
USING THE CLOUD COMPUTING ARCHITECTURE TO AUTOMATE THE 

FARMER INPUT SUPPORT PROGRAMME (FISP) INVENTORY SYSTEM 

 

 

 

BY 

 

 

JUSTIN CHOMBA 

 

 

 

 

A Dissertation Submitted to the University of Zambia in Partial Fulfilment of the 

Requirements for the Award of the Degree in Masters of Engineering in Information 

Communication Technology (ICT) 

 

 

 

 

 

 

 

 

 

 

 

 

THE UNIVERSITY OF ZAMBIA 

LUSAKA 

 

2017



i 

 

COPYRIGHT 

All rights reserved. No part of this thesis may be reproduced, stored in any retrieval system, or 

transmitted in any form or by any means, electronic, mechanical photocopying, recording, 

scanning or otherwise without the prior written permission of the author or the University of 

Zambia.  

 

 

© Justin Chomba, 2017  



ii 

 

DECLARATION 

I, Justin Chomba, do here by declare that this has not previously been submitted in candidature 

for any degree. The dissertation is the result of my own work and investigations, except where 

otherwise stated. Other sources are acknowledged by given explicit references. A complete list 

of references is appended.  

 

 

 

Signature: ……………………………………………….                  

 

 

Date: ………………………………………… 

 

 

 

 

 

 

 

 

 

 

 

 

  



iii 

 

CERTIFICATE OF APPROVAL 

This document by Justin Chomba is approved as fulfilling the requirements for the award of 

the degree of Maters of Engineering in Information Communication Technology of the 

University of Zambia.  

 

 

Examiner 1………………………… Signature ………………  Date ……………………… 

 

 

Examiner 2………………………… Signature ………………  Date ……………………… 

 

 

Examiner 3………………………… Signature ………………  Date ……………………… 

 

 

 

 

  



iv 

 

ABSTRACT 

Food security remains a corner stone of every economy. This concept is defined as having both 

the physical and economic access to food that meets people's dietary needs as well as their food 

preferences. Attaining Food security has been a major problem world over and this problem 

has mainly affected the developing countries Zambia inclusive. Governments have come in to 

try and avert this problem by introducing measures that help with food security. In Zambia, the 

government introduced the Farmer Input Support Programme (FISP) were subsidised inputs 

are distributed to small scale farmers. Inventory processes in this program remain mainly 

manual based. This has resulted in lengthy business processes and inconsistent data processing 

leading to tedious and complicated processes in the sector. A baseline study was carried out 

using a mixed method approach in order to understand the challenges in the distribution and 

management of FISP. The results from the three (03) warehouses that were surveyed showed 

that none was not linked to any computer system or had any computer at all. The results showed 

that 61.76 percent of record keeping was done on spreadsheets and relayed on manual paper 

based systems to capture data. About 68 percent of respondents said the systems lacked proper 

monitoring and tracking mechanisms which lead to stock theft. The findings also revealed that 

of the thefts that occurred, 56 percent were at the warehouses, 35 percent during transportation 

and 9 percent at satellite depots. This research was aimed at automating the inventory processes 

based on the results from a baseline study. A model was developed and used to come up with a 

prototype to integrate and automate business processes using barcode technology. The 

developed system showed improved processes in the FISP inventory system by reducing the 

time it took for a user to capture a record. Data accuracy and integrity also improved as the 

human error aspect was eliminated. The system has been developed using Iterative software 

development technique. PHP as a server-scripting language was used to facilitate 

communication between the front-end and the backend. MySQL database was used in the 

development of the database to be used for the storage of data in the prototype. NetBeans and 

Apache web server were used as the developmental tools. A YK-930 model scanner was used 

in the implementation of Barcode technology. The developed system will be deployed using 

the cloud architecture so that the application can be accessed anywhere regardless of 

geographical location as long as internet accessibility is available. This research is expected to 

bring about accountability, smooth distribution and timely movement of inputs from source to 

destination with FISP. 
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CHAPTER 1: INTRODUCTION TO THE RESEARCH 

1.1 Introduction  

This chapter covers the basic introduction of the work in the thesis. It begins by highlighting 

the motivation and significance of this research. It then looks at the problem statement, there 

after looks at the research questions, the aims, objectives, scope of the research and the research 

contributions. The chapter is concluded by looking at the structure of the dissertation.  

1.2 Significance of the Study 

The research is beneficial to Zambia in building and ensuring food security in the country as it 

will bring about accountability and timely movement of inputs from source to destination. 

Distribution of inputs will be smooth running because of the database that would be in place to 

capture registered farmers digitally hence reducing the reliance on paper based systems which 

are subjected to human error during data capture . Input wastage and theft will be reduced as a 

result of the barcode tagging system.  

5.1.1 1.3 Background information  

This research considers the development and implementation of a web based system with a 

dynamic database that would integrate tracking technologies to improve food security in the 

country. Two automatic identification (auto-ID) technologies i.e. barcodes and radio frequency 

identification (RFID) will be discussed in this research. This research also considers 

implementing barcode technology in the Supply Chain Management (SCM) of input 

distribution in Zambia under the Farmer Input Support Programme (FISP), which is a unit 

under the Ministry of Agriculture. SCM is the management of material and information flow 

in a supply chain to provide the highest degree of customer satisfaction at the lowest possible 

cost [1]. SCM considers a business as one continuous process with functions such as 

forecasting, purchasing, manufacturing, distribution, sales and marketing. These are 

incorporated in a continuous flow of business processes [2] [3] [4]. Many organizations have 

invested heavily in auto-ID so that their SCM can bring about accountability and reduce on 

stock pilferage and wastage. The auto-ID has helped in product traceability in SCM. Under the 
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European Union law traceability is said to be the ability to track any food, feed, food-producing 

animal or substance that will be used for consumption, through all stages of production, 

processing, storage and distribution [5] [6]. Olsen and Borit (2013) came up with a definition 

of traceability stating that it is “The ability to access any or all information relating to that 

which is under consideration, throughout its entire life cycle, by means of recorded 

identifications” [7] [8].  

Zambia continues to experience grain and input theft incidences due to poor methods of 

traceability and accountability adopted in the system [9]. Most developing and third world 

countries have challenges attaining proper levels of food security even though most of these 

countries have agriculture as their main stay. These countries have been found in this situation 

mainly due to lack of proper traceability systems. According to a United Nations (UN) report, 

majority of Zambia’s population depends on agriculture-related activities for their survival 

[10]. In 2002 the Government of the Republic Zambian introduced FISP with the aim of 

addressing the decline in crop production in the country by helping small scale farmers with 

farm inputs [11].  

According to the findings from the research, FISP inventory processes are mainly manual 

based. These manual procedures have led to lengthy business processes and inconsistent data 

processing which results in delays in the distribution of inputs. Rampant theft incidences  keep 

being recorded at various points in the supply chain due to lack of proper monitoring and 

tracking mechanisms in the system. In this research, a software prototype that would automate 

the inventory processes in FISP in order to improve accountability and traceability in the 

system was proposed. Cloud computing architecture would be adopted in order to achieve the 

objectives of this research. The research also outlines the advantages of auto-IDs when 

integrated into SCM procedures in the Zambian input distribution. 

1.4 Motivation of the study 

Information Communication Technology (ICT) is a key ingredient to today’s global village. 

According to Avgerou (2001), ICT has been credited with the potential to integrate world 

economies by demolishing the barriers created by time and distance thus making trade in goods 
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and services easier [12]. ICT has seen new revenue streams, investments and job creation [13]. 

The appropriate use of ICT can play a very important role in advancing economic growth and 

reducing poverty [14]. To this effect, integrating ICT into the operations of FISP inventory and 

tracking system would bring about the above mentioned benefits to Zambia and improve its 

food security.  

Zambia and African economies in general continue to be heavily dependent on agricultural 

production and the export of natural resources. The widespread adoption of information and 

communication technology holds considerable promise for African countries in their quest to 

improve their food security. According to Avgerou (2005), it is worth investing in technology 

as it opens up avenues to access and disseminate information more quickly and extensively 

bringing about effectiveness in the SCM [12]. 

1.5 Scope 

This research focused on identifying some of the major business processes that are manual 

based within FISP and is used to prove the concept of a software prototype to automate the 

business processes. A survey was carried out at 3 selected sites in Lusaka and Central provinces 

of Zambia in order to determine the automation levels with FISP. 

1.6 Problem Statement 

Lack of technology, skill to improve yield and financial resources have led to numerous 

problems including crime, poverty and famine in Zambia and this has always threatened food 

security in the country. The current systems used in the Ministry of Agriculture for the 

management of the country’s food security have not achieved the desired objectives. 

Operations under the FISP in the input distribution and stock management are mainly manual. 

Data is captured on hard copy forms and a listing of farmers is kept in excel as data storage 

while computations are done manually. This manual system has brought about massive wastage 

and pilferage of inputs and unfair practices because of lack of proper accountability. The 

greatest challenge faced by farmers in Zambia today is the lack of information. This 

information can be in the form of text, voice and multimedia which can be useful in value 

addition to supply chain of farming. In advanced economies ICT has been employed in the 
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SCM and information is used by farmers to know of the available markets and ruling prices, 

disease out breaks in the country, storage systems, means of improving skills and practices in 

farming. Zambia does not have a dedicated system in place to provide necessary information 

to farmers to help with food security. This research seeks to recommend the use of technology 

and an automated system that can be used in the provisions of food security by computerizing 

the issuance of input distribution and stock management in Zambia.  

1.7 Objectives 

The objectives of this research are as follows: 

1) Reviewing literature regarding FISP and automation of the inventory system using 

various technologies.  

2) Undertake a baseline study in order to help understand the problem in the distribution and 

management of FISP. 

3) Develop a conceptual model for the inventory management system that will use cloud 

architecture and barcode technologies for the FISP program. 

4) Implementation of a web based inventory system using cloud computing architecture and 

integration of barcodes to track inputs and recipients. 

1.8 Research questions 

1) What are the major business processes that would need to be automated in FISP and who 

are the main players? 

2) Will it be possible to automate the flow of processes in FISP and still maintain integrity 

with the system? 

3) Will there be any challenges/obstacles when undertaking the baseline study in order to 

understand the challenges in FISP? 

4) Is this technology, if implemented, beneficial to the input distribution and stock 

management in Zambia? 

1.9 Aims  

The aim of this research is to automate the FISP inventory processes and improve 

accountability within the program.   
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1.10 Research Contributions 

This research was focused on the automation of inventory processes of the farmer input support 

programme (FISP) in Zambia. The major contribution in this research was a baseline study on 

FISP current processes and its weaknesses. The other major contribution to the automation of 

inventory process in FISP was through the development of a prototype that integrated barcode 

technology. This work was published in the International Journal of Science: Basic and Applied 

Research1 (IJSBAR). 

