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ABSTRACT 

Rwanda is among the developing countries in Africa facing the challenges of not having the 

enough resources of technology leading to met some difficulties in their service delivery  for 

instance Rwanda revenue authority is a government institution with the responsibilities of 

providing income to the government like other institutions through taxing the products produced 

by different various internal organizations or companies and others that are imported from 

external organization, the works of checking and look for tax or charging penalties when 

necessary has proved to be difficult because the system that is used is not satisfying the needs of 

both customers who are responsible for paying taxes and Rwanda revenue authority employees 

themselves, some of the employees you find them with no tools for checking whether the 

products are illegally or legally produced and sold based on the tag attached on it, this is very 

difficult to understand because of using the local systems of looking on the product by their eyes 

others use the glasses and another system is by use of radio frequency identification reader, 

computer and scanner or printer, this system proves out the reality but with the limitation of 

being fixed not being anywhere. 

 This research aimed to design a new architecture that would facilitate the Rwanda revenue 

authority employees in decision making capacity through providing the reality of the electronic 

product code or information of the tag by passing the smart phone over the tagged product and 

eventually the middleware software installed and configured in the mobile phone senses the tag 

by sending the electromagnetic waves to trigger or charge the tag, establish the connection and 

therefore read the information from the tagged product in addition to the above giving the users 

the chance to take the decision based on the information obtained.   

 The system would use the smart phone and middleware software to capture data, store data, and 

manage data just by the use of the mobile phone therefore providing the portability and 

flexibility factors meaning that it would be simple to understand and use since it is installed in 

the mobile phones and most people are familiar with them and it would suit anywhere since it is 

embedded in the mobile tool.  
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CHAPTER ONE: GENERAL INTRODUCTION  

1.1 INTRODUCTION 

 This research is aimed at designing middleware architecture for mobile discovering of passive 

tags, the middleware software is installed and configured on the smart phone to capture data, 

store data, manage data and converts the information in human readable format thereby allowing 

the communication between the middleware and the tags, therefore the architecture would be 

describing how the connections should be established and the data flows in the system more to 

that how the software triggers the passive tags in conjunction with the sensors, middleware is 

software systems that lets the sensors to read data from tag and it presents information to user. 

This chapter contains the brief introduction of the research specifying what the system would do, 

the motivation of research that flabbergast the researcher to design the architecture which would 

facilitate the system users in the performances, background of the study typically shows the case 

study of the research and what the company does and how the current system works, statement 

of the problem that leads the researcher to go under this research, objectives of the research 

indicating trend or the goal of the research and what the researcher would  do to arrive at the 

main purpose, scope and limitation this shows the boundaries of the research of which the 

researcher would not go beyond, and finally the organization of the study, this shows how the 

chapters of this research are arranged in the dissertation and subchapters included .  

1.2 Motivation  

This system would facilitate the Rwanda revenue authority particularly in the department of 

taxation to the method of checking the product whether they are legally or illegally sold by the 

use of mobile phones, since smart phones are mobile tools people would go with them anywhere 

and whenever  the employee meets a business person and doubts on what he or she has just gets 

his smart phone and passes it over the product and eventually the reality, further more the 

entrepreneurs would love this system because it won‘t take time to check and understand and 

eventually take decision without wasting the much of the time in the process.   



17 

 

1.3 Background of the study 

Rwanda revenue authority is a government institution with the responsibilities of government 

development like other government departments its responsibilities lies in the area of taxation; 

this institution located or has offices almost in any area of the country with their headquarter 

located in the central part of the country (Kigali) at a particular place called kimihurura near by 

the pentagon or ministry of defense and about a hundred meters from the national institute of ID, 

this institution is responsible for taxing all the product both internal product manufactured by the 

internal organizations and items produced by the external organizations supplied to the country, 

this scenario say that after making the item the workers tag it with radio frequency identification 

and sell the items then the Rwanda revenue authority come to look for taxies as its responsibility.    

1.4 Statement of the problem 

The existing systems have employed the use of computers, scanners, and reader to sense or to 

interface with the tags there by recognizing it, capture data, store data, and finally display data to 

the user, this has proved to be complex work since it requires all the components to be used and 

connected.  Another method is by use of glasses to sense the tag but this method does not 

provide all the required information, and sometimes people use the method of looking on the tag 

to see whether it is tagged in legal way or the tag is located in its real position and this method 

leads much doubtful on decision making capacity. This system termed middleware architecture 

for mobile discovery of passive tags was designed to mitigate the doubt and providing the good 

environment with the user in decision making, since this system would be installed and 

configured in the mobile phone, whenever users want to check the product code that is to say 

product tag they would pass the smart phone over the tagged product and the middleware sensor 

captures data written on the tag paper formats data, manages data and converts presents the 

information to the user in readable format.       
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1.5 Objectives the study 

1.5.1 General objective 

To design middleware architecture for capturing, recognizing, storing, establishing the 

connection and showing how the data flows between the reader and passive tags. 

1.5.2 Specific objectives 

1. To identify all possible components that are required to design the specific architecture 

for discovering the passive tags and how they should be arranged and connected in the 

system architecture.  

2. To sensitize the organization to install and configure the middleware software in the 

smart phone and see how it would read the data using the sensor nodes through triggering 

the passive tags.  

3. To ascertain the impact of using middleware architecture for mobile discovery of passive 

tags as far as the performance is concerned meaning that how it would capture data, store 

data and present information to the user. 

4. To capture data written in machine code or low level language and converts it into the 

format that is suitable to the reader or high level language in such way that the user 

should know what to do.  

5. This research tells in its architecture how middleware systems can read tags in harsh 

environments, without any human interference and transforms data into readable 

information. 

 1.6 Scope and limitation 

This research was aimed at designing middleware architecture for mobile discovering of passive 

tags but not going beyond it to other type of tags like active ones in the massage communication 

systems, more to that the research would be conducted in the areas where this application would 

be applied but not everywhere in the whole country. 
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1.7 Significance of the study 

This research would be important to the researcher since its part of the requirements to the award 

of a master‘s degree in information system, The study would further be part of the references to 

the students and staffs of University of Rwanda in the school of information and communication 

technology who would be interested in gaining knowledge about its subject and findings.  

1.8 Organization of the study  

This research is divided into six chapters: General Introduction, literature review, research 

methodology, system specification and data analysis and conclusion and recommendations.  

Chapter one presents the motivation of the study, background of the study, statement of the 

problem, objectives of the study, scope of study, significance of the study and organization of the 

study. 

