application is 

developed using J2ME and it will run on mobile device having at least 500kb of 

memory [46].  
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CHAPTER 4 

                        TOOLS, TECHNOLOGIES AND IMPLEMENTATION   

 

4.1 INTRODUCTION 

This chapter covers all the details regarding the implementation of SIDS. Various 

technologies and tools implemented in the application are discussed here. The 

overall implementation of SIDS is divided into three phases which includes the 

implementation of the client end, the disseminator and the application server. 

The flow and sequence of events followed while implementing SIDS has been 

stepwise discussed in the chapter. 

 

4.2 TOOLS AND TECHNOLOGIES USED 

The core language used for the implementation of the project is JAVA. All the 

three modules of SIDS are implemented in java. The technology incorporated in 

the project is that of Bluetooth and the packages of JAVA used to support this 

technology are J2SE with Bluetooth and J2ME with Bluetooth. The JABWT API 

for Bluetooth is primarily used for development of SIDS application. The 

Bluetooth specification is designed to cover a diverse range of devices and 

usage scenarios. Java’s complete platform including all API’s and Platform’s 

support is depicted clearly in the figure 4.1: 



 36 
 

 

Figure-4.1: JAVA APIs 

SIDS has a modular architecture and each module implements different tools, 

technologies and the libraries. The tools and technologies used in each of the 

module therefore would be explained with reference to each module in the 

application. 

4.2.1 CLIENT-END APPLICATION 

The Client-end of the SIDS application consists of two mediums to communicate 

with the server. One client-end interface is through the mobile device and the 

other client end interface is on the PC-client .So, the two sub-modules of the 

client end application are as under The Midlet and the PC-Client Interface. 

 

4.2.1.1 The Midlet 

The java application which runs in the mobile is termed as the midlet and is built 

on the J2ME platform.J2ME is a set of java API’s that run on a JVM with limited 
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resources (also called KVM).J2ME targets devices with resource constraints 

such as limited power and memory. A J2ME stack has three layers. Two of the 

most widely used J2ME profile and configuration are the MIDP and CLDC [47]. 

MIDP 2(based on JSR 118 specification) is an improved version of the MIDP 

1.0(based on JSR 37) and provides enhanced UI capabilities, multimedia and 

network connectivity among other features [48]. MIDP 2 combined with CLDC 

provides a very efficient ready to use run time environment for devices such as 

mobile phones, PDA’s [49].SIDS client midlet supports MIDP 2 profile it 

communicates with the disseminator via Bluetooth wireless connection. This 

communication is done using the JAWBT library. JABWT is based on the JSR 82 

specification and is an optional j2me package for Bluetooth communication with 

handheld devices [50].The Client-end Midlet is implemented using Sun Java(TM) 

Wireless Toolkit 2.5 for CLDC and JCreator Pro V3.10.008. The Midlet code is 

written using the JCreator Pro V3.10.008.However, the code compilation, 

building and debugging is done using the SUN Java ™ Wireless Toolkit 2.5.The 

Toolkit has an emulator that simulates the working of the midlet and displays a 

mobile like interface. Figure 4.2 and 4.3 depict the toolkit’s snapshot: 
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Figure- 4.2: - Sun Java Wireless Toolkit 2.5 for CLDC 

 
 
 

 

 

 

 

 

 

 

 

 

 
 Figure- 4.3: - Sun Java Wireless Toolkit 2.5 for CLDC 
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4.2.1.2 PC-Client Interface 

The Client end Interface on PC is implemented using the JDK 1.5.0, JCreator Pro 

V3.10.008,Bluetooth Dongle.  

Billion ton long range Bluetooth USB Adapter is used as means for conducting 

the communication between the PC-Client and the disseminator. Mobile devices 

have in built Bluetooth support but to incorporate the Bluetooth communication 

on PC we need to have Bluetooth hardware (Bluetooth with J2SE).  

 

4.2.2 DISSEMINATOR 

The middleware between the client and the application server is the 

disseminator. The tools and hardware used to implement the disseminator are 

JDK 1.5.0, JCreator Pro V3.10.008, Bluetooth Dongle (Billionton long range 

Bluetooth USB Adapter), and Microsoft Access 2003. 

The disseminator has no graphical interface and is operates in a console mode. 

