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ABSTRACT 

This work proposed the design and development of a Wireless Sensor Network (WSN) 

based Radio Frequency Identification Grain Inventory Management System (RFID 

GIMS) for the Food Reserve Agency (FRA.)  

RFID is an automated system that utilizes wireless technology to uniquely identify and 

track tagged objects in the form of a unique serial number. WSN is a network comprised 

of sensing, computing, and communication elements. WSN and RFID are integrated to 

extend the read range of RFID system applications. An extensive literature review was 

conducted to find existing RFID applications in object tracking, monitoring and 

inventory management.  

A baseline study was conducted to determine the challenges faced by FRA regarding 

grain inventory management. The results of the baseline study were analyzed and it was 

found that inventory is counted manually, records are mostly kept on paper and thefts 

are experienced. 

Interviews with warehouse supervisors were also conducted to get details FRA’s 

current business processes. These findings were used to design the RFID GIMS models 

with the goal of eliminating manual and paper based systems, and may help reduce theft 

through improved monitoring. The system requirements have been specified, system 

models including interaction, structural and data models have been designed. The 

models that have been designed include Use Case, Communication and Sequence 

Models, Class and the Entity Relationship Model and the system architecture models.  

Finally, a prototype of the RFID GIMS was developed. 

Keywords: RFID, FRA, Grain Inventory Management, WSN  
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CHAPTER ONE 

INTRODUCTION TO THE 

RESEARCH 
 

1.1 Introduction 

In this chapter the research study is introduced.  The motivation and significance of 

the research are covered. The scope, problem statement and aim are given. This is then 

followed by the objectives, research questions and the research contributions. Finally, 

the organization of the thesis and a summary of the chapter are presented. 

1.2 Introduction to the Research Study 

Ensuring food security for an increasing world population is one of the main global 

challenges today.  The Food and Agriculture Organization (FAO) of the United Nations 

reports that food production will need to grow by 70% to feed the ever increasing 

world population which will reach 9 billion by 2050. [1]. Large quantities of food are 

lost each year due to Post-harvest losses. [2].  

Kiaya defines PHL as  the  degradation  in  both  quantity  and  quality  of  a  food 

production  from  harvest  to  consumption  [2]. As a matter of fact, Kiaya stresses that 

since agriculture began, farmers and food sellers have been concerned about PHLs [2]. 

As food the world food demand grows, the problem of food lost to processing, spoilage 

or to other factors after harvest takes on greater importance.  A reduction in PHLs 

could, likely, reduce the need to intensify production in the future as a substantial 

quantity of food will be added to the global food supply [2]. The World Bank add on 

to say that that concerns relating to food security exist in Sub-Saharan Africa, Zambia 

included [3]. One of the concerns put forward is the risk of intermittent food shortages 

occurring repeatedly far into the future. The institution further suggests that current 
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contributing factors that are a threat to food security for lower-income Sub-Saharan 

Africa (SSA) countries, include:  low productivity, climate change adaptation 

difficulties, financial difficulties, increased reliance on food aid, and an often-forgotten 

factor that exacerbates food insecurity – PHLs [3]. Contributors to PHLs include 

physical losses though insects, birds, rodents, theft and spillage during transporting. 

Other causative factors for PHLs are mainly due to poor infrastructure and logistics, 

absence of technology, insufficient knowledge, skills, and management capacity of 

supply chain actors [3] [4]. 

The agriculture industry in Zambia is one of the key sectors that promote economic 

growth and poverty reduction. The UN reports that about 80% of Zambia’s population 

depends on agriculture-related activities for livelihood [5]. An organization exists that 

has been mandated to manage the country’s National Strategic Food Reserve. This 

organization is called the Food Reserve Agency (FRA). The FRA manages the storage 

facilities that house food reserves in form of grains including white maize and rice [6]. 

According to an audit carried out between 2006 and 2009, the total number of storage 

facilities managed by FRA throughout the country is 689 [6]. These storage facilities 

consist of sheds, slabs and grain silos. The storage facilities have a total capacity of 2, 

006, 800 metric tonnes. At these storage facilities, loss of grain is not a strange 

occurrence. The auditor’s report states that the FRA experienced maize shortages of 

115, 516 × 50 Kg bags in this time period valued at K4, 274, 092 at various depots [6]. 

Some of the causes identified for the PHLs were theft and poor monitoring. The report 

stated that the FRA faces challenges to effectively monitor and inspect its storage 

facilities. Further, the report stated that organized crime was another factor leading to 

shortages, usually at the time of dispatch. 

The challenges identified in the audit report call for better management of the 

inventory through automation. Thus, it becomes necessary to have a precise, 

convenient, and quick method of identifying and managing storage of bags. This is in 

order to lessen errors caused by visual identification, manual counting, maintenance 

and monitoring to ensure that the collected records are credible and accurate. 
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Hence, a sensor network design was proposed that will use Radio Frequency 

Identification (RFID), ZigBee Wireless Sensor Network (WSN), and Cloud 

technologies in the development of a grain inventory management system for the FRA. 

The research was funded by National Science and Technological Council in Zambia 

and National Research Foundation in South Africa. 

1.3 Motivation and Significance of the Thesis  

Food security is a major challenge in developing countries. Many people eat only one 

meal per day and others go without food for several days. Improving food security 

through measures such as reducing PHLs using automation can potentially increase 

food supply to starving communities. An adequate food supply has the potential to 

significantly reduce the number of malnourished children. 

1.4 Scope 

This research investigated challenges faced by the FRA regarding grain inventory 

management at selected FRA facilities through a baseline study. Automated RFID 

grain inventory management models and the RFID firmware prototype based on the 

models were implemented in this research work. A detailed literature review of RFID 

technology, advantages and disadvantages, and its applications in inventory tracking 

and management was conducted to determine the most cost effective and efficient 

method to implement the system. The outcomes of this research were statistical 

analyses of survey conducted at selected FRA depots, models for grain inventory 

management and an RFID firmware for the grain inventory management system 

prototype based on the models. 

1.5 Aim 

The main aims of this study were to design and develop the automated grain inventory 

management system business processes, system models and firmware for the inventory 

management prototype to aid in reduction of Postharvest Losses at the Food Reserve 
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Agency through improved tracking capabilities. 

1.6 Objectives 

This research was guided by the following objectives: 

a) To investigate the challenges faced by the Food Reserve Agency regarding grain 

inventory management. 

b) To map the business processes and models required to manage the gain inventory 

management system for the Food Reserve Agency 

c) To implement the RFID firmware used in the inventory management system 

prototype based on the models in (b). 

1.7 Research Questions 

This research was guided by the following research questions: 

a) What are the challenges faced by the FRA regarding grain inventory management? 

b) How can the business processes and models required to manage the grain inventory 

management be designed? 

c) How can the RFID firmware used in the grain inventory management system 

prototype based on the models in (b) for grain inventory management be 

implemented? 

1.8 Research Contributions 

The business processes that will enable automation of the Food Reserve Agency’s grain 

inventory management system from the current manual based processes were mapped. 

Implementation of the RFID firmware using Java programming language for the Food 

Reserve Agency’s grain inventory management was done. Some of this work has been 

published in the International Journal of Innovative Research in Science, Engineering 

and Technology1.  

                                                        
1 C. L. Muyunda and J. Phiri, “A Wireless Sensor Network Based Grain Inventory Management System for Zambia’s 

Food Reserve Agency”, International Journal of Innovative Research in Science, Engineering and Technology 

(IJIRSET), Vol. 5, no. 3, pp. 1111-1120, March 2016, DOI:10.15680/IJIRSET.2016.0503144. 
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1.9 Organization of the Thesis 

The work done in this thesis is organised into five chapters. Chapter 1 is the Introduction 

to the Research. In this chapter, a brief overview of the work in this thesis is given. 

Then the problem statement, aims and motivation is presented. This chapter concludes 

by the giving an outline of the thesis.  

Chapter 2 looks at the background theory and related works. In this chapter, a 

comprehensive review and the background theory of Radio Frequency Identification, 

Wireless Sensor Networks and Cloud Computing are given. Next the related works 

regarding object tracking, monitoring and inventory management are presented. 

The research methodology is given in Chapter 3. In this chapter, the methods used to 

conduct the baseline study and implement the system are presented. In Chapter 4, the 

research findings of the baseline study and the system implementation are presented. 

Finally, in Chapter 5 the discussion and conclusion are given. 

1.10 Problem Statement 

The Food Reserve Agency currently faces grain inventory losses, the current inventory 

management system is manual and paper based, and the cost of implementing a 

commercial automated inventory management system such as one that utilizes RFID 

technology is high. 

1.11 Summary 

In this chapter, the basic introduction of the work in this thesis was given. The food 

security challenge that is caused by Postharvest Losses in Sub-Saharan Africa and 

narrowed it down to Zambia was discussed. The motivation, significance and scope of 

the work in this study were then outlined. Finally the problem statement, outlined the 

aims, the research contributions were given and the chapter was closed with the outline 

of the thesis.  
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CHAPTER TWO 

LITERATURE REVIEW 
 

2.1 Introduction 

In this chapter, the literature and the works related to this research study are reviewed. 

Firstly, an extensive review of Radio Frequency Identification and how it can be used 

improve food security through automated inventory management is carried out. This is 

followed by a brief review of Wireless Sensor Networks and Cloud Computing. Also, 

a review of the software development approaches is presented in the following section. 

Lastly, this chapter closes by looking at related works to automated inventory tracking, 

monitoring and management. 

2.2 Food Security 

Food is a fundamental human need. According to FAO, statistics show that there are 

805  million  people  who  are  acutely undernourished,  around  2 billion  people  who  

are affected by micronutrient deficiencies, and more than 100 million children under 

the age of 5 who are underweight [7] [8]. The world population growth is projected at 

9 billion by 2050. Considerable growth is expected to occur in Sub-Saharan Africa and 

rapidly industrialising nations in Asia, which will substantially increase the demand for 

food to combat malnutrition [9].  

The Food and Agriculture Organisation (FAO) defines food security as a condition 

whereby all people, at all times, have physical and economic access to  sufficient,  safe,  

and  nutritious food to  meet their  dietary  needs  and food  preferences  for  an active 

and healthy life [10]. According to Winkworth-Smith et al. [9], many difficulties exist 

that have to be overcome to attain food security. These include climate  change,  water  

scarcity,  energy  requirements  and  reducing  the  huge  amount  of food losses. Efforts 

to raise farmer’s income and improve food security consequently reducing hunger 
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especially in the world’s poorest countries should give priority to the issue of crop 

losses [11]. It is hardly possible to ensure food security in the absence of efficient 

delivery, control and tracking mechanisms across the supply chain. An important aspect 

of food security assurance is efficient inventory management [11]. 

2.3 Radio Frequency Identification 

RFID is automated technology that applies wireless technology to uniquely identify 

and track tagged objects in the form of a unique serial number [12] [13] [14]. 

Identification and tracking of objects is carried out without human intervention [15]. 

RFID technology gathers data about an object without the need to touch or see the data 

carrier. This is done through the use of inductive coupling or electromagnetic waves 

[16].  Ruiz-Garcia and Lunadei [17], suggest that RFID technology works well for 

collecting multiple pieces of data on people, animals and objects for tracking and 

counting purposes in various environments.  

RFID belongs to a broad category of technologies called automatic identification 

technologies (auto-id) [14]. According to Wyld and Budden [18], auto-id technologies 

provide rapid and reliable object identification and tracking capabilities. Auto-id 

systems attach an identifier to a physical object by some means that may be 

automatically read. The auto-id may be represented optically, electromagnetically, or 

even chemically [19]. Other technologies that fall under the auto-id classification 

include bar codes, magnetic links, optical character recognition, voice recognition, 

touch memory, smart cards and biometrics.  

Bar codes and RFID technology are both used to facilitate automation of processes 

through unique identification but barcodes require a direct line of sight to identify 

objects [20]. Table 2.1 shows the differences between bar codes and RFID 

technologies.  

Table 2.1: Bar codes vs. RFID [18] 

Bar code Technology RFID Technology 

1. Bar codes require line of sight to 

be read 

RFID tags can be read or updated 

without line of sight 
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2. Bar codes can only be read 

individually 

Multiple RFID tags can be read 

simultaneously 

3. Bar codes cannot be read if they 

become dirty or damaged 

RFID tags are able to cope with harsh 

and dirty environments 

4. Bar codes must be visible to be 

logged 

RFID tags are ultra-thin and can be 

printed on a label, and they can be read 

even when concealed within an item 

5. Bar codes can only identify the 

type of item 

RFID tags can identify a specific item 

6. Bar code information cannot be 

updated 

Electronic information can be 

overwritten repeatedly on the RFID tags 

7. Bar codes must be manually 

tracked for item identification, 

making human error an issue 

RFID tags can be automatically tracked, 

eliminating human error 

 

According to Weis [19], the earliest application of RFID systems was in ‘Identify 

Friend or Foe (IFF)’ systems in British Royal Air Force during World War II. IFF 

allowed radar operators and pilots to automatically distinguish friendly aircraft from 

enemies via Radio Frequency signals. IFF systems helped prevent “friendly fire” 

incidents and aided in intercepting enemy aircraft [19]. 

An RFID system uses small integrated circuit chips or transponders called tags 

attached to physical objects. These tags contain and transmit some piece of identifying 

information to an RFID reader, a device that sequentially can interface with computers 

[21]. RFID tags do not require direct line of sight to the reader. The RFID tags can be 

embedded in an object, or can be placed inside the packing [17]. 

A typical RFID system constitutes four basic components including RFID tags, 

readers, antennas and a central node computer system which may house the database 

server and management software (middleware) [12] [22] [23]. Figure 2.1 shows the 

components that constitute a RFID system. 
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Figure 2.1: Basic components of a RFID system [22] 

The following are the detailed descriptions of each component of RFID systems: 

2.3.1 RFID Tags 

The RFID tag or transponder is the data carrier that transmits information to the RFID 

reader (transceiver) within a given range through a microchip and antenna embedded 

in it [16] [24] [25] [26]. A microchip in the tag stores a unique serial number or other 

information based on the tag’s memory type, which can be read-only, read-write or 

write-once read-many [26]. The microchip-an Integrated Circuit (IC) has a unique 

hexadecimal or Electronic Product Code (EPC) contained in it. The antenna which is 

attached to the microchip in the tag transmits information from the chip to the reader. 

A larger antenna indicates a longer read range [24] [25] [26].  

The tag is attached to or embedded in an object to be identified such as a product, box, 

or pallet [26]. The tags can be scanned by mobile or stationary readers using radio 

waves [26]. The RFID tag forwards the information to a host computer which houses 

the database through the RFID reader [24] [25] [26]. Tags may vary by the amount of 

information they can hold, life expectancy, recycle ability, attachment method, 

usability, and cost [23]. Figure 2.2 shows the internal structure of an RFID tag. 



 

- 10 - 

 

 

Figure 2.2: Internal structure of an RFID tag [27] 

RFID tags have three classifications, these include, active, passive and semi passive 

[28] [24]. Table 2.2 highlights the comparisons of features among active, semi-passive 

and passive tags.  

Table 2.2: Active vs. passive vs. semi-passive tags [29] 

Feature Passive Active Semi-Passive 

Read Range Short (Up to 10cm) Long (Up to 100m) Long (Up to 100m) 

Battery No Yes Yes. But the battery 

is only used to 

power the 

microchip 

Life Validity Up to 20 years Between 5 and 10 

years 

Up to 10 years 

Storage 128 bytes 

read/write 

128 kilobytes 

read/write 

128 kilobytes 

read/write 

Cost Cheap Very Expensive Expensive 

Application Attendance 

Management 

System 

Monitor the 

condition of fresh 

produce 

Measurement of 

temperature 

periodically 

 

IC Chip 

Antenna 
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Tag characteristics also differ according to the frequency bands in which the tag is 

designed to operate. In tag design, four frequency bands are utilized [30]:  

a) Low Frequency - LF 125 - 135 KHz;  

b) High Frequency - HF 13.56 MHz;  

c) Ultra-High Frequency - UHF 860-960 MHz;  

d) Microwave Frequency - 2.45 - 5.8 GHz.  

Tags operating at Ultra High Frequency (UHF) have longer reading ranges than tags 

operating at other frequencies. [23].  Table 2.3 shows the tag frequencies, advantages 

and disadvantages.  

Table 2.3: Tag frequencies, advantages and disadvantages [30] [31] 

Tag 

Frequency 

Type 

Read Range Advantages Disadvantages 

Low 

Frequency 

tags (LF) 

LF 125 to 135 

KHz have a very 

short read range up 

to 40 cm with low-

read speed 

Least affected by 

their surroundings. 

 

Least affected by 

the presence of 

water. 

 

Can’t read tags over 

distances of more than 

about half a meter. 

 

Can’t read a large 

number of tags at the 

same time (lower read 

speeds). 

 

Larger tags (may not 

fit on small objects) 
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High 

Frequency 

tags (HF) 

HF 13.553 to 

13.567 MHz have 

a short to medium 

read range –30cm 

to 1m with 

medium-read 

speed 

Cost less than 

most LF. 

 

Can read tags over 

a larger distance 

than LF. 

 

Shorter tag read range 

than UHF and 

Microwave. 

 

Not best for reading 

many tags at the same 

time, but better than 

LF. 

Ultra-High 

Frequency 

tags (UHF) 

UHF 860 to 960 

MHz have a 

medium read range 

-60cm to 6m with 

high-read speed. 

The tag costs are 

high. 

Generally cost 

higher than LF or 

HF. 

 

Identify objects 

fast because of fast 

read speed. 

Have good range. 

There can be more RF 

transmission 

complications 

Microwave 

frequency 

tags (MF) 

MF have a 

medium read range 

-60cm to 15m with 

high read speed.  

Microwave tags 

are very expensive 

 

Identify objects 

fastest because of 

fastest read speed. 

 

Excellent for 

reading many tags 

at the same time 

because of fastest 

read speeds 

possible 

Microwaves 

penetrate many 

non-conducting 

objects well and 

tags can be buried. 

Cost more than LF. 

 

Doesn’t work well 

through water or 

objects with water in 

them (the energy at 

microwave 

frequencies is 

absorbed by water). 

 

Don’t work well with 

conducting materials 

such as metals 

between tag and 

reader 

In Figure 2.3, the physical appearance of tags at three frequency classifications namely 

low, high and ultra-high frequencies is illustrated. 
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Figure 2.3: Physical tag appearance according to frequency [32] 

2.3.2 RFID Readers 

The second component in an RFID system is the reader. It consists of an antenna, a 

decoder and a transceiver. The reader is also known as a transceiver. This means that 

it’s a combination of a transmitter and a receiver. The readers’ role is to query a tag 

and receive data from it [33]. A reader uses its built-in antenna to communicate with 

the tag. When a reader broadcasts its radio waves, all the tags chosen to respond to that 

frequency and within the range of the reader will respond. A reader is able to 

communicate with tags without a direct line of sight depending on the radio frequency 

and type of tag used.  Readers are able to process several items at once, this allows for 

increased read and processing times [26]. Readers convert radio waves from tags into 

a form that can be passed to middleware. Readers accomplish two tasks, these include, 

receiving commands from the application software and communicating with tags [33].  

Readers fall into two categories. These are the active and the passive readers. Active 

readers have the ability to detect an active tag at a few meters to the line of sight. The 

passive reader on other hand, can only detect passive tags at a few centimeters away 

from itself [29]. Readers contain built-in anti-collision schemes. A single reader can 

operate on multiple frequencies. Readers can be used as standalone electronic devices 

or can be integrated with other devices. A Reader consists of components such as 
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power for running the reader, a communication interface, a Microprocessor, channels, 

a controller, a receiver, transmitter, and memory built into it [34].  

A reader can be fixed in a suitable place or hand-held. A hand-held reader is a small, 

mobile, lightweight device that is used to receive information from the tag as one 

moves along. An illustration of a handheld reader is shown in Figure 2.4. A fixed reader 

is installed on a stationary point. It can be secured on a wall or a ceiling to read 

movement, location, or internal data of objects in the area as shown in Figure 2.5 [34] 

[35] [36].  

 

Figure 2.4: Hand-held reader [35] 

 

Figure 2.5: Fixed reader [36] 

2.3.3 Antennas 

Qian [22] describes an antenna as a device which has the ability to convert 

electromagnetic waves received to a current signal and vice versa. The antenna 

generates radio signals to activate the tag and read/write data to it [12]. An antenna 

amplifies the signal emitted by the reader to the tag. Equally, it is used to amplify the 

signal which is returned to the reader by the tag, thus increasing the tag’s reading range 

[13]. The antenna controls the RFID systems’ data acquisitions and communications.  

The electromagnetic field generated by an antenna can exist persistently when multiple 

tags are expected to be read continually. Antennas can be built into a doorframe to 

receive tag data from objects being passing through the door [12]. The longer the 

antenna, the longer the capturing range is [15].  Figure 2.6 and Figure 2.7 show visual 

images of antenna/readers, that is, antennas built into readers.  