1.11 Structure of the Thesis 

The thesis is organised in five chapters as follows. Chapter one is the introduction to the 

research. This chapter gives an overview of work done in this research. It also gives an 

overview of the scope of study, problem statement, objectives and motivation of this research 

and concludes by giving an outline of the research. Chapter two looks at the background theory 

and related works. It reviews the inventory systems, technologies and design methodologies in 

use today. Chapter three looks at the research methodologies used in this research. This covers 

the data collection, analysis and processing of data. It further looks at software development 

processes used in the prototype and conclude with business process mapping, functional 

specifications, hardware and languages used in the development. Chapter four looks at the 

results of the survey and the development of a prototype. In chapter five, the findings are 

reviewed and future works discussed. The chapter is concluded with works based on the 

researchers’ major findings. Four appendices have been included in this document. Appendix 

A contains the authorization letter from the Ministry of Agriculture to allow the researcher to 

conduct research and use their data. Appendix B contains the questionnaire that was used in 

the base line study. Appendix C contains the screen shots, code structure and sample code 

snippets. Appendix D contains the research published paper. Lastly is a list of the references 

used in this research. 

1.12 Summary 

This chapter covered the basic introduction of work in this research. Firstly it looked at the 

                                                        
1 See List of Publications 
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problems faced with FISP manual systems, the introduction of technology into these systems 

and benefits brought about by this technology. The problem statement, research questions, the 

aims and objectives, scope of the research, research contributions were also covered. It 

concluded by stream lining the structure of the dissertation.  
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CHAPTER 2: LITERATURE REVIEW  

2.1 Introduction 

Literature and related works to this research are reviewed in this chapter.  Firstly a review on 

food security and food security programs is done. This is followed by an extensive review of 

barcode technology and how it can be used in the inventory management processes. A brief 

review on RFID, cloud computing, software development life cycles and other system 

developmental tools is done. This chapter is concluded by reviewing related works to 

automated inventory systems.  

2.1.1 Background information 

In the recent past there has been an increase in the use of ICT around the globe especially in 

third world countries. ICT has been marked as an absolute necessity for taking part in today’s 

global economy and as such the role of ICT in the emerging global market cannot be over 

emphasized. ICT has also been credited with the potential to integrate world economies thus 

demolishing the barriers created by time and distance. It equally makes easier the trade in goods 

and services and encourages investment as well as the creation of new sectors of enterprise, 

new revenue streams and ultimately new jobs [13]. The use of ICT has brought about numerous 

benefits onto the table which include improved service delivery and more importantly 

advancing economic growth and reducing poverty [15] [16]. Other benefits include reduced 

operational costs over time due to more accurate processes and speed brought about by 

computers [17]. Introduction of auto-ID and the elimination of human interaction in a number 

of business processes have seen increased accuracy with data capture and processing. Easy 

access and centralizing information is one cost benefit gained from ICT as repository of data 

is done centrally cutting done the need for multi storage unit’s therefore increasing best solution 

on data retention and protection. There are expected challenges in ICT and one of the greatest 

challenges is the initial high setup costs of deploying new technology through to its 

maintenance [17]. The cost mainly covers the need to acquire new equipment, software to run 

the machines and human capital which will involve training. Naturally when you introduce 

new technology, there will be some people who will have resistance to change hence take time 
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to accept new technology though not always the case. 

2.2 Food security 

Food security is the corner stone of every economy and a nation is considered food secure 

“when all people at all times have access to sufficient, safe, nutritious food to maintain a healthy 

and active life” [10]. Commonly, the concept of food security includes both physical and 

economic access to food that meets people's dietary needs as well as their food preferences. 

Food security is built on three pillars: 

i. Food availability: sufficient quantities of food available on a consistent basis. 

ii. Food access: having sufficient resources to obtain appropriate food for a nutritious 

diet. 

iii. Food use: appropriate use based on knowledge of basic nutrition and care, as well 

as adequate water and sanitation [18] [19]. 

Food security can be said to be a situation in which people do not live in hunger or fear of 

starvation [20]. According to FAO, food security has been defined as the assurance to all human 

beings the physical and economic access to the basic food they need and this implies three 

different aspects: availability, stability and access. A country is classified as food secure when 

its people have access to sufficient, safe and nutritional food to meet their dietary needs and 

food preferences for an active and healthy life [21] [22].   

The concept of food security has evolved since the 1970’s from being a predominant supply 

focused to a multi-dimensional construct. Initially the focus in the early 1970’s was on volume 

and stability of food supply. The 1974 World Food Summit defined food security as 

“availability at all times of adequate world food supplies of basic foodstuffs to sustain a steady 

expansion of food consumption and to offset fluctuations in production and prices”. Two 

decades later this definition changed to “food security exist(s) when people, at all times, have 

physical, social or economic access to sufficient, safe and nutritious food which meets their 

dietary needs and food preferences for an active and healthy life” [23]. Food security is a 

problem world over that has called together governments and the scientific communities. This 
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problem has mainly affected the developing countries. There has been increased concern from 

the scientific community in understanding and implementing food security policies in 

developing countries going back to the 1970’s. Decision making processes have increasingly 

become more complex than before due to the many interactions between multiple dimensions 

related to food security [21] [24]. As food insecurity remains widespread in developing nations 

and with griping constraints on alternative policies to mitigate. Land has been identified as a 

key to this problem [25]. This is usually a neglected policy option but state-led land reform 

remains a major, ethically defensible route for addressing food insecurity and related 

disadvantages through the fair land redistribution to small scale holders [26]. Research has 

revealed that fair and equal land control has reduced food insecurity, poverty and inequality 

and has enhanced equality of opportunity and liberty for farmers, and increased social 

efficiency [26].     

In countries like Malaysia food security is considered largely as ensuring the availability, 

accessibility and utilization of rice to the communities [21]. Policy objectives which were setup 

in the 1970s in Malaysia were to ensure paddy farmers received high prices for their rice 

production, to ensure there was self-sufficiency in rice production and that a stable and high 

quality product reached the customers. To ensure that these objectives were met, the Malaysian 

government took up a stance of a protectionist regime governance system such that it protected 

its markets from supply and price shocks [21]. Measures taken included price control on 

farmers and retailers, subsidies and income transfer, licensing and import monopoly. Due to 

the extensiveness of these measures some distortion and rigidity were being experienced in the 

industry. Since the 2007-2008 food crisis in Malaysia there has been increased interest in the 

food policies in order to achieve the policy objectives [21]. Different models have been 

developed to help improve the food security in the country and results show that the removal 

of subsidy would worsen the situation as self-sufficiency in rice production in Malaysia still 

remains a challenge [21].   

Ensuring that existing regional governance institutions and policy frameworks are 

participatory, transparent and accountable to stakeholders has been the greatest challenge faced 
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by the Association of Southeast Asian Nations leading to further challenges of policy coherence 

and facilitating further integration of existing regional frameworks in order to avoid overlaps, 

duplicity and disconnected policies [27].  As some issues that triggered the 2007-08 global 

surge of food prices still looming today, there is need to address interconnected transnational 

issues that were not adequately addressed on a broader regional cooperation level [19].The 

Association of Southeast Asian Nations which is a regional cooperative has its objective to 

address food insecurity by having regional food reserves that can benefit countries facing food 

crisis while promoting regional cooperation and mutual assistance among countries [19]. In 

Asia public rice breeding has played a pivotal role in maintaining food security. Even though 

it is customer focused the act incorporates consumer preferences in varietal development which 

benefits consumers with the availability of affordable rice with characteristics that meet their 

food preferences and by facilitating farmers with access to markets which allows them a wider 

customer base [28]. It is hoped that the rice breeding programmes would invest widely in traits 

which would incorporate them into their varietal development programmes and see importing 

countries like Indonesia and the Philippines achieve self-sufficiency levels [29]. 

 In Zambia there have been various subsidy programmes that have been put in place in order 

to create and maintain food security in the country. These initiatives keep evolving to suite the 

current satiation and needs of the nation. Zambia has had four major input subsidy programs 

implemented since the structural adjustment: the Fertilizer Credit Programme (1997/98-

2001/02), the Fertilizer Support Programme (2002/03-2008/09), FISP (2009/10-present), and 

the Food Security Pack Programme (2000/01-present) all with the aim of making the country 

self-sufficient and food secure [30] [31]. Details of these programmes have been elaborated 

under the subsidy programmes. 

2.2.1 Input Subsidies 

China’s grain subsidy programme has been the largest food self- sufficiency project on grain-

sown areas of all developing countries. The government of China used a large household-level 

panel to evaluate how this program of subsidies the cultivation levels of farm households by 

helping with liquidity constraints over a given period of time. And from the evaluation results, 
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it was observed that grain subsidy programme improved household grain planting areas for the 

affected farm households [32]. The substantial government subsidies have increased the grain 

output and sown areas in China since its launch in 2004. Major subsidies were provided in 

terms of per unit of cultivated area and total budget allocation [33]. In 2004 fourteen billion 

five hundred thousand (14.5billion) yuan was given as subsidies which was later increased to 

one hundred and sixty six billion eight hundred thousand (166.8 billion) yuan by the year 2012 

[32] [34]. A growth of about 19% and 32% in cultivated areas and grain output was achieved 

respectively [32]. This grain subsidy programme was initially designed to help farmers who 

wanted to grow grain crops such as rice, wheat and corn [32]. The subsidy programme had four 

components: direct subsidy, comprehensive input subsidy, high-quality seed subsidy, and 

agricultural machinery subsidy and the first three subsidies were all related to grain production. 

Direct subsidy was designed to help improve income from grain production. The 

comprehensive input subsidy was meant to offset high cost of production, such as unforeseen 

fuel and fertilizer price increases. To encourage grain producers to adapt different crops and 

efficient productions levels respectively, the high quality seed subsidy and agricultural 

machinery subsidy were designed. Overall this subsidy programme in China had a positive 

impact on the grain cultivated areas [32]. 

In the Sub-Saharan Africa there has been an increase in the use of fertilizer subsidies in the last 

decade even though there has been very little empirical evidence on the effects of these subsidy 

programmes as to reflect on local food prices. In Nigeria an instrumental variable approach has 

been used to understand and explore the effects of fertilizer subsidies on the seasonal growth 

rates of grain prices. Findings revealed that the fertilizer subsidy programme had very little 

bearing on the effects of the growth rates of grain prices between the post-planting and post-

harvesting seasons. Politics was one major factor that was identified to have a major influence 

on the distribution of the fertilizer subsidies [35]. Most countries in the Sub-Saharan Africa 

(SSA) have introduced or improved on already existing fertilizer subsidy programmes. These 

programmes vary from country to country but all have the same objective of helping small 

scale farmers to have increased fertilizer use and high crop production with better yields. They 

also aim to stimulate the private sector input growth and increase income for the small scale 
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farmer while reducing poverty levels and improve food security [35] [36]. Most input subsidies 

in the SSA countries have been driven by the 2008 food price hikes with an objective of 

mitigating the effects of global food price increases. As many African countries seek to avoid 

the downsides of past subsidy programmes experienced, new fertilizer programmes with better 

innovations have been reinstituted in them [36] . Although these new programmes come with 

new innovations they do not address the political interference and manipulation which has 

made past programmes being inefficient resulting into program failure [36].  