No direct interaction is implemented for the disseminator, it serves as the 

disseminator that manages a session with the client, keeps a record of the last 

latest update received, sends alerts to the client either on request or 

automatically and also maintains a user authentication database (UAD).UAB is 

built using the Microsoft Access 2003.The figure 4.4 depicts the table-1 that 

maintains the authentication database. 
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Figure -4.4: Table-1(UAD) 

The disseminator is connected with the Application Server via a wired LAN. 

There exists a TCP Connection between the application server and the 

disseminator. However the connection with the PC-Client and the Midlet is 

wireless through Bluetooth dongle. 

 

4.2.3 APPLICATION SERVER 

The third module of the project is the Application server that maintains a 

database.The database contains three tables, these are: Attendance Record 

Table, Attendance Update Table, and Event/Schedule Update Table. Figure 4.5 

depicts the attendance record table and attendance update table. 
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Figure- 4.5: Attendance Update Table 

The Application Server provides a direct interface for the administrator to update, 

enter, delete or search records. The Graphical interface for the administrator is 

implemented in Java using the tools that are JDK 1.5.0, JCreator Pro V3.10.008. 

 

4.3 IMPLEMENTATION DETAILS 

In this section all the implementation details including the flow or sequence of 

events would be discussed. The tools and technologies used for each of the 

module have been discussed in the previous section i.e.4.1. 

  

4.3.1 IMPLEMENTATION OF BLUETOOTH APPLICATION 

The client-server Bluetooth application is categorized as the Server-end 

application and the Client-end application. Functionality of each module is as 

described: 

-Client: A client consumes remote services. It first discovers any nearby devices, 

then for each discovered device it searches for services of interest. 
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public  void initialize(){ 
if (!isInit) { 
      try { 
        conn = null; 
        localDevice = LocalDevice.getLocalDevice(); 
        localDevice.setDiscoverable( DiscoveryAgent.GIAC );               
        notifier = (StreamConnectionNotifier)Connector.open(serverUrl,2,true);  
        ServiceRecord record = localDevice.getRecord(notifier); 
        int annie[]=new int[10]; 
        annie=record.getAttributeIDs() 
 } 
      catch (BluetoothStateException e)  
        {    
          e.printStackTrace();   
         System.err.println( "BluetoothStateException: " + e.getMessage() );     
        }  
      catch (IOException e) 
        {    
         e.printStackTrace();      
         System.err.println( "IOException: " + e.getMessage() );       
       }           
      isInit=true; 
      System.out.println( "nOw wAiTiNg fOr ReSpOnSe........  :)" );    
} 
} 

-Server: A server makes services available to clients. It registers them in the 

Service Discovery Database (SDDB), in effect advertising them. It then waits for 

incoming connections, accepts them as they come in, and serves the clients that 

make them. 

4.3.1.1 INITIALIZING THE BLUETOOTH APPLICATION 

The Bluetooth-enabled application, server or client, first always initializes the 

Bluetooth stack. First the application retrieves a reference to the Bluetooth 

Manager from the LocalDevice. Client applications retrieve a reference to the 

DiscoveryAgent, which provides all the discovery-related services. Server 

applications make the device discoverable [23]. In the following code snippet, the 

initialization method initialize () performs initialization of Bluetooth protocol stack: 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.6 : Initializing the Bluetooth Protocol Stack 
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DiscoveryAgent.GIAC specifies General Inquiry Access Code. No limit is set on 

how long the device remains in the discoverable mode. 

 

4.3.1.2 ESTABLISHING CONNECTIONS 

The Connections established in the application are based on Serial Port Profile 

(SPP) RFCOMM. The Bluetooth connection is established using the GCF 

connection factory javax.microedition.io.Connector, passing to its open() method 

a connection URL argument describing the connection endpoint to create. The 

URL format for an RFCOMM StreamConnection: 

btspp://hostname:[CN | UUID];parameters  

Where:  

Btspp: is the URL scheme for an RFCOMM StreamConnection. 

Hostname: is either localhost to set up a server connection or the Bluetooth 

address to create a client connection. 

CN: is the Channel Number value, used by a client connecting to a server - also 

similar in concept to a TCP/IP port. 

UUID: is the Universally Unique Identifier used when setting up a service on a 

server. Each UUID is guaranteed to be unique across all time and space. 