 

15 

 

 

Figure 2.6: HF Long range crystal gate 

antenna/reader [37] 

 

Figure 2.7: 915 MHz RFID reader antenna 

[38] 

 

2.3.4 Central Node Computer System (Database Server/ 
Middleware) 

Middleware and the database server are at the heart of a comprehensive RFID system 

[12] [15] [33]. The data transmitted between the tag and reader is not useful for 

commercial application unless the immense amounts of information are integrated 

within a larger system [39]. Middleware, at the central node, manages this 

incorporation of data. Middleware manages the information exchange between the 

readers and the backend database server [33]. Middleware between readers and 

applications comprises two interfaces, namely the application interface and the reader 

interface, to communicate with the environment [20]. Readers are typically connected 

through middleware to a backend database. Middleware cleans the data received from 

communications by eliminating false reads, it also performs aggregation and filtering 

of data. Furthermore, by monitoring multiple readers, middleware can detect the 

movement of tags as they pass from the read range of one reader to another [40]. 

In addition to middleware, servers housing the databases are critical components of a 

complete RFID system. Computer database servers provide the data storage, 

management and read-write control of the radio frequency tags. They provide the data 

obtained from the reader to the software application [22].  

2.3.5 Other RFID Attributes 

a) Electronic Product Code 

The Electronic Product Code (EPC) is the code that is used for automatic and unique 

identification of objects such as parts, products, pallets, locations and so on.  It is a 

standard product coding structure for item management applications [20]. EPC is the 
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standard designed to allocate a unique identifier to each object. EPC comprises four 

sequences of binary digits, these include [41]:  

a) an eight-bit header,  

b) the EPC manager (28 bits),  

c) the product type (24 bits) and,  

d) Serial number of the product (36 bits).  

The EPC global Inc. oversees the development of the EPC Standard [41]. Figure 2.8 

shows an example of an EPC. The development of the Electronic Product Codes (EPC) 

was initiated by the auto ID center in 1999 [42]. 

 
Figure 2.8: EPC example [39]  

2.3.6 RFID Limitations 

a) RFID Standards 

MuzaffarIqbal and Singh [12], put forward that standards are essential in the air 

interface protocol (e.g., radio frequency, data signal strength, communication 

protocols), tag encoding format (e.g., writing and locking tag data, encryption), and 

the information service infrastructure (e.g., data structure for supply chain 

applications). Information encoding patterns and information processing software 

differ from vendor to vendor. Therefore, a change from one vendor’s system to the other 

would necessitate retagging all items or modifying the software. Hence, the need to 

develop common RFID standards that should be accepted by everyone is crucial [12]. 

The sparse standards leave much freedom in communication protocols, formats and 

information storage choices [3].  

The current standards are focused on air interface protocols, the content of data and the 

application of the technology.  According to Samadi [42], International Organization of 

Standards (ISO) have created some standards necessary for RFID technology.  Some of 

the basic standards created by ISO include [42] : 

a) ISO 11784 that is utilized in the tracking of  RFID  cattle, 

b) ISO  11785  for  interface  protocol, 
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c) ISO 14443 for application of smart cards in  payments  and,  

d) ISO 15693 that is applied to vicinity cards. 

Standardization is a crucial factor that cannot be ignored in RFID technology [3].  

b) Cost 

Cost is another major barrier to RFID implementation [12] [17] [43]. The readers, 

antennas and the tags used in this technology incur huge sums of money. Additional 

system costs include tag application to items, purchase and installation of readers, 

implementation of system application solutions, redesigning work processes, and staff 

education and training [12] [43].  Vilamovska et al. [44] states that the costs for a fully 

functional RFID system can run from $20,000 to over $1 million depending on the size 

of the area where the technology is deployed and the application. Payback periods are 

typically too long [45].  

Depending on the type of system and uses, cost of initial installation and ongoing 

operation can be prohibitive [43].  Cho et al. [43], Hashemipour [46] and Sharma et al. 

[25] state that the initial implementation of an RFID system is very expensive, but the 

benefits quickly outweigh the initial cost in most cases. 

2.3.7 Data Security and Privacy 
Kuar et al. [14] put forward that depending on the field of application and in some 

cases, prescribed by law, it may become essential to prevent unauthorized individuals 

from reading or writing data stored on or transmitted from tags. Hence, encryption 

(encoding data) must be guaranteed at all interfaces where data could be intercepted 

or transmitted. This may be on the medium itself, as well as tag-reader or reader-host 

communication. 

2.3.8 Deployment 

a) Tag Deployment 

Dolgui and Proth [41] propose that one way in which the tags can be deployed is by 

introducing the tag at object level, that is, one tag is attached to each object. As a result, 

each single object is tracked, which ensures that each item that disappears from the 

system is detected immediately [41]. In addition, Ruiz-Garcia and Lunadei [17] also 

propose that the tags can also be embedded in an object, or can be placed inside the 

packing. . 
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b) Reader Deployment 

RFID reader deployment can be done in two ways. The RFID reader can be fixed in an 

adequate place or hand-held [34] [35] [36]. A hand-held reader is a lightweight device 

that can be carried around [34] [35] [36]. A fixed reader is installed on a stationary 

point, for example, on a wall or a ceiling. [34] [35] [36]. Antennas can be built into a 

doorframe to receive tag data from objects being passing through the door [12]. 

2.3.9 Wireless Sensor Networks and RFID 
In RFID systems, data collected by the RFID reader is normally transmitted to the 

central node over a wired connection [39]. Depending on the size of the location, 

installing the necessary wired infrastructure may outweigh the the small number of 

benefits of wired networking, such as reliability and low power consumption [39] [47]. 

Moreover, the high installation cost in the implementation of a wired network 

infrastructure may not be justifiable [39] [47]. Sheridan et al [39], recommend that the 

best option to enable reader and central node communication is by implementing a 

Wireless Sensor Network (WSN). Sohraby et al. [48] define a  sensor  network  as  an  

infrastructure  comprised of  sensing,  computing,  and  communication  elements  that  

gives  an administrator  the  ability  to  instrument,  observe,  and  react  to  events and  

phenomena  in  a  specified  environment.  WSNs and RFID can be integrated to extend 

the read range of RFID system applications and also offer added value to existing 

applications [49]. WSN-RFID implementation presents the following benefits: it 

alleviates the difficulty and cost of implementation and the system becomes invaluable 

due to its flexibility and ease of installation [39]. Notwithstanding the benefits, the 

issue of power must be considered as a ramification of eliminating the wired 

connection [39]. The issue of power in a wireless implementation creates the need for 

ultra-low-power reader; relying on battery power becomes a possible answer if power 

consumption is minimized [39].  

There are a few possible wireless technologies that can be used such as Wi-Fi, 

Bluetooth and ZigBee to extend the range of an RFID reader [39] [47]. The Wi-Fi and 

Bluetooth wireless standards, unlike ZigBee, consume more power and offer more 

features than needed and are therefore more expensive. Bluetooth technology permits 

the formation and maintenance of a short range Personal Area Network (PAN).  

Bluetooth transfers data at the rate of 1 Megabit per second (Mb/s). The range of a 

Bluetooth device is about 10 meters [39] [47] .  
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a) ZigBee 

ZigBee is a relatively new technology which is promoted by the ZigBee Alliance. 

ZigBee is a technology based on the IEEE 802.15.4 wireless standard [39] [47] [50]. 

ZigBee belongs to a family of Low-Rate Wireless Personal Area Networks (LR-

WPANs). LR-WPANs allow network creation, management, and data transmission 

over a wireless channel with the highest possible energy savings [50]. ZigBee uses a 

customized wireless transmission protocol, that is, the ZigBee protocol, which is 

designed based on simplicity and reliability. The ZigBee protocol mainly achieves the 

capabilities of error checking, data framing, and conflict mechanisms such as 

retransmission [51].  

ZigBee offers better features that meet the needs of WSNs in terms of energy saving 

[39] [47]. ZigBee provides users with a cost-effective standard with the ability to run 

for months or years on inexpensive primary batteries for typical applications [39].  

ZigBee also has the ability to "mesh". Mesh networks enable  messages  travelling  

from  node  to  node  to arrive  at  their  destination  even  if  one  node fails [47]. 

ZigBee is named after the silent zigzag dancing technique used by honey bees to 

communicate information about a newly discovered food source to fellow colony bees 

[39] [52]. A ZigBee module consists of a Radio Frequency Integrated Circuit, and a 

low power microcontroller that interfaces with a sensor or actuator [39]. 

ZigBee operates at RF unlicensed bands of 2.4 Giga Hertz (GHz). ZigBee provides 16 

channels at this frequency and a data rate of 250 Kilobits per second (Kb/s). ZigBees’ 

coverage can extend from 10 to 75 meters. The coverage is dependent on the power 

output of the devices and the environment of the coverage area. Security, data integrity, 

and reliability are key features of the technology [39] [52].  

The RFID reader is always in idle mode.  Once a tagged object is in the readers read 

range, the first motion sensor detects its movement and an event is sent to the software 

application at the central computer node. The event is transmitted via a ZigBee module 

by using a Universal Asynchronous Receiver and Transmitter (UART).  The event is 

handled by the RFID middleware. A command is then sent back from middleware to 

the RFID reader to enter into read mode. The  reader  reads  the tag  attached  to  the  

object  and  sends  its identification to a ZigBee module which then relays it to the 

central computer node. As the object passes the second sensor, the reading is stopped 

and the reader returns to the idle mode [47]. The basic working principle of a ZigBee 

operation is illustrated in Figure 2.9. 
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Figure 2.9: Working principle of ZigBee [47] 

2.3.10 RFID and Cloud Technology 
Data collected from the RFID readers can be processed and stored either on local 

servers or on servers that are housed in the cloud [53]. Cloud computing is a computing 

paradigm in which real-time scalable resources such as files, data, programs, hardware, 

can be shared via the Internet to users [53]. Cloud computing is assumed to be the 

solution that overcomes the problem of processing large amounts of data [54]. By using 

cloud computing the cost of implementing software solutions and storage of data is 

reduced considerably. Cloud solutions have desirable features such as high scalability, 

agility, high availability and reliability and multi-sharing [54]. Clouds offer different 

service models, the service models include; software, platform and infrastructure as 

service [53].  

In the Infrastructure  as  a  service (IaaS) service model, providers  offer  physical  or 

virtual  machines  with the capability  to  fulfill customer  needs  to  implement  software 

solutions  on  them [54]. In the Platform as a service (PaaS) service model, software 

applications such as an operating system, a programming language, a web server, are 

already installed [54]. PaaS facilitates the implementation and testing of software 

solutions and provides the needed resources for an applications to run. Finally, the 

Software as a service (SaaS) service model is described as a pay-per-use service where 

the providers offer clients a fully configured hardware and software solution [54].  The 

advantage of SaaS  is  that  clients don’t  have  to  worry about  any  maintenance,  

hardware  or software [54]. Figure 2.10 shows an example of a cloud setup. 
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Figure 2.10: Cloud setup [54] 

2.4 Review of Software Development Methodologies 

A  Software Development Methodology (SDM) is a sequence of processes that leads 

to the development of an application [55] It constitutes a set of modeling conventions, 

comprising of a modeling language and a process [56]. The modeling language assists 

in modeling the different aspects of the system, and the process determines what 

activities should be carried out in order to develop the system [56]. . Software 

processes are sets of related activities that lead to the production of software products 

[57]. In a software process, user needs are translated into software requirements. The 

requirements are then translated into designs, the designs are implemented and the 

implementation is then tested. The software processes might overlap or be performed 

iteratively [55]. A SDM can be categorized into two classes, that is, a Traditional SDM 

and an Object-Oriented SDM (OOSDM).  

2.4.1 Traditional Methodology vs. Object Oriented Methodology 
Traditional approaches to system development view software as a collection of 

programs or functions and isolated data. Algorithms and data structures make up a 

program. An example of a traditional approach to system development is a structured 

methodology that is based on the Waterfall Model [58] [59] [60]. The Waterfall Model 

adopts a very formal approach to the System Development Life Cycle (SDLC) phases 

and activities. Activities of one phase must be completed before moving on another 

phase and no iterations are permitted [58] [59] [60]. The OO approach to the SDLC 

on the other hand, follows an iterative and incremental approach to systems 

development. In OO, the SDLC is viewed as a series of increments or phases. Each of 
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the SDLC phases is visited iteratively until the developer is satisfied [58] [59] [60].    

The main distinction between traditional system development methodologies and 

OOSDMs depends on their main focus. The traditional approach focuses on the 

functions of the system. The OOSD approach on the other hand, focuses on the Object, 

which combines data and functionality [58] [59] [60]. The phases of developing a 

system, that is, planning-analysis-design-implementation, do not change. However, 

the only change that takes place is how they are performed. The structured approach 

focuses on understanding a problem using a model called Data-Flow Diagram 

(DFD).Hence, all system components are evolved from the DFD [58] [59] [60]. 

Contrariwise, the OO approach uses Use Cases. There are many models to deal with 

in the OO approach and there are no clear-cut steps such that the design of the system 

components evolve logically from a single model [58] [59] [60].  

2.4.2 Object Oriented System Development Methodology 
An Object Oriented System Development Methodology (OOSDM) can be defined as 

a system of principles and procedures applied to Object-Oriented Software 

Development (OOSD) [61].  OOSD provides a way to develop software by building 

self-contained modules or objects that can be easily replaced, modified and reused. 

Object Orientation (OO) is a way of viewing and modeling the world or system as a 

set of interacting and interrelated objects [62]. An Object may be a tangible physical 

entity or intangible. Examples of an Object include an agency, a job, location or person 

[62]. Figure 2.11 shows a visual illustration of examples of Objects in the real world.  

 

Figure 2.11: Examples of Objects [62] 
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a) Advantages of Object-Oriented System Development 

Advantages of using an OOSD approach to system development as opposed to using 

a traditional approach are [58] [59]: 

a) Object Orientation (OO) provides a higher level of abstraction at the Object level. 

Objects encapsulate both data and functions, hence they work at a higher level of 

abstraction. Development can proceed at the Object level, ignoring the rest of the 

system for as long as necessary; this makes designing, coding, testing and 

maintaining the system simpler. 

b) OO provides seamless transition among different phases of the software 

development. OO uses the same language to talk about analysis, design, 

programming and database design. This seamless approach significantly reduces 

the level of complexity and redundancy. It makes for clearer, more robust system 

development. On the other hand, traditional approaches to system development 

require different styles and methodologies for each step of the development 

process. 

c) OO promotes reusability. Objects are reusable because they are modeled directly 

from a real-world problem domain. Each object stands by itself or within a circle 

of other objects.  

b) Unified Modeling Language 

The Modeling Language used in an Object-Oriented SDM is the Unified Modeling 

Language (UML). The UML is a set of diagramming techniques [60]. The UML uses 

graphical notations to express the design of software developments [56]. Examples of 

design artifacts include requirements, architecture, design, source code, test cases, 

prototypes, and so on [62] [63]. Modeling provides a representation or simplification 

of reality. It provides a blueprint of the system. UML supports specifications that are 

independent of particular programming languages, technologies and development 

processes [62] [63]. The underlying assumption of the UML is that no one diagram 

can capture the different elements of a system in it’s entirety [56]. UML consists of 

three basic building blocks namely, elements, relationships and diagrams. Elements 

are the main parts of the model while relationships tie elements together. Lastly, 

diagrams provide mechanisms to group collections of elements and relationships. 

Example elements in UML, include [62] [63]: 

a) Structural: is the static part of the model that represents a conceptual element. 
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Examples of structural elements include, classes, use cases, collaboration and 

component. 

b) Behavioral: represent behavior over time and space. Interaction and state depict 

behavioral elements.  

UML is characterized by nine major diagrams. A diagram is a graphical presentation 

of a set of elements and relationships where nodes are elements and edges are 

relationships. The nine major diagrams are class, object, use case, sequence, 

collaboration, state chart, activity, component and deployment [62] [63]. 

c) Object-Oriented System Development: A Use Case Driven Approach 

A use case is an interaction between a user and system that captures user’s goals and 

needs [57] [63]. The main advantage of a use case driven approach to OOSD is that all 

design decisions can be tracked back directly to user requirements [64]. OOSDMs 

consist of an Object-Oriented System Development Life Cycle (OOSDLC). The 

OOSDLC consists of three macro processes namely, Object-Oriented Analysis (OOA), 

Object-Oriented Design (OOD) and Object-Oriented Implementation (OOI). The 

OOSDLC macro processes can be further broken down into the following phases [62] 

[63] [65]: 

a) Object-Oriented Analysis (OOA) Phase: user requirements are modeled for what 

the eventual system must do. OOA affords a way to understand the business needs 

as well as to process requirements. OOA’s focus is on developing an object-

oriented model of the problem domain. OOA answers the question of what the 

system must do. The output of this phase is a conceptual model consisting of two 

deliverables, namely, the Requirements and Object Models.  

b) Object-Oriented Design (OOD) Phase: OOD provides a way of developing object-

oriented models of a software/system to implement the requirements identified 

during OOA. The result of OOD is a plan of how the system will do what the 

Requirements Analysis model asks for. OOD answers the question of how the 

system will do it. 

c) Construction Phase: Object-Oriented Programming (OOP) in an OO programming 

language and database takes place to produce a software application.  Deployment 

and user training are also carried out on completion of this phase. 

d) Object-Oriented Testing (OOT) Phase: thorough and complete unit testing of 

individual classes and programs is carried out in increments.   
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e) Maintenance Phase: Bug fixes and enhancements are carried out on the final 

software product. 

d) Object Oriented Languages 

OOP languages include Java, C-sharp (C#), and C-plus-plus (C++). Java is a portable 

OOP language introduced by Sun Microsystems [66] [67]. C# is an OOP language 

based on C++ and Java, and was developed expressly for Microsoft’s .NET platform. 

Microsoft’s .NET platform provides developers with the capabilities they need to 

create and run computer applications that can execute on computers distributed across 

the Internet. C++ is an extension of the “C” language. C++ provides capabilities for 

OOP.  C++ was developed by Bjarne Stroustrup at Bell Laboratories [67]. Some 

benefits of using an OOP language as compared to a non-OOP language are [68]: 

a) Improved software-development productivity: OOP is modular, that is, it provides 

separation of duties in object-based program development. It is extensible, as 

objects can be extended to include new attributes and behaviors. In OOP Objects 

can be reused within and across applications. On account of these three factors, 

that is, modularity, extensibility, and reusability, OOP provides improved software-

development productivity over traditional procedure-based programming 

techniques. 

b) Improved software maintainability: For the reasons stated above, object oriented 

software is easier to maintain. Owing to the modularity of the system design, part 

of the system can be updated in case of problems without the need to make large-

scale changes. 

c) Faster development: Reusability enables faster development. OOP languages come 

with rich libraries of objects. Code developed during projects is also reusable in 

future projects. 

d) Lower cost of development: The reuse of software lowers the cost of development. 

Usually, more effort is put into the Object-Oriented Analysis and Design (OOAD), 

which lowers the overall cost of development. 

e) Higher-quality software: Faster development of software and lower cost of 

development allows for more time and resources to be used in the verification of 

the software. OOP tends to result in higher-quality software. 
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2.5 Related Works 

2.5.1 Vehicle Tracking 
In vehicle tracking, RFID technology was used for renting out cars and bicycles to 

tracking vehicles. Vehicle-mounted RFID technology gives companies flexibility in 

counting their inventory [69]. Esker [69] proposed a method to make self-service car 

rentals possible. In his method, an RFID chip implanted card is given to customers of 

the car service. The customer waves the card in front of an RFID sensor, unlocking the 

car. The keys are placed in the car and can only be accessed once the RFID chip is 

recognized.  The RFID chip enables monitoring by the rental company, deterring theft. 

Yadav [70] on the other hand, implemented an RFID application that can be used for 

managing and controlling various reports and operations of a parking system. He 

indicated that the RFID tags, readers, and barriers control check-ins and check-outs can 

be handled through a software application. Yadav [70] proposed that purpose of the 

RFID parking system was to provide a way to reduce the workload and to maintain 

records of vehicles entering and exiting the parking lot.  The problem of space in the 

parking lot was solved programmatically. This was done by keeping count of the total 

number of parking spaces available and the total number of vehicles entering the 

parking lot. This system saves time for customers searching for a parking space. The 

problem of slow manual vehicle and parking space verification was also solved by this 

system. The automated RFID system enabled speedy tag identification, and logs and 

records were maintained for longer time periods [70].  