Chapter two describes the literature review. It deals with defining and explaining the different 

concepts related to middleware architecture for mobile discovery of passive tags.  

Chapter three describes the research methodology that was used in this study. It includes, sample 

size and sampling techniques, as well as data collection, processing and analysis methods and 

instruments.  

Chapter four is the system specification; at this stage the researcher specified the system 

requirements and data analysis.  

Finally, chapter five is composed of the system architecture, data flow diagram, and algorism 

and entity relationship diagram. This chapter is the heart of this research as it clearly describes 

the working abstraction in the form of diagrammatic way.  

Chapter six is composed of Conclusion and recommendations 

1.9 Conclusion  

This part is the first chapter in this research which includes the problem statement of the 

research, the issue that promoted the researcher to undergo the procedures of finding the 
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solutions thereby handling the problem, so it enforces the researcher to set research objectives to 

achieve the goal; this chapter is the engine of other  chapters meaning that after formulating it 

gives the researcher the ticket or chance to set literature review and methodology of the research 

other words it is like a campus which directs the researcher and readers what is next so this 

directed the researcher to know what to do in the second, third and corresponding chapters.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

 

CHAPTER TWO:  LITERATURE REVIEW 

2.1 Introduction  

The chapter covers varying theories and arguments by different authors concerning the 

middleware architecture for mobile discovery of passive tags in its different dimensions and in 

relation to how its architecture works, what has been done in previous year and how effectively 

middleware can be used in automatic identification of tags attached to the certain items.  

2.2 Definition of Middleware 

Middleware is computer software that provides services to software applications beyond those 

available from the operating system. It can be described as "software glue". It is considered by 

many to be a rather vague term in that it is specially designed software that can link two separate 

applications together. This allows a user to request data from a database using forms displayed 

on a Web browser, while also allowing for the Web server to return Web pages based on the 

user's request [1]. 

2.3 History of Middleware 

The term middleware first appeared in the late 1980s to describe network connection 

management software, but did not come into widespread use until the mid 1990s, when network 

technology had achieved sufficient penetration and visibility. By that time middleware had 

evolved into a much richer set of paradigms and services offered to help make it easier and more 

manageable to build distributed applications. The term was associated mainly with relational 

databases for many practitioners in the business world through the early 1990s, but by the mid-

1990s this was no longer the case. The Message Oriented Middleware Association (MOMA) was 

formed in 1993, and MOM became a widely-used kind of middleware by the late 1990s. In the 

late 1990s HTTP became a major building block for various kinds of middleware, due to its 

pervasive deployment and its ability to get through most firewalls [2]. 

https://en.wikipedia.org/wiki/Software
https://en.wikipedia.org/wiki/Software_application
https://en.wikipedia.org/wiki/Operating_system
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2.4 Middleware in distributed systems 

Middleware is a class of software technologies designed to help manage the complexity and 

heterogeneity inherent in distributed systems. This significantly reduces the burden on 

application programmers by relieving them of this kind of tedious and error-prone programming. 

Middleware is sometimes informally called ―plumbing‖ because it connects parts of a distributed 

application with data pipes and then passes data between them. 

 

 

 

 

 

 

 

 

 

 

Figure1: Middleware layer in context  

 

Middleware frameworks are designed to mask some of the kinds of heterogeneity that 

programmers of distributed systems must deal with. They always mask heterogeneity of 

networks and hardware.  

The classical definition of an operating system is ―the software that makes the hardware 

useable.‖ Similarly, middleware can be considered to be the software that makes a distributed 

system programmable [3].  

 

                            Host1                             Host2 

                          Operation system API 

OS 
Comm.

M 

Processing Storage 

                      Middleware API 

Middleware 

Distributed Application Distributed Application 

                      Middleware API 

Middleware 

                          Operation system API 

OS 
Comm Processing Storage 

Network  



23 

 

2.5 Middleware bridges application and platform 

Middleware is the "glue" that connects diverse computer systems. Typically, legacy systems 

store information in proprietary formats, use propriety protocols to communicate, and may even 

be running on hardware that's no longer manufactured or supported [4].  

 

 

 

2.6 Passive tag 

 A passive tag is an RFID tag that does not contain a battery; the power is supplied by the reader. 

When radio waves from the reader are encountered by a passive rfid tag, the coiled antenna 

within the tag forms a magnetic field. The tag draws power from it, energizing the circuits in the 

tag. The tag then sends the information encoded in the tag's memory [5].  

2.7 Middleware in a computing system 

 

Middleware is all about integration. It is a software layer, which resides between applications 

and operating system and provides the applications a set of generic and commonly used services. 

In literature, the term middleware is used to define the software layer between the application 

layer and system layer.  

Middleware 

Platform (OS, HW) 

Application 

Figure2: middleware bridges application and platform 

http://www.technovelgy.com/ct/Technology-Article.asp?ArtNum=50
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Middleware can be further divided into two layers: middleware services and middleware 

technologies. Together with the application and system layers, the middleware constitutes the 

software architecture [6].   

 2.8 middleware in relation to the topic  

The term "middleware" is broadly and loosely refer to software or devices that connect RFID 

readers and the data they collect to enterprise information systems. Middleware helps makes 

sense of RFID tag reads, but it is hard to get a reading on what RFID middleware is. Warehouse 

management systems (WMS) and other packaged software applications may have interfaces to 

accept RFID input; conversely, RFID-oriented middleware products increasingly perform 

application-like functions, such as directed put away or shipment verification [7]. According to 

the researcher design the middleware soft ware will be sensing the passive RFID tag, triggering 

the tag, capture data, format data and manage them as meaningful information.   

2.9 Middleware for Mobile Phone Sensing 

Mobile phone sensing middleware aims to turn smart phones into mobile sensors. The aim is to 

collect data about user behavior or the environment in which a user moves around, and send it to 

a central point for further analysis. Remote task deployment, although limited in nature, is 

Application and services 

Underlying system 

Middleware 

Middleware services 

Middleware technologies 

Figure3. Middleware computing systems. 
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supported through runtime configuration of parameters like the type and rate of sensor 

information reported by the mobile devices; continuous queries written in SQL submitted to a 

central server further process and _lter this data, providing additional adaptability. A much more 

flexible approach is offered by PRISM, which allows deployment of executable binaries at the 

mobile devices themselves. [8]. 