In Sub-Saharan Africa (SSA) the Malawian government spearheaded the return to large-scale 

subsidies in 1998 when it started a programme of free fertilizer distribution after having 

discontinued a similar programme earlier in the 1990’s [37]. In 1999 the Nigerian government 

also resumed its major role in fertilizer subsidization, procurement, and distribution which it 

had stopped in 1997 after a decade long involvement. In 2000 Zambia’s government introduced 

a programme that saw small scale farmers receive seed and fertilizer at household level. In 

2003 the Tanzanian republic also reintroduced the fertilizer subsidies while the Kenyan 

government launched its fertilizer subsidy programmes after having successfully developed the 

private agricultural input markets through the liberalization policies. The Ghanaian government 

started voucher-based fertilizer subsidy in the year 2008 after not being actively involved after 

the 1991 liberalization of the sector.  

Even though some success has been recorded with regards to the increase in fertilizer use and 

food production in the SSA the performance of past subsidy programmes has been 

disappointing [38] [39]. There has been much emphasis on the new paradigm of fertilizer 

subsidies so that benefits can be targeted towards small scale farmers. This has been done 

through the use of innovations like the voucher systems and subsidy programmes to incorporate 

private markets through public–private partnerships in their implementation. In Nigeria rice, 

maize and sorghum receive the most of fertilizer subsidies. Different subsidies have been 

implemented through the use of electronic vouchers replacing the Fertilizer Market 

Stabilization Programme (FMSP) which was in place until 2012. Because of lack of empirical 

evidence regarding the old subsidy programme, the Nigerian government ended up repeating 
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similar programmes due to various challenges [40]. Failure of FMSP was because of its weak 

effects on the growth rates of local prices of rice, maize and sorghum between post-planting 

and post-harvesting seasons. And in addition, the allocation of subsidies were politically 

influenced further lowering the effectiveness of the program from the production perspective 

[41]. Subsidy programmes across the sub-Saharan Africa have once again become a common 

strategy to fight rural poverty, increasing agricultural production, and reducing food insecurity. 

Malawi has had the most expensively implemented programme in the SSA.  

Launched in 2005, this agricultural input subsidy programme was introduced in response to the 

sharp decline in rain fall patterns in 2004-2005 farming season that left an estimated four 

million nine hundred thousand (4.9 million) Malawians vulnerable to hunger and food 

insecurity [37]. This programme revealed that there was much effort put in to alleviate food 

insecurity that had been initiated earlier in the decade [42].This programme saw Malawi 

achieve a 53% food surplus in just two years from having a 43% food deficit in 2005 becoming 

a net food exporter [43]. One of the core objective of the AISP was to grant poor smallholder 

farmers’ increased access to improved agricultural inputs (fertilizer and seeds) and achieve 

food self-sufficiency with improved incomes through increased food and cash crop production 

starting with the 2005–06 farming season [44].  

The Fertilizer Support Programme (FSP) was Zambia’s early attempt at revamping the 

agriculture sector through agricultural inputs, mainly fertilizers and hybrid seeds, in the 

production of maize. This programme focused more on controlling input prices and making 

sure inputs were available to smallholders by managing production and distribution rather than 

focusing on direct subsidies. According to the World Bank (2010) only 30% of small scale 

farmers had access to improved seed with only 20% having access to fertilizer [45]. Small-

scale farmers had very limited financial resources to make sufficient funds to support a 

competitive private input supply sector. FSP was launched with an aim of eliminating the 

challenge of access to seed and fertilizer by the small- scale farmers. FSP had specific 

objectives namely To ensure smallholder farmers had timely, effective and adequate access to 

agricultural inputs in the form of fertilizer and hybrid maize seeds;  create a competitive private 
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sector in the supply of agricultural inputs and to facilitate the process of creation of rural 

institutions and dissemination of information by farmer organization in the agricultural sector. 

With its initial design targeted to reach around 125,000 farming households it was budgeted 

for some 200,000 households between 2006/7 and 2008/9 season. Due to high fertilizer prices 

during the 2008/9 season government contribution towards subsidies had increased to as much 

as 80% from the initial 60% [46]. The Government had been running a programme that funded 

the fertilizer and seed subsidies to boost maize production among the small scale farmers [47]. 

FISP (which is currently running) support has steadily been increasing with its funding from 

central treasury since its inception in 2002/2003 season through to 2011/2012 season as can be 

seen from the figure 1 below. 

                       

Figure 1: National yearly Agricultural budgetary allocations [48]  

The SSA subsidy programmes  have gained support as policy tools fostering improved 

agriculture production  as a pro-poor policy approach, making sure there is household food 

security in most African countries [49] [50]. Zambia has had four major input subsidy 

programmes implemented since the structural adjustment: the Fertilizer Credit Programme 

(1997/98-2001/02), the Fertilizer Support Programme (2002/03-2008/09), FISP (2009/10-

present), and the Food Security Pack Programme (2000/01-present) [51]. Since independence 

the government of the Republic of Zambia has put the maize and seed subsidy as key to its 

social contracts with its people [52] [51]. Under these social contracts government played a 

key role of keeping maize prices low for urban consumers while maintaining attractive prices 
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for maize producers. Before structural adjustment, government through its parastatal agency 

called National Agricultural Marketing Board (NAMBOARD) upheld the social contracts 

through consumer maize price subsidies and an integrated system of government support to 

maize production and marketing. It provided farmers with subsidized fertilizer and seed on 

credit so that the loan could be recovered once when farmers sold their maize back to 

NAMBOARD which was purchasing the crop at a pan-territorial and pan-seasonal price [53] 

[51].  This was not fiscally sustainable due to the massive government expenditures on these 

programmes hence forth the government embarking on the structural adjustment programme 

(SAP) in the early 1990s. SAP saw the abolishment of NAMBOARD which resulted in all 

direct input price subsidies being eliminated. The fertilizer and maize marketing was liberalized 

leading to the privatization of the sole countries seed producing company [54] [51] [53] [55]. 

Even though there were new reforms in place, it became difficult to fully abandon the subsidy 

input programs due to the social contracts that were in place [53].  

2.2.2 Fertilizer Credit Programme (FCP) 

When governments changed in the early 1990’s, the new president made new reforms by 

establishing the Fertilizer Credit Programme (FCP). This programme was in place from 

1997/98 to 2001/02 farming season. Under this programme fertilizer was not  subsidized at all 

because would be beneficiaries were asked to pay about 10% of the fertilizer market value at 

planting time while the 90% balance to be paid back in form of cash or maize at harvest time. 

With this scheme most beneficiaries defaulted on their loan repayments [56] [51]. Farmer 

cooperatives played a key role in FCP as it was implemented through cooperatives. To be 

eligible as a beneficiary (i) one should be a member of a cooperative (ii) a farmer needed to 

cultivate at least 2 hectares (ha) of land (iii) be in a position to pay back the loan (iv) 

successfully repaid back the loan in the previous season. Government intention was to establish 

a more formal public and/or private sector input credit programmes that’s could take over FCP 

and in the 2002/03 farming season the large-scale input subsidies in Zambia were reintroduced. 

This was facilitated by Zambia’s participation in the Heavily Indebted Poor Countries initiative 

and donors’ shift from aid conditionality to direct budget support coupled with the resurgence 
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of copper prices in the world [53]. 

2.2.3 The Fertilizer Support Programme 

This was a cash-based Fertilizer Support Programme which was prompted due to the poor loan 

repayment culture and low recovery rates under the Fertilizer Credit Programme. The severe 

drought the hit the southern part of Africa in early 2000 did not help matters.  This new subsidy 

programme ran from 2002/03 through to 2008/09 farming season with overall goals of 

“improving household and national food security, income from produce giving a small scale 

farmer access to agricultural inputs through subsidies and capacity building of the private sector 

to participate in the supply of agricultural inputs” [57]. Ninety percent (90%) of government 

spending on input subsidy was directed to FISP as can be seen from Table 1 below. 

 

Table 1: GRZ’s annual Poverty Reduction Programmes (PRPs) Agriculture expenditure [51]  

 

 

 

2.2.4 The Farmer Input Support Programme 

The Farmer Support Programme was transformed into what is known today as the Farmer Input 

Support Programme (FISP) and has been in operation from 2009/10 to the present day. Even 

though the objective of the programme did not change to that of the predecessors, they were 

substantive changes to the programme most notably being the quantity of fertilizer and seed 
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issued to beneficiaries which was cut by 50%. The rationale behind the reduction of quantities 

issued was to increase the number of beneficiaries per amount of subsidized inputs see Table 2 

below. 

 

Table 2: Beneficiaries and quantities distributed according to official (MAL) 97/98-12/13 [58] [59]  

 

Under FISP there is more involvement of local leaders in the identification and selection of 

beneficiaries. There are committees that have representatives from the traditional authorities 

such as the chief or headman, community-based organizations and farmer organizations. The 

selection process under Fertilizer Support Programme was done by the cooperative boards and 

the local extension officer only [57]. FISP also expanded the range of crops that they cover 

under the subsidy programme. Between 2010/11and 2012/13 season, crops like rice, sorghum, 

cotton, and groundnuts were included in the package. This was to try and push for crop 

diversification in the country. 

2.2.5 The Food Security Pack Programme 

After the structural adjustment programme the Government of the Republic of Zambia 

introduced one last subsidy programme called Food Security Pack Programme. As opposed to 
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the cost sharing and loan system with other programmes, this is purely a 100% grant targeted 

towards the vulnerable but viable farmers that utilize under 1ha of land and are female, elderly, 

or child-headed households looking after orphans or abandoned children. The programme also 

covered the terminally ill and unemployed youth [60] [51]. Unlike other programmes that fall 

under the Ministry of Agriculture, food security pack is administered under the Ministry of 

Community Development and Social Services where the local Community Welfare Assistance 

Committees or Area Food Security Committees select would be beneficiaries. Food security 

pack programme’s objective is to empower vulnerable households become self-sustaining 

through productivity improvement and food security at household level while contributing to 

poverty reduction [51]. Even though the food security pack programme has been in existence 

since the 2002 it has always been over shadowed by the FISP and its predecessor programmes. 

Table 3 below shows intended beneficiaries. 

Table 3: Intended beneficiaries for FSP and FISP over the years: [60] [61] [51] 

 

2.2.6 Fertilizer supply chain 

Zambia depends on international markets for its fertilizer supply just like most SSA countries. 