To implement this system, an RFID reader, an antenna, tags, labels, cables, barriers and 

computers were utilized for the hardware requirements. A database management 

system was used to store and manage the data as a software requirement and a 

programming language was used to collect and operate the data collected from parking 

lot. The RFID reader used was the Intermec IF2 Reader which uses the RS-232 serial 

port. The Intermec IF2 Reader has four ports for antenna connections, which means 

four different antennas can be connected to it. The working frequency used was Ultra 

high Frequency (UHF) [70]. The parking lot system operates as follows [70]: 

a) Information of all vehicles is stored in the database system on the host computer. 

b) Tags and their tag IDs are provided to the users, so all the information can be 

accessed by the system. 

c) When a vehicle checks in, the reader reads the data of the tag; if there is no tag on 
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the vehicle then the barrier will remain closed.  

d) If the customer has a tag, the reader will read all the information from the tag and 

transfer the information to the software.  

e) The software then compares the information in the tag with the information 

contained in the database. 

f) If the id of the tag matches then the barrier gate will open. 

g) When a vehicle exits the parking lots (check-out), the identification information of 

the vehicle is checked in the database.  

h) If it is an authorized vehicle and the customer does not have a tag, the vehicle will 

not be allowed to check-out and the barrier gate will not open. 

2.5.2 Automated Tool Identification/ Monitoring 
In the area of tool identification and monitoring, Sui et al. [71] identified the problem 

of low efficiency and low degree of tool management information around tools and 

information relating to the tool. They stated that the tool was the most important 

resource in modern manufacturing industries. Hence, they developed a model and a 

software system that utilized RFID to solve the problem of tool identification and 

management. The database management system was developed using LabVIEW 

software.  The interface design between LabVIEW and Access database was completed 

using ActiveX, as a result, the information of Access database could be written-in and 

read-out by the management system. The system was designed to achieve the following 

three functions:  1) tool information management function, 2) tool identification 

function of tool library, and 3) quick input and read of the tool information. The work 

flow of tool information querying and tool stock-in/stock-out alerts is shown in Figure 

2.12.  
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Figure 2.12: System work flow of tool management system [71]  

The workflow in Figure 2.12 is described as follows [71]: 

a) When the tool management system is started, the user enters their login information. 

This information is  checked against the  user  information  data  table  of  the 

background  information  database.  If  the  check  is  successful  the user  data  

information  will  be stored into the specified database user login information table. 

b) After the system confirms the user identity, the user can then access the system 

functions.  The user can select  the  tool  query  using the  specified  tool  coding  to  

query  specific information about the tool. 

c) The tool updates include tool stock-in and stock-out. When lending the requested 

tool from the tool library, the production line code, tool inventory code, tool lending 

time, the number of lending and other information will be written in the tool lending 

table by the system.  

Sardroud [23] and Nasr et al. [72] also submit that construction tools such as material 

are a critical element in construction projects. They propose that management of 

material can make significant contributions to the cost effectiveness of projects. This 

proposition is attributed to the high amount spent on materials as compared to other 

inputs. Materials may account for 50% to 60% of the total cost of a typical project. In 

consequence, planning and managing the logistics of materials is critical, as they 

directly affect the construction schedule and the cost. Mismanagement of tools could 

potentially lead to a loss in workforce productivity and an increase in overall project 

costs. Automating the task of identifying and tracking the construction materials can 

potentially aid in providing timely and accurate information on materials availability 
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for the manager [23] [72].  Schneider [73] further puts forward that “”. 

2.5.3 Libraries 
RFID is primarily used in libraries to automate the book handling process including 

check-out, inventory control, check-in and anti-theft [12] [33]. 

According to Singh and Mahajan [33] an RFID system for a library normally consists 

of: RFID tags; a self-check-out station; a self-return system/ book drop system; a staff 

work station, a tagging/programming station; security gate(s); a shelf scanner for 

inventory/digital library assistant; conveyor belts and sorting systems RFID Tag.  

Singh and Mahajan [33] state that the tags that are used in libraries are paper thin, 

flexible and are approximately 2 inches x 2 inches in size. The relatively small size of 

the tag and its flexibility allows for inconspicuous placement on the inside cover of 

each book in the library’s’ collection. The tag is comprised of an attached antenna and 

a tiny chip which stores vital bibliographic data including a unique ID number to 

identify each item. Figure 2.13 shows a pictorial depiction of a Library RFID 

Management System. 

 

Figure 2.13: Library RFID management system [12] 

2.5.4 Health Care 
Khursheed et al. [74] and, Prasad and Rajesh [45] purport that the health care system 

has a great opportunity for increasing RFID use to improve patient care and efficiency 

of the hospital. RFID wireless technology provides great potential for services such as 

medical device alarm notifications, surgical instrument and hospital equipment 

tracking, and e-prescription writing [45] [74]. In health care, passive tags which 
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operate at frequencies 128 KHz, 13.6 MHz, 915 MHz, 2.5GHz are used and are 

applicable for both large and small areas [74]. Passive RFID tags are mainly used for 

patient identification and drug authentication while active RFID tags are primarily 

used for the tracking purpose. Some specific uses of RFID in hospitals include [45] 

[74]: 

a) Asset Management and Tracking: Tracking assets and equipment is the most widely 

used application in hospitals.  

b) Identification and Verification: Misidentification is one of the chief causes of 

medical errors and it can be reduced by RFID. Positive Patient Identifications (PPI) 

applications involve use of a smart patient wristband that when scanned by a RFID 

reader reveals patient information. Patient information may include; name, date of 

birth, admitting orders, insurance information, and the surgical site. 

c) Sensing: Sensing can be done by extending the RFID to include integration with 

physical and chemical sensors for logistic data logging, and integration with gas 

sensors for food logistics. 

d) Interventions: RFID-enabled interventions can provide automated care, improve 

current procedures, guide pathway, and enable automatic data capture and 

collaboration in hospitals. 

e) Alerts and triggers: Applications involving alerts and triggers are designed to 

protect the patient from dangerous events. It can also provide protection in 

emergencies during surgery, blood transfusion, drug administration, and hand 

hygiene monitoring. 

Dhable et al. [75] also state that RFID not only offers tracking capabilities to locate 

equipment and people in real time, but also provides efficient and accurate access to 

medical data for doctors and other health professionals. The majority of healthcare 

providers continue to use the traditional paper based records system. They therefore 

proposed a  cost-effective  system  that  applied existing  technology  to  address  

inefficiencies  of  the current  paper  based  medical  records  system. The authors [75] 

proposed an implementation of personal portable healthcare record cards and a 

corresponding framework to simplify maintenance and transfer of patient records. The 

system development methodology for the E-Health System using Passive RFID is 

illustrated in Figure 2.14. The Figure indicates the overall workflow of the system.  If 

a new patient visits the hospital an RFID card is provided to the patient. On the other 

hand, if the patient is not new, the patient’s card is directly scanned by the reader then 



 

- 31 - 

 

the information is made available [75]. 

 

Figure 2.14: System methodology for E-health system [75] 

 Patient information can be accessed on a mobile phone by the doctor. The patient list 

is displayed on mobile of the doctor, and then he/she may fetch data from server for 

that patient. The data will then be displayed on mobile. The interfacing of this android 

application and web server was done using JavaScript Object Notation (JSON) 

technology. JSON technology is a lightweight data-interchange format [75]. 

In the proposed system a RFID card is provided to every patient. There would be a 

central server where all the patient information would reside. When the patient visits 

the doctor for the first time, his personal identity details can be fetched from the 

database. Then the doctor could issue the patient an RFID card. Then he/she can 

examine the patient and may advise him/her to undergo some medical tests.  The doctor 

can then upload all this information on the central server or he/she can upload the 

patient reports using the mobile phone. The doctor can also upload information about 

the medication he prescribes to the patient. Figure 2.15 shows the proposed system 

architecture of the E-Health System. Following is a description of each layer and 

module [75]. 
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Figure 2.15: Proposed system architecture of the E-Health system [75] 

a) User Layer:  At this layer the doctor accesses the application via a mobile device 

such as a phone or tablet. The list of patients is displayed on doctor’s mobile device.  

The doctor then accesses the information from the server. 

b) Application Layer:  The User Interface between the Database and Android 

Application can be developed using JSON Technology.  The application contains 

the following modules: 

i. Logical  Process  Module:  The  RFID  Reader  is connected  to  the  serial  

port  of  the  system.   

ii. RFID Module:  In this module the RFID Card and Reader are used.  When 

the patient visits the hospital for consultation the card given to him will be 

scanned by the doctor reader. The Reader will read the tag number and then 

display patient details related to that number on the computer. 

iii. Android Module:  In this module Android version 2.2 is used to develop the 

Android application. 

iv. Data Access Module:  Interfacing between the Android Mobile and web 

server is done through JSON. The request is sent to the server as a JSON 

Request and the web server performs the query that sends the JSON 

Response back to the mobile.  The database will be maintained at the web 

server. 

Figure 2.16 [75] illustrates the sequence of events from the time the patient visits the 
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hospital to the time he is billed and leaves the hospital.  

 

Figure 2.16: Sequence diagram of E-health system using passive RFID [75]  

 

The RFID card provides a unique identification number to the patient. The doctor 

passes the card through an RFID Reader and the database authenticates the patient.  The 

database displays the patient information on the doctor’s mobile phone.  The doctor 

diagnoses the patient, gives a medical prescription to him/her and stores all the patient 

history and reports of patient in the database.  The  billing  section  sends  the  bill  to  

the patient  and  the  patient  pays  the  bill  at  the  billing section [75]. 

2.5.5 Human Identification 
Arulogun et al. [21], Chandrashekar et al. [76], and Murthy et al. [77] advise that having 

an automated system that utilizes RFID to keep track of student attendance is important 

in schools and colleges. The attendances are usually recorded manually by the lecturer 

and therefore are prone to personal errors. Therefore, there arises a need for a more 

efficient and effective method of solving this problem. The application of RFID 

Technology to student course attendance monitoring problem leads to [21]: 

a) Elimination or reduction of time wasted during manual collection of attendance.  

b) Creation of a student database management system that is not prone to errors or 

being manipulated by anyone. 

c) Better management of classroom statistics for allocation of attendance. 
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Arulogun et al. [21] proposed a method to solve the recurrent attendance monitoring 

problem in developing countries using RFID technology. In their paper, they proposed 

development of an intelligent RFID based lecture attendance access control and 

management system. The attendance management system used the following hardware 

and design considerations [21]: 

a) The electronic tags were embedded into student conventional means of 

identification (student ID card). 

b) The  RFID  system  was designed  around  the Intersoft RFID  DemoKit-1  

proprietary  RFID  system  serially interfaced to the PC. The Kit contains the 

following components: The kit RFID Reader (with RS232 port - Female DB9 

Interface) which incorporates a TR-R01-OEM  reader  board and antenna;  RFID 

Tags/Transponders;  a 9V  DC  Battery;  Battery Adapter - plugs  the  9V  DC  

battery  to  the  reader; RS232 (Male DB9) to USB connector cable. 

c) The software program was written in Microsoft Visual C# programming language 

for the front end. The backend database was based on Microsoft SQL Server 

relational database management system (RDBMS). 

The software design was based on the flowchart model shown in Figure 2.17. Following 

is a description of the workflow of the attendance system [21]: 

 

Figure 2.17: Automated student attendance system flow chart [21] 
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a) The tag is activated when it passes through a radio frequency field generated by the 

antenna embedded within the reader box (125 kHz in this case). The software 

program checks whether the tag is valid or not. If the tag is valid, it will proceed to 

the database program and register the student’s attendance for the course. If the tag 

is invalid, the program gives a notification that the tag has not been registered to 

any student and requires the user to supply a valid tag. Students need to bring their 

tags close to  the  reader  (about  10  cm  from  the  reader), this is due  to  the  reason  

of  cost  and  flexibility  of implementation,  this  RFID  attendance  design 

application  uses  a  passive  tag. 

b) The reader reads the tag and the application program records the student’s arrival 

time and when leaving the class, students also have to bring their tags close to the 

reader again.  

c) Each course lecturer has an RFID tag that serves as the control for the beginning 

and end of a class lecture with additional time delay for end of class activation to 

allow every student to record exit time on the reader. The lecturer can access 

information regarding any student by using queries provided by the software 

application. The program gives the following output parameters: student name, 

Matriculation number, tag ID number, department, the course in question and the 

attendance status based on the specified metrics. 

d) A privileged user can de-assign students from their specific tag, and reassign the 

tag to other students if need arises. 

2.5.6 Agriculture 
According to Ruiz-Garcia and Lunadei [17] the development of RFID applications in 

agro-food has attracted considerable research efforts in the last years.  However, 

certain areas have been developed faster than others. For example, Table 2.4 [78] 

shows some of the applications in agriculture classified by frequency band, tag type, 

communication range and potential uses.  Both passive and active tags are being 

utilized in Agriculture. Passive tags only give information about identification and 

tracking. For sensing applications it is necessary to use semi-passive or active tags. 

Table 2.4: RFID applications in agriculture [78] 

Frequency 

band 

Common 

frequency 

Tag 

type 

Communication 

Range 

 

Potential uses 



 

- 36 - 

 

 

 

Typical | Max. 

Low 

Frequency 

(LF) 

125–134.2 KHz Passive 20cm     100cm Animal 

identification, 

food 

traceability, 

tree implants, 

item tracking 

 

High 

Frequency 

(HF) 

13.56 MHz Passive 

and 

semi-

passive 

10cm       1.5m Animal 

identification, 

cold chain 

tracking, 

temperature 

measuring 

 

Ultra-High 

Frequency 

(UHF) 

433 MHz 

 

 

Active 

 

 

3m            10m 

 

 

Farm 

machinery, 

intermodal 

transport, crop 

monitoring 

 

 

 

860 MHz 

Europe 

915 MHz 

USA 

Active 

and 

passive 

3m            15m Cold chain 

monitoring, 

traceability 

control 

Microwave 

(MW) 

2.4 GHz 

 

 

Passive 

and 

active 

3m            30m Pallet and 

container 

tracking, farm 

machinery. 
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5.8 GHz   Long range 

applications, 

fleet 

management, 

Climate 

monitoring 

 

In livestock agriculture, Singh et al. [28] suggest that RFID technology can be utilized. 

The author [28]  proposes that for better efficiency of the dairy farms, identification of 

animals, and maintaining production and reproduction records of these huge numbers 

of animals is essential.  It therefore becomes crucial to have an exact, convenient, and 

quick method of identifying cattle identities in order to decrease errors triggered by 

visual identification, inaccuracies in handwriting and incorrect computer input of cattle 

identification number to ensure that the collected records are credible and accurate.  In 

livestock, the tag is implanted either at the ear, the bolus (the tag is mounted within an 

acid resistant, cylindrical housing which is inserted permanently within the animal’s 

stomach or the collar in form of a microchip [17] [28]. The RFID readers that are used 

include the portable/handheld and fixed reader. Dairy farming RFID implementations 

also include herd management software. This software provides  mechanisms  for  

farmers  to  store  individual  cow  data  into  a  database.  In addition to tags, readers 

and application software, a digital device network is required. The network enables the 

communication of devices between one another, that is, RFID readers and the central 

herd management software [28]. 

In the grain tracking field, Hornbaker et al. [79] [80] developed a conceptual design 

for tracking grain using GPS and RFID grain chip technology. They propose 

development of RFID grain chips that use existing passive microchip technology and 

encased in a durable container with the size, weight and texture characteristics of the 

grain being tracked, such as corn, soybeans, or wheat. At any tracking stage, they 

propose the ability to write and read data from the grain chip, insert new grain chips, 

and extract grain chips [79] [80].  
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Hornbaker et al. [79] state that during the harvesting and production process, grain 

undergoes various grain handling stages. For example, a grain handling process may 

commence at a farm, where the grain is harvested and placed into a truck. The grain 

may be then taken to an on-farm storage facility for storage, handling, and/or 

processing. Afterwards, the grain may be transported to a long term storage facility, to 

a livestock facility site, or to an off-farm facility for processing. Further along, the 

grain may be transported domestically or internationally to an end user and/or may be 

further processed. At any or all of these stages, the possibility exists for commingling 

of the grain with other product or foreign matter, or for other problems, such as 

damage, theft, and so on. This concern has increased substantially in recent years with 

greater awareness of food security issues. It therefore becomes desirable to have an 

indication of the history of a particular grain. To-date, this problem is mainly unsolved 

in the grain industry [79]. 

 The proposed conceptual system design includes the following components [79]:  

a) Tracking units/chips that are deposited with the grain at harvest.  

b) Technology to systematically deposit the chips into the combine grain bin,  

c) Technology to clean the chips out of the grain at any point in the supply chain 

process.  

d) Hardware and software to write and read data to and from the chips at any point in 

the supply chain process and provide the relational database protocols.  

e) Handheld technology for the read/write functions, and  

f) A software database system which allows for storage and time/location based 

mining of the grain tracking history and attributes. 

A RFID tag is the main component of the proposed grain tracking system. The RFID 

Grain Tracking Tag travels with the grain being tracked. It has roughly the same size, 

shape and weight of the grain being. Figure 2.18 provides an example of two 

commercially available tags whose size is comparable to the size of the maize and soy 

grain. The RFID Grain Tracking Tag is a passive RFID device. The physical materials 

that constitute the tag’s packaging are magnetic, durable, and non-toxic. A magnetic 

component is chosen so that the tags may be extracted from the grain at any time. A 

durable exterior is needed so that the tag’s packaging does not wear appreciably after 

thousands of cycles of reuse. A non-toxic material is used so that what little wear that 

does occur as the tag jostles with its neighboring grain does not contaminate the grain 

[79] [80]. 
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Figure 2.18: Example of grain tags [79] [80] 

In their conceptual design, Hornbaker et al. [79] [80] also developed the grain tracking 

tags dispenser for dispensing the tags in to the grain to be tracked. This consists of a 

tags tank, dispensing door, solitron, tags guide, and control electronics (Figure 2.19). 

Hornbaker et al. [79] describe how the dispenser functions as follows: the tags tank is 

filled in with RFID tags. The tags dispensing door will open when a single tag needs to 

be dispensed. It consists of a disk connected to a rod. The other end of the rod is inserted 

into a solitron. When a positive current is applied to the solitron, the rod is pulled in, 

thus the dispensing door disk opens the hole in the bottom of the tags tank and a single 

tag is released into the tags guide pipe. When a negative current is applied to the 

solitron, it pushes the rod out, thus closing the dispensing hole. Tags guide pipe allows 

directing the released tag to an appropriate location to be released into the grain 

stream. In one instance, human operator can program the control electronics box to 

release a user specified number of tags within a user-specified time interval. In another 

instance, human operator can program the control electronics box to release a tag every 

some number of bushels based on the harvester yield monitor. Figure 2.20 shows the 

RFID grain chip tag dispenser, reader/writer and the RFID tags and grain in free falling 

mode, similar to that which would be used in a combine grain bin [79].
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Figure 2.19: Grain tracking tags dispenser 

design [79] 

 

 
Figure 2.20: Tracking tag dispenser and 

reader/writer design for a combine bin 

[79]

In addition to the tag dispenser, Hornbaker et al. [79] [80] developed the tag remover 

combined with the reader/writer as shown in Figure 2.21. According to Hornbaker et 

al., this depiction presents the approach which could be used for removing the tags from 

free falling grain from an auger spoutor grain flowing out the bottom of a truck or rail 

hopper. Conceptually, the magnetic grain tracking tags belt remover consists of a 

moving belt, permanent magnet located inside the belt, and a storage box for removed 

tags (Figure 2.22). The permanent magnet pulls up metal cowered RFID tags. The tags 

are then moved by the tags removing belt to the tags storage box. Tags storage box 

should be positioned right at the edge of the permanent magnet, thus allowing the 

captured tags to be immediately released to the storage box. The dimensions of remover, 

speed of the tags removing belt, and the power of the permanent magnet are defined by 

the deployment environment [79]. 

 

Figure 2.21: RFID grain tag belt remover 

and reader/writer design for free falling 

grain [79]  

 

Figure 2.22: Grain tracking tags belt 

remover design [79]
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In Figure 2.23 another example of tags that may be inserted in maize grain is shown. 

These tags have been encapsulated in material imitating a grain of maize. The tags were 

loaded with information specific to the grain producer. The experiment that used these 

tags demonstrated a low rate of faults associated with allocation of tags in the middle 

of the lot. But the application of RFID in large quantities of grain can be enhanced in 

relation to the range of the reader. The dimensions of the RFID tags used were 1.6 × 

1.0 × 0.5 mm. The tags were 64 byte read only, and had a read distance of up to 5 mm. 

However, in this experiment there were some issues that still remained to be resolved 

such as: how to introduce the encapsulated RF tag into the grain at the harvesting stage, 

how efficient the removal process can be made, and how safe and precise the 

traceability system is [81] [82]. 

 

Figure 2.23: RFID tags encapsulated in the form of maize [82] 

Figure 2.24 [82] is a close up illustration of the mic3 tags that are used in this 

experiment.  