 

 2.10 Mobile device particularly smart pone   

Ever-growing popularity of mobile devices, such as smart phones and net books, coupled with 

anytime and anyplace availability of high-speed network access is changing the ways how we 

compute and communicate. Mobile devices play an increasingly important role in our lives and 

tend to become representations of our digital selves when we trust these devices with sensitive 

information. [9] Under this researcher the mobile device such as smart phone will play a big role 

of holding the software that is responsible for recognition, capture, store, and retrieve of 

information of the item/ component tagged. 

2.11 Need for mobile phone application in Africa  

The low internet penetration and lack of electricity in the rule areas of the developing countries 

of Africa make the use of computer based solutions a big challenge. Today, for less than US$ 

400, one can acquire a smart phone equipped with 1000MHZ clock speed, 512MiB 

(ROM+RAM), access to several types of data networks (CSD, HSCSD,GPRS, EDGE) and 

wireless local area network (WLAN) among other features [25]. 

2.12 Message-Oriented Middleware 

Message-oriented middleware supports the communication between distributed components via 

message-passing: client components send a message containing the request for a service 

execution and its parameters to a server component across the network and the server may 

respond with a reply message containing the result of the service execution. The client is able to 

continue processing as soon as the middleware has accepted the message; eventually the server 

will send a reply message and the client will be able to collect it at a convenient time. [10].  
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 2.13 Middleware in distributed applications 

The term is most commonly used for software that enables communication and management of 

data in distributed applications. Middleware makes it easier for software developers to 

implement communication and input/output, so they can focus on the specific purpose of their 

application for instance  an IETF workshop in 2000 defined middleware as "those services found 

above the transport (i.e., over TCP/IP) layer set of services but below the application 

environment (i.e., below application-level APIs).. Middleware includes web servers, application 

servers, content management systems, and similar tools that support application development 

and delivery [11]. According to the contents the middleware software sites between logical node 

and physical node to establish connection there by allowing communication between the above 

mentioned nodes.  

2.14 Capturing Data using Global Sensor Network Middleware 

Mobile phones play increasingly bigger role in our everyday lives. Today, most smart phones 

comprise a wide variety of sensors which can sense the physical environment. The process and 

the difficulty of manually connecting sensor devices to sensor data processing middleware 

systems are examined. We evaluated the performance of the system based on power 

consumption of the mobile client [12].  

2.15 Green Context-Aware Middleware 

Despite the advances provided by hardware manufacturers and operating system vendors, 

continuous accessing of sensing resources in mobile devices to support location- and context-

aware applications and services is still expensive in terms of energy. Because of the potential 

benefits, embedding energy-awareness in the design, in the device and the protocols of the 

networks is highly desirable. [13].  

These components are highly modular, so that component functionality can be modified in 

isolation without affecting the others. On top of this layer, high-level application-dependent 

policies for energy-aware location and transmission can be defined and inserted [31]. 
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https://en.wikipedia.org/wiki/Application_server
https://en.wikipedia.org/wiki/Application_server
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2.16 Middleware is Part of a Broad Set of Information Technology Trends 

  

 Middleware represents the confluence of two key areas of information technology (IT): 

distributed systems and advanced software engineering. Techniques for developing distributed 

systems focus on integrating many computing devices to act as a coordinated computational 

resource. Middleware is the area of specialization dealing with providing environments for 

developing systems that can be distributed effectively over a myriad of topologies, computing 

devices and communication networks [14]. It aims to provide developers of networked 

applications with the necessary platforms and tools to formalize and coordinate how parts of 

applications are composed and how they interoperate and monitor, enable, and validate the 

(re)configuration of resources to ensure appropriate application end-to-end quality of service, 

even in the face of failures or attacks [15]. 

2.17 Middleware and Resource Management 

The abstractions offered by various middleware frameworks can be used to provide resource 

management in a distributed system at a higher level than is otherwise possible.. Middleware‘s 

abstractions also are from an end-to-end perspective, not 

just that of a single host, which allows for a more global and complete view to a resource 

management system [16]. 

Middleware category Communication  Processing  Storage  

Distributed Tuples  Yes Limited Yes 

Remote Procedure 

Call  

Yes  Yes No 

Message-Oriented 

Middleware  

Yes No Limited 

Objects Distributed Yes  Yes Yes 

Table 1: Middleware in resource management 
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2.18 The Role of Middleware 

The term middleware in this document refers to a set of services placed between the applications 

and the operating systems (Grigoras, 2006). The purpose for middleware is to identify devices 

and adapt content for those devices. Middleware has many applications in technology and 

Architecture designs. The ten selected resources collected in this section highlight the role of 

Middleware in mobile applications and content delivery [17] The term middleware encompasses 

many different types of software, most of which operate ―behind the scenes.‖ Middleware, which 

is sometimes referred to as the ―glue that holds components together‖ is really an enabling 

technology that ties together applications, rather than the solution itself [24]. Middleware is 

traditionally defined as: Middleware is an important part of the enterprise software market 

because it is used to ―tie together‖ the various ―islands of technology.‖ (See diagram below) 

Middleware enables enterprises to leverage their legacy systems, while at the same time 

introducing new technologies. Middleware provides a unifying layer between these disparate 

systems [28]. 

 

Figure4: middleware ties the various islands of technology 

 

2.19 How middleware works in different servers 

Middleware often sits between the operating system and applications on different servers and 

simplifies the development of applications that leverage services from other applications. This 
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allows programmers to create business applications without having to custom craft integrations 

for each new application. Typically, middleware programs provide messaging services so that 

different applications can communicate using messaging frameworks like Simple Object Access 

Protocol(SOAP), Web services, Representational State Transfer (REST) and JavaScript Object 

Notation (JSON). The systematic tying together of disparate applications, often through the use 

of middleware, is known as enterprise application integration (EAI) [18]. 

2.20 Mobile Middleware (MM) 

MM is the software component that can be integrated with any application to add mobility. It 

constitutes services that can be transmitted over the mobile network to the clients on move. Also 

enables to add new features to an existing system quite easily. Mobile Agent (MA) is a software 

component that operates autonomously. MA allows codes to move freely around the network, 

thus enabling us to have much more flexible architecture with better network performance [19].  

2.21 Semantic middleware used in design of triple space computing paradigm  

When defining the required scenarios for the project, it came out that there would be different 

actors in the system concurrently communicating with each other and sharing information. 