Nitrogen Chemicals of Zambia [NCZ] which is a state owned company does not meet the local 

demand due to its ageing infrastructure at its plant [48]. The demand for fertilizer in Zambia 

has seen a steady growth mostly driven by government subsidies accounting for more than fifty 
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percent (50%) of the national consumption during the farming period from 1996/97 to 2007/08 

as can be seen from Table 4 and Figure 2 below. 

Table 4: total Fertilizer consumed 1995/96-2007/08 [62] 2006/07 data missing 

 GRZ Channels Commercial Total Fertilizer GRZ Share of 

1995/96 61,141 69,000 130,141 47% 

1996/97 65,577 108,000 173,577 38% 

1997/98 15,000 81,900 96,900 15% 

1998/99 43,028 65,912 108,940 38% 

1999/00 24,825 118,925 143,750 17% 

2000/01 23,975 81,307 105,282 23% 

2001/02 29,580 58,141 87,721 34% 

2002/03 54,120 74,485 128,605 42% 

2003/04 76,927 111,850 188,777 41% 

2004/05 54,094 129,295 183,389 29% 

2005/06 57,130 148,486 205,616 28% 

2007/08 50,000 121,126 171,126 29% 

 

 

Figure 2: Total fertilizer consumption trends [62] 

The national fertilizer consumption stands at an estimated 250,000-300,000 metric tonnes (mt) 

of which an estimated 200,000 mt is imported under the FISP programme. Government through 

FISP allows NCZ to produce or procure some 30,000 mt of fertilizer for the market as a means 

of helping keep the plant operational. The procurement system of fertilizer usually just involves 

streams, the commercial and subsidy routes. The commercial route involves players who 

strictly import for commercial purposes and the other route involves both commercial and 

subsidised fertilizer. The supply chain is wide spread which involves state agencies, regional 

warehouses and storage facilities to agro-dealers ending up with the farmer. Importers who are 
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not offered FISP supply contracts still participate through the open commercial trade. 

 

 

Figure 3: Total fertilizer procurement streams [62]  

 

FISP fertilizer procurement starts with the government advertising the supply tenders were 

players make bids for supply in an open tender process. Two to four companies are picked to 

import primarily D-Compound fertilizers for further redistribution as indicated in figure 3. 

Selected subsidy recipients are asked to pay discounted rates for the fertilizer at designated 

banks and there after take deposit slips to local MOCA office for approval and issuance of 

authority letters allowing them to receive fertilizer from the nearest importer warehouse or 

satellite depot. Transportation of inputs is arranged by the government who agree with 

transporters to provide services to move stock from factories or main warehouses through to 

the satellite depot. These agreements are done through the bidding process. Government had 

intentions on phasing out the subsidy programmes by reducing the amounts on subsidies per 

bag as a percentage of the market price though this didn’t go as planned and ended up not 

implemented [63]. 

2.3 Automatic Identification & Data Capture (AIDC) systems 

The most commonly used automatic identification (auto-ID) or Automatic Identification & 

Data Capture (AIDC) technologies today are the Barcoding and the Radio Frequency 

Identification (RFID) technologies. These technologies have become so vital in the 

management of supply chain and made tagging and tracking of products, produce and material 
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a necessity to any business. The essence of tagging can be anything from piece of steak that is 

bought from a supermarket to cargo container on a plane. These systems become more complex 

and costly according to size. Today Barcode technology has become a universal application 

which is used in each and every perspective of businesses. This technology has streamlined 

identification and data collection [64].  Its use was prompted by the need to eliminate human 

error during the data capturing. AIDC has greatly overcome the weakness with manual system. 

 Figure 4 below shows some of the auto-id’s in use today. 

 

Figure 4: Auto id’s in use today [65] 

 

Overall barcodes have improved the efficiency of operations in the process of inventory control 

and has revolutionized the way tracking of products and inventory levels restocking in done 

today. Barcodes are used in offices and commercial establishments, hospitals and warehouses, 

hotels, government agencies and all organizations where it is required to maintain an inventory 

of products and services [66]. Barcodes have accurate information with a faster rate of 

transaction and this has proved with their wide use. The retrieval process has been made faster 

because items to be barcoded have all their significant details about them captured and stored 
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in the host computer or server. Coding of information is done with a special barcoding language 

and just requires a scanner to decode the information and bring it into human readable format. 

These languages used by barcodes are quite simple as they are made up of symbols which are 

a sequence of bars that are of different sizes i.e. length, height and unequal spacing which is 

seen as white shading. The sequence of bars hold vital information about products and stores 

it according to allocated characters. This stored information is vital because it is used in 

inventory tracking as every time a barcode is scanned information about the item is extracted 

from the host server or database [66]. 

2.4 Barcodes 

Barcodes are the ubiquitous business standards used for the visual capture of information in 

supply chain management, healthcare and business in general. It is an optical machine-readable 

representation of data relating to the object to which it is attached [67]. 

The history of barcoding dates way back to the 1950’s when Bernard Silver and Norman 

Woodland were granted a patent for “Classifying Apparatus and methods” for which they used 

printing patterns called the Bulls-eye printing pattern. By the year 1959 a man by the name of 

David Collins developed the KarTrak system which was used as an Automatic Car 

Identification system and this came to be the first commercial use of a linear bar code [68]. 

This system used to read multi coloured bars mounted on rail cars to track location [68]. In 

1973 IBM developed what they called the Uniform Grocery Product Code (UPC) which was 

adopted by the National Association of Food Chains. On June 26th the following year at 8:01 

AM in Troy Ohio.at Marsh’s Supermarket a pack of Wrigley’s Spearmint chewing gum became 

the very first product to be UPC scanned [69]. Barcode scanners are simple devices comprising 

a light source, a photo diode and a simple decoder or a complex CCD which is a camera based 

scanner. 

Barcodes are categorized into two i.e. the One-Dimensional (1D) Barcode and the Two-

Dimensional Barcode. 
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2.4.1 One-Dimensional (1D) Barcodes 

One dimensional or 1D barcodes represent data systematically by varying sizes of spaces 

(width) in between the parallel lines in the barcode. This representation is also called linear 

barcodes. The linear barcode include some traditional and well known barcode types such as 

the UPC and the EAN codes.   

2.4.1.1 UPC (Universal Product Code) 

The UPC is the most widely used barcode as it used to label and scan customer goods at points 

of sale world over. The United States leads in the use of the UPC but also mainly used in the 

United Kingdom, Australia, New Zealand. There are two variations in the UPC, the UPC-A 

variation which encodes 12 numerical digits and the UPC-E variation which encodes 6 

numerical digits. 

In UPC the first 6 to 9 digits are referred to as the “Company Prefix” and are assigned by a 

non-profit organization known as the GS1 US formerly the Uniform Code Council. The number 

or code uniquely identifies a company and always remain constant on all of the company‘s 

product range. The next range or set of digits are known as the product numbers. These digits 

uniquely identify individual items of a company. Unlike the Company prefix which is a GS1 

assigned, product numbers are assigned arbitrarily by each company. 

A twelfth character is used in the barcode as a “check digit” and is calculated using a 

mathematical calculator based on the first 11 digits of the UPC code [70]. Figure 5 below shows 

a UPC code barcode. 

 

Figure 5: UPC code [71] 

 

Most companies create their own UPC numbers which has been found to be a common mistake 

made. Companies are not allowed to come up with their own UPC because for a code to scan 

at a Point Of Sale, the UPC must contain a GS1-US assigned Company Prefix, also known as 
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a manufacturer prefix. As a governing agency the GS1-US has been tasked to assign 

manufacturing codes and make sure no duplicate numbers are assigned to different companies. 

[71]  

2.4.1.2 EAN CODE 

These barcodes are primarily used in Europe to label and scan customer goods at points of sale. 

It is a numeric only bar code system used for identification of retail products.  They very much 

look like the UPC though with main differences of geographical application. The EAN also 

comes in different varieties like the EAN-13 which comprises 13 digits and is the default form 

factor. The EAN-8 which covers 8 digits is used in situations where limited space is available. 

Figure 6 below shows EAN code.  

 

Figure 6: EAN code [72] 

 

2.4.1.3 CODE 39 

Code 39 also known as code 3 of 9 is used in industries to label goods. The major industries 

using Code 39 are the automotive industries and the US department of Defence [73]. This code 

is able to use both digits and characters. The name code 39 was derived from its limitation of 

only encoding 39 characters though newer versions have the capacity of encoding up to 43. 

Figure 7 shows the Code 39 barcode.  

 

Figure 7: Code 39 [73] 
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2.4.1.4 CODE 128 

Code 128 is used in the logistics and transportation industries for ordering and distribution 

system. The code 128 is a more compact and high density code that is applicable to a non POS 

product line. The 128 barcode is able to store diversified information because of its support for 

any character of the ASCII 128 character set. Figure 8 below shows a Code 128 barcode. 

 
Figure 8: Code 128 [73] 

ITF or Interleaved 2 of 5 barcodes are used in the labelling of packaging material around the 

world. These have a high printing tolerance and can be good for printing on cardboards and 

corrugated surfaces of boards. ITF barcodes support 14 numeric digits and use the full ASCII 

set. ITF-14 bar code symbols include bearer bars, which are surrounding bars which protect 

the bar code image. Once the ITF-4 is printed directly on the corrugated carton, it has to be 

surrounded by bearer bars. For symbols printed on a label only horizontal bearer bars along the 

top and bottom are required. The following illustration displays example images and the 

minimum sizing for each scenario [74]. Figure 9 below shows some examples of ITF or 

Interleaved 2 of 5 barcodes. 
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Figure 9: ITF or Interleaved 2 of 5 barcodes [71] 

2.4.1.5 CODE 93 

This is a type of barcode used in Logistics of identifying packages in retail inventory, electronic 

labelling of components and even provisions of additional delivery information for the 

Canadian Post. Code 93 comes with full support for ASCII and even has improved 

complements than what Code 39 comes with. It is enabled with additional security within the 

barcode itself and is designed to have labels 25% shorter than barcodes produced by Code 39. 

Figure 10 below shows a code 93 barcode 

 

Figure 10: Code 93 [75] 
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2.4.1.6 CODABAR 

Codabar barcodes are used in the field of Logistics and healthcare professionals, including U.S 

blood banks photo labs, FedEx and libraries. The main advantage that stands out on this type 

of barcode is its ease of printing and can be produced by any impact style printer or even a 

typewriter. With that, a user can create many codabar codes using consecutive numbers without 

the use of a computer. This was designed to be readable when printed for multi-part forms using 

dot matrix printers. The codabar is a discrete self-checking symbology and is capable of 

encoding up to 16 different characters with an additional 4 start/stop characters. Codabar code 

example can be seen in figure 11 below. 