 

Figure 2.23: Corn Dummies and mic3 tags [82] 
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2.6 Summary 

In this chapter a comprehensive overview of the background theory and some examples 

of the related works to inventory tracking, monitoring and management in various fields 

such as health care and agriculture was given.  Applications of RFID in agriculture and 

other fields such as health care, libraries and human identification are many and varied. 

Some of the agricultural applications, like traceability control or livestock 

identification, are quite common and widespread while applications in grain tracking 

and management are scarce [17]. Nevertheless, a significant proportion of RFID 

deployments in other fields remain exploratory. The RFID market is still relatively 

young with good growth potential. The number of applications utilizing RFID is 

expected to grow in the coming years. Industry and academic research and development 

on RFID will continue to grow in the near future. 
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CHAPTER THREE 

METHODOLOGY  
 

3.1 Introduction 

In this chapter, the materials and methods used to conduct this study are presented. 

Firstly, the methodology that was used to conduct the baseline study is presented. This 

is then followed by the methodology that was used to design the models and implement 

the prototype.  

3.2 Baseline Study 

The purpose of the baseline study was to establish the challenges faced by the FRA 

regarding grain inventory management. A Mixed Methods Research Methodology was 

used in this study. A Mixed Methods Research Methodology comprises a combination 

of qualitative and quantitative research types [83]. Mixed Methods Research 

Methodology combines diverse types of data which provides the best understanding of 

a research problem. It is useful when either the qualitative or quantitative approach by 

itself is inadequate to best understand a research problem. Alternatively, it can be used 

when the strengths of both qualitative and quantitative research can provide the best 

understanding [84]. A descriptive research design was utilized. A descriptive research 

design involves describing the state of affairs as they exist at present [83]. 

3.2.1 Study Setting 

The study was conducted in Lusaka and Central Provinces at 4 warehouse depot 

locations. The depot locations were purposively sampled. In Central Province, there is 

one major depot located in Mumbwa district. In Lusaka province, Chongwe District 
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Warehouse depot located in Chongwe District and, Mwembeshi and Mungwi 

warehouse depots located in Lusaka’s Industrial Area were targeted.  

3.2.2 Sampling 

The study population was purposively sampled. The purposive sampling technique that 

was used was the homogenous purposive sampling. Homogenous purposive sampling 

was chosen because the researcher’s focus was on particular characteristics of the 

population that are of interest to enable the researcher answer the research questions 

which are related to grain inventory management. The sample size selected was 42 for 

all four warehouse depots. 

3.2.3 Inclusion Criteria 

The study population included members of staff who were working under grain 

inventory management in the grain marketing department at the FRA’s warehouse 

depot locations in Lusaka and Central Provinces. 

3.2.4 Data Collection 

Data collection was carried out over a period of five weeks starting from the third week 

of November to the last week of December, 2015. During data collection, the 

researcher administered the self-administered questionnaires to the respondents at all 

the target locations in Lusaka and Central Provinces in the first and second weeks. The 

researcher then gave the respondents sufficient time which was spread out into few 

days to answer the questionnaires. The researcher collected all the answered 

questionnaires in the third and fourth weeks of the data collection period. In the fifth 

week, the researcher conducted unstructured interviews with key supervisors in charge 

of warehouse management. Qualitative data was collected in these interviews and from 

forms that are used for day-to-day warehouse operations to inform the design phase of 

the automated RFID grain inventory management. Sample warehouse depot reports 

were also collected to inform the automated RFID GIM’s reporting module. 
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3.2.5 Data Processing and Analysis 

Data  was  analyzed  by  use  of  descriptive  analysis  through a computer  based 

software called IBM Statistical  Package  for  Social  Sciences  (SPSS). 

3.2.6 Ethical Consideration 

All the respondents who answered the questionnaires were not required to reveal their 

identities by writing their names or any information that would give away their 

identities on the questionnaires. Thus, the respondents were assured of confidentiality 

and non-persecution arising from their responses.  

3.2.7 Limitations of the Baseline Study 

The ideal situation would have been to collect data from all the FRA warehouse depot 

locations in all provinces and districts. This was hindered by time, logistics and 

financial limitations. The study also faced apathy from the respondents as some of 

them believed they were being spied on by the organizations or the government. 

3.2.8 Presentation of Findings 

The data was summarized and presented in form of tables and figures such as pie charts 

and bar charts to facilitate understanding. 

3.3 System Automation 

The system requirements specification and model design phase of the research study 

employed the use of qualitative data which was supplied through interviews with 

warehouse supervisors and warehouse operation forms that were supplied by the FRA. 

The interviews with the warehouse supervisors provided a perspective of the current 

business processes FRA uses in its daily operations. The warehouse supervisor 

interviews and the warehouse forms also provided the qualitative data needed to 
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specify requirements for the system, design models and finally, develop the system 

prototype. The methodology that was used for the analysis, design and development 

of the software prototype system is the Object-Oriented Systems Development 

Methodology (OOSDM). This research study utilized some of the diagrammatic 

representations that are present in the Unified Modeling Language to visualize the 

system from various perspectives. The Object-Oriented System Development (OOSD) 

approach that was used in the system development process is one that is Use Case 

driven. The Object-Oriented System Development Life Cycle (OOSDLC) was used 

for the system development in this research study. Multiple iterations were carried out 

throughout the entire development cycle and the system was gradually built in small 

modular increments.  

3.3.1 System Architecture 

The diagrammatic representation of the system architecture of the RFID GIMS for 

FRA is shown in Figure 3.7.  

 

Figure 3.7: RFID GIMS system architecture 
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 The architecture has four main components. The four components are, 1) the RFID 

hardware constituting the readers and tags, 2) the ZigBee module constituting the 

ZigBee Microcontroller, transmitter, receiver and middleware, 3) the cloud service 

constituting RFID middleware, database storage and the user application and 4) the 

local service constituting RFID middleware, database storage and the user application 

as a fail-safe measure.  As shown in Figure 3.7, the RFID tag data read by the RFID 

reader is sent to the ZigBee WSN for transmission to the RFID Middleware housed in 

the cloud and on a local fail safe server.  ZigBee provides the wireless network required 

for the RFID reader and the RFID middleware to communicate wirelessly. In the cloud, 

the middleware server receives tag data for filtering and aggregation. The filtered data 

is then sent to the database server for storage. The receipt of tag data and other data 

related events at the middleware triggers an event which activates the event 

notification service. The event notification service stores the event in the database and 

sends a notification to the user. At the user interface is a user application server that 

the User uses to access the inventory management system. The inventory management 

system is accessed using a web browser. The application interface is developed using 

Java Server Pages (JSP). The local fail safe service also exists for contingency in case 

of internet unavailability or failures in the cloud. The User accesses the inventory 

management application on the local server using a web browser application created 

using JSP. The local and cloud servers constantly synchronize to ensure data integrity 

and completeness at all times. In case of internet or cloud service failure, the tag data 

can be sent to the local servers. The local servers can then update the cloud servers 

once services have been restored through synchronization. The cloud service is the 

primary service provider. 

3.3.2 Middleware Architecture 

In Figure 3.8, an architecture of the RFID middleware is shown. The RFID middleware 

constitutes application interface, event control, data processing, and device 

management modules. The ZigBee WSN transmits the tag data through the ZigBee 

middleware, the RFID middleware then receives the data for event control such as 
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filtering, notifications, and aggregation. The device management module manages the 

different types of hardware communicating with the middleware. The application 

interface provides an interface for the middleware and the database storage to 

communicate. The user applications access data stored in the database for inventory 

management operations. 

 

Figure 3.8: RFID Middleware Architecture 

3.3.3 System Requirements Specification 

In the system requirements specification phase of the research study, Object-Oriented 

Analysis (OOA) was used. System Requirements are descriptions of what the system 

should do, the services provided by that system and the constraints on its operation. 

Requirements reflect user needs for a system that serve a certain purpose. A 

requirement may also be described as a high-level abstract statement of a service that a 

system should provide or a constraint on the system [57]. Software system requirements 

can be categorized into functional and non-functional requirements. Sommerville [57], 

describes functional requirements as statements of services the system should provide 

and non-functional requirements as constraints on the services or function offered by 

the system 

The System Requirements Specification section, therefore, provides a complete 

description of all the functionalities and specifications for FRA’s proposed RFID 

GIMS. 
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a) Functional Requirements 

Table 3.1 details the functional requirements required for application processes. 

Table 3.1: Functional requirements - Application Processes 

FR1 Users with the relevant access rights shall have the ability to create 

records of all transporters delivering stock to and taking stock out of the 

warehouse sheds. (Such users may include a warehouse supervisor or his 

assistant). 

FR2 Users with the relevant access rights shall have the ability to edit records 

of all transporters delivering stock to and taking stock out of the 

warehouse sheds and their respective transaction details. (Such users may 

include a warehouse supervisor or his assistant. Transactions that may be 

carried out include receiving and dispatching stock). 

FR3 Users shall be able to generate reports daily, weekly, monthly of all 

transactions including, but not limited to, daily stock receipts and stock 

dispatches, weekly total counts per depot of stock receipts and dispatched 

and weekly summary reports of current stock balance at the depot. This 

shall be achieved by computing a count of all stock received through an 

RFID reader that will read RFID tags attached to the stock items and 

record the count in a database. 

FR4 The system shall keep count and record the IDs of all stock exiting and 

being delivered into the warehouse sheds. This shall be achieved through 

a fixed RFID reader at the warehouse doors that will read tags attached to 

the stock items and record them in a database. 

FR5 The system shall check against a database whether the RFID tags on stock 

items entering or exiting the warehouse sheds are valid or not. If the tag 

is valid, it shall proceed to the database program and register the stock 

item as present or not present in the warehouse. If the tag is invalid, the 

system shall give an alert that the tag has not been registered to any stock 

item. 

FR6 The tags on each bag of stock to be taken out of the warehouse shed shall 

be given explicit system clearance to be taken out of the warehouse by 

warehouse staff with the appropriate access rights. If bags are taken out 

of the warehouse shed without proper system clearance, the system shall 
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send out an alert. 

FR7 The system administrator shall have the ability to create a new system 

user. 

FR8 The system administrator shall have the ability to remove a user from the 

system. 

FR9 The system administrator shall have the ability to edit a user’s system 

access properties. 

FR10 The system administrator shall have the ability to block all access to the 

system for all users or selectively by user. (All blocked users with active 

sessions shall automatically be logged off.) 

FR11 Users with the relevant access rights shall have the ability to perform 

inventory transactions. (Transactions that may be carried out include 

receiving and dispatching stock). 

 

Table 3.2 details the system’s information and data flows. 

Table 3.2: Functional requirements - system information and data flows 

FR12 The system shall retrieve data from readers. 

FR13 The system shall acknowledge receipt of all data received from the RFID 

reader and any data entered into the system by users. 

FR14 The system shall generate inventory movement event notifications. 

FR15 The system shall capture history of any RFID activity. 

FR16 The system shall replace all invalid data with zero values. 

FR17 The system shall keep track of data invalids. 

FR18 RFID system middleware shall perform data filtering. 

b) Non-Functional Requirements 

Table 3.3 details the hardware performance requirements the system shall abide by. 

Table 3.3: Non-functional requirements - hardware performance requirements 

NFR1 RFID tags shall possess anti-collision capability allowing the reading of 

multiple tags simultaneously achieving read rates of up to 96 bits of 

information per second. 
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NFR2 Semi-passive tags of Ultra High Frequency (UHF) with read ranges of up 

to 100m, read/write storage of up to 128 kilobytes and frequency ranging 

from 860MHz to 2.45GHz shall be used. 

NFR3 All stock items in the warehouse sheds shall have tags and unique tag 

identities (IDs) so that all information can be accessed by the system. 

NFR4 RFID tags shall be read/write chip-based tags. 

NFR5 RFID readers/antennas shall be long range operating at an Ultra High 

Frequency (HF). 

NFR6 A portable hand-held reader shall be used for internal warehouse 

inventory counts and a fixed reader gate shall be stationed at the 

warehouse entrances to detect movement of stock items in and out of the 

warehouse. 

NFR7 All hardware shall run on standard power (220/240v). 

 

Table 3.4 details the software performance requirements the system shall abide by. 

Table 3.4: Non-functional requirements - software performance requirements 

NFR8 The software shall take optimal advantage of all language, compiler, and 

system computational features and resources to reduce run times to the 

minimum practical level. 

NFR9 All management software functions shall take optimal advantage of all 

language, compiler and system features and resources to reduce 

overheads to the minimum practical level. 

NFR10 All input and output, and storage and retrieval operations shall take 

optimal advantage of all system resources to reduce overhead and latency 

to the minimal practical level. 

NFR11 Operating system, message passing and middleware, and programming 

language(s) used shall follow industry standards and be commonly 

available and widely used. 

NFR12 The system shall monitor tag and network performance. 

NFR13 The system shall perform reader integration and control. 

NFR14 The system shall be user-friendly and intuitive. Context sensitive help 

screens, prompts and meaningful error messages shall be provided. 
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Table 3.5 details the systems’ availability and reliability requirements specifications. 

Table 3.5: Non-functional requirements - reliability and availability 

NFR15 The system shall be self-monitoring.  It will be capable of detecting and 

reporting on any failures, warnings or errors. 

NFR16 The hardware part of the system shall be able to perform indefinitely 

without complete loss of service, except in the event of total failure of 

primary and backup power. 

NFR17 The system shall be able to sit at idle and resume operations with minimal 

delay. 

NFR18 The system shall be capable of operating in offline mode if connection to 

the network is lost. 

NFR19 Data captured whilst in offline mode shall be uploaded to the system when 

the connection is restored. 

NFR20 System failure shall not compromise data integrity. 

 Table 3.6 details the systems’ serviceability requirements specifications. 

Table 3.6: Non-functional requirements - system serviceability 

NFR21 All system processing and interconnect hardware shall be readily 

accessible for maintenance, repair, replacement and/or reconfiguration. 

NFR22 All software application modules shall be debuggable. 

NFR23 All software processes shall be killable, restartable, debuggable and 

testable without affecting normal operations. 

Table 3.7 details the systems’ security requirements specifications. 

Table 3.7: Non-functional requirements - security 

NFR24 All users using the system shall login using some form of unique 

identification (e.g., username or employee number and password) 

NFR25 All login attempts shall be done in a secure manner. (e.g., encrypted 

passwords) 
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NFR26 A system administrator shall have unrestricted access to all aspects of 

the system. 

NFR27 Each user shall have a set of system access properties that defines the 

user’s privileges within the system. (e.g., the subsystems a user may 

control or system tools the user may access). 

NFR29 Encryption shall be ensured at all interfaces where data could be 

intercepted or transmitted. This may be on the medium itself, the tag-

reader or reader-host communication. 

Table 3.8 details the systems’ installation and upgrade requirements specifications 

Table 3.8: Non-functional requirements - installation and upgrades 

NFR30 The system shall continue operations, although not necessarily at full 

capacity, on all unaffected resources during partial shutdowns for 

maintenance, repair and/or upgrade. 

NFR31 Modular design principles shall be employed to the maximum extent 

possible. 

NFR32 The system shall be able to handle non-real-time operations in a 

transparent fashion (i.e., as if real-time). 

Table 3.9 details the systems’ documentation requirements specifications. 

Table 3.9: Non-functional requirements - documentation 

NFR33 Full documentation for all functionality and any user maintenance of the 

system shall be provided. 

NFR34 Any future upgrades to the system shall be accompanied by full 

explanatory documentation. 

NFR35 The software system and application code shall be well documented and 

written in a generally familiar language.  Software shall be written in a 

style that is easily readable and using practices that allow for minimal 

confusion. 
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3.3.4 System Modeling and Design 

To design the system models for the RFID GIMS, Object-Oriented Design (OOD) was 

used.  

a) Interaction Models – Use Cases 

Use case modeling is used to model interactions between a system and external actors 

which may include users and other systems [57]. Actors are a representation of the roles 

that people, other systems or devices take on when communicating with particular Use 

Cases in the system [63]. Table 3.10 shows the actors and description of each actor in 

the RFID GIMS. 

Table 3.10: RFID GIMS Actors and Actor Descriptions 

Actor Description 

RFID reader The RFID reader is responsible for recording inventory 

stock items by detecting the tags attached to the items and 

sending data read from tags to the middleware. 

RFID Middleware The RFID middleware sits between the RFID hardware 

and the backend database. It therefore is responsible for all 

computations, retrieving data from the reader, data 

filtering, event handling, and RFID system monitoring, 

and providing notifications where necessary. 

Marketing Officer The Marketing Officer is the manager in charge of grain 

marketing which includes managing depots which consist 

of warehouse sheds through Warehouse Supervisors.  

Assistant Marketing 

Officer 

The Assistant Marketing Officer assists the Marketing 

Officer in the management of the depot.  

Warehouse Supervisor The Warehouse Supervisor is assigned warehouse sheds to 

manage the daily activities that occur at the warehouses 

and ensures that all business processes, transactions and 

activities are correctly executed. 

Assistant Warehouse 

Supervisor 

The Assistant Warehouse Supervisor assists the 

Warehouse Supervisor in his or her warehouse supervision 

duties. 
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Senior Manager The Senior Manager is in top management and is 

concerned with generating reports to track the 

performance at the various depots. 

Staff The Staff member is an ordinary staff member who has 

limited access to system functionalities and is restricted to 

logging in, viewing inventory and Transporter 

information. 

Administrator The Administrator is responsible for the administration of 

the entire system and has access to all aspects of the 

system. 

 

Figure 3.9 is a diagrammatic representation of the actors and the respective Use Cases 

for each actor which includes the RFID reader and middleware in the RFID GIMS. 

 

Figure 3.9: RFID System Management Use Cases 
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Table 3.11 details the descriptions of each Use Case identified in the Use Case diagram 

in Figures 3.9 for RFID system management. 

 

Table 3.11: RFID system management Use Case descriptions 

Use Case Description 

Generate Inventory 

Movement 

Notifications 

The middleware can generate inventory movement 

notifications upon observing stock movements recorded 

by the reader. 

Capture RFID Activity 

History 

Whenever the reader records any movement of stock in 

and out of the warehouse, middleware keeps a record of 

all activities in the history logs. 

Retrieve Data from 

Reader 

When tagged stock items are in the readers’ read range, 

the reader captures the information then the middleware 

retrieves that data from the reader for processing. 

Integrate and Control 

Reader 

The middleware integrates and controls the reader to 

ensure the RFID system operations are correct and are 

synchronizing accurately. 

Monitory Tag and 

Reader Network 

Tag and reader network activities and performance are 

monitored by the middleware. This is done to ensure 

prompt action is taken in the event that any problematic 

issues arise.   

Keep Stock Item Count The middleware computes the count of all tagged items 

passing through the readers’ read range and stores the 

result in the database. 

Read Tag When tagged stock items come in contact with the RFID 

reader, the reader records all tag information relating to 

that tag identities (IDs) and sends them to the middleware 

for filtering and storage in the database. 

Send Tag Data When the reader reads data from the tag, it sends the data 

to middleware for processing and filtering. 

 

In Figure 3.10, the actors and Use Cases involved in the user application interface of 

the RFID GIMS are shown. 
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Figure 3.10: RFID GIMS warehouse and user management Use Cases 

Table 3.12 details the descriptions of each Use Case identified in the Use Case diagram 

in Figures 3.10 for the RFID GIMS warehouse and user management. 

Table 3.12: RFID GIMS warehouse and user management Use Case descriptions 

Use Case Description 

Login A registered user is able to login to access system 

functionality according to his or her access rights using his 

or her authentication details. 

View Inventory All logged in users are able to view all inventory 

information stored in the database through a user interface 

regardless of their access rights. 
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Edit Inventory 

Attributes 

Users with the appropriate access rights can edit attributes 

pertaining to inventory such as inventory stock item name, 

source of stock items, supplier and so on. 

Create Inventory 

Attributes 

Users with the relevant access rights can create inventory 

stock item attributes such as inventory stock item name, 

source of stock items, supplier and so on. 

Generate Inventory 

Report 

Users with the relevant access rights can generate various 

inventory stock reports. 

View Transporter 

Information 

All logged in users are able to view all transporter 

information stored in the database through a user interface 

regardless of their access rights. 

Create Transporter 

Record 

Users with the relevant access rights can record transporter 

details of all Transporters that deliver stock into and out of 

the warehouse depots. 

Edit Transporter 

Record 

Users with the relevant access rights can edit Transporter 

details of all transporters that deliver stock into and out of 

the warehouse depots. 

Perform Inventory 

Transaction 

Users with relevant access rights can perform an inventory 

transaction which can be a receiving or dispatch 

transaction. 

Provide Tag Clearance Users that in charge of warehouse management and have 

the relevant system access rights can provide clearance for 

all tagged stock items to be taken out of the warehouse. 

View RFID Event 

Notifications 

Users with the relevant access rights can view any RFID 

events that are flagged by the RFID system; they can then 

take appropriate action depending on the event. 