Robots will need to access information stored in users‘ mobile devices; personal computers will 

need to access information stored in robots, different mobile devices will share information, 

while the amount of required network dependent information. A user can store information in his 

mobile phone anytime, and at any moment a robot could access this information [20]. The robot 

is not interested in processing something in the user‘s mobile device, but only in gathering some 

data. In the same way most of the scenarios were focused on sharing information rather than on 

requesting processes.[21] Nodes performing queries related with this new knowledge would 

retrieve it transparently.  

 

2.22 Fault Tolerance 

Fault tolerance has been essential in the adoption of middleware for traditional distributed 

systems. However, fault tolerance in mobile systems needs to be handled slightly differently. In 

http://whatis.techtarget.com/definition/messaging
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particular, two aspects of fault tolerance have been investigated by middleware researchers: 

connectivity and data sharing [23]. We treat the two issues separately and show examples of 

mobile middleware that offer support for them 

2.22.1 Connectivity 

Given the potential instability of wireless links, the possible low bandwidth or high costs, the 

frequent disconnections and the mobility involved, middleware for mobile systems should be 

able to provide support for fault tolerance in terms of connectivity [24].  

2.23 Data-sharing 

Mobility complicates the way data and services are shared among the hosts. In particular, the 

limitations of the resources on the device, and the unstable connectivity patterns make this task 

more difficult. [29]. They try to maximize availability of data and tolerance for disconnections, 

giving users access to replicas; they differ in the way they ensure that replicas move towards 

eventual consistency, that is, in the mechanisms they provide to detect and resolve conflicts that 

naturally arise in mobile systems.  

 

2.24 Multi-agent integration middleware  

As research shows, agent technology can well carry out the supply chain behaviors by inter-

operation across the mobile network nodes at the abstractive level in a computational system 

because of its great potentials in supporting supply chain management. [22]. The Multi-agent 

integration middleware in our paper, containing all these agents, can integrate the functions of 

these different agents and furnish fine communication strategies for different agents, offering 

many kinds of personalized services to external application with uniform interfaces. [26]. The 

architecture of the multi-agent middleware is shown below. 
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                                           Agents  

 

            

                       Mobile agent layer  

                        Middleware Management Layer 

                                  Mobile operating system 

                        (Window Mobile, Linux and other Tiny OS )  

 

Figure5. Framework of the multi-agent middleware 

2.25 RFID sensor tags types  

Among the two dominating frequencies of RFID operation, i.e. HF and UHF, three categories of 

RFID sensor tags can be distinguished: active, semi-passive, and passive solutions. The available 

commercial passive and semi-passive solutions for wireless sensors and data acquisition systems 

mainly work at low operation frequencies and are based on short range inductive coupling 

[30][32].  

2.27 Global Sensor Network 

GSN-provides middleware to address challenges of sensor data integration and distributed query 

processing [33]. 

  

2.28 Middleware and gateways 

There are some middleware components like behavior management middleware, which can be a 

layer between the client device and the application.  

Agent manager 

Interface manager 

Communication manager 

Facilitator manager 

Ontology Library 
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In mobile computing context we need different types of middleware components and gateways at 

different layers of the architecture [31] [34]. 

2.29 Summary of related literature  

This chapter is a combination of architectures and comments of different authors about how the 

middleware works in relation to the topic or middleware architecture for mobile discovery of 

passive tags; so middleware is the glue that connects diverse computer systems. Typically, 

legacy systems store information in proprietary formats, use propriety protocols to communicate, 

and may even be running on hardware that's no longer manufactured or supported, it is all about 

integration. It is a software layer, which resides between applications and operating system and 

provides the applications a set of generic and commonly used services. The purpose for 

middleware is to identify devices and adapt content for those devices. it has many applications in 

technology and Architecture designs some of them are the ones which the researcher had taken 

as reference to be able to design middleware architecture for mobile discovery of passive tags; 

the comments of other researchers in this research helped to get to know what is required and 

how to put them in the architecture.  

 

2.30 Conclusion  

This chapter contains the theories, arguments and designs of middleware architecture for relating 

to middleware architecture for mobile discovery of passive tags stated and designed by different 

various authors, it helped the researcher to design the middleware architecture for mobile 

discovery of passive tag in the chapter five of this dissertation based on the references read from 

this chapter and again it helped the researcher to understand clearly the topic particularly the 

design. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

3.1 Introduction  

This chapter discusses and elaborates the various approaches and methodological tools used in 

Data collection, processing, interpretation and analysis during the present study. It further tackles 

the research design, area of the study and study population.  The various techniques and 

instruments applied in determining the sample size, methods of Data collection, processing, 

interpretation and analysis that were used in investigating the middleware architecture for mobile 

discovery of passive tags are herein discussed. The chapter closes with the limitations of the 

study.    

3.2. Research design 

A research design lays the foundation for conducting research in an effective and efficient 

manner. Like a good plan, it provides the specific details that guide the researcher. By definition 

research design is framework for the collection and analysis of data. or ―a research design 

specifies the most adequate operations to be performed to test specific hypothesis under given 

conditions‖. In other words it says who is to be studied and how the subject/object of study is to 

be studied; for example it spells out the methods of data collection, instruments by which data is 

collected and how that data are to be analyzed as well as the techniques of data analysis. 

In this investigation, the research design involved planning the methodology, approaches and 

timing of the research as well as its entire course.                                             

3.3. Population. 

Population is the entire group of persons having the same characteristics that are of interest to the 

researcher or study population is the entire population or universal objects over which research is 

to be carried out. It is the sum total of all units of analysis.  

In view of this investigation, the study population was the, twenty employees of Rwanda 

Revenue Authority and   fourteen entrepreneurs who acquire service from Rwanda Revenue 
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Authority specifically tax payers. However, for reasons of convenience and accuracy, a sample 

was selected using the sampling techniques as discussed hereunder.       

3.4. Sample size and sample selection  

A sample refers to a small proportion of population selected for observation and analysis. or 

sample is a sub portion of the total population to be studied. It is a selection, hopeful 

representative of the total population or universe that one desires to study. A 100 percent sample 

would be the entire population, but a 1 out of every 100 entities in the population is a sample of 

that population. The sample must always be viewed as an approximation of a whole rather that a 

whole in itself. If the sample is selected properly, the information collected about the sample 

may be used to make a statement about the whole population. In this investigation, due to limited 

resources and at the disposal of the researcher, it was not possible to gather information on the 

entire population that was made of managers, employees of RRA and entrepreneurs who offer 

taxes.  