 

Figure 11: Codabar barcode [76] 

2.4.1.7 GS1 DATABAR 

This type of barcode is formerly known as Reduced Space Symbology and is used in the retail 

outlets to identify consumer coupons, produce and perishables. These codes are more compact 

than the typical consumer-facing barcodes. After GS1 was introduced in 2001 it became the 

mandated barcode type for retail industry in the US. GS1 Data Bar barcode is shown in figure 

12 below 

 

Figure 12: GS1 Data Bar barcode [75] 

2.4.1.8 MSI PLESSY (or Modified Plessey). 

This is a variant of the Plessey barcode which is a pulse-width modulated non-self-checking 

code. Its primary use is in store shelf labelling. It consists of a character with eight elements, 
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four bars and four spaces and the character set includes the digits 0 to 9 and a modulo10 

checksum is appended at the end of the code. Figure 13 shows a MSI Plessy barcode. 

 

Figure 13: MSI Plessy barcode [75] 

 

2.4.2 Two-Dimensional (2D) Barcodes 

2D barcodes are a systematic representation of data using two-dimensional symbols and 

shapes. Similar to linear 1D barcode, they have more capacity to represent or store more data 

per unit area [77].  The newer and commonly used 2D barcodes today include types such as 

the QR code and PDF417 code types.  

2.4.2.1 QR CODE (Quick Response Code) 

QR code or Quick Response Code originated from Japan where they are very widely used in 

day to day life. This code was developed by Densa-Wave, a Toyota subsidiary and was 

originally used for tracking inventory [78].  

QR codes are mainly used in advertisement, marketing and business card. These codes have 

fast readability, flexible in size and have a high fault tolerance. Though the QR codes can’t be 

read with a laser scanner they are able to support four different modes of data namely numeric, 

alphanumeric, byte/binary and kanji. Figure 14 shows different versions of QR codes 
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Figure 14: Different versions of qr code [67] 

 

There are 2 types of QR code in use today [79].  

 Static QR code-This is most commonly used type of QR code to disseminate 

information to the public. It is often displayed in advertising materials such as 

billboards, posters, newspapers and magazines. With this code, one can track 

information about a number of time a code has been scanned and the associated action 

taken. It also scans the operating system of the device that scanned it. 

 Dynamic QR codes (also referred to as unique QR codes) have more 

functionality than the static QR codes. Owners of the code can edit it any time and can 

target some group of individuals for personalized marketing. These codes are able to 

track more specific information, including the scanners names and email addresses, 

how many times the code has been scanned. Figure 15 below shows a QR code used in 

retail, entertainment and advertising. 

 

 

Figure 15: Industry: Retail, Entertainment and Advertising [77] 
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2.4.2.2 PDF417 CODES 

 PDF stands for Portable Data File and 417 represents the 17 modules of 4 bars and spaces 

that make up each code .These are two dimensions(2D) barcodes used in applications that 

require huge storage capacity for data such as photographs, fingerprints, signatures, texts, 

numbers and graphics. With a capacity of over 1.1 kilobyte of machine-readable data this 

makes them more superior as compared to other 2D barcodes. This type of 2D code has the 

ability to read with slight modified handheld laser or liner CCD scanners. Figure 16 below 

shows the structure of symbols in PDF417. 

   

 Figure 16: Structure of symbols in PDF417 [80] 

Barcode symbols in all PDF417 are made up of stacks of vertically aligned rows. A code can 

contain anything from 3 to 90 rows and each comprises of the following components. 

 Leading quiet zone 

 Start pattern 

 Left row indicator 

 1 - 30 data symbol characters 

 Right row indicator symbol character 

 Stop pattern 

 Trailing quiet zone 

Figure 17 below shows an example of a PDF147 code used in the logistic industry. 
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Figure 17: Industry: Logistics and Government [77] 

 

2.4.2.3 DATAMATRIX CODE 

These are 2D barcodes used in the labelling of small item good and documents. Because of 

their tiny footprint they are ideal for small products in logistics and operations. These codes 

have been recommended by the US Electronic Industries Alliance (EIA) to be used in the 

labelling of small electronic components. And similarly to QR codes, they have a very high 

fault tolerance and fast readability. An example of the data matrix code used in retail and 

electronics industry is shown in Figure 18 below. 

 

Figure 18: Industry: Electronics, Retail and Government [77] 

2.4.2.4 AZTEC 

These are 2D barcodes that are used in the transportation sector, particularly in the ticketing 

and airline boarding passes. One advantage about this type of barcode is that it can be decoded 

even with bad resolution making it useful even if the ticket printout is of poor quality or being 

presented on phone. AZTEC consumes very little space as compared to other barcodes as they 

do not require a surrounding blank “quiet zone,” unlike some other 2D barcode types. Figure 

19 below shows the AZTEC code. 
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Figure 19: Industry: Transportation [77] 

2.4.3 Barcode readers 

There are four types of barcode reading technology in use today each using different 

technology for reading and decoding a bar code. The four categories of the barcodes are:- 

The pen type, the Laser scanners, CCD readers and the camera based readers. 

i. PEN TYPE READERS 

These readers consist of a photo diode and a light source that are mounted next to each 

other in the tip of the wand or pen as shown in Figure 20 below. A barcode is read once 

the tip of the pen/wand is dragged across entire barcode strips in a steady and even 

movement across. The intensity of light is measured by the photo diode and is reflected 

back from the light source to generate a waveform that is used to measure the width of 

the bars and spaces in the barcode. Light is absorbed by the dark shades of the barcode 

while the white spaces reflect light causing a waveform voltage to be generated by the 

photo diode which would be an exact duplicate of the bar and space pattern in the 

barcode. This waveform is decoded by the scanner in a manner similar to the way Morse 

code dots and dashes are decoded.  
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Figure 20: Pen like reader [81] 

 

ii.  LASER SCANNERS 

Laser scanners operate on the same principle as pen type readers except that they use 

a laser beam as a source of light. They use two scan methods of either reciprocating 

mirror or a rotating prism to scan the laser beam back and forth across the barcode. 

Like in a pen type reader, a photo diode is used to measure the intensity of the light 

reflected back from the barcode. The light emitted by the reader is tuned to a specific 

frequency and the photo diode is designed to detect only this same frequency light. 

The two types of readers can be acquired with different resolutions to enable them to 

read barcodes of different sizes. Figure 21 below shows a laser scanner. 

 

Figure 21: Laser scanner [82] 
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iii. CCD READERS. 

Charge Coupled Device or CCD readers use hundreds of tiny light sensors lined up in 

an array of rows in the head of the reader. Each sensor works like a single photo diode 

that measures the intensity of the light immediately in front of it. Because of the 

miniature size of the sensors in the CCD reader a voltage pattern identical to the one in 

barcode is generated in the reader by sequentially measuring the voltages across each 

sensor in the row. The major difference between a CCD reader and a pen or laser 

scanner is that the CCD reader measures the emitted ambient light from the barcode 

whereas pen or laser scanners measure reflected light of a specific frequency originating 

from the scanner itself. An example of a CCD scanner is shown in Figure 22 below. 

 

 

Figure 22: Ccd reader [82] 

 

iv. CAMERA BASED READERS 

The fourth and newest barcode readers technology currently available are camera based 

readers. These use a small video camera to capture an image of a barcode and then a 

sophisticated digital image processing techniques is used to decode the barcode. 

Cameras use the same CCD technology as in a CCD barcode reader except that instead 

of  having a single row of sensors, a video camera has hundreds of rows of sensors 

arranged in a two dimensional array so that they can generate an image. Figure 23 below 

shows a camera based scanner. 
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Figure 23: Camera based scanner [83] 

 

2.4.4 Structure of Barcode 

A barcode is split into sections which form up a complete strip and each part has its own 

functions as shown in Figure 24 below. This has been split in four sections namely- 

1. Quiet Zone: There is the minimum space required for a bar code to be read/scanned 

and this space always precedes the start character symbol of a bar code. This zone has 

to be free of any print and has to be of the same colour and shade as of the 

background of the symbol of the barcode. The clear area (quiet zone) should be ten 

times the width of the narrowest element. 

2. Start Code: This marks the beginning of the barcode. In this zone special characters 

are used to signify the start of data to a scanner/reader. These start characters are 

mainly stripped off and not transmitted to the host. 

3. Check Digit: This zone (check digit zone) is not always present as it is just a 

mathematical sum that is used to verify the accuracy of the elements found in the 

barcode. This check sum is an extra digit that is added at the end of a barcode so that 

a scanner can be sure of the accuracy of the data read from the barcode. The check 

sum digit is mainly stripped off and not transmitted to the host. 

4. Stop Code: This zone marks the end point of the barcode. The characters in this zone 

signify the end point of data to be read/scanned. And typically these characters are 

not transmitted to the host [67]. 
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Figure 24: Structure of barcode [67] 

 

2.5 Radio Frequency Identification (RFID) 

Radio Frequency Identification (RFID) is an Automatic Identification and Data Capture 

(AIDC) technology which is a generic term used to describe a system used to transmit the 

identity of an object or person wirelessly using radio waves. This technology falls under the 

category of automatic identification technologies [84].    

This technology allows the use of small radio devices that are attached or tagged to items that 

need to be identified. These items may vary from pets to people to goods. For this system to 

be complete, it requires at least a tag (transponder), a reader (an interrogator with antenna) and 

a data processing platform which processes the data obtained. 

RFID technology dates back to World War II when the British, American, the Germans and 

the Japanese were using radar system discovered in 1935 by Scottish physicist sir Robert 

alexander Watson-watt—to alert its troops of incoming planes. With the radar system, it was 

difficult to identify whether the planes belonged to the enemy or were friendlies just returning 

from a mission [85]. With time the Germans discovered that if their planes were rolled, it 

would confuse the radar ground crew by changing the radio signals as they reflected back to 

them and assume the planes returning are all Germany planes (this was essentially the first 

passive RFID). 

The British developed the first active identify friend or foe (IFF) system which allowed them 

to put transponders or transmitter on every British plane which sent a signal to the ground 
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radar  station and the signal would be sent back and forth and identified planes which were 

friendlies. To date the principle of RFID work on the basic concept from the world war era of 

a signal sent to a transponder and reflecting back the signal [85]. This technology was not 

talked about not until 1991 when Texas Instruments incorporated used it in animal husbandry. 

By 1999 Massachusetts Institute of Technology had begun to study how RFID would benefit 

wholesalers by incorporating this technology [85].This technology allows the use of small 

radio devices that are attached or tagged to items that need to be identified [86].  A basic RFID 

system has three modules for it to operate. The Tags which are passive or active, Readers and 

Antennas. Tags consist of coupling elements and a chip with a unique electronic code which 

is used to identify the target object. Readers are devices used to retrieve and write information 

on RFID tags. These readers vary from handheld which are designed to be used like a handheld 

barcode scanner to fixed ones that are mounted to read tags automatically as items are passed 

nearby the reader. The third component is the antenna which emits radio signals that activate 

tags in order to read and write data to it [87]. Figure 25 below shows a basic RFID system.  