Create User When a new staff member joins the warehouse 

management team, his or her details are recorded by the 

system administrator. 

Edit User When a staff member’s details need updating, the 

administrator edits his or her details and updates the 

database records. 

Remove User When a staff member no longer works at the warehouse 
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management section, the administrator may remove him 

from the list of active users in the database.  

Block User The administrator may block a user when they no longer 

work at the warehouse management section, if they have 

been suspended from work or in if any event occurs that 

requires the blocking of users from accessing the system. 

b) Interaction Models – Communication and sequence diagrams 

Communication diagrams provide useful views of the internal details of the system. 

They explicitly show the interaction between objects [63]. Sequence diagrams on the 

other hand, are used to model the interactions between the actors and the objects in a 

system and the interactions between the objects themselves. [57]. This section details 

the communication and sequence diagrams for each Use Case depicted in Figure 3.9 

and Figure 3.10. In the communication and sequence diagrams, three class stereotype 

symbols are depicted. A class stereotype represents particular kinds of classes that are 

encountered repeatedly during requirements modeling [63].  A class is a uniquely 

identified abstraction of a set of logically related instances that share similar 

characteristics [62]. Table 3.13 [63]  gives a description of each of the three symbols. 

Table 3.13: Communication and sequence diagram symbols 

Symbol Description 

 

Boundary Class Stereotype: Models the interaction 

between a system and its actors. 

 

Control Class Stereotype: Represents coordination, 

sequencing, transactions and control of other objects. 

 

Entity Class Stereotype: Models information and 

associated behavior of some phenomenon or concept such 

as an individual, a real-life object or a real life-event. 

Generate Inventory Movement Notifications 

In Figure 3.11, the middleware monitors the reader for any activity. If data is being read 

by the reader, middleware gets reader data. The user interface (UI) then starts and then 

the control object is instantiated. The control object then obtains the reader data events 
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from the RFID middleware and generates the event. It then asks the History Log to get 

the event for storage in the history log and it also tells the Notification to get the event. 

The control object then asks the boundary object to show the notification at the user 

application interface. 

 

Figure 3.11: Generate inventory movement notifications communication diagram 

The sequence of events for the Generate Inventory Movement Notification Use Case 

are shown in Figure 3.12. The sequence diagram synchronizes with the communication 

diagram in Figure 3.11 and shows the interactions between the objects indicated by the 

annotated arrows. 

 

Figure 3.12: Generate inventory movement notifications sequence diagram 

Capture RFID Activity History 

In Figure 3.13, the middleware monitors the reader for any activity. If data is being read 

by the reader, middleware gets reader data. The user interface (UI) then starts and then 
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the control object is instantiated. The control object then obtains the reader data events 

from the RFID middleware and captures the history. It then asks the History Log entity 

object to get the history for storage in the log. 

 

Figure 3.13: Capture RFID activity history communication diagram 

In Figure 3.14, a synchronization of the communication in Figure 3.13 is shown in the 

form of sequence diagram. The sequence of events for the Capture RFID activity 

History Use Case are shown. 

 

Figure 3.14: Capture RFID activity history sequence diagram 

Retrieve Data from Reader 

In Figure 3.15, the middleware monitors the reader for any activity. If data is being read 

by the reader, middleware gets reader data. The user interface (UI) then starts and then 

the control object is instantiated. The control object then obtains the reader data from 

the RFID middleware. It then asks the Event entity object to generate an event. The 

control object then asks the notification to get the event from the Event entity object, 
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after which the Notification entity object generates a notification. Next the control 

object asks the History Log to get the notification and generate the history. Finally, the 

control object instructs the boundary object to show the notification of the data retrieval 

event. 

 

Figure 3.15: Retrieve data from reader communication diagram 

In Figure 3.16, a synchronization of the communication in Figure 3.15 is shown in the 

form of sequence diagram. The sequence of events for the Retrieve Data from Reader 

Use Case are shown. 

 

Figure 3.16: Retrieve data from reader sequence diagram 

Integrate and Control reader 

In Figure 3.17, the middleware monitors the reader for any activity. The user interface 

(UI) then starts and then the control object is instantiated. The control object then 

integrates and controls the reader. It then asks the Event entity object to generate an 

event. The control object then asks the Notification to get the event from the Event 
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entity object and generate a notification of integrate and control reader event. 

 

Figure 3.17: Integrate and control reader communication diagram 

In Figure 3.18, a synchronization of the communication in Figure 3.17 is shown in the 

form of sequence diagram. The sequence of events for the Integrate and Control Reader 

Use Case are shown. 

 

Figure 3.18: Integrate and control reader sequence diagram 

Monitor Tag and Reader Network 

In Figure 3.19, the middleware firstly monitors the tag and reader network. The user 

interface (UI) then starts and then the control object is instantiated. The control object 

monitors the tag and reader network. It then asks the Event entity object to generate an 

event. The control object also asks the Notification to get the event from Event entity 

object and generate a notification. 
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Figure 3.19: Monitor tag and reader network communication diagram 

The sequence diagram in Figure 3.20 is a synchronization of the communication 

diagram in Figure 3.19. The sequence of events for the Monitor Tag and Reader 

Network Use Case are shown. 

 

Figure 3.20: Monitor tag and reader network sequence diagram 

Keep Stock Item Count 

In Figure 3.21, middleware firstly monitors the reader. If any reader activity is detected, 

the user interface (UI) starts and then the control object is instantiated. The control 

object counts the stock. It then asks the Stock Count entity object to get the stock count 

for storage. 
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Figure 3.21: Keep stock item count communication diagram 

The sequence diagram in Figure 3.22 is a synchronization of the communication 

diagram in Figure 3.21. The sequence of events for the Keep Stock Item Count Use 

Case are shown. 

 

Figure 3.22: Keep stock item count communication diagram 

Read Tag 

In Figure 3.23, the reader firstly monitors tag activity. The user interface (UI) then starts 

and then the control object is instantiated. The control object reads the tags as tag come 

in the RF range of the reader. The control object then asks Event entity object to 

generate an event. 
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Figure 3.23: Read tag communication diagram 

The sequence diagram in Figure 3.24 is a synchronization of the communication 

diagram in Figure 3.23. The sequence of events for the Read Tag Use Case are shown. 

 

Figure 3.24: Read tag sequence diagram 

Send Tag Data 

In Figure 3.25, the reader firstly monitors tag activity. If tag activity is detected, the 

reader then reads the tag. The user interface (UI) then starts and then the control object 

is instantiated. The control object then sends tag data to middleware. The control object 

then asks Event entity object to generate an event. 
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Figure 3.24: Send tag data communication diagram 

The sequence diagram in Figure 3.26 is a synchronization of the communication 

diagram in Figure 3.25. The sequence of events for the Send Tag Data Use Case are 

shown. 

 

Figure 3.26: Send tag data sequence diagram 

Login 

In Figure 3.27, the login user interface (UI) is started and then the control object is 

instantiated. The control object prompts the user for login credentials and authenticates 

the user upon supplying the correct login credentials. It then asks User entity object to 

get the user account from the database. The control object finally asks the boundary 

object to display the welcome screen to the user at the application interface. 
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Figure 3.27: Login communication diagram 

The sequence diagram in Figure 3.28 is a synchronization of the communication 

diagram in Figure 3.27. The sequence of events for the Login Use Case are shown. 

 

Figure 3.28: Login sequence diagram 

View Inventory 

In Figure 3.29, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the inventory records from the Stock Inventory 

entity object. The User selects the inventory they want to view and then the control 

object executes the view inventory transaction. The control object finally asks the 

boundary object to display the inventory. 
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Figure 3.29: View inventory communication diagram 

The sequence diagram in Figure 3.30 is a synchronization of the communication 

diagram in Figure 3.29. The sequence of events for the View Inventory Use Case are 

shown. 

 

Figure 3.30: View inventory sequence diagram 

Edit Inventory Attributes 

In Figure 3.31, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the inventory from the Stock Inventory entity 

object. The User selects the inventory they want to edit, User modifies the attributes 

and then the control object executes the edit inventory transaction. The control object 

then asks Stock Inventory to update the inventory record. The control object finally 

asks the boundary object to display the edited inventory record. 
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Figure 3.31: Edit inventory attributes communication diagram 

The sequence diagram in Figure 3.32 is a synchronization of the communication 

diagram in Figure 3.31. The sequence of events for the Edit Inventory Attributes Use 

Case are shown. 

 

Figure 3.32: Edit inventory attributes sequence diagram 

Create Inventory Attributes 

In Figure 3.33, User brings the tag into the read range of the reader and the tag Id they 

want to attach inventory attributes to is read. The user interface (UI) is started and then 

the control object is instantiated. User adds the attributes and then the control object 

executes the create inventory transaction. The control object then asks Stock Inventory 

to create an inventory record. The control object finally asks the boundary object to 

display the created inventory record. 
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Figure 3.33: Create inventory attributes communication diagram 

The sequence diagram in Figure 3.34 is a synchronization of the communication 

diagram in Figure 3.33. The sequence of events for the Create Inventory Attributes Use 

Case are shown. 

 

Figure 3.34: Create inventory attributes sequence diagram 

Generate Inventory Report 

In Figure 3.35, the User selects the report type they want to generate. The user interface 

(UI) is started and then the control object is instantiated. The control object executes 

the generate inventory report transaction. The control object then asks Stock Inventory 

Report to create an inventory report. The control object finally asks the boundary object 

to display the generated inventory report. 
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Figure 3.35: Generate inventory report communication diagram 

The sequence diagram in Figure 3.36 is a synchronization of the communication 

diagram in Figure 3.35. The sequence of events for the Generate Inventory Report Use 

Case are shown. 

 

Figure 3.35: Generate inventory report sequence diagram 

View Transporter Information 

In Figure 3.37, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the transporter records from the Transporter Details 

entity object. The User selects the transporter they want to view and then the control 

object executes the view transporter information transaction. The control object finally 

asks the boundary object to display the transporter information. 
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Figure 3.36: View transporter information communication diagram 

The sequence diagram in Figure 3.38 is a synchronization of the communication 

diagram in Figure 3.37. The sequence of events for the View Transporter Information 

Use Case are shown. 

 

Figure 3.37: View transporter information sequence diagram 

Create Transporter Record 

In Figure 3.39, the user interface (UI) is started and then the control object is 

instantiated. User enters transporter details and then the control object executes the 

create transporter record transaction. The control object then asks Transporter Details 

to create a transporter record. The control object finally asks the boundary object to 

display the created transporter record. 
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Figure 3.38: Create transporter record communication diagram 

The sequence diagram in Figure 3.40 is a synchronization of the communication 

diagram in Figure 3.39. The sequence of events for the Create Transporter Record Use 

Case are shown. 

 

Figure 3.40: Create transporter record sequence diagram 

Edit Transporter Record 

In Figure 3.41, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the transporter records from the Transporter Details 

entity object. The User selects the transporter record they want to edit, User modifies 

the details and then the control object executes the edit transporter transaction. The 

control object then asks Transporter Details to update the transporter record. The control 

object finally asks the boundary object to display the edited transporter record. 
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Figure 3.41: Edit transporter record communication diagram 

The sequence diagram in Figure 3.42 is a synchronization of the communication 

diagram in Figure 3.41. The sequence of events for the Edit Transporter Record Use 

Case are shown. 

 

Figure 3.42: Edit transporter record sequence diagram 

Perform Inventory Transaction 

In Figure 3.43, the user interface (UI) is started and then the control object is 

instantiated.  Then the control object gets the transporter records. The User selects the 

transaction type and the transporter associated with that transaction. The control object 

then executes the transaction. The control object then instructs Transaction Records to 

create a transaction record. It then instructs Stock Inventory to get transaction records 

from Transaction Records and the transporter records from Transporter Details. Finally, 

the control object instructs the boundary object to show the transaction record. 
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Figure 3.43: Perform inventory transaction communication diagram 

The sequence diagram in Figure 3.44 is a synchronization of the communication 

diagram in Figure 3.43. The sequence of events for the Perform Inventory Transaction 

Use Case are shown. 

 

Figure 3.44: Perform inventory transaction sequence diagram 

Provide Tag Clearance 

In Figure 3.45, the user interface (UI) is started and the control object is instantiated. 

The control object gets the inventory from Stock Inventory. The User selects the tag 

range that they want to clear for release. The control object then executes the clear tag 

transaction. It asks Stock Inventory to clear the tags and then asks Event to get the event 

from Stock Inventory and to generate the event. The control object finally asks the 

boundary object to show the cleared inventory. 
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Figure 3.45: Provide tag clearance communication diagram 

The sequence diagram in Figure 3.46 is a synchronization of the communication 

diagram in Figure 3.45. The sequence of events for the Provide tag Clearance Use Case 

are shown. 

 

Figure 3.46: Provide tag clearance sequence diagram 

View RFID Event Notifications 

In Figure 3.47, the user interface (UI) is started and the control object is instantiated. 

The control object asks Notification to get the event from Event. It then runs the 

transaction to view the event notification. The control object then asks Notification to 

generate the notification. Finally, the control object asks the boundary to display the 

notification. 
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Figure 3.47: View RFID event notification communication diagram 

The sequence diagram in Figure 3.48 is a synchronization of the communication 

diagram in Figure 3.47. The sequence of events for the View RFID Event Notification 

Use Case are shown. 

 

Figure 3.48: View RFID event notification sequence diagram 

Create User 

In Figure 3.49, the user interface (UI) is started and then the control object is 

instantiated. User enters user details and then the control object executes the create user 

record transaction. The control object then asks User to create a user record. The control 

object finally asks the boundary object to display the created user record. 
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Figure 3.49: Create user communication diagram 

The sequence diagram in Figure 3.50 is a synchronization of the communication 

diagram in Figure 3.49. The sequence of events for the Create User Use Case are shown. 

 

 

Figure 3.50: Create user sequence diagram 

Edit User 

In Figure 3.51, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the user records from the User entity object. The 

User selects the user record they want to edit, User modifies the details and then the 

control object executes the edit user transaction. The control object then asks User to 

update the user record. The control object finally asks the boundary object to display 

the edited user record. 

 



 

- 80 - 

 

 

Figure 3.51: Edit user communication diagram 

The sequence diagram in Figure 3.52 is a synchronization of the communication 

diagram in Figure 3.50. The sequence of events for the Edit User Use Case are shown. 

 

Figure 3.52: Edit user sequence diagram 

Remove User 

In Figure 3.53, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the user records from the User entity object. The 

User selects the user record they want to remove, then the control object executes 

remove user transaction. The control object then asks User to update the user records. 

The control object finally asks the boundary object to display the user records. 
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Figure 3.53: Remove user communication diagram 

The sequence diagram in Figure 3.54 is a synchronization of the communication 

diagram in Figure 3.53. The sequence of events for the Remove User Use Case are 

shown. 

 

 

Figure 3.54: Remove user sequence diagram 

Block User 

In Figure 3.55, the user interface (UI) is started and then the control object is 

instantiated. The control object gets the user records from the User entity object. The 

User selects the user record they want to block, then the control object executes block 

user transaction. The control object then asks User to update the user records. The 

control object finally asks the boundary object to display the user records. 

 



 

- 82 - 

 

 

Figure 3.55: Block user communication diagram 

The sequence diagram in Figure 3.56 is a synchronization of the communication 

diagram in Figure 3.55. The sequence of events for the Block User Use Case are shown. 

 

 

Figure 3.56: Block user sequence diagram 

c) Structural Models – Class Diagram 

Class diagrams in an object-oriented system model are used to show the classes in a 

system and the associations between these classes. An object class can be a general 

definition of one kind of system object. An association is a link between classes that 

shows that there is a relationship between these classes. Objects represent something in 

the real world, such as a person, a transaction, and so on [57]. Figure 3.57 shows a class 

diagram model of the RFID GIMS. The Figure shows the objects that have been 

identified to constitute the system and the relationships between the objects.
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Figure 3.57: RFID GIMS class diagram 
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d) Data Models 

Data Modeling attempts to provide a representation of user reality. It ignores some of 

the complexity of the real world and simplicity is attained by using a small set of 

constructs. Data Modeling through Entity Relationship Models (ER) attempts to reduce 

the organization’s world into a description of entities relationships. The ER modeling 

process is independent of the development platform or software. It enables 

unambiguous and accurate communication of understanding of the data resource at an 

abstract level. ER Models consist of entities, attributes and relationships [85].  

Entities are a collection of objects or concepts that are identified by an enterprise as 

having an independent existence and share common characteristics. Entities are usually 

abstract or concrete recognizable business concepts about which various data are stored. 

Entity objects or concepts are uniquely identifiable [85].  

Attributes on the other hand are pieces of information at an atomic level. They are 

properties of entities that of interest to an enterprise. In ER modeling, only a subset of 

an entity’s attributes which are directly related to the application are of interest. 

Attributes take on particular values [85].  

Finally, relationships are an association among entities. Relationships are often 

characterized by degrees, also known as, the degree of the relationship. The degree of 

the relationship denotes the number of entities involved with the relationship. Entity 

Relationships usually take on two forms namely, cardinality and participation 

constraints [85].   

Cardinality Constraints determine the number of possible relationships for each 

participating entity. Cardinality can be simply described as the number of allowed 

instances of entity “B” that can be associated with each instance of entity “A”. The 

most common degree for relationships is binary cardinality ratios of one-to-one (1:1), 

one-to-many (1: M) or many-to-many (M: N). On the other hand, Participation 

constraints determine whether the existence of an entity depends on it being related to 

another entity through the relationship [85]. 

In Figure 3.58 the ER diagram for the RFID GIMS is presented. 
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Figure 3.58: RFID GIMS ER diagram
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Reasonable assumptions were made about the entities and attributes that constituted the  

RFID GIMS. The entities and attributes are tabulated in Table 3.14. 

Table 3.14: RFID GIMS entities and attributes 

No. Entity Attribute 

1.  User For the entity instance User, the following attributes 

have been assumed: User Id, Username, First Name, 

Last Name, User Type, Password, Employee Number 

and NRC Number. 

2.  User Type For the entity instance User Type, the following 

attributes have been assumed: User Type Id and User 

Type. 

3.  Notification For the entity instance Notification, the following 

attributes have been assumed: Notification Id, Source, 

Notification Date and Time, and Event Notification. 

4.  Event For the entity instance Event, the following attributes 

have been assumed: Event Id, Event Type, Source, and 

Log. 

5.  Transporter 

Details 

For the entity instance Transporter Details, the following 

attributes have been assumed: Transporter Id, Depot 

Name, Date, Shed Name, Carrier Name, Truck Driver 

Name, Truck Driver Id, Receipt Id, Dispatch Id, and 

Vehicle Number. 

6.  Transaction For the entity instance Transaction, the following 

attributes have been assumed: Transaction Id, 

Transaction Type and Transaction Code. 

7.  Transaction 

Type 

For the entity instance Transaction Type, the following 

attributes have been assumed: Transaction Type Id and 

Transaction Type. 

8.  Receipt 

Transaction 

For the entity instance Receipt Transaction, the 

following attributes have been assumed: Receipt Id, 

Depot, Receipt GRN Number, Receipt Date, Suppliers 

Name, Suppliers Address, Goods Description, Received 

Bags Quantity, Received Quantity Metric Tonnes, Unit 
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of Measure, Received Quantity Words, Remarks, User 

Name, Bags Sample Weigh Total, Received Average 

Weight, Source, Commodity Type, and Truck Driver Id. 

9.  Dispatch 

Transaction  

For the entity instance Dispatch Transaction, the 

following attributes have been assumed: Dispatch Id, 

Loading Order Number, Dispatch IDT Number, 

Dispatch GIN Number, Dispatch Date, Destination, 

Goods Description, Issued Bags Quantity, Issued 

Quantity Metric Tonnes, Unit of Measure, Issued 

Quantity Words, Bags Sample Weigh Total, Issued 

Average Weight, User Name, Truck Driver Id, 

Commodity Type, and Dispatch Total Bag Count. 

10.  Crop Season For the entity instance Crop Season, the following 

attributes have been assumed: Season Id, and Season. 

11.  Stock Count For the entity instance Stock Count, the following 

attributes have been assumed: Stock Count Id, Date, 

Stack Number, Shed Name, Received Count, 

Dispatched Count, Opening Stock Count, Closing 

Balance Count, Total Stack Closing Balance, and Total 

Shed Count. 

12.  Inventory 

Stock Record 

For the entity instance Inventory Stock Record, the 

following attributes have been assumed: Stack Id, Tag 

Id, District, Depot Name, Commodity Type, User Name, 

Unit of Measure, Year Crop Purchased, Crop Season, 

Date of Last Fumigation, Crop Condition, Date, 

Opening Stock, Closing Stock Balance, Supplier Name, 

Supplier Id and Remarks. 

13.  District For the entity instance District, the following attributes 

have been assumed: District Id and District. 