In this study the researcher selected a sample of 34 respondents. 2 managers of Rwanda Revenue 

Authority, 18 employees of Rwanda Revenue Authority and   14 entrepreneurs who acquire 

service from Authority specifically tax payers. 

3.5. Sampling techniques  

In this investigation, two sampling techniques were applied, namely; purposive sampling and 

systematic random sampling. It was therefore believed that the selected sample would effectively 

be representative of the entire population since it was selected from all individual divisions of the 

studied population were represented.  

3.5.1. Purposive Sampling  

The researcher used this sampling technique in two possible ways in such way the rich 

information may be obtained. Purposive sampling is a design in which the cases that make up the 

sample are chosen in a single process of selection from the sampling frame that covers the entire 

target population. The questionnaire was administered on non-randomly selected members of the 
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target community. Purposive non-probability sampling has been employed in this study when 

selecting respondent to be interviewed from management and entrepreneurs.  

In another way purposive sampling or judgmental sampling is a non-probability sampling 

procedure in which the researcher uses his/her judgments to select those respondents that best 

meets the needs of the study.  In regard to the investigation in question, to obtain the first 10 

respondents, purposive sampling was evoked. These included the following classifications, RRA 

site managers and some few employees from institution. The reason for their selection was 

purposive in a sense that the investigator intended to obtain both administrative and technical 

information.  

3.5.2. Systematic Random Sampling   

Under this sampling technique, names of some respondents are written on single list and 

selection is done via systematically determined intervals. During the investigation in question, 

the researcher adopted a formula which is stated as follows; 

K= N/n= B. 

Where, K is the sample fraction which determines the sampling interview, 

N is the remaining population after purposively drawing a sample from the study population,    

n is the remaining sample size after purposively  selecting a given sample.  

Thus, K= 390/34= 11 

 Therefore, with regard to the above formula, a list of 390 respondents (entrepreneurs/customers) 

was made where every 11
th

 element on the list was selected for the sample, as illustrated below.  

1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 

29,30,31,32,33,34,35,…. and so on. Under this formula, 24 respondents from among 390 

entrepreneurs were selected.  

In determining a sample, some respondents suggested 10% of the total population as a 

population estimate which if conformed to, should be representative of the whole population, but 
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this is applied to bigger numbers of the study population.  Other researchers suggested 50% of 

the whole population to be representative of that universe.  Under this investigation 10% was 

preferred as representative of the population under study.   

3.6 Methodology used  

At this point the researcher chose the approach to be used in this research such that the data 

would be actually collected in a well suited manner and the approach is the quantitative research. 

Quantitative research is more objective than qualitative methods. In this type of methodology, 

the researcher would draft the architecture and check whether it suits the working abstraction 

through structured means. Instead of exploring or describing phenomena, quantitative methods 

deal with facts and design in statistical way.  

3.6.1 Methods and instruments 

Various research methods and instruments of data collection were applied during this 

investigation.   

3.6.1.1 Interviews 

Under this method, face to face or telephone interviews were held with respondents with the help 

of an interview schedule/ guide. This method was useful given its associated advantages which 

include the following;  

Flexibility: The interviewer in most cases probe for more specific answers and repeat a question 

to respondent for to obtain accurate and relevant responses.     

Spontaneity: As the respondent cannot withdraw some statements, the researcher obtains a 

variety of responses and records them spontaneously.  

During this investigation, interviews were held with Managers, employees, customers and 

Entrepreneurs.  
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3.6.1.2 Observation 

It is a systematic viewing of the phenomena in its proper setting or the specific purpose of 

gathering of data for a particular study.  The method helped the researcher to know the 

interrelationships between Rwanda revenue authority workers and their customers/clients. 

3.6.1.3. Questionnaire 

Questionnaire would be designed and sent to the respondents comprised of close-ended questions 

where the respondents chose from alternative answers given as well as open-ended questions 

where the respondents would reply in their own words for their convenience. 

3.6.1.3.1 Questionnaire distribution and return 

The researcher used two methods of distributing the questionnaire as well as returning them 

 By hand (Personal) 

This involved the act of printing the questionnaires and carry them directly to the concerned 

respondents whom they would fill them and the researcher had to go back to collect them. 

   E-mail 

This method involved sending the questionnaires by means of E-mail to those who decided to 

use it therefore the researcher had to remind them to fill and answer the set question on time not 

keeping them in their e-mail box and keep quit. 

3.7. Sources and forms of data, data processing and analysis methods 

In this study, the sources of data were both primary and secondary sources.  

3.7.1. Primary data sources   

A primary data is one that is collected for the first time by investigators. Primary data gathering 

was done especially through interviews and questionnaire administration to respondents at all 

determined levels.  
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3.7.2 Secondary data sources  

Secondary data means the data which have already been collected by someone and the record of 

which is available in the research papers, magazines and other documents .In Secondary data 

gathering was carried out through reviewing the various books and other records related to the 

subject matter of the research.  

3.7.3. Data processing 

Data processing is the transformation of respondents‘ views into meaningful form and 

classifying responses into categories in order to interpret and understand them. Data collected 

was analyzed and interpreted in reference to the established objectives. The results were 

presented in form of tables and interpreted accordingly.  

3.7.3. 1. Tabulation 

Tabulation deals with putting data into some kind of statistical tables showing the number of 

responses to particular questions. The researcher here, made tallies and frequencies to enable the 

interpretations of responses.  

3.7.3. 2. Coding 

During data collection and interpretation, the researcher used some codes like F to mean female; 

M to mean Male in order to facilitate tabulation.  

3.7. 3. 3. Editing  

After collecting data, the exercise of inspection and editing followed in order to identify items 

that were misunderstood by respondents to detect and remove gaps and other errors made during 

data collection.   

3.8. Limitation of study and there overcoming 

A number of problems were encountered by the researcher during the investigation but were 

overcome or endured. The major problem the researcher faced was limited time and scarcity of 
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resources to facilitate in transport and other necessary expenses during the investigation.  This 

was overcome by devising other solutions such as seeking help with printings from friends and 

family members.  Some of the respondents were not cooperative and could not find any 

academic purpose of eliciting information regarding RRA and their contribution to 

entrepreneurship. However, the investigator succeeded in persuading them to provide 

information, convincing them its relevancy in academic realms.  Time was yet another hindering 

factor because the time required to collect data is limited and there are difficulties in conducting 

research simultaneously with duties/responsibilities assigned. This was overcome through hard 

working and endurance where sleepless nights were spent.  