 
Figure 25: RFID connectivity [88] 

 

Types of RFID 

RFID tags are classified in three (03) categories that is non- passive tags, semi passive tags 

and passive tags. Non passive tags do not need any external current to transmit their signal to 

the transponder. These are the cheapest tags of them all and are easy to integrate into 

common materials and products. These tags are activated when they come in range with a 

reader which generates an electric pulse (electromagnetic field) which powers the tag. 

Passive tags have a short read range and unlimited life span [67]. Semi-passive tags need a 

Reader 
Transponder  Antenna  

Computer System  
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power source for the chip’s circuitry to be powered. The battery remains inactive and is only 

activated by an electromagnetic signal generated from a reader. The life span for semi-

passive is much more than the passive tags [67].  Active tags are embedded with a battery 

which supplies internal power to the tag. These tags are able to communicate with the reader 

at any time. These tags have a wider or higher read range as compared to the tags discussed 

earlier. Active tags tend to be bulky and are a lot more expensive as compared to passive and 

semi- passive tags [67]. These auto IDs have different characteristics. Table 5 below shows 

the differences in characteristics between the three scanners. 

 

Table 5: Auto-id different characteristics [67] 
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Table 6: Difference between passive and active tag [89] 

 

Table 6 above shows the difference between the active and passive tags. 

2.6 Cloud computing 

Cloud computing can be defined as the use of the internet to access technology enabled 

services to people and organizations [90]. This is a virtualized pool of computing resources 

that can manage or process different workload that include back end operations and user 

interactive processes [91]. It allows for the sharing and scalable deployment of services to 

customers regardless of location while providing billing based on actual usage. Services in 

the cloud are offered in a number of service categories such as SaaS (Software as a service), 

PaaS (Platform as a service) and IaaS (Infrastructure as a service). Table 7 below shows 

examples of service categories in the cloud. 
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Table 7: Service Categories in the cloud [92] 

 

Cloud computing is a new paradigm of hosting and delivering services over the internet. This 

phenomenon has brought about the convergence of two trends in information technology that 

is the efficiency of IT and the business agility in IT [93].  

This has enabled resource sharing in terms of scalable infrastructures, middleware and 

application development platforms to increase value addition in service delivery [91] [94]. 

Figure 26 below depicts some of the cloud references architecture. 

 

Figure 26: The cloud reference architecture [95] 

Computing resources have become cheaper, more readily available and more powerful as the 

development of processing and storage capabilities get more advanced. With this technology 

services can be leased and released by users on an on demand basis and pay as you go model.   
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This technology has a lot of characteristics of which some are shared infrastructure, dynamic 

provisioning, managed metering and network access. Cloud technology has its own benefits 

and challenges and some are listed below. 

 

Benefits  

 Cost Saving and increased efficiency: - Scalable for large firms and affordable for 

small ones owing to those big amounts of resources are not used at the same time 

hence leaving processing capabilities to clients needing them at that moment. This in 

the long run reduces the cost by cost sharing managed through the pay-per-use model. 

 Scalability/Flexibility: - People accessing servers have the flexibility of promoting 

mobile work culture in organization because of the dependency on the internet. It is 

easy to implement new technology or make changes with very low costs and risks 

because organizations accessing services are not hard wired to the in house to IT 

infrastructures. One goal of cloud computing is to scale resources up and down 

dynamically through API’s depending on client load with minimal service provider 

interaction [96]. 

 No capital investment: - With the Op-ex model employed in cloud computing upfront 

capital investments is not needed for organizations to have instant access to hard ware 

resources hence reducing investment costs.  

 Innovation: - Barriers to innovation have been reduced as seen from a lot of start-up 

companies. 

 Security: - Service providers usually have the latest and up to date hard ware and 

security measures in place and this is beneficial to organizations that have huge 

budgets towards security purposes. 

Challenges  

Cloud computing has its own challenges and list below are some of them. 

 Lack of standards: - Being a new phenomenon, proper standards have not yet been set 

for to users to adhere to making interoperability and portability between private and 

public clouds a challenge. 
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 Evolving user demands: - User’s demands keep evolving continuously making it quite 

difficult managing these services. 

 Connectivity: - Availability of high speed internet connectivity is required in order to 

get services and be part of the cloud. 

 Shift in dimension: - Dimension shift such as need for new set of skill or change of 

technology will affect clients’ receiving service from the cloud. 

  Location issues :- Due to different physical locations where service providers  would 

be, political issues due to global boundaries might come into play and affect service 

provision [97]. 

2.7 Software development life cycle 

Software development life cycle (SDLC) is a model that is used in the development of a 

software prototype. This model involves a series of stages that is planning, designing, coding, 

testing and implementation processes [98].  With SDLC a number of steps are followed in order 

to come up with a desired product more effectively and these steps are referred to as 

methodology. A methodology can be said to be an orderly and organized way of carrying out 

tasks or it can simply be defined as a set of procedures that one follow from the beginning to 

completion in the software development process. To date there are several methodologies in 

existence that can be used in the development of a system and to settle for one, there are several 

factors that need to be considered. Some of the factors to consider before choosing a 

methodology are the nature of the organization needing the system, the user’s requirements, a 

good software development environment, skills and training of the development team, nature 

or type of software being developed, the availability of resources such as software and 

hardware, the availability of existing design modules, and the budget and time schedule. 

Different methodologies have been developed to resolve different types of problems. In 

describing these problems, it is often possible or necessary to group problems with similar 

characteristics together. This is called the problem domain. Many of these methodologies have 

evolved from the specific milieu where the software was developed. Specific methodologies 

are often developed (to be applied) to resolve certain "classes" of problems, also called domain 

of application, for which it is well-suited even though the design mechanisms are different in 
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each methodology as observed by Pressman [99].  And due to the nature of different types of 

problem solving, no methodology can be classified to be the best methodology of them all 

[100]. In system development it is important to find out what techniques are available and what 

the associated advantages and disadvantages. This however remains the prerogative of the 

developer to choose which methodology best suits the project, as there are numerous 

methodologies available. In system development it is important to know when to use a 

particular methodology that would best apply to the system being developed. There are two 

broad categories of design methodologies: the systematic and the formal types. As the name 

implies, the formal type (i.e. Object Oriented) makes extensive use of mathematical notations 

for the object transformations and for checking consistencies. The systematic types (i.e. 

traditional and structured) are less mathematical and consist of procedural components, which 

prescribe what action or task to perform and the representation component, which prescribes 

how the software structure should be represented. Some popular methodologies are very 

systematic like the traditional approach that has evolved overtime while others use formalized 

approach but allowing for innovation through phase overlap, feedback and refinement loops 

such as the structured approach and object oriented approach. Each of these methodologies 

offer advantages and disadvantages and these trade-offs should be well understood in order to 

select the best methodology of work for any specific system implementation project.  

2.7.1 V-shaped Life cycle Model 

This model is similar to the waterfall model in that the steps must be completed in a linear 

order [98]. There is one flaw with the water fall model as it does not allow going back to the 

previous stage to fix bugs that may have been created. This model allows the testing and 

fixing of errors created at one of the stages in reverse order [101]. Test plans are created at 

each stage of the process from requirement collection to design. 

This is achieved by creating test plans at each stage of the process. At the requirements 

collection stage, a system test plan is developed. When the high-level design is finalized, an 

integration test plan is also developed. Finally, when the low level design is completed the 

unit test plan is developed. After this stage comes the implementation of the software. Various 
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test plans are run in the order shown in the Figure 27 below. 

 

Figure 27: V-shaped life cycle model [102] 

 

2.7.2 Big bang Life Cycle Model 

This is a simple model that requires very little need for detailed planning. It also doesn’t require 

the need for detailed programming nor huge budgets. This model is conceptualised from the 

big bang theory of the universe and is not ideal for large software projects [101]. Figure 28 

below shows the big bang theory. 
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Figure 28: Big bang model [101] 

 

2.7.3 Incremental Life Cycle Model 

Incremental model is more of an improved version of the water fall model by adding an 

iterative process into the model [101] as can be seen in Figure 29 below. By dividing the 

project into smaller water fall cycles and implementing them one at a time has made it 

possible for the iterative process to be included. For each iteration additional modules and 

features are included to the system as can be seen in Figure 29 below [103]. With this model 

a working version of the system is developed at the end of each iteration and both unit and 

system testing is done in order to test for new functionality as per user requirement and its 

relation to already implemented features of the system [101]. 
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Figure 29: Incremental life cycle model [102] 

2.7.4 Iterative Life Cycle Model  

Iterative Software Development Life Cycle has the ability to breakdown the software 

development project into smaller chunks. A code is designed, developed and tested in repeated 

cycles. As iterations take place, additional features are added, developed and tested until full 

functionality of the application is achieved and ready to be deployed [103]. This model does 

not attempt to start development with a full specification of requirements. It begins by 

specifying and implement just the chucks of software which is then reviewed in order to 

identify further requirements. This process is repeated over and over again producing a more 

refined version of the product at the end of each iteration. Figure 30 below shows the iterative 

SDLC process. 



47 

 

 

 

 

Figure 30: iterative model [104] 

 

2.7.5 Spiral Life Cycle Model 

This model is similar to incremental model with the major difference being that spiral model 

incorporates the risk analysis. This model has four stages which include planning, risk 

analysis, engineering and evaluation.  All projects have to go through stages in sequence in a 

number of repeated iterations known as spirals [98]. At the beginning of the spiral critical 

requirements are identified then more features are added to the spiral as the project progresses 

on. A thorough analysis is done during the risk analysis stage for alternative methods and 

risks 
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The diagram below in Figure 31 depicts the spiral model.  

 

 

 

 

Figure 31: Spiral life cycle model [101] 

 

Various models in the SDLC have their strengths and weaknesses that determine user 

preference in selecting a particular model. Table 8 below shows a comparison of strengths and 

weaknesses among different SLDC models. 
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Table 8: Strengths and Weaknesses Comparison of SDLC Models. [105] 
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2.8 Review of Tools and Technologies 

There are a wide range of technologies and tools available to the developer nowadays. Some 

of these technologies have evolved overtime bringing the ease of development to the 

developers’ doorstep.  

2.8.1 Open Source Software 

Nowadays one is able to acquire free software also known as Open Source software that can 

be used in applications development. Open Source software can basically be downloaded by 

anyone from the Internet, is easy enough to use and can run on a wide range of platforms. The 

advantages of this type of software are ease of use, security, and readily available technical 

support, speed of development.  Research led to the review of some of open source software 

such as PHP, MYSQL, Java 2 Enterprise, Dreamweaver, and Internet technologies. 