Parameters: include name to describe the service name, and the security 

parameters authenticate, authorize, and encrypt.  
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4.3.2 CLIENT-END APPLICATION 

The implementation of client end is divided into two sub implementations, 

including the midlet and the pc-client. Both the midlet and the pc-client have the 

same implementation of Bluetooth Communication established between the 

server and the client. The difference between the two client-end applications is 

that the midlet runs on the mobile whereas the pc-client application runs on the 

personal computer. 

 

4.3.3 SERVER-END APPLICATION-THE DISSEMINATOR 
 
The Disseminator module responsible for the transfer of messages from the 

client to the application server and vice versa is implemented in JCreator Pro 

V3.10.008 using the Bluetooth Protocol Stack Blue cove V2.0.List of classes for 

the disseminator are BluetoothServer.java Disseminator.Java and 

TCPClient.java. The figure below shows the connection acceptance at the 

disseminator and the figure below shows the login parameter being received at 

the Disseminator. 

 

4.3.3.1 SETTING UP A BLUETOOTH SERVER: 

The Bluetooth server i.e. the disseminator is setup by making a service available 

for consumption. There are four main steps:  

-Creating a service record for the service you want to make available.  

-Adding the new service record to the Service Discovery Database. 

-Registering the service. 
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... 
StreamConnectionNotifier streamConnectionNotifier; 
// Create notifier (and service record) 
streamConnectionNotifier = (StreamConnectionNotifier) 
    Connector.open(connectionURL); 
... 

... 
// Insert service record into SDDB and wait for an incoming client 
StreamConnection conn = 
streamConnectionNotifier.acceptAndOpen(); 
... 

-Waiting for incoming client connections.  

4.3.3.2 CREATING A SERVICE RECORD: 

The Bluetooth implementation automatically creates a service record when 

application creates a connection notifier either a StreamConnectionNotifier or an 

L2CAPConnectionNotifier.  

The Bluetooth service and service attribute has its own Universally Unique 

Identifier. The UUID class represents short (16- or 32-bit) and long (128-bit) 

UUIDs. The next snippet in the figure defines and instantiates an RFCOMM 

connection notifier, resulting in the creation of the service record:  

 

 

 

Figure-4.7 : Service record creation 

4.3.3.3 SERVICE REGISTERATION AND WAIT 

Invoking the notifier's acceptAndOpen() method causes the Bluetooth 

implementation to insert the service record for the associated connection into the 

SDDB, making the service visible to clients. The acceptAndOpen() method then 

blocks, waiting for incoming connections, which are accepted as they come in. 

The figure shows a code snippet for registering the service. 
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... 
// Wait for client connection 
StreamConnection conn = 
streamConnectionNotifier.acceptAndOpen(); 
// New client connection accepted; get a handle on it 
RemoteDevice rd = RemoteDevice.getRemoteDevice(conn); 
System.out.println("New client connection... " +  
    rd.getFriendlyName(false)); 
// Read input message, in this example a String 
D I S d I ()

... 
streamConnectionNotifier.close(); 
... 

Figure-4.8 : Incoming connection wait  

When a client connects, acceptAndOpen() returns a connection, a 

StreamConnection, that represents the client endpoint that the server will read 

data from. The figure shows the  code snippet  in which the server waits for and 

accepts an incoming client connection, then reads from it. 

 
 
 
 
 
 
 

 

 

Figure- 4.9: Connection Acceptance  

 

4.3.3.4 CLOSING THE CONNECTION AND REMOVING SERVICE RECORD 
 
When the service is no longer needed, it is from the SDDB by closing the 

connection notifier: 

 

 

Figure-4.10 : Closing Connection  
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4.3.4   APPLICATION SERVER 

The third module of the SIDS Application is the Application Server. It’s 

implemented in JCreator Pro V3.10.008 and it also maintains a database as 

mentioned in section 4.1.3.It provides a graphical interface for the administrator 

to update, add, delete or search records. Classes used for the Application Server 

are TCPServer.java, appserver.java, sidsgui.java, addform.java, deleteform.java, 

updateform.java and searchform.java. 

 

The Application sever is connected with the disseminator through a wired LAN. 

The connection between the disseminator and the application server is TCP.The 

application server acts as a TCP-Server whereas the disseminator acts as the 

TCP-Client. Before starting the Bluetooth communication between the client-end 

and the disseminator, first the TCP-connection between the TCP-Client and the 

TCP-Server is established i.e. the disseminator and the application server 

respectively. 