3.9 Model for designing architecture 

Waterfall model: The waterfall model is a sequential system development process in which 

progress is seen as flowing steadily downwards through the phases of requirements, Analysis, 

Design, testing, implementation and maintenance. Under this study, the researcher used three 

phases sequentially to come up with a well designed middleware architecture for mobile 

discovery of passive tags and the phases are shown in the figure below. 

  

Analysis  

Architecture 

Design  

Requirements 

Gathering 

Figure6: Water fall model 
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3.9.1 Requirement gathering phase 

Under this phase the researcher would use the methods and techniques of gathering data from the 

field and looked on what are the hardware and software that are required to design the 

middleware architecture for mobile discovery of passive tags. 

3.9.2 Analysis phase  

At this phase, data collected was analyzed and interpreted in reference to the set objectives and 

the results were presented in form of tables and interpreted accordingly in such way the 

researcher would directly go to the phase of designing.  

3.9.3 Design phase 

At this phase, the researcher brought and joined together all the required components of the 

system in relation to their functionalities in a way to fulfill what the established objectives say. 

   

3.10 SYSTEM SPECIFICATIONS  

The researcher‘s main concern on this part was to introduce the concepts of the user 

requirements, system requirements and feasibility study including technical feasibility, feasibility 

analysis and environmental feasibility to describe functional and non functional requirements of 

this system. This was done in such way to facilitate the researcher to design suitable architecture 

that would clearly describe the usefulness of the new system.  

 3.10.1 USER REQUIREMENTS 

The middleware architecture was designed purposely to describe its benefits to the Rwanda 

revenue authority if it is implemented, this would provide the Rwanda revenue authority 

managers and employees with better or easy way of capturing and knowing whether the passive 

tags on the items or products produced by internal organizations or companies are rely correct or 

they are forged tags not from Rwanda revenue authority and this system when it comes to 

implementation phase it would improve the service delivery instead of using the glasses or eyes 
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in detecting and knowing whether the tag is legally accepted by the authorities or not and 

therefore it would permit portability factor where by the current system requires computer, 

reader and scanner to integrate their functionalities to be able to achieve the goal.   

3.10.2 SYSTEM REQUIREMENTS. 

To design the neat middleware architecture for mobile discovery of passive tags, the researcher 

used the following components: mobile phone particularly smart phone including both hardware 

and software which encompasses all applications including middleware that acts as a glue 

between  application software and platform like operating system and hardware purposely to 

connect their working abstraction, addition that there is sensors that would be used to sense the 

passive tags and transfer data to middleware where it would be managed and controlled     

3.10.3 FUNCTIONAL REQUIREMENTS 

This architecture details the theoretical way of how the system should work when it comes to 

implementation phase it applies filtering, formatting in logic way to data captured/ sensed by a 

reader/sensors from tagged component so the data can be processed into meaningful. Since 

middleware is used to connect a database system with a web server and this would allows a user 

to request data from a database using forms displayed on a Web browser, while also allowing for 

the Web server to return Web pages based on the user's request.  

3.10.4 NON-FUNCTIONAL REQUIREMENTS 

The design of the architecture should be matching with the working abstraction Rwanda revenue 

authority with its clients/ entrepreneurs or tax payers not only that and details the structure on 

how the service would be delivered to their customers and if it comes implementation the 

language to be used should be known and understandable by the users of the system to mitigate 

errors and wrong use brought in by the complexity of the system language. 

Conclusion  

This chapter includes the approaches, methods and techniques of data collection it helped the 

researcher to know how to approach the respondents and how to gather rich information using 
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the techniques in short period of time therefore it is the base on which the researcher used to 

draw the chapter four and five according to the information obtained from the field, when 

reading this chapter you would eventually come to understand the what the was supposed to 

undertake in this journey of research 
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CHAPTER FOUR:  DATA ANALYSIS AND INTERPRETATION  

4.1 Introduction  

This part presents the findings from a research conducted in Rwanda revenue authority under the 

Topic; ―design middleware architecture for mobile discovery of passive tags: A Case study of 

Rwanda revenue authority‖. In this research data was collected using questionnaires, oral 

interviews and observation. The interviews attracted a group of respondents made up especially 

by top management in Rwanda revenue authority, while Questionnaires were administered to the 

Rwanda revenue authority general staff.   

This part depicts the views, feelings and comments from respondents regarding the performance 

or impact of service delivery on the design and development of middleware architecture, with 

specific reference to existing system. Data obtained from the questionnaires and interviews were 

presented, interpreted and analyzed in form of tables or charts with their frequencies and 

percentages presented. Some inferences were also made on specific observations by respondents.  

4. 1.1 Demographic characteristics of respondents  

The population targeted in this research was made up of the top managers, general staff within 

Rwanda revenue authority and taxpayers. The profiles of the respondents were both qualitatively 

and quantitative analyzed and the questionnaires and interview schedules comprised both open 

ended and closed ended questions.  

4.1.2 Classification of respondents by Sex 

During the investigation, the researcher found it vital to classify respondents in line with their 

sex. This was intended to verify whether both sexes are on the same level of understanding the 

impact of technology in the development (service delivery/performance improvement) 

particularly from the Rwanda revenue employees to the entrepreneurs, under this perception the 

researcher wanted to see whether people would accept the new system based on their levels of 

understanding technology and be able to use emerge it in their business activities.   
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Figure 7: Classification of Respondents by Sex 

 

From the results presented in Table 1 above, it is noted that 61% of the respondents were male 

while females were 39% of the total respondents. The implication here is that, although women 

and girls are largely involved in entrepreneurship and revenue activities, males remarkably out 

number their female counterparts. Hence, males covered the bigger fraction of the studied 

respondents.       

4.1.3 Distribution of respondents according to their age 

The rationale of distributing respondents according to age groups during the investigation in 

question was to determine the dominant age group among the employees of Rwanda revenue 

authority based on the level of acceptance of the new system ―middleware for mobile discovery 

of passive tags‖, so as to be able to draw some inferences on given observations made on age 

distributions. The figure below presents the distribution of respondents by age groups.  
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Figure 8: Distribution of respondents according to their age 

As shown from the representation above, the largest number of respondents falls into the age 

group of 31-40 that makes up the percentage of 50%. It is followed by 25% falling into the age 

group of 20-30, and by age group of 41-50 years with 20%. The smallest age group of above 51 

years makes only 5% of total respondents.  