14.  Depot For the entity instance Depot, the following attributes 

have been assumed: Depot Id and Depot Name. 

15.  Warehouse 

Shed 

For the entity instance Warehouse, the following 

attributes have been assumed: Shed Id and Shed Name. 
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16.  Commodity 

Type 

For the entity instance Commodity Type, the following 

attributes have been assumed: Commodity Type Id and 

Commodity. 

17.  Unit of 

Measure 

For the entity instance Unit of Measure, the following 

attributes have been assumed: Measure Id and Measure. 

18.  Year Crop 

Purchased 

For the entity instance Year Crop Purchased, the 

following attributes have been assumed: Year Crop 

Purchased Id and Year. 

19.  Fumigation 

Detail 

For the entity instance Fumigation Detail, the following 

attributes have been assumed: Fumigation Id, 

Fumigation Date and Remarks. 

20.  Crop 

Condition 

For the entity instance Crop Condition, the following 

attributes have been assumed: Crop Condition Id and 

Crop Condition. 

In Table 3.15, the Relational database schema for the RFID GIMS is presented. A 

relation is a table with columns and rows. Columns have named attributes of the 

relation while rows contain the records of the relation. A Relational database schema is 

a blueprint of how the database is logically constructed [85].  

Table 3.15: RFID GIMS relational database schema 

User (userId, NRCNumber, userType, username, firstName, lastName, password, 

employeeNumber) 

User Type (userTypeId, userType) 

Notification (notificationId, eventId, source, notificationDateTime, 

eventNotification) 

Event (eventId, eventType, source, log) 

Transporter Details (transporterId, depotId, shedId, employeeNumber, date, 

carrierName, truckDriverName, truckDriverId, receiptId, dispatchId, 

vehicleNumber) 

Transaction (transactionId, transactionType, transactionCode) 

Transaction Type (transactionTypeId. transactionType) 

 

Receipt Transaction (receiptId, receiptGRNNumber, depotId, receiptDate, 
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suppliersName, suppliersAddress, goodsDescription, receivedBagsQuantity, 

receivedQuantityMetricTonnes, measureId, receivedQuantityWords, remarks, 

employeeNumber, bagsSampleWeighTotal, receivedAverageWeight, source, 

commodityTypeId, truckDriverId) 

Dispatch Transaction (dispatchId, LONumber, dispatchIDTNumber, 

dispatchGINNumber, dispatchDate, destination, goodsDescription, 

issuedBagsQuantity, issuedQuantityMetricTonnes, MeasureId, 

issuedQuantityWords, bagsSampleWeighTotal, issuedAverageWeight, 

employeeNumber, truckDriverId, commodityTypeId, dispatchTotalBagCount) 

Crop Season (seasonId, season) 

Stock Count (stockCountId, date, stackId, shedId, receivedCount, dispatchedCount, 

openingStockBalance, closingBalanceCount, totalStackClosingBalance, 

totalShedCount) 

Stock Inventory Record (tagId, districtId, depotId, commodityTypeId, 

employeeNumber, measureId, YearCropPurchasedId, seasonId, FumigationId, 

cropConditionId, date, remarks, supplierName, supplierId) 

District (districtId, district) 

Depot (depotId, depotName) 

Warehouse Shed (shedId, shedName) 

Commodity Type (commodityTypeId, commodity) 

Unit of Measure (measureId, measure) 

Year Crop Purchased (yearCropPurchasedId, Year) 

Fumigation Detail (fumigationId, fumigationDate, remarks.) 

Crop Condition (cropConditionId, cropCondition) 

Stock Inventory Report (reportName, reportType, author) 

3.3.5 System Implementation 

The system firmware prototype application for the GIMS was developed using the Java 

Object-Oriented Programming (OOP) language. The hardware components used in this 

study to implement the prototype were the Adeept Arduino Uno Board R3, an RFID-

RC522 Funduino reader, a USB cable to connect the Arduino board to the computer 

and two Mifare RFID tags.  
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Arduino is a freely available prototyping platform based on easy to use hardware and 

software. It is used to build interactive prototypes and experiments. Arduino boards 

have the ability to read inputs e.g. light on a sensor or serials embedded in RFID tags. 

The Arduino then turns the input into an output e.g. publishing something online or 

giving out serials embedded in RFID tags. The Arduino board can be told what to do 

by sending a set of instructions to the microcontroller on the board. To do this, the 

Arduino programming language (based on wiring) is used and the Arduino software 

Integrated Development Environments (IDE) based on processing. Arduino runs on all 

major operating system platforms including Windows, Linux and MacOS. Arduino is a 

key tool to learn new things [86]. 

The Arduino board and the RFID reader were connected using serial pins. The Arduino 

MFRC522 library based on RC522 readers and Mifare RFID tags was used as the basis 

for programming the Arduino board to enable serial communication between the RFID 

and Arduino, also, between the Arduino board and the application on the computer. The 

USB cable was used to send the serial data from the Arduino board to the Java 

application on the computer. The USB cable was also used to power up the Arduino 

Board through the computer. The software development tools that were used to develop 

the application were NetBeans and Arduino IDE. Netbeans IDE was used to develop 

the java application for easy user interaction with the RFID/Arduino. Arduino IDE was 

used to program the Arduino board so that RFID tag serials could be read using the 

RFID reader and transmitted through the Arduino board to the computer. MySQL 

database which is freely available was used for storage of data. 

3.4 Summary 

In this chapter, the materials and methods that were used in the baseline study and the 

system automation prototype were outlined. A Mixed Methods Methodology was used 

in this research study. Homogenous purposive sampling was used in the selection of the 

sample size for the baseline study and an Object-Oriented System Development 

Methodology that is Use Case driven was used in the system design and 
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implementation.  System models including interaction models, structural models and 

data models were presented to provide the means by which the RFID GIMS may be 

implemented.
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CHAPTER FOUR 

RESULTS 
 

4.1 Introduction 

In this chapter, we present the results that were derived from the baseline study. We also 

present results for the implementation of the system prototype using screenshots of the 

system application and hardware.   

4.2 Baseline Line Study 

In this section, the results from the baseline study derived from analysis of each variable 

through descriptive statistics are presented. The presentation of the results is in form of 

tables, bar charts and pie charts. 

4.2.1 Demographic Data 

Quantitative data was collected from 42 respondents from Mungwi, Mwembeshi, 

Chongwe and Mumbwa FRA depots located in Lusaka and Central Provinces. The 

demographic study results are shown in the bar chart in Figure 4.1. 

 

Figure 4.1: Demographic data bar chart 

The questionnaire respondents were as follows:  11 (26.2%) from Chongwe Main Depot 
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of Lusaka Province, 10 (23.8%) from Mumbwa Depot of Central Province, 13 (31.0%) 

from Mungwi Depot of Lusaka Province and 8 (19%) from Mwembeshi Depot of 

Lusaka Province.  

4.2.2 Inventory management 

Stock Counting 

Table 4.1 shows that all the respondents from Chongwe, Mumbwa, Mungwi and 

Mwembeshi kept track of stock through physical counting in each warehouse shed.  

Table 4.1: Keeping track of stock  

 Physical counting 

Location 

 

Chongwe 11 

Mumbwa 10 

Mungwi 13 

Mwembeshi 8 

Total 42 

 

As regards stock counts, when asked when they last completed a physical stock count 

and produced a report, 52.4% said a day ago, the majority of which were from Mungwi 

(12) and Mwembeshi (8). The other respondents, 45.2% (19), said a week has passed 

since they completed a complete physical stock count and produced a report, of which 

10 were from Chongwe and 9 from Mumbwa. These statistics can be seen in Table 4.2. 

Table 4.2: Last completed physical stock count and report 

 Location Total 

Chongwe Mumbwa Mungwi Mwembeshi 

Last 

Completed 

Physical 

Stock 

Count and 

Report 

6 

months 

ago 

0 0 1 0 1 

A 

week 

ago 

10 9 0 0 19 

A day 

ago 

1 1 12 8 22 

Total 11 10 13 8 42 
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A summary of the results in Table 4.2 can be seen in bar chart shown in Figure 4.2.   

 

Figure 4.2: Last completed physical stock count and report bar chart 

Regarding the number of people counting stock per warehouse, the study results in 

Table 4.3 show that the majority 45.0% of respondents said that they engaged only two 

people to count stock per warehouse. 37.5% said they engaged three, while 12.5% said 

they engaged five and 4.8% said they engaged ten people. Two respondents did not 

answer the question.  

Table 4.3: Number of people counting stock per warehouse 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid Two 18 42.9 45.0 45.0 

Three 15 35.7 37.5 82.5 

Five 5 11.9 12.5 95.0 

Ten 2 4.8 5.0 100.0 

Total 40 95.2 100.0  

Missing System 2 4.8   

Total 42 100.0   
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Figure 4.3 is an illustrative summary of the results tabulated in Table 4.3. 

 

Figure 4.3: Number of people counting stock per warehouse bar chart 

In Figure 4.4, the method in which the bags of grain are stored is shown.  

 

Figure 4.4: Bags of grain stacked in warehouse 

The bags of grain are stacked in bocks. Each warehouse shed usually has eight stacks 

of grain, with each full stack containing about ten thousand, seven hundred and eighty 

(10, 780) fifty Kilogram (50kg) bags of grain. These stacks are counted using a block 

method of counting every single day to ensure the number of bags on each stack is as 

expected.  
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4.2.3 Inventory Records Management 

Table 4.4 shows that about 50.0% of the respondents stated that the inventory system 

records management maintained at FRA is one that is manual and is maintained using 

paper and spreadsheets. 35.7% stated that only paper was used and 14.3% said only 

excel spreadsheets were used.   

Table 4.4: Form in which records are kept 

 Frequency Percent Valid Percent 

Categories Paper 15 35.7 35.7 

Excel Spreadsheet 6 14.3 14.3 

Paper and Excel 

Spreadsheet 

21 50.0 50.0 

Total 42 100.0 100.0 

 

Figure 4.5 is a pie chart that summarizes the results shown in Table 4.4. 

 

Figure 4.5: Form in which records are kept pie chart 

In Figure 4.6 is an example of a document that is used to keep stock counts on a daily 

basis by the FRA. The document shown in Figure 4.6 is called a stack card. Stack cards 

are used to document opening and closing stock balances each day, they are also used 

to document cumulative totals of stock being brought into the warehouses by various 

transporters from different locations. A stack card is placed against each stack in the 

warehouse. 
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Figure 4.6: Records keeping using the stack card 

Apart from the stack card, there are other documents that the FRA uses to keep records 

and generate reports. In Figure 4.7 is a document sample of a weekly stock report 

template.  

 

Figure 4.7: FRA's weekly stock report 
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The warehouse managers at the warehouses use the weekly stock report template to 

document weekly balances of stock receipts and dispatches. In the weekly stock report, 

the condition of the stock is also taken note of, aside from the total grain counts. The 

document is then signed by the warehouse manager supervising that warehouse. 

In Figure 4.8, a weekly receipt summary report that is used by the FRA for stock receipts 

is shown.  

 

Figure 4.8: FRA's weekly stock receipt summary report 
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The warehouse managers fill out this form with the dates, the names of the suppliers 

supplying grain on those particular dates, the Goods Received Note Receipt numbers, 

quantities of stock received and the cumulative totals per day. The warehouse manager 

supervising the warehouse where this weekly receipt summary has been compiled then 

signs the document to ensure accountability. 

Figure 4.9 shows a weekly issues summary report sample that the FRA warehouse 

managers use to document any issues that may have occurred during the week regarding 

grain management. They document the date, the particulars of the issue, the 

GIN/IDT/IPT number that has issues, the quantity of goods affected, the commodity in 

question and the cumulative total. 

 

 

Figure 4.9: FRA's weekly issues summary report 
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4.2.4 Inventory Stock theft 

The study results in Table 4.5 show that 23.8% of the respondents agreed to the 

experience of theft at the warehouses while 76.2% disagreed to the experience of theft.  

Table 4.5: Theft experience 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid Yes 10 23.8 23.8 23.8 

No 32 76.2 76.2 100.0 

Total 42 100.0 100.0  

 

Figure 4.10 shows the summary of the results in Table 4.5 in form of a pie chart. 

 

 

Figure 4.10: Theft experience pie chart 

As regards the availability of security measures to mitigate theft, the results in Table 

4.6 show that all the respondents who answered the question regarding security 

measures being available to mitigate theft stated that theft mitigation measures were 

available.  

Table 4.6: Are security measure available to mitigate theft 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid Yes 39 92.9 100.0 100.0 

Missing System 3 7.1   

Total 42 100.0   
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4.3 System Implementation 

Manual methods of inventory management can be replaced with automated systems in 

order eliminate the challenges brought about by manual systems. In order to show how 

an automated inventory management system will work in FRA’s inventory 

management, a prototype was developed to show the proof of the concept. The 

prototype was implemented using RFID technology to show how automated tracking 

of inventory can be done. 

In this section, the current business processes that FRA uses in its inventory 

management are illustrated from the interviews that were conducted with the warehouse 

supervisors. The proposed business processes that the FRA can use to automate the 

grain inventory management are presented. The screenshots from the firmware 

prototype implementation Graphical User Interfaces (GUI) are presented. The 

screenshots include the hardware setup and the firmware prototype implementation. 

The functionalities that were implemented in the prototype were: the ability to login to 

the system, reading RFID tag serials, attaching meaningful auxiliary sample data to the 

RFID tags and saving it to the database, updating records attached to a particular RFID 

tag, deleting records from the database, showing records that are in the database in a 

table and refreshing the view. 

4.3.1 Current FRA Business Processes 

The current business processes that were described in the interviews with the 

warehouse supervisors are described in this section. Two types of transactions that 

constitute warehouse inventory management were identified. These transactions 

include, stock receipt and dispatch business process transactions. 

a) Current Stock Receipt Business Process Transaction 

In a stock receipt business process transaction, FRA buys stock from small scale 

farmers. FRA then delivers the stock to FRA warehouse depots for storage. The 

following is a description of the stock receipt business process transaction illustrated 

in Figure 4.12. 
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When a transporter carrying bags of grain reaches his destination, that is, the 

warehouse depot, there are FRA personnel at the gate that capture the details of that 

transporter. The records are kept in a book. Records such as the truck number plate, 

driver’s name, maize source, number of bags being carried by the truck are recorded. 

The transporter then proceeds to the weigh bridge to have the fully loaded stock truck 

weighed. At the weigh bridge, not only is the weight of the truck documented but the 

transporter details are also documented again. The weight of the loaded truck is 

compared against the weight that appears on the transporters documentation for 

verification purposes. 

There are one of two types of documents that the transporter may possess when 

delivering stock, these are either, the Inter Depot Transfer (IDT) Document or the Inter 

Provincial Transfer (IPT) Document. An example of an IDT document is shown in 

Appendix C.  

If the transporter is transporting stock from another province, the document he carries 

is the IPT document and tally sheets bearing the name of the person who authorized 

the transporter to deliver stock. On the other hand, if the transporter is moving stock 

from one FRA depot to another within the same province, he carries the IDT document 

and tally sheets bearing the name of the person who authorized the transporter to 

deliver. Tally sheets are documents used to tally individual bags as they are taken into 

and out of the warehouse for receiving or dispatch transactions. Figure 4.11 shows an 

example of a filled in tally sheet. An example of a full page blank Tally Sheet can be 

seen in Appendix D.   

 

Figure 4.11: FRA Warehouse Tally Sheet Example 

Tallying by bag 
Tally Sheet Number Transporter Details 
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Figure 4.12 illustrates FRA’s current stock receipt business process transaction. 

 

Figure 4.12: FRA's current stock receipt business process transaction
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The IDT and IPT documents contain a loading order number (LON) that is used to 

track a delivery. The unique LON is given to a particular seller and is used to track a 

delivery until the seller delivers all the stock bought by FRA. Many different 

transporters may transport the stock on the sellers’ behalf and possess the same 

transaction LON until the order has been successfully delivered. 

From the weigh bridge, the transporter proceeds to FRA offices to obtain a Tally Sheet 

to be used for documentation as the stock is offloaded at the warehouse shed. At the 

warehouse shed, a depot checker tallies each bag coming from the transporter’s truck 

into the warehouse on the tally sheet. Tallying is done to ensure that the number of 

bags offloaded from the truck matches the number of bags recorded in the transporters 

documentation. On completion of offloading, a Goods Received Note (GRN) is issued 

by the depot checker. The transporter again, proceeds to the weigh bridge to have the 

empty truck weighed. The second weighing is done so that the tonnage of the stock 

can be calculated. The GRN is updated with the weight of the delivered stock. The 

depot checker then forwards the GRN to the verifier at the payment office for 

verification of the delivery. Upon verification of the GRN, the transporter is paid. A 

copy of the GRN is given to the transporter and other copies are kept by FRA for 

documentation as can be seen in Figure 4.12. An example of a GRN is given in 

Appendix H.  

b) Current Stock Dispatch Business Process Transaction 

A dispatch transaction process is a process followed when FRA is selling maize and 

releasing it from FRA circulation. When a client buys stock from FRA, the buyer is 

given a loading order instruction (LOI) that has a LON on it instructing the warehouse 

supervisor to give the buyer the stock he has purchased. The buyer gives his transporter 

the Loading Order Instruction, who then proceeds to the weigh bridge to have the 

empty truck weighed. After weighing, the initial weight of the truck is documented. 

The transporter then proceeds to the warehouse shed to get the purchased stock. Figure 

4.13 illustrates FRA’s stock dispatch business process transaction.  
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Figure 4.13: FRA's current stock dispatch business process transaction
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At the warehouse, the transporter produces a LON and the depot checker checks the 

transporters documentation. Upon verification of the validity of the documents, stock 

is loaded onto the transporter’s truck. As the stock is being loaded onto the truck, the 

depot checker tallies on the tally sheet (refer to Figure 4.11) for each grain bag loaded 

until the order is completed. Tallying in this process is done to ensure the number of 

bags loaded onto the truck is recorded in the transporter’s documentation. The buyer 

may have several transporters transporting stock from FRA and they all carry the same 

LON until the order is complete. 

Upon completion of loading, the truck is weighed and then the tonnage of the truck is 

calculated by subtracting the initial weigh of the truck from the weight of the stock 

loaded truck. The depot checker issues a Goods Issue Note (GIN) which is then 

forwarded to the verifier at the payment office to verify the validity of the GIN. The 

buyer’s transporter is given a copy and then the transporter leaves FRA premises with 

the purchased stock as can be seen in Figure 4.13.  

4.3.2 Proposed FRA Business Process Models 

a) Overall Business Process Flow Model 

In this research study, alternative business process models based on the current 

business process transactions that are being used by FRA were proposed. Automating 

the current business processes that are being used by FRA which are paper and manual 

based is the change that is proposed in this section. Following is a description of the 

proposed FRA business process flow model from source to destination as shown in 

Figure 4.14.  

 

The source of the maize is in the villages. Small scale farmers bring maize that they 

have harvested from their fields to a central place in the village. The maize is initially 

brought in their own maize bags, they then purchase the FRA’s special grain bags at a 

small fee. The FRA only accepts maize delivered in their own specially manufactured 

bags. 
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Figure 4.14: Proposed business process flow from source to destination
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At the central loading place in the village, the farmers transfer the maize to FRA bags, 

they then tag each grain filled bag with an RFID tag and then seal the bag. The tagged 

grain bags are then passed through an RFID antenna/reader placed at the central 

loading place in the village. Tag data from the RFID chips in the grain bags is read by 

the RFID readers and transmitted via the ZigBee WSN to the middleware which is 

housed in servers in the cloud.  At the middleware, the tags in each grain bag are 

programmed with information relating to that bag.  

After the tags have been programmed, the farmers then load the bags into the 

transporter’s truck for transportation to the district warehouse depots for temporary 

storage. At the district depots, RFID readers/antennas are installed at the warehouse 

doors to enable reading of the tagged bags and keeping stock count. Middleware 

verifies stock count when the stock is being taken into the warehouses or when it is 

being taken out of the warehouse. Stock at the district depots is usually transferred 

when the next farming season is almost approaching, which necessitates clearing up 

space for the new stock from the latest farming season.  From the district depots, stock 

is passed through the readers at the doors and loaded onto the transporter’s truck for 

transportation to the provincial warehouse depots for permanent storage. 

At the provincial warehouse depots, readers are installed at the warehouse doors and 

at the main gates. As the transporter passes through the gate with stock, the reader 

automatically performs a count and checks it against the records in the database that is 

housed in the cloud. At the warehouse doors readers are there to ensure verification of 

storage of stock in the warehouse and stock count. The stock is stacked in the 

warehouse and is stored there until need arises to perform selling transactions or to 

transfer stock to another warehouse shed in the same depot or to another FRA depot.  