4.4CONCLUSION:                                                                                                    

In a nutshell, the chapter has discussed the flow of events and the overall 

implementation details. The screen shots of each module give an idea of how the 

actions are performed and what are the action listeners. 
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CHAPTER 5                       

                                

                                     FUTURE WORK AND LIMITATIONS 

 

5.1 INTRODUCTION 

This chapter takes a look into the innovations and enhancements that can be 

brought in the present SIDS application and explores the possible constraints on 

the system put by the technology and design used.  

Expanding the scope of an existing project is challenging since it involves 

rethinking on the design and making it suitable for future use. This may or may 

not be possible since the existing design may have some limitations when it 

comes to extending the systems capabilities. SIDS is designed for employment in 

a department of a university campus. As the audience is a limited to the college 

faculty and the students of the department, this put a constraint on the size and 

complexity of the system. 

 

5.2 ENHANCEMENT POSSIBILITIES 

The system can be extended to include additional features. Some of the 

possibilities for enhancement are explored below: 

 

5.2.1 ACCESS BASED FACILITY 
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The system could be extended to provide access based facility to the students 

and teachers, delivering confidential notifications to the teachers only. This would 

also include delivering schedule specific updates to the students of the 

concerned course only. 

5.2.2 EXTENDING THE ATTENDANCE FACILITY 

Presently the system implements the attendance based facility for one course 

only since the object and scope of this project was to introduce an idea, the 

deployment in a real world scenario would obviously introduce additional 

considerations like implementing the attendance facility for the students of all the 

courses. 

5.2.3 ENHANCING THE USER END SECURITY  

The security of the current system could be enhanced so that in addition to the 

user authentication on the basis of user id and password only, device based 

authentication based on Bluetooth device authorization is also incorporated. 

5.2.4 INTRODUCING SECURITY FOR THE ADMINISTRATOR INTERFACE 

The SIDS administrator interface provided to manipulate the database presently 

does not include any authorization to log into the database. Administrator 

authorization based on username and password could be introduced for greater 

security. 

5.2.5 ENCRYPTION OF SENSITIVE DATA 
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 For disseminating confidential notifications for example to the teachers, 

encryption of the transmitted data can also be considered. 

 

5.3 LIMITATIONS  

The SIDS application was intended for small-scale deployment so the underlying 

technology used for transmission was Bluetooth. Bluetooth comes as the best 

low cost, short-range interconnection solution. At the same time employing 

Bluetooth technology introduces certain limitations in the system in terms of 

expanding the scope in future. 

5.3.1 LOW RELIABILITY 

Transfer of information using Bluetooth means compromising on reliability since 

the radio environments are subject to interference because of their dynamic 

nature. Wireless links are prone to errors caused by interference, or by fading of 

the signal as mobile devices reach the limit of their Bluetooth range. The 

Bluetooth base band implements error check on data, but these checks will not 

catch every single error [51]. For this purpose, greater data integrity checks could 

be incorporated in the system. It might be a good idea to implement extra error 

checking on data to be sure any errors that are not caught by the Bluetooth 

protocol stack are caught at the application level. 

5.3.2 MULTIPLE SESSION MANAGERS FOR ENHANCED COVERAGE 

Currently the Session Manager offers services to about seven users at a time 

since the Bluetooth transmitters allows for that many devices to be connected 
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simultaneously [52]. If an increased audience is to be supported by the system, a 

number of Session Managers need to be distributed over the entire campus. 

 

5.3.3 SLOW RESPONSE TIME 

 The greater the wireless user traffic, the slower the response time will be for 

each of them. 

5.4 CONCLUSION 

This chapter explored some of the limitations of SIDS and the corresponding 

enhancement possibilities. The limitations of the project mostly resulted from the 

Bluetooth constraints and the scope of the project which was limited to 

information dissemination inside the computer sciences department only. The 

project scope can be increased in the future by offering more information-based 

services to the users and by targeting a wider audience such as the entire 

campus. But the most important fact emphasized by the project is the idea that it 

presents-that of utilizing Bluetooth to achieve information dissemination for a 

pervasive environment in a campus which can be easily extended to other 

domains such as the office environment. 
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