Given these percentages, it can be inferred that the most active age group is that of 31-40. This is 

because; this group is very much involved in income generating activities in order to be able to 

meet development needs as far as technology is concern, another words they are too much in 

love with the technology advancement. The fact that it is followed by those of 20- 30 years is 

because this age group is also fond of being involved in different Jobs especially at the execution 

levels, meaning that they could apply the experience in another job where they would probably 

get the best employment. Since, running the new system ―middleware architecture for mobile 

discovery of passive tags‖ requires people to have knowledge base of smart phone and sharp 

minds to be able to cope up with the new coming changes of technology, people with 51 and 

above years are few reason being they are worried thinking that they would fail to run the new 

system leading to lose of job. Hence, this category of respondents was the smallest fraction 

within the studied respondents.  
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4.1.4 Impact of the new system on effective performance of RRA 

This part deals with understanding how middleware architecture for mobile discovery of passive 

tags when it comes into implementation would boost performance and of service delivery in 

Rwanda revenue authority to its customers particularly taxpayers. The investigator intended to 

elicit information from respondents of different categories regarding the status of research 

(middleware architecture for mobile discovery of passive tags) and its impact on performance 

and ultimately provides the RRA with the quality of service to their clients. The central intention 

here was to determine whether good service delivery would boost performance in the revenue 

authority, disclose the tangible indicators of the impact of service delivery, and highlight the 

attitudes or perception of customers towards services offered to them by the revenue authority.  
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Figure9: effective performance of the system 

 

 From the figure above the respondents were asked about three aspects efficiency, effectiveness 

and reliability of the system as far as performance is concerned, the respondents point of view 
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appreciated the design as well as its implementation, since it would be an application that would 

be running in the mobile phone particularly smart phone and at most Rwanda revenue staffs are 

using smart phones, so it would probably be simple for every employee to understand and run it 

clearly, further more it could facilitate the RRA employees to capture, recognize, filter, store, 

manage, display and share the information in simplest manner to all employees and to the server 

since the smart phones are wirelessly connected    

4.2 Data flow diagram of the system architecture 

The data flow diagram is a physical representation of how data flows in system architecture; it 

details the movement of data according to the interconnections on the components of the system. 

So this diagram explains the flow of data beginning from the product, after manufacturing the 

product they tag it with radio frequency identification tag then whenever the Rwanda revenue 

employee passes the smart phone over the tagged product the middleware reads the data by the 

use of sensors and encodes the electronic product code tag and converts to uniform resource 

locator before passes the information to the electronic product code information systems and to 

the local object naming service therefore the electronic product code information system sends 

information to application interface where it would be displayed to the user and to the electronic 

product code information system server where information would kept for long.    
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4.3 Entity Relation Diagram of system 

The researcher here explains the dependences of the entities in the system, the diagram below 

indicates that for the operation to be done; the employee should have the smart phone with the 

embedded middleware software to sense and capture the data from the product tagged with the 

passive tags and displays the information with the application interface to the user and then be 

able to know that the product would be taxed or be charged penalties. 

Sensors 

EPC Tag 

User  Entrepreneurs/ 

Taxpayers 

Local ONS Application 

interface 

EPC IS Server 

EPC IS 

Middleware  

Product  

Figure10: Data flow diagram of the system architecture 



49 

 

 

 

 

 4.4 Conclusion  

This part involves putting data collected from the together and analyze by scrutinizing it thereby 

transforming un meaningful data into information that is meaningful to the researcher and to the 

reader the report and giving the researcher the way to structure the entity relationship diagram 

and show how data flows in the system particularly middleware architecture for mobile 

discovery of passive tags. 

RRA Employee  

Middleware  RFID Passive 

Tag 

Smart phone 

Entrepreneur  

Product  

Displays 

Installed 

Produc

e/ sells 

Attach

es on 

Pays tax 

Reads 

Passed on  

Figure11: Entity Relation Diagram of system 
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CHAPTER FIVE: DESIGN OF MIDDLEWARE ARCHITECTURE  

5.1 Introduction  

During this phase, the researcher assembled the information gathered from the respondents 

during the requirements capture phase through identifying all the components of the middleware 

architecture for mobile discovery of passive tags, the output of the design phase is the system 

specification and it is like a set of blueprint that the researcher follow when go on with the 

implementation phase, father more this phase explains in details what are the components 

required?, what are their functionalities? How they are interrelated and interdependent to each 

other, the researcher went ahead by designing the middleware architecture to illustrate the 

concept explained above    

5.2 Basic components in the middleware architecture  

The basic components of the above mentioned architecture are mobile phone particularly smart 

phone that holds the middleware software which sends the radio frequency signal to wakeup or 

trigger the passive radio frequency identification tag therefore read the data, filter data, format 

data, normalize data and finally manage all other operations to done, product to be tagged as well 

as buy and sell, and Radio Frequency Identification tag which has electronic product code which 

in turn uniquely specifies the product.    

Basic system components of mobile discovery of passive tags 

 

Figure12: the basic system components 
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From the above figure, the middleware software embedded in the smart phone is responsible for 

capture radio frequency identification data when the user passes the smart phone over the tagged 

product to ensure whether the product is tagged with legal or illegal tags and facilitates the RRA 

employee to tax the product or set the penalties according to the set raw governing the taxation.  

5.3 How information flows in the system 

The researcher at this point of view tried to clearly show how information flows in the system 

from the component where the tag is attached to the smart phone that holds the middleware 

software then information flows through the wireless connection to the server. 

 

 

From the figure drown above; the researcher indicated that the information to flow from radio 

frequency identification tag to mobile phone goes by means of wireless connection, this means 

that the employee would pass the mobile terminal over the product with radio frequency 

identification tag to capture the data by the way of sensing the tag data using middleware sensors 

Mobile 

phone 

Wireless 

network 

Server 
RFID 

tag 

Figure13: information flow in the system 
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or sensor nodes and pass the information through the wireless network to the server  machine 

where the information could be stored and managed.  
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5.4 Detailed design of middleware architecture for MDPT 

 

Application service interface 

 
Context aware 

management 

Event service  

Alert event data Control the context 

Data service manager 

Service analysis and query transaction  

DB controller  

Store data to DB 

Data management 

Data Filtering  Data Analysis Data Normalization 

Sensor network interface  

Gateway  

Sensor nodes  

Data base 

server 

User  

RFID Tag  Product  

Figure 14: Middleware architecture for mobile discovery of passive tags 
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The detailed explanations of the above figure are arranged according to the functionalities of the 

system components based on their interrelations and interdependencies in the middleware 

architecture for mobile discovery of passive radio frequency identification tags. 