The RFID readers in the new system replace tally sheets. Readers perform counting of 

stock automatically as tagged bags come in the RF range of the readers. Also, the 

transporters details do not always have to be captured at every stage, they are only 

captured once. This saves on time and greatly reduces human errors. The middleware 

performs the task of automated inventory management and documentation can be 
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printed out as needed from the records kept in the database, these can be GRNs, GINs, 

IPTs or IDTs. 

At the provincial and district offices, the two main transactions that take place are 

illustrated in Figure 4.15 and Figure 4.16 The two processes are automated versions of 

the current transaction process flows shown in Figure 4.12 and Figure 4.13. The 

transactions fit into the bigger picture illustrated in the overall business process flow 

from source to destination in Figure 4.14. 

b) Proposed Automated Stock Receipt Business Process Transaction 

Model 

Figure 4.15 is an illustration of the proposed stock receipt business process transaction 

model that takes place after the stock has been transported from the village to the 

district and also, from the district to the province. The process takes place at the district 

and provincial levels. Following is the process description. 

At the gate, as the transporter comes through from the village or the district, FRA 

personnel check for his details in the database that is housed in the cloud, if the 

information does not exist, a new record is created.  The RFID reader at the gate 

automatically reads tags attached to the grain bags as the truck passes through the gate. 

The count record of the stock the transporter is carrying on the truck is added to his 

record.   

The transporter then proceeds to the weigh bridge to have the fully stocked truck 

weighed, the weight is entered as part of that transporter’s transaction record.  The 

weight is compared against the initial weight that the transporter has in his records in 

the database from the source.  

From the weigh bridge, the transporter proceeds to the warehouse shed and produces 

a LON which the Depot Check checks for in the database. If the LON is present in the 

database, the transporter is given a go ahead to offload stock at the shed. If the 

transporter does not present a valid LON, or if it is not present in the database the 

Depot Checker prohibits the transporter from offloading until he presents a valid LON.  
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Figure 4.15: Proposed stock receipt business process transaction model for FRA
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At the warehouse shed as the stock is being offloaded into the warehouse, a reader is 

strategically placed at the warehouse doors to keep track of all tagged bags being taken 

into the warehouse. On completion of the offload, a GRN is generated by the system. 

The transporter then proceeds to the weigh bridge to have the empty truck weighed so 

that the weight of the stock can be computed. The GRN is then updated with the weight 

of stock. The GRN is then sent to the Verifier at the Payment Office by the Depot 

Checker for verification of the GRN. Upon verification of the GRN, the Verifier prints 

the GRN and gives the transporter a copy, then pays the transporter his dues.   

c) Proposed Automated Stock Dispatch Business Process Transaction 

Model 

Figure 4.16 shows the proposed dispatch process model. When a client buys stock 

from FRA, the buyer’s purchasing details are entered in the database and a Loading 

Order Instruction Number is generated. The LOI is printed and given to the buyer.  

The buyer gives his transporter the LOI, who then proceeds to the warehouse shed to 

get the purchased stock. On his way to the warehouse shed, the transporter passes 

through the weigh bridge firstly to have his empty truck weighed. The weight of the 

empty truck is entered in the database against the buyer’s record. The transporter then 

proceeds to the warehouse shed.  

At the shed, the transporter produces the LOI which consists of the LON. The depot 

checker at the shed checks for the LON in the database. After confirming the validity 

of the LON, the transporter’s truck is then loaded with stock. As the stock is taken out 

of the warehouse onto the transporter’s truck, the RFID reader keeps track of all stock 

leaving the warehouse. Middleware computes the count on completion of the loading 

and generates a GIN.  

The transporter then proceeds to the weigh bridge to have the stock loaded truck 

weighed. The weight is entered in the database and the weight of the stock the 

transporter is carrying is computed and stored in the database. 
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Figure 4.16: Proposed stock dispatch business process transaction model for FRA
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The GIN is updated with the weight of the stock. The GIN is then sent to the Verifier 

by the checker for verifying of the GIN. Upon verification, the GIN is printed and a 

copy is given to the transporter and the transporter can then leave with the purchased 

stock. As he leaves the gate, the reader at the gate performs a last count of the stock on 

the truck to confirm the count as can be seen in Figure 4.16. 

4.3.3 Hardware Setup  

Figure 4.17 shows the hardware setup of the components used in the RFID GIMS 

prototype implementation which include the Arduino board, RFID reader, USB cable, 

RFID tags and computer. The RFID reader is connected to the Arduino which is then 

connected to the computer using the USB cable. To read the RFID tags, they are placed 

close to the reader, about two centimetres away. 

 

Figure 4.17: RFID GIMS prototype hardware setup 

4.3.4 Programming Arduino Board to Read Tag Serials 

The Arduino board was programmed using the Arduino MFRC522 library which is 

RFID RC522 based. The read module of the MFRC522 library was modified to suit the 

needs of the RFID GIMS prototype implementation. The RFID tag read program 

instructions were uploaded to the board and the output was then tested in Arduino IDE’s 

RFID Reader 

USB 

RFID 

Tags 

Arduino Board 

Computer 
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serial monitor. The output was tested to ensure correctness of the desired result. 

Correctly programming the Arduino board was an essential prerequisite to feeding 

correct input into the Java application and getting correct output from the Java 

application. The Arduino board communicates with the computer using a 

communication port (COM port) which can be selected from the operating System’s 

device manager. The COM port that was selected for use in the RFID GIMS prototype 

implementation was COM1. The serial output from reading the tags can be seen in 

Figure 4.18.  

 

Figure 4.18: Arduino board program instructions and output testing 

Instructions for the 

Arduino board to execute 

Arduino IDE 

serial monitor 

Communication Port 

RFID tag serials read 

from the two tags in 

hexadecimal number 

format 

Instructions uploaded to the Arduino 

board before testing in serial monitor 
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4.3.5 Java Application Login Authentication 

Figure 4.19 is the screen that greets the user when they first run the RFID GIMS 

software prototype. The purpose of login authentication is to enforce security measures 

to ensure only authorised individuals have access to the system. In the event that anyone 

introduces errors in to the system, the system logs can be easily checked to see who had 

access to the system at the time the errors occurred. 

 

Figure 4.19: Login authentication screen on first run of software program 

In Figure 4.20 is a GUI of what happens when a user tries to login to the system using 

the wrong authentication credentials. A message is given out to the user informing them 

that their username or password is wrong. 

 

Figure 4.20: Attempting to login using wrong authentication credential GUI 
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Figure 4.21 shows the GUI of what occurs when the user provides the correct user login 

credentials. The system authenticates the user and unlocks the program to the user for 

use. All the buttons are greyed out except Select Com Port drop down box and the 

Connect button. The Select Com Port drop down box is used to select the COM port 

Arduino is using and the Connect button connects the Arduino to the application. 

 

Figure 4.21: User login with correct authentication credentials 

4.3.6 Opening a COM Port 

Figure 4.22 shows the GUI of the RFID GIMS system after a successful login. The user 

login details are logged in the text area shown on the right of the screen. After successful 

login, the user connects to COM1 to enable the Java software application to 

communicate with the hardware shown in Figure 4.10. If the connection to the COM 

port is successful, the application gives a message in the log that the COM port opened 

successfully as can be seen in the Figure. The Select COM port drop down box and the 

Connect button gets greyed out because the Arduino board is now connected to the 

application. The rest of the buttons now become active because the application is now 

fully active and ready to receive input and produce output. The table at the bottom of 
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the screen is currently empty because there are no records in the database yet. 

 

Figure 4.22: Opening the COM port for Arduino-Java application communication 

4.3.7 Reading a Tag in Java Software Application Prototype 

In Figure 4.23, one of the RFID tags has been scanned and the application checked 

against the database to see if the record using the serial in question exists. There is no 

data in the database currently as is evidenced by the empty table at the bottom of the 

screen. The user is informed that there is no data for the serial scanned in the database 

in a message box. The serial text box is read only and cannot be modified by the user. 

 

Figure 4.23: Tag one read with no data in database 

In Figure 4.24 the user then proceeds to insert a record against the serial. The serial text 
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box cannot be modified by the user (read-only), hence the user only has the liberty to 

add and change records for the supplier name and the district from whence the supplier 

comes. 

 

Figure 4.24: User inserts record against RFID tag serial 

In Figure 4.25, the GUI shows that the user has inserted a record in the database against 

the serial that was read and sent to the software application. This is evidenced by the 

message box informing the user that the record has been inserted and the table at the 

bottom of the screen has been populated with the single record that has been inserted. 

 

Figure 4.25: Tag one database record insertion 

Figure 4.26 shows the result of scanning the second tag, there is currently no data in the 

database for the serial that has been read. 

Serial of Tag Read 
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Figure 4.26: Tag two read with no data in database 

In Figure 4.27, a record is inserted in the database against the read serial. There are now 

two records in the database for each tag serial. The records are uniquely identified using 

the serial of the tag. The two tags have the serials 71 66 86 E5 and 72 06 CA 55 as can 

be seen in the Figure, which are hexadecimal number formats. 

 

Figure 4.27: Tag two database record insertion 

Figure 4.28 shows the output of what happens now when the tag is read, the text fields 

are populated with the record stored in the database of that serial. In this case, tag with 

serial 71 66 86 E5 has been read and the supplier name and district where pulled from 

the database. 
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Figure 4.28: Tag read with record in database 

4.3.8 Updating a Record 

In the event that the user would like to update the record against particular serial, they 

can do so and the records against the serial will be updated. In Figure 4.29, the user has 

selected a record in the database with serial ID 71 66 86 E5 for updating to a new 

supplier name and district. The values in the database are filled in the text fields, the 

user can then go ahead and change the text except the serial as it is a read only field. 

The user then clicks on the Update button. The application prompts him if he is sure he 

wants to update the record. If he picks the yes option, the record gets updated with the 

new information that he has entered in the text fields. 

 

Figure 4.29: Updating a record in the database 

Tag Read 
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Figure 4.30 shows that the record the user wished to change has been updated. This is 

evidenced in the table at the bottom of the screen and the message box informing him 

that the record has been updated. 

 

Figure 4.30: Record in database updated 

4.3.9 Deleting a Record 

Figure 4.31 shows the user deleting a record from the database. The user selects the 

record he wants to delete and then clicks the Delete button. The user is then prompted 

to if they are sure they want to delete the record. If they select yes, the record gets 

deleted from the database. 

 

Figure 4.31: Deleting a record from the database 
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Figure 4.32 shows the record that the record the user picked for deletion has been 

deleted. This is evidenced by the message box informing the user that the record has 

been deleted and its disappearance from the table at the bottom of the screen.  

 

Figure 4.32: Deleted record from database 

The tag that was previously deleted has been scanned again and the system informs the 

user that there is no data against that serial in the database. This can be seen in Figure 

4.33. 

 

Figure 4.33: Previously deleted tag read again 

Record deleted 

previously 
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In Figure 4.34, the GUI shows the remaining record in the database that has been 

scanned from the reader and the records that exist in the database against that serial that 

have been read. 

 

Figure 4.34: Tag Read Again 

4.3.10 Disconnecting the COM Port 

In Figure 4.35, the GUI shows the user disconnecting the hardware from the computer 

communication port. At this point, the user cannot read tags or perform any other 

operations such as updating and deleting records until they connect to the COM port 

again. 

 

Figure 4.35: Disconnecting from the COM port 

Tag read 
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4.4 Testing 

Testing is a phase in software development that shows that a program does what it is 

intended to do. It aids in the discovery of a program’s defects before it is put into use 

[57].  Table 4.7 shows the system implementation testing evaluation of the prototype 

implementation.  

Table 4.7: System implementation testing evaluation 

Actor Test 

Id 

Scenario Actual 

Results 

Expected 

Results 

Test Data Comments 

User 1 The user 

authenticates 

him/herself 

before 

accessing 

system 

functionality. 

The user 

was logged 

in to the 

system 

upon 

supplying 

the correct 

login 

credentials 

The user 

should be 

logged in 

to the 

system 

when they 

provide 

correct 

login 

credentials 

and an 

incorrect 

username 

and 

password 

message 

should be 

given when 

they fail to 

do so. 

Usernam

e: cynthia 

Password

: 123456 

The login 

module 

worked as 

expected. 

User 2 The user 

connects to 

the 

The user 

successfull

y 

The user 

should be 

able to 

 The user 

successfully 

connected to 
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communicati

on port to 

enable 

communicati

on between 

the hardware 

and the 

software 

application 

connected 

to the 

communica

tion port 

provided 

the 

hardware 

was 

connected 

to the 

computer. 

connect to 

the 

communica

tion port 

for serial 

communica

tion 

provided 

the 

hardware is 

connected 

to the 

computer 

the 

communicat

ion port 

User 3 The user 

scans the 

RFID tag 

over the 

RFID reader, 

then the 

RFID tag 

serial is read 

and 

transmitted 

to the 

application 

on the 

computer 

The user 

scanned the 

RFID tag 

over the 

RFID 

reader and 

the serial 

data was 

successfull

y displayed 

on the 

screen in a 

text box. 

When the 

RFID tag is 

scanned 

over the 

RFID 

reader, the 

RFID tag 

serial 

should be 

seen on the 

computer 

application 

in a text 

box. 

Tag 

Serials: 

71 66 86 

E5 and 

72 06 CA 

55 

 

Reading the 

RFID tag 

serials was 

successful. 

User 4 The user 

attaches data 

to the RFID 

tag serial 

read from the 

The user 

attached 

auxiliary 

information 

to the 

The user 

should 

attach 

auxiliary 

information 

Set 1: 

Serial: 71 

66 86 E5 

Inventory 

Supplier: 

The records 

were 

successfully 

created. 
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RFID reader 

to create a 

record. 

RFID tag 

serial after 

the serial 

was read 

after 

scanning 

and pressed 

on the save 

button to 

save the 

record. The 

record was 

successfull

y created. 

to the 

RFID tag 

serial 

scanned for 

the first 

time. The 

information 

should be 

saved to 

the 

database. 

Cynthia 

District: 

Mpulung

u 

Set 2: 

Serial: 72 

06 CA 55 

Inventory 

Supplier: 

Muyunda 

District: 

Katete 

 

User 5 The user 

selects a 

record for 

editing in the 

database, 

changes a 

record and 

presses on 

the update 

button to 

update the 

record. 

The user 

selected a 

record for 

editing 

record 

display 

table in the 

application 

and 

successfull

y changed 

information 

relating to 

a particular 

serial by 

pressing on 

the update 

When the 

user selects 

a record for 

editing in 

the record 

display 

table in the 

application, 

he/she 

should be 

able to 

change 

information 

relating to 

a particular 

serial. 

When they 

Serial: 71 

66 86 E5 

Inventory 

Supplier: 

Mutale 

 

District: 

Ndola 

The record 

was 

successfully 

updated. 
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button. press on 

the update 

button, the 

record 

should be 

updated. 

 6 The user 

selects a 

record for 

deleting from 

the database 

and presses 

on the delete 

button to 

delete the 

record. 

The user 

selected a 

record to 

delete in 

the record 

display 

table in the 

application, 

then 

pressed on 

the delete 

button to 

delete the 

record. The 

record was 

successfull

y deleted. 

The user 

should be 

able to 

select a 

record in 

the record 

display 

table in the 

application, 

then press 

on the 

delete 

button to 

delete a 

record. 

Serial: 72 

06 CA 55 

Inventory 

Supplier: 

Muyunda 

District: 

Katete 

The record 

was 

successfully 

deleted. 

User 7 The user 

scans a tag 

over the 

RFID reader 

to read a tag 

serial. If the 

record exists 

in the 

database, the 

When the 

user 

initially 

scanned the 

tag over the 

reader 

when no 

data was 

saved in 

When the 

user 

initially 

scans the 

tag over the 

reader 

when no 

data is 

saved in 

 Reading of 

tag data was 

successful. 
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information 

relating to 

that tag 

should be 

retrieved 

from the 

database and 

displayed in 

textboxes. 

On the other 

hand, if the 

record does 

not exist in 

the database, 

a message 

should be 

prompt 

saying no 

data exists 

should be 

shown on the 

screen. 

the 

database 

relating to 

the tag, a 

message 

prompt 

saying no 

data 

existed was 

shown on 

the screen. 

After 

creation of 

a record, 

the user 

scanned the 

tag against 

the reader 

again and 

information 

saved in 

the 

database 

relating to 

the tag was 

populated 

into text 

boxes. 

the 

database 

relating to 

the tag, a 

message 

prompt 

saying no 

data exists 

should be 

shown on 

the screen. 

After 

creation of 

a record, 

the user 

scans the 

tag against 

the reader 
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4.5 Summary 

In this chapter, the analyzed the data that was collected from the survey and presented 

the results in form of tables, bar and pie charts was presented. The researcher 

established that FRA currently experiences stock thefts, they physically count stock in 

their warehouses and they mostly use a paper based inventory management system for 

storage of records and derivation of reports. Under system implementation, the designs 

from the interviews conducted were derived and illustrated, and the proposed designs 

for automation of the current manual processes were presented. Finally, the screenshots 

from the firmware prototype implementation were presented. 
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CHAPTER FIVE 

DISCUSSION AND CONCLUSION 
 

5.1 Introduction 

In this chapter, the discussion of the results that were shown in Chapter Four are 

presented. The results of the baseline study are discussed in section 5.2. This is followed 

by a discussion of the business process mapping and models that were designed in 

section 5.3. The system implementation is discussed in section 5.4. The conclusion of 

the research is presented in section 5.5. In section 5.6, the recommendations are 

presented and in section 5.7 the future works are presented. Finally, we present the 

summary in section 5.8.  

5.2 Baseline Study  

Zambia is a developing country located in sub-Saharan Africa. Intermittent food 

shortages repeatedly occur in Zambia. One of the causes of the food shortages in 

Zambia among others such as climate change, are Postharvest losses (PHLs). The Food 

Reserve Agency (FRA) is the agency that manages Zambia’s national strategic food 

reserves. Zambia’s FRA faces challenges regarding grain inventory management which 

is manual based. In order to reduce PHLs, improve efficiency and accuracy of grain 

inventory management, a baseline study was conducted to establish the specific 

challenges FRA faces. The purpose of the baseline study was to identify the challenges 

brought about by manual management of grain inventory. The challenges were 

identified through a survey and analyses of survey results was done. Insights gained 

from interviews with warehouse supervisors and observations made by the author 

during the research visits were also discussed. This section discusses the results derived 

from baseline study. 

The main challenges deduced from the primary research are discussed in the following 

sections with references to figures and tables in Chapter 4 Section 4.2. 



 

- 131 - 

 

5.2.1 Manual counting of stock 
All respondents reported that they manually counted stock in each warehouse (see 

Chapter 4 Section 4.2.2 Table 4.1). The counting method used was the block style of 

counting the stock which is arranged in stacks. In order to determine the number of 

grain bags present in a stack, FRA uses a mathematical formula which is a product of 

the length, width and height, equating to the volume of the stack. The number of 

employees engaged to count stock mostly varied from two people to five people (see 

Chapter 4 Section 4.2.2 Figure 4.3).  The respondents reported that complete physical 

stock counts and reports based on the counts were completed at either daily (52.4%) 

or weekly (45.2%) intervals (see Chapter 4 Section 4.2.2 Figure 4.2).  As previously 

shown in [21] and [87] in the literature review, manual methods of counting and 

tracking of objects are prone to human errors, inefficient use of time, and inaccuracies. 

Manual methods of counting could be one of the many reasons why the FRA continues 

to experience PHLs through thefts. The FRA relies on the block method of counting, 

hence they do not individually track each bag that is stored in the stacks. This leaves 

room for thefts to go unnoticed. Other methods of stock counting that are automated 

can be utilized by the Food reserve Agency using RFID technology which is highly 

suited to perform this kind of task. According to literature [17] RFID technology works 

well for collecting multiple pieces of data on people, animals and objects for tracking 

and counting purposes in various environments. Examples of areas where RFID 

technology has been used to improve the inventory tracking and management process 

are in Livestock tracking [28] for better efficiency of the dairy farms, identification of 

animals, and maintaining production and reproduction records of these huge numbers 

of animals. In libraries, RFID has previously been used to automate the book handling 

process including check-out, inventory control, check-in and anti-theft [12] [33]. The 

FRA can also, therefore, use this technology to improve inventory control and prevent 

thefts that lead to PHLs. 