2.8.2 PHP 

PHP Hypertext Pre-processor is a Web application development tool that enables the rapid 

creation of interactive, dynamic, and information-rich Web-based systems. It is an established 

server-side scripting language and provides a full range of database interaction functions to 

make complete dynamic data-driven web pages. If used with MySQL, they form a very good 

combination for creating data-driven applications. Some of its features include the ability to 

query existing database for data, creation of dynamic queries that facilitate more flexible data 

retrieval, and the execution of stored procedures in databases that support them.  As a language 

that has been designed expressly for the Web, it brings many features that commercial entities 

are looking for such as exceptionally short learning curve, quick development time, and very 

high performance. A web-server environment has to be set to achieve optimal performance in 

PHP and MySQL. To setup this environment a server software application called apache is 

installed. Apache is a popular web server that many ISP's and individuals use to host web 

pages.  When you install Apache on your system your machine becomes a web server.  Pages 

stored on your system in a "special folder" are accessible on the Internet via the machine's IP 

address. This server environment is widely used because it cuts across platforms and is good 
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for the web-based development. 

2.8.3 MySQL 

MySQL is an open source Relational Database system.  MySQL has advantages that include 

running on many operating systems, it is inexpensive, easy to use, and fast in terms of product 

development, has widely available technical support, supports large databases, is secure and 

can be customized to suit the developers design preferences. This database works with a variety 

of other web based developmental tools to enable the effective deployment and manipulation 

of the database onto a platform that can be effectively shared using Internet technologies. 

2.8.4 Java 2 Enterprise  

J2EE which is a Sun Microsystem developed technology provides a component-based 

approach to the design, development, assembly, and deployment of enterprise applications. 

This technology provides an environment for executing among others Java Saver Pages (JSP) 

Java Servlets and JavaBeans. It allows developers to come up with large and complex systems 

such as real time systems. The J2EE allows for the logic to be split into components according 

to functions and the various application components are distributed on different machines 

depending on which tier the application component belongs to.  Java applications are generally 

platform independent and the Java virtual machine provides a secure environment for the 

execution of the application. Java, which is a programming language initially aimed at running 

client-side applications inside of Web browsers was also used in this project.  Java like PHP, is 

highly portable across different platforms, even though PHP supports any 32-bit or better 

platforms, Java supports only platforms that have a Java virtual machine available [106]. Java 

is also more difficult to work with, because of the complexity of the language as well as its 

complicated system design. 

2.8.5 Dreamweaver  

Dream weaver is a web-authoring tool developed by Macromedia that allows Web developers 

to generate HTML and JavaScript source code while viewing the site as they develop them 
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[107]. Instead of spending hours hard coding HTML tags, the developer can build a table, resize 

it, and view it exactly as it will appear on a Web page. There is no chance that a person will 

omit a tag or create table cells that are the wrong size because the developer works visually. It 

generates the correct code for the table you are designing. With Dreamweaver you are able to 

generate code for rollovers, image maps, and animated layers and this development 

environment integrates other development tools such as Fireworks, Flash, and Aria. It's a "What 

you see is what you get (WYSIWYG) interface." 

2.8.6 Client/server architecture  

There are several ways of distributing components in a distributed system. The decision of this 

deployment remains entirely up to the designer of the system and the extent to which they 

would want to distribute these objects. Client/server architecture basically introduced a 

database server to replace the file server. Using a relational database management system, user 

queries are answered directly and this primarily reduces the network traffic by supplying 

relevant query response to the client instead of the total file transfer. It highly improves multi-

user updating through a GUI front end to a shared database. In this architecture, for clients to 

communicate with servers they use remote procedure calls or standard query language 

statements. The following models can be used to implement these objects; 2-Tier model and 3-

Tier/N-Tier model [108]. 

2.8.6.1 2-Tier model 

A 2-Tier model is one of the simplest and cost-effective models as all processing is done in the 

client application with the database serving as a repository. “Logic” in the server might include 

simple constraints such as foreign key constraints and not null values. These constraints 

disallow operations that would cause obvious data integrity problems. 

This model is however suitable for applications that are: 

a) Expected to support a limited number of users. 

b) Networked and databases are local (not over Wide Area Network or Internet). 

c) A normal level of security is required (i.e., data is not overly sensitive). 

d) Data access from the application is minimal. 
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The notable disadvantages of this model are: 

a) Scalability – application performance tends to degrade rapidly when the number 

of concurrent users reaches a threshold between a few hundreds and a thousand 

users. 

b) Poor logic sharing – when the logic is implemented in the client, it is usually 

more difficult to re-use logic between applications and tools. 

c) Application distribution – when changing applications, it has to be distributed 

to each client. This results in considerable administration overheads when the 

numbers of users increase. 

d) Data structure – other applications that access the database will become 

dependent on the existing database structure. This makes redesign of the 

database difficult as applications lock in with the actual data structure [108]. 

Figure 32 below depicts a 2 tier architecture. 

                   

 

Figure 32: 2-Tier Model [108] 

2.8.6.2 3-Tier/N-Tier model 

This model divides the application into three formal tiers. These are; Presentation tier 

(Graphical User Interface (GUI layer)), Middle tier (Application server), the Data tier (Data 

repository) [108] as can be seen from Figure 33 below. 

 

http://www.linuxjournal.com/articles/lj/0075/3508/3508f1.png
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Figure 33: 3-Tier/N-Tier Model [108] 

Presentation tier - as is depicted in the above diagram, the presentation layer also known as the 

client contains the presentation logic, including simple control and user input validation. This 

layer includes a variety of clients, Internet files, and reporting tools. Since business logic is 

implemented in the middle-tier, the presentation layer is left to handle simple tasks. This makes 

rendering of web pages much faster for the client. 

 

Middle-Tier – The middle tier is also known as the application server provides the business 

processes logic and the data access. Transaction Processing Monitor (TPM) or Object Request 

Broker (ORB/DCOM) are used to balance client requests across multiple database servers as 

well as multiple start-up and shutdown application server instances. 

Since the application server supports business logic, it is possible to support more users by 

adding more and faster application servers without needing to re-architecture or rebuild the 

application. 

 

Data-Tier – This layer contains the database and provides the business data, this also includes 

data access procedures. The database can be placed in a single location or it can be distributed, 

if required [108]. 

The main advantages of this model are: 

Scalability – the three-tier model enhances scalability since the application servers can be 

deployed on many machines. The database no longer requires a connection from every client. 

It only requires connections from a smaller number of application servers. In addition, TPMs 

http://www.linuxjournal.com/articles/lj/0075/3508/3508f3.png
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or ORBs can be used to balance loads and dynamically manage the number of application 

servers available. 

Improved data integrity – since all updates go through the middle-tier, it can ensure that only 

valid data allowed to be updated in the database and the risk of rogue application corruption 

data is removed. 

Improved security – security is enhanced since the implementation is in multiple levels (not 

just the database). Security can be granted on a service-to-service basis. Since the client does 

not have direct access to the database, it is more difficult for a client to obtain unauthorized 

data. Business logic is more secure since it is placed on a more secure central server. 

Reduced distribution – Changes to business logic only need to be updated on the application 

servers and do not have to be distributed to all the clients. 

Improved availability – mission critical applications can make use of redundant application 

servers and redundant database servers. With redundant servers, it is possible to architecture an 

application so that it can recover from network or server failures. 

Improved transparency – transparency is enhanced since the actual structure of the database is 

hidden from the caller. This makes it possible to have many database changes made in a 

transparent manner. Therefore, a service in the middle tier that exchanges information/data with 

other applications could retain its original interface while the underlying database structure is 

enhanced during a new application release [108]. 

 

The main disadvantages of a 3-tier model are: 

Complexity– It is more difficult to build a 3-tier application as compared to a 2-tier application. 

The communication points are doubled (i.e., client to middle tier to server, instead of simply 

client to server).  

Fewer tools – there are many tools available for a 2-tier model as opposed to 3-tier model. It is 

likely that additional programming effort will be required to manage tasks that an automated 

tool might handle in a 2-tier environment [108]. 
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2.8.6.3 Hybrid 2-tier/3-tier model 

Some environments need both the benefits from the 2-tier model and the 3-tier model to reach 

optimized system performance. This can be balanced as follows: 

The bulk of the data maintenance is done by a small number of users. 

A large number of users must be supported (e.g. many clients over the Internet) but they require 

a small subset of the total application logic. Other applications need to exchange some 

information/data with this application. 

Some users need direct access to the data in order to use special tools (e.g. reporting tools) 

To meet these requirements, a hybrid 2-tier/3-tier model could be employed. In this situation, 

the bulk of the users would use Internet clients and/or simple client/server front-ends to access 

data through application servers.  Access through the application servers provides the 

scalability benefits. Similarly, related applications would exchange data through the application 

servers so that their interface could be better managed [109]. Figure 34 below shows a hybrid 

2tier/3tier model. 

Retrieval

Database
Database

Simple clients/server

file Internet file

Related

application (s)

Reporting tools

Application Server (s)

Main client/server

application

Various front-end tools

 
Figure 34: Hybrid 2-tier/3-tier with replicated database [109] 

 

The bulk of logic however, would be built using a 2-tier model. This would allow the many 

client/server tool productivity optimizations to be attained. 2-tier development is also easier to 
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manage and coordinate. 

One notable aspect of this model is a replicated database that is optimized for retrieval of 

redundant and summarized data. This retrieval database would also be the ideal place for users 

to access data with reporting tools [109].  

2.8.7 Internet Technologies and Network considerations 

To successfully run a networked system, there should be a reliable communication network 

channel to facilitate resource sharing between entities. A number of issues need to be 

considered before settling for a communication channel.  

Bandwidth – According to Turban et al, bandwidth is the speed at which content can be 

delivered across the network and it is rated in bits per second [110]. Bandwidth consideration 

is critical as many users begin accessing the website. Connections to the Internet can range 

from 56 Kbps (kilobits per second) using a digital modem and a telephone line to higher speeds 

in terabytes. Protocols – These are sets and procedures that govern how two or more computers 

communicate with one another over a network. Turban et al observed that the principal 

functions of protocols in a network are line access and collision avoidance. Line access is 

concerned with how the sending device gains access to the network to send a message while 

collision avoidance is concerned with the management of message transmission so that two 

message do not collide with each other on the network [110]. The building of a set of protocols 

that handle communication between two or more computers is what presents the biggest 

problem in networking. Matters become more complex when implementing transparencies 

such as location, scaling and access. 

In Internetworking, the most widely used protocol is the TCP/IP suite, which enables 

communication between computers in a reliable manner. Each TCP message must be 

acknowledged as received or the sending machine re-sends the same message after a reasonable 

time elapses. IP formats the packets and assigns the addresses. No computer can communicate 

on the Internet without the use of TCP/IP suite, as it is the standard of communication protocol.  

2.9 Related works 

Barcode technology is the most widely used auto ID application in inventory systems today. 
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This technology is used not only in inventory systems but also in Health, security, livestock 

and  food traceability(Agriculture), supply chain management and  library services to mention 

but a few. In China the wheat supply chain has seen the use of barcode (2D) and Radio 

Frequency Identification incorporated in flour production in form of traceability encoding, 

small package identification using a QR Code and Package bin identification by RFID [111].  