5.4.1 Product  

Product is any item produced by the internal organization which needs to be tagged and sold on 

the market, meaning that in the process of tagging the product the Rwanda revenue authority has 

to ask for tax of the manufactured product and be given permission of selling such product after 

clearing the necessary requirements.   

5.4.2 Radio Frequency Identification passive tag  

An RFID tag is comprised of an integrated circuit attached to an antenna that has been printed, 

etched, stamped or vapor-deposited onto a mount which is often a paper substrate or 

Polyethylene Therephtalate (PET). The chip and antenna combo, called an inlay, is then 

converted or sandwiched between a printed label and its adhesive backing or inserted into a more 

durable structure. The passive tag derives its power from the energy waves transmitted by the 

reader and responds to the reader‗s radio frequency emissions, therefore the passive tag relies 

entirely on the reader as its power source  

  5.4.3 Sensor nodes 

These nodes are varying in size and totally depend on the size because different sizes of sensor 

nodes work efficiently in different fields. Wireless sensor networking have such sensor nodes 

which are specially designed in such a typical way that they have a microcontroller which 

controls the monitoring, a radio  transceiver for generating radio waves which triggers the radio 

frequency identification tag thereby facilitating the reader to capture the data from the tag to the 

middleware  
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5.4.4 Sensor network interface  

The sensor network interface plays a big role in the system architecture by providing the 

interface or act as getaway between sensor nodes and data management therefore allowing data 

to pass through the conduit to data filtering. 

5.4.5 Data filtering 

The volumes of data generated by the reader require significant data filtering to extract the most 

important information. Also, different applications are interested in different subsets of data 

captured. There are filtering policies available in the data management policy of the middleware, 

therefore the data filtering service filters data depending on the filter characteristics provided by 

the application.  

5.4.6 Data analysis 

The middleware application applies data analysis in the department of data management to 

scrutinize the data passing from data filtering to data normalization with intention removing 

unnecessary data thereby sending clear information. 

 5.4.7 Data normalization  

During this phase, data are checked clearly to remove all data redundancies meaning that all data 

duplications should be handled at this point in the data management under the control of 

middleware software before data are sent to data service manager and database controller.  

5.4.8 Database controller 

The database controller is responsible for acceptance of data from data management chamber 

and then store data to database by arranging them in their respective positions and again 

communicates with data service manager bi-directionally meaning that exchange of operations 

that to say queries and responses are done in a well organized manner ; in addition database 

controller communicates with both database server for storing and retrieval of data when 

necessary and cooperates with   application service interface for data display to the user. 
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5.4.9 Data service manager 

At this stage the middleware analyses the coming data as well as the transaction made(requesting 

and responding) between database controller and data service manager, not only that and even t 

manages the operation communication to application service interface for batter way of content 

management. 

5.4.10 Application service interface  

According to the concept of application software, it where the conversion of machine code into 

readable manner or human readability or high level language be done then the middleware at this 

stage converts the data into a format that is readable to human being and finally present data the 

based on the interface established and the user takes decision drown from the contents.  

 5.5 Algorithm on how middleware discovers the passive tags 

The algorithm mentioned above is the diagrammatic way of describing the stapes under go to 

complete the operation of how middleware architecture for mobile discovery of passive tags, the 

researcher tried to make it clear for the reader who would want to understand the phenomena of 

above mentioned operation. 
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Figure15: Algorithm on how middleware discovers the passive tags 
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5.6 Conclusion 

This chapter is the design of middleware architecture for mobile discovery of passive tags so at 

this point the researcher attempted to design the well architecture based on the contents or data 

gathered from chapter three and analyzed in chapter four thereby drawing the architecture which 

shows how middleware reads the electronic product code or passive tag and sends  or presents 

the information to the system user whenever the user passes the smart phone over the tagged 

product in such way he/she would know whether the product is illegal or legally tagged and sold 

and this is the body which describes the what was the aim in this researcher. 
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS 

6.1 Introduction  

This chapter presents the conclusion of the discussion made between the researcher and the 

respondents and it became a base to structure to recommendation to the two possible areas 

according the structure of research.  

6.2 Conclusion  

 This research has presented the possible way of using the middleware architecture for mobile 

discovery of passive tags. The system architecture presented was based on a combination of 

smart phone, middleware software, wireless and the items with radio frequency identification 

passive tags and would be able to accurately read, format , manage and display information to 

the user using the above mention software and interrelated components functioning together to 

achieve the objectives. The most noteworthy advantage of this system is that there is no contact 

between the tag and the reader/ sensors, and the system requires no line of sight. The tags can be 

read whenever the user passes the smart phone over the tagged product then the sensor sends the 

electromagnetic waves called radio frequency signals to trigger the electronic product code by 

hitting on the electronic product code circuit. They can also be read at extremely high speeds. 

Zero power consumption of the passive tags is the key strength of this system; due to the factor 

most people are familiar with mobile phones they became attracted  toward the use of 

middleware system. 

 

6.3 Recommendations 

The researcher draw the recommendations in two ways, to the organization and to the future 

research based on the information got and the structure of the system architecture to improve 

efficiency and effectiveness of the service delivery to the customers leading to attraction of the 

more and more clients. 
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The Rwanda revenue authority should employee this system to improve their performance in 

service delivery in a way of meeting the customer needs and builds the pleasure to the minds of 

entrepreneur therefore resulting in attracting outsiders in joining the group hence establishing 

new companies. it should encourage all their employees to own or have smart phone because this 

system would effectively be used by the user who have those particularly phone and be able to 

hold middleware software as well as performing its responsibilities there by facilitating the 

employees since it mitigates the doubt. The organization would need to train its employees about 

how the system works more especially the people with the age between 45and 60 because those 

are people educated before technology spurned around meaning that by that age technology was 

not considered as most important tool in the sustainable development but now days people are 

aware of the importance of technology. The companies would use passive tags because of its low 

price based on its advantage of not acquiring battery and of the factor that lasts for long, so for 

that reason they could lead to extensive development of accurate systems and encourage 

businesses to use it more and more. 

The researcher strongly recommends further researches to deepen the research on this subject 

matter to increase the evidence base and promote service delivery in Rwanda revenue authority 

to the tax payers. The study was limited only to Rwanda revenue authority particularly in the 

department of taxation on the products of local companies or organization; hence, further studies 

need to be conducted on how this system would work on the local and global with the supply 

chain management.  
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