5.2.2 Paper based inventory management systems 
Most respondents reported that a paper based inventory management system was in 

place for daily inventory operations. 50.0% of the respondents reported that paper and 

excel spreadsheets were used and 35.7% reported that only paper was used (see Chapter 

4 Section 4.2.3 Figure 4.4). According to the author’s observation during the research, 

paper is used in inventory management ninety-five percent of the time and excel 
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spreadsheets are only used for reporting. This assumption is based on observations of 

the actual inventory management process during the visit to the research sites. The 

author draws this conclusion based on the fact that most of the records are kept using 

paper forms as can be seen in Chapter 4 Section 4.2.3 Figures 4.6 to 4.9. The FRA uses 

stack cards (see Appendix F) and tally sheets (see Appendix D) to keep track of grain 

inventory on a daily basis. A Stack Card is a paper based form that is updated every day 

at the close of business. It shows the opening stock at the beginning of business, number 

of grain bags received from different locations, the total number of stock in each stack 

at the close of business, the vehicle numbers of the transporters who deliver stock and 

signatures of the transporters. The Tally Sheet is a paper based form used to record the 

count of each bag offloaded from a transporter's truck to a stack in the warehouse or 

vice versa. As each bag is offloaded, an employee marks an "X" in each box in the Tally 

Sheet (Figure 3.1).  As previously shown in [21] and [75], traditional paper based 

systems are inefficient, time consuming, error prone, and more susceptible to being lost 

or damaged. The use of RFID technologies not only provide tracking capabilities, but 

they also provide mechanisms which can be used for electronic record keeping. Records 

of objects that are being tracked can be kept in a database and can be accessed anywhere 

if a cloud implementation is done. Thus eliminating the need to be physically present 

at the site where the paper based records are kept. As previously shown in the area of 

health care [75] RFID not only offers tracking capability to locate equipment and people 

in real time, but also provides efficient and accurate access to medical data for doctors 

and other health professionals. RFID can provide a cost-effective  system  that  applies 

existing  technology  to  address  inefficiencies  of  the current  paper  based  medical  

records  system that is mostly used by the health sector. The Food Reserve Agency can 

also use this technology to save on all costs associated with using paper based systems. 

They can significantly improve on their work efficiency and accuracy. 

5.2.3 Inventory Stock Thefts 
The majority of the respondents (76.2%) reported that thefts do not occur while 23.8% 

reported that thefts occur at the warehouses (see Chapter 4 Section 4.2.4 Figure 4.5). 

According to the warehouse supervisors, thefts had significantly reduced in the past 

year (2015). Some reasons given for the reduction of stock thefts were elimination of 

cooperatives in the management of stock and availability of security measures. 

 According to the respondents, in the previous years, cooperatives and the FRA used to 
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jointly manage inventory at the warehouses. But, it was discovered that the number of 

people managing stock were too many, hence this opened up loopholes for employees 

to stage thefts; and maintaining an audit trail was a challenge. The rampant occurrences 

of thefts caused the authorities to change their policy on who manages inventory at FRA 

warehouses. Cooperatives were stripped off of their privilege to manage inventory at 

the FRA run warehouses. Only a small number of FRA employees were granted the 

responsibility to manage inventory. This made maintaining an audit trail much easier 

and each supervisor was accountable for any losses that occurred in his allocated 

warehouse sheds.  

According to audit [6] carried out between 2006 and 2009, 115, 516 fifty kilogram grain 

bags were lost to theft. This translated to loss of approximately 38, 505 fifty kilogram 

bags being lost to theft per year in the three year time period. In the author’s opinion 

the transition from losing a little over thirty eight thousand bags to almost no theft 

occurrences in a space of five years seems almost impossible. In the author’s opinion, 

it seems to be an impossibility because: 

a) As observed by the author during the visit to the warehouse locations, access to the 

loading and unloading areas was not heavily restricted. Also, not everyone in the 

loading and unloading areas had proper identification, and some people who were 

there were not supposed to be there. This gives leeway for cunning individuals to 

steal small amounts of inventory at any given time. These small inventory thefts 

may amount to larger numbers of inventory being lost due to thefts over time.  

b) Some employees who worked for the FRA during the supposed FRA/cooperatives 

collaboration period are still working for the FRA currently. It is still highly possible 

that some employees connive with transporters and guards to break the chain of 

awareness put in place by the FRA and obscure exactly when the theft may have 

occurred. 

c) There are no electronic security systems and surveillance in place to monitor 

movements in the warehouse. No system is fool proof but manual monitoring 

systems are more fool proof than electronic ones. 

The respondents also cited that security measures were in place for extra security at the 

warehouses especially during the night. The mitigation measures the respondents cited 

were as follows: security guards from a security firm and police men from the Zambia 

Police guarded the premises day and night; warehouse doors were locked when not in 

operation; flood lights were used to light the premises; log books were made available 
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for warehouse staff to check in and out; and daily stock counts were carried out. 

RFID improves antitheft protection [27] [25]. In vehicle tracking RFID is used to deter 

thefts [69] and in libraries, RFID is also used for antitheft purposes [12] [33]. The Food 

Reserve Agency would significantly benefit from this RFID feature as the number of 

grain bags lost to theft would significantly reduce consequently reducing PHLs.  

5.3 Business Process Mapping and Modeling 
In this section, the business processes that were mapped and the models that were 

designed in Chapter 4 Section 4.3 are discussed. Based on the findings presented in 

Chapter 4 Section 5.2, the business processes were mapped and the models were 

designed for automated grain inventory management.  

In Chapter 4 Section 4.3.1, the business processes as described by the Food Reserve 

Agency’s warehouse managers were translated into diagrams. The current business 

processes which the FRA uses for inventory management are mostly manual and paper 

based as is evidenced in the findings presented in Chapter 4 Sections 4.2.2 and 4.2.3. It 

was from the current business processes that the author mapped out the proposed 

automated business processes for grain inventory management presented in Chapter 4 

Section 4.3.2. Automating business processes greatly improves operational efficiency, 

saves on time spent carrying out activities and reduces on inaccuracies and errors that 

are characteristic of manual based systems as is evidenced in [28] [45] [69] [74]. 

In Chapter 3 Section 3.3.1 the overall architecture of the proposed system utilizes RFID 

technology for keeping track of bags of grain, WSNs for transmission of data between 

the RFID module and the cloud based servers that are responsible for keeping captured 

data from the RFID tags. WSNs offer added value to RFID existing applications by 

extending the read range of the RFID reader [49]. The business processes and models 

that have been presented in Chapter 3 Section 3.3 and Chapter 4 Sections 4.3.1 and 

4.3.2 serve as the building blocks upon which the firmware for the RFID grain 

inventory management system is based. These will further serve as the foundation upon 

which the fully functional GIMS will be developed in future. 

5.4 System Implementation  

This section discusses the system implementation that was presented in Chapter 4 

Section 4.3. 
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The problems that are brought about by manual and paper based management of grain 

inventory such as inefficiency, inaccuracies, time wastage, and theft can be mitigated 

through use of automation. Automating the inventory management process can 

significantly reduce the various challenges that the Food Reserve Agency faces 

regarding grain inventory management.  While all the business processes and models 

necessary for automation were mapped, the scope of the prototype implementation was 

limited to developing firmware which is the initial software to be loaded when the 

system starts up. Basic functionality including adding records, editing, deleting and 

viewing records stored in the inventory database were implemented based on the Use 

Cases (see Chapter 3 Section 3.3.6 subsection (a)) and the data models that were 

presented in Section 3.3.6 subsection (d) of Chapter 3. 

In this thesis study, RFID GIMS models were developed and a system prototype was 

implemented that shows the concept of how the RFID GIMS will work. The software 

development phases outlined in Section 2.3.2 subsection (a) of the Chapter 2 of an 

OOSDM [61]  were followed from the Analysis phase through to the Testing phase in 

the implementation.   

Firstly, information was gathered, analysed and formulated into useful system 

requirements (see Chapter 3 Section 3.3.5). The system requirements were derived from 

forms that FRA uses in its daily operations for grain inventory management and 

interviews with warehouse supervisors that provided insight into the operations of 

FRA’s warehouse management. According to the literature reviewed [62] [63] [65], 

system requirements afford a way to understand the business needs of an entity for 

example, an organization. 

Secondly, the system requirements and interviews informed the design phase of the 

implementation. System models were designed (see Chapter 3 Sections 3.3.1, 3.3.2, 

3.3.3 and 3.3.4) that were to form the basis for development of the prototype and a fully 

functional automated system in future. The models were developed using information 

obtained from primary sources, and secondary sources (literature review). In Chapter 4 

Section 4.3.2 business process models for GIMS were also developed to aid in the 

implementation process.  As previously discussed in the literature [62] [63], models are 

essential in system development because they provide a representation or simplification 

of reality. They provide blueprints of the system that can be followed in the 

development of the system. 

Thirdly, a prototype of the system was developed using Java programming language 
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and MySQL database engine (see Chapter 4 Section 4.3). The prototype was 

successfully developed and it shows how RFID can be used for FRA’s GIMS. Tagged 

bags allocated a RFID tag can be read using a RFID reader, after which auxiliary 

information which includes the sources of the grain, supplier (small scale farmer), and 

grade of the grain can be attached to a particular tag serial. Tag information residing in 

the database can be viewed, updated or deleted. Tag serials are unique (see Chapter 2 

Section 2.2.1 subsection (a)), hence each bag of grain can be uniquely identified. Using 

RFID technology to automate FRA’s grain inventory management can significantly 

reduce human errors, enhance efficiency, accuracy, accountability and can save on time 

(see Chapter 2 Section 2.3). 

Finally, the prototype was tested using dummy data to ensure that all functionalities 

were working correctly (see Chapter 4 Section 4.4). 

This prototype is an example of how RFID can be used to track the FRA’s inventory. 

RFID technology can be combined with other technologies such as the Global 

Positioning System (GPS) to track inventory from the source to the destination. RFID 

can also be combined with environment sensor technologies to monitor temperature 

and humidity in order to keep track of the environmental variables affecting the grain 

to further reduce the possibilities of PHLs that may occur through grain damage. This 

prototype can be further developed into a fully-fledged system that will enable tracking 

of inventory coming into and going out of the warehouses to ensure all grain bags are 

accounted for. The RFID system further eliminates the need to keep paper based 

records as all records are kept electronically in the cloud and can be accessed by 

anyone with authorization anywhere in the world. RFID improves antitheft protection 

and significantly improves efficiency; improves cost saving and reduces 

counterfeiting; supports better supply chain and inventory management and RFID 

reduces administrative errors [27] [25]. RFID provides an accurate, convenient, and 

rapid method of identifying and managing storage of bags. RFID reduces errors caused 

by visual identification, manual counting, maintenance and monitoring to ensure that 

the collected records are credible and accurate [28]. 

5.5 Conclusion 

In this study we conducted a baseline study to establish the challenges faced by the FRA 

regarding grain inventory management. Questionnaires were used to collect the 



 

- 137 - 

 

quantitative data needed for the baseline study. A detailed literature review was 

conducted to find existing RFID applications in object tracking, monitoring and 

inventory management. The literature review also covered the workings and 

characteristics of RFID systems, the integration of RFID, WSNs and Cloud technology, 

and software development methodologies. Qualitative data was obtained from 

interviews conducted with warehouse supervisors to inform the system design process. 

The findings from the interviews with warehouse supervisors were used as a basis upon 

which the RFID GIMS models were developed. The business process models that the 

FRA can use to automate their grain inventory management were proposed; these 

include the overall process flow of grain inventory from source to destination, the 

dispatch and receipt processes. Tracking of grain in transit between warehouses was 

beyond the scope of this research study. System models including interaction models 

(use case, communication and sequence diagram models), structural models (class 

diagram) and data models (database schema and entity relationship models) were 

developed to provide the means by which the RFID GIMS may be implemented.  The 

models were then used as a blueprint to inform the firmware prototype development. 

The prototype developed had limited functionality and did not incorporate the WSN 

Zigbee component due to financial limitations. The practicality of the prototype on a 

large scale implementation is currently limited, notwithstanding, the prototype serves 

to demonstrate the proof of the concept of how the GIMS can be implemented. An 

implementation of a full-fledged RFID GIMS was not carried out due to time and 

financial limitations.  To implement a fully functional RFID GIMS, UHF 

reader/antennas with RF range of 860 to 960 MHz would have to be installed at each 

warehouse door. Passive or semi-passive tags may be used to tag the bags of grain. The 

tags would have to be installed onto the bags at the point of manufacture as the FRA 

does not recycle bags when moving grain from FRA circulation. 

Based on the objectives of this study, the following conclusions were arrived at: 

a) The FRA faces some challenges in the effective monitoring and tracking of grain 

inventory. Manual counting of stock is carried out and paper based inventory 

management systems are maintained; these methods are prone to human errors, 

inefficient use of time, and inaccuracies. Inventory thefts still occur at the FRA. 

From the literature review presented, the results obtained from the baseline study 

and the system prototype, it is clear that a sensor based automated RFID inventory 
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system can provide a more accurate, convenient, and rapid method of identifying 

and managing storage of stock at the FRA warehouses. An automated system aids 

in reduction of errors caused by visual identification, manual counting, maintenance 

and monitoring to ensure that the collected records are credible and accurate.  

RFID utilization reduces occurrences of theft and administrative errors, and aids in 

significantly improving efficiency and accountability. The FRA can utilise RFID’s 

benefits to its advantage in its aim to provide food security for the nation.  

5.6 Recommendations 

We put forward the following recommendations to improve the efficiency of grain 

inventory monitoring and tracking at the Food Reserve Agency: 

a) Automating stock counts using automatic identification such as RFID and sensor 

network technologies to effectively monitor and track grain inventory from source 

to destination. 

b) Automating the inventory management system to significantly reduce 

inefficiencies, time wastage, errors, and losses or damages brought about by use of 

paper based systems. 

5.7 Future Works 

Further development of the system prototype to a full-fledged RFID GIMS will be 

carried out. The current prototype is but a simple system showing proof of the concept 

of inventory management automation using RFID technology. Storage of information 

will be done in the cloud to enable ubiquity. Further, implementing a wireless network 

for communication between the hardware and the software will be done. Also, a mobile 

based application for the RFID GIMS would add to the efficiency and eliminate some 

of the hurdles that would have to be overcome when using a computer based software 

application. Also, tracking of grain inventory from the source to the destination using 

Global Positioning System to enable tracking of the inventory in transit will be done in 

the future. This will enable monitoring of grain when it is not stationary at the 

warehouses. It may aid in deterring thefts along the way if the inventory is being 

transported from one depot to another within FRA circulation. To enable tracking of 

environmental factors in the warehouses where grain inventory is stored, integration of 
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various types of sensors such as humidity and temperature sensors will be done. This is 

in order to reduce the amount of grain lost due to damage attributed to environmental 

variables such as temperature and humidity. This may further aid in reduction of PHLs.  

 

5.8 Summary 

In this chapter, the results presented in Chapter four are presented. In section 5.2, the 

results obtained from the baseline study were discussed. In section 4.3 the system 

implementation was discussed. Lastly, the conclusion of the study, the 

recommendations and the future works were presented.  
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APPENDIX B: Data collection questionnaire 

 

THE UNIVERSITY OF ZAMBIA 

DEPARTMENT OF COMPUTER SCIENCE 

 

RESEARCH QUESTIONNAIRE 
 

FOOD RESERVE AGENCY INVENTORY MANAGEMENT 
AUTOMATION RESEARCH QUESTIONNAIRE 

 
 

     

ZAMBIA SOUTH AFRICA RESEARCH COOPERATION 
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QUESTIONNAIRE FOR FRA WAREHOUSE STAFF  

Instructions 

1. Answer all questions 

2. Tick or circle the correct answers where they are provided 

3. Write answers for the other questions in the spaces provided. 

SECTION A: FACILITY        

1. Name of Facility_________________________________________________ 

2. Location of Facility (Town/City/Village)_______________________________ 

3. Region/Province/District __________________________________________ 

SECTION B: INVENTORY                                   

FOR OFFICIAL USE 

4. Does your organization have inventory?       [     ] 

1. Yes  

2. No 

3. Do Not Know 

5. List the inventory types that are currently stored by your organization?   

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_________ 

6. Do you have a special numbering system for the stock in the warehouse?   [     ] 

1. Yes 

2. No 

3. Do Not Know 

7. If the answer to (6) is yes, what are the numbering requirements? 

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

___________________________ 

8. What type of inventory system do you maintain?    [     ] 

1. system manually maintained with spread sheets,  

2. an in-house system 

3. Other, specify__________________________________________ 
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SECTION C: STOCK COUNTS 

9. What is the approximate storage capacity of each warehouse? 

_____________________________________________________________________

_____________________________________________________________________ 

10. What is the approximate quantity of the stock kept at each warehouse? 

_____________________________________________________________________

_____________________________________________________________________ 

 

11. How do you keep track of stock in the warehouse?    [     ] 

1. Physical Counting 

2. Automated Counting  

3. Other, specify__________________________________________ 

12. How often do you count the stock in the warehouse?   [     ] 

1. Daily 

2. Weekly 

3. Monthly 

4. Quarterly 

5. Every six months 

6. Annually 

7. Other, Specify _________________________________________ 

13. Do you use a maximum/minimum system for monitoring stock levels? [     ] 

1. Max/min stock levels have been set and are monitored 

2. Max/min stock levels have been set but are not monitored 

3. No max/min stock levels have been set 

14. How long does it take for you complete counting stock in the warehouse? [     ] 

1. One Day 

2. One Week 

3. One Month 

4. More than one month 

5. One Year 

6. Other, specify_________________________________________ 

15. When was the last time you did a complete physical stock count and produced 

an inventory report?        [     ] 

1. A day ago 
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2. A week ago 

3. A Month ago 

4. 6 months ago 

5. 1 year ago 

6. 2 years ago 

7. Other, specify_________________________________________ 

16. Approximately how many people do you engage to count the stock per 

warehouse?         [     ] 

1. Two 

2. Five 

3. Ten 

4. Fifteen 

5. More than twenty 

6. Other, specify_________________________________________ 

SECTION E: STOCK THEFT 

17. Do you experience theft of stock in the warehouse?    [     ] 

1. Yes  

2. No 

3. Do Not Know 

18. How often do you experience theft at the warehouses?   [     ] 

1. Daily 

2. Weekly 

3. Monthly 

4. Quarterly 

5. Every 6 months 

6. Annually 

7. Other, specify____________________________________________ 

19. Is security implemented to mitigate theft?     [     ] 

1. Yes 

2. No 

3. Do Not Know 

20. What security measures are put in place to ensure safety of stock in the 

warehouse? 

_____________________________________________________________________
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_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_______________ 

 

SECTION F: STOCK RECORDS 

21. Do you keep records of stock you currently have in the warehouse?  [     ] 

1. Yes 

2. No 

3. Do Not Know 

22. In what form do you keep records relating to inventory in the warehouse? [     ] 

1. Paper 

2. Excel Spreadsheet 

3. Database 

4. Other, specify_____________________________________________ 

SECTION G: INFORMATION TECHNOLOGY 

23. How many computers, if any, are in the offices at the warehouse locations? 

1. One computer 

2. Two Computers 

3. Three Computers 

4. Four Computers 

5. None 

6. Other, Specify_____________________________________________ 

24. Are computers at the warehouse and offices at the warehouse locations linked? 

[     ] 

1. Yes 

2. No 

3. Do Not Know 

25. How reliable is electrical supply at the warehouse?    [     ] 

1. Power outages occur daily 

2. Power outages occur weekly 

3. Power outages occur monthly 

4. Other, Specify_____________________________________________ 
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26. Is there a standby power supply such as a generator or UPS at the warehouse? 

[     ] 

1. Generator 

2. UPS  

3. No standby power supply 

27. How many people would be operating the computer? (Count both warehouse 

staff and any other staff involved in the use of the computer for stock 

management) 

____________ Number of staff who would use the computer for stock management 

28. How many among the staff that would operate the computer are at each of the 

following skill levels? 

___________know how to program or have advanced knowledge of databases 

___________ know how to use at least one software, such as word processor or 

spreadsheet 

___________ have been introduced to basic computer operations, such as turning 

on/off, using the keyboard, DOS or Windows 

___________ have used a typewriter 

___________ have no experience with computers or typewriters 

29. What type of advanced computer support is available to the warehouse?  [     ] 

1. In-house computer support person 

2. Maintenance contract with external firm 

3. None 

 

THANK YOU FOR ANSWERING 

 

 

 

 

 

 

 

 

 

 



 

- 155 - 

 

APPENDIX C: Inter-Depot Transfer Issue Note 
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APPENDIX E: Blank Stock Tally Sheet 
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APPENDIX F: FRA’s Stack Card 

 

APPENDIX G: FRA’s Daily Reconciliation Sheet 

 
 

 

 



 

- 158 - 

 

APPENDIX H: Goods Received Note 

 

APPENDIX I: Transporter delivering grain inventory to warehouse 
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APPENDIX J: FRA manual workers offloading stock from track 

 

APPENDIX K: Warehouse staff loading maize onto stacks 

 
 

 

 

 

 

 

 

 

 



 

- 160 - 

 

APPENDIX L: Stacked Maize 
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APPENDIX M: System prototype code  
Logging in to the application 

 
 

Reading serial data from Arduino board 
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Saving a record 
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Updating a record in the database 

 
 

Deleting a record from database 
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Listing records from database in a table 
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