In Zambia the Food Reserve Agency (FRA) in the process of implementing an RFID system 

which will be tracking the acquisition, movement and management of grain and its storage 

[112]. This is aimed at resolving the challenges faced with their business processes in the day 

to day operation of the manual system in place currently in place. 

Online Registration New Student Intake System (ORNSIS) barcode system was developed in 

Malaysia to help with the registration process in Higher education in that country. The purpose 

of ORNSIS was to stream line the process of student registration using barcode technology 

making the process more reliable by reducing human error [113]. 

 In food traceability the Chinese government undertook a research on pork traceability in order 

to meet production supervision and safety and giving customers the right to know what they 

are buying.  Ear tags were used on pigs which had a 2D image embedded on the tag and used 

for scanning [114]. 

 In health services in Hong Kong, a bar code assisted medication administration was used 

without the support of computerized prescribing on the dispensing processes and its user 

methods and the effects were assessed. Afterwards a ward at the hospital had a standalone 

system implemented and it was observed that dispensing times increased and potential 

dispensing errors (PDE’s) reduced. It was also observed that staff moral had increased [115].  

2.10 Summary  

In this chapter a comprehensive background overview of this research exploring input subsidies 

and various auto ID technologies available at the time of writing this thesis was reviewed. This 

also involved looking at various software development methodologies available including 

developmental tools and environments.  Finally, the chapter outlined some examples of the 

related works were barcode technology has been implemented and has proved to make a 

positive change. 
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CHAPTER 3: METHODOLOGY 

3.1 Introduction 

In this chapter, the methods and approach taken in the collection, analysis and the presentation 

of research data are discussed. It starts by reviewing the methodology employed in the baseline 

study followed by the review of the approach used in the design, development and 

implementation of the prototype.  

3.2 Baseline study 

This section looks at the methodologies used in the research. In order to understand the 

challenges faced by the FISP programme in the input management and distribution a baseline 

study was conducted. A mixed method methodology which combines qualitative and 

quantitative research types was used for this research. This approach was selected as it allowed 

detailed data collection resulting in the best way of understanding a research problem [116] 

[117].This methodology has diverse types of data which provides the best understanding of a 

research problem. In an event when either the qualitative or quantitative approach by itself is 

inadequate to best understand a research problem, mixed methods research methodology 

becomes very useful in understanding the problem. This methodology can also be used when 

the strengths of both qualitative and quantitative research provide the best understanding of a 

problem [118].  

3.2.1 Study setup 

The research was conducted in two provinces with three sites selected as pilot sites in the 

survey. These three sites were purposively selected for the sampling based on advice from 

Ministry of Agriculture. They are Chongwe in Lusaka province for its high production levels 

in the province, Lusaka also in Lusaka province for its central locality to the FISP 

administration and Mumbwa in Central province for its high agriculture productivity in the 

province. 
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3.2.2 Sample size 

A structured questionnaire was administered to a sample size of thirty five (35) respondents. 

The respondents included Ministry of Agriculture management and warehouse staff at the three 

locations. In additional oral interviews were conducted with staff to gain the qualitative part 

needed for the survey. This part of the survey aimed at getting more detail from elaborate 

interactive discussions and not limiting respondents to the predefined questions. This provided 

open ended questions capturing new insights that would not be captured in a structured 

questionnaire. 

3.2.3 Data collection 

The questionnaire shown in Appendix B.2 was administered to the target group for data 

collection. This was chosen as the quickest and more accurate way of collecting data within a 

limited time frame for the research. This baseline study was used to gather information on the 

current state of affairs in FISP in terms of current business processes, use of ICT and 

information management systems.  The questionnaire used was segmented into two major 

sections targeting the administrative staff and the warehouse staff. Administering and 

collecting back the questionnaires was done over a period of 2 weeks there after unstructured 

interviews with key personal in the ministry were conducted in order to collect qualitative data 

needed for the research. 

3.2.4 Processing and Analysis of Data 

IBM’s Statistical Package for Social Sciences (SPSS) was used for descriptive analysis of the 

data. 

3.2.5 Ethical Consideration 

Confidentiality was maintained during the process of data collection. None of the respondents 

identity was revealed neither did they reveal their organizations sensitive information in the 

questionnaire. 
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3.2.6 Limitations of the Baseline Study 

Some questions remained unanswered due to apathy and just not knowing the appropriate 

response. Financial and logistics limitations were other issues that hindered the process of data 

collection. 

3.3 System Automation.  

System requirement specifications and design model of this research were derived from the 

qualitative data supplied through the interviews and studying the booklet containing FISP 

business process forms provided by FISP administration. The overview of current business 

processes were learnt through the above mentioned interactions. The methodology that was 

used for the analysis, design and development of the software system was the Iterative 

Software Development Life Cycle. This method was chosen due to its ability to breakdown 

the software development of a project into smaller chunks where a code is designed, developed 

and tested in repeated cycles. As iterations take place, additional features are added, developed 

and tested until full functionality of the application is ready to be deployed. [103] This model 

does not attempt to start development with a full specification of requirements. It begins by 

specifying and implements just the chucks of software which is then reviewed in order to 

identify further requirements. This process is repeated over and again producing a more 

refined version of the product at the end of each iteration.    

3.3.1 Current goods receipt business process 

With goods receipt business process in the current input distribution channel the transporter 

will load the inputs from either the factory or the supplier’s warehouse. He is issued with a 

signed Goods received Note (GRN) which is proof of receipt of inputs from the supplier. After 

delivery of inputs to the main warehouse or storage facilities, the transporter will issues a 

Goods Issued Note (GIN) (appendix A.4) and at this point he will issue a cost sheet (appendix 

A.5) to the warehouse manager which will be proof of delivery. The warehouse manager will 

issue back a signed GRN back to the transporter for his records. Finally the transporter will 

take an invoice to the warehouse manager who will also return a signed transport cost sheet 
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back to the transporter who will to take it to the bank for payment. The current business process 

has been depicted in Figure 35 below. 
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Current FISP goods receipt business processes 

 

Figure 35: Current FIPS Business process 
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3.3.2 Current FISP goods issue and Payment business process  

The current procedures for paying contribution for subsidy inputs and collections of inputs first 

start with the ratification of farmer input application by the District Agriculture Committee ( 

DAC) and the issuance of the Authority to Deposit (ATD) FISP form 4  (appendix A.6) to the 

successful applicants. The Camp Agriculture Committee (CAC) will then inform the farmer 

organisation about the approved list that is the list of successful applicants. The farmer 

organisation will inform its members about the approved list and will facilitate the depositing 

of required amounts from member beneficiaries into designated commercial banks. Approved 

applicants will deposit money with their respective farmer organizations and in turn the farmer 

organisation will deposit the funds into commercial banks and collect stamped deposit slips. 

These deposit slips are submitted to the DACO as proof of payment.  If the DACO confirms 

payment made, he will issue the “Authority to Collect” (ATC) (appendix A.7) with a duly 

signed and stamped FISP form 2. A copy of this form 2 (appendix A.8) (Consolidated list of 

approved Applicants) is sent directly to the warehouse manager. The ATC form will specify 

the depot or collection point where the inputs will be drawn by the beneficiaries. The farmer 

organization will inform farmers when and where to collect the inputs from. When collecting 

the inputs, a farmer will need to present a National Registration Card and there after sign for 

the inputs he will collect. Figure 36 below illustrates the current FISP goods issue and payment 

business process.
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Current FISP goods issue and Payment business process 

 

 

Figure 36: FISP payment and input collection procedure 
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3.3.3 Proposed FISP Business Processes 

Inputs such as fertilizer will be sourced from Government appointed suppliers. Inputs will be 

packed in bags that are pre-printed with barcodes which will be captured and stored in a 

database. Bags received from the supplier will be scanned and data sent to the database before 

transportation for onward distribution. Once the truck gets to the provincial warehouse, bags 

will be scanned again before being loaded into the warehouse. The database is once again 

updated and data is used to compare stock that left the factory and what reached the provincial 

depot. At the provincial depot some registered farmers who are closer to this site can be issued 

with inputs at this point. Issued bags are scanned and stock levels updated in the database. 

Farmers that receive are marked as received and database updated to avoid unfair distribution 

experienced with the manual system. When transporting to district warehouses bags will be 

scanned as they are taken out of the provincial depot onto a truck. The database is updated on 

stock levels and inputs issued out. Once input reach the district depot, bags are scanned before 

being stored away at district level and again the database is updated on stock levels. When 

registered farmers start receiving inputs, bags are scanned and database is updated. At this point 

farmers that receive are marked as collected. A farmer as a zone member will apply for inputs 

and pay the necessary contribution required. Once his/her application has been approved by 

the DACO, the warehouse manager will be notified of the development who will also notify 

the depot clerk on the input issue list. A farmer who at this point should already be registered 

in the FISP database will be notified about the input collection date. The proposed input 

distribution business process flow is depicted in Figure 37 below. 
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Proposed FISP input distribution business process 

 

Figure 37: Input distribution process flow diagram
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3.3.4 System Architecture 

The system under development is a cloud computing architecture comprising the user interface 

on the client side while the business logic and the database on the cloud will be on the server 

side. This configuration is a three tier application. Figure 38 shows the context architectural 

diagram for the system. This system will be accessed either through the World Wide Web 

(www) or a direct link on the network depending on user’s location. Secure access to the system 

will be implemented through the Secure Socket Layer communication between clients and 

server to encrypt data transmitted maintaining privacy and confidentiality. Use of digital 

certificates for authenticating communication between the server and the clients will be 

implemented. A trusted third party agent will handle the management of certificates. The above 

mentioned measured will be beefed up by the use of firewalls that will filter incoming data as 

depicted in Figure 38 below. 
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Figure 38: FISP system architecture 

3.3.5 Functional specifications 

Object Oriented Analysis was used to determine the system requirements specification for 

proposed system. These requirements can be given according to the expectations from a 

system, in terms performance and the operation limitations [119].These requirements show 

user needs and purpose of the system. According to Somerville, a requirement can be a high-

level abstract statement of a service that a system is expected to provide or limitations of a 

system [120]. In software development system requirements are categorized into two that is 

functional and non-functional requirements.  Functional requirements are statements or listing 

of services a system is expected to provide and non-functional requirements are limitations or 

constraints on services or functions expected from the system. These functions serve as a guide 

on how far the system can be taken in terms of implementation. 

3.3.6 Requirements determination 

It was important to go through and understand the following stages to determine the 

requirements specification needed for the proposed system. For clarity purpose the section has 

been divided into three main parts as follows: 

 General Requirements  

 Functional Requirements  

 Non-functional requirements 

The general requirements are shown in Table 9. 

Table 9 General requirements. 

NO. BUSINESS 

OBJECTIVES 

SYSTEM 

FUNCTIONALITY 

INFORMATION 

REQUIREMENTS 

1. User login  Login authentication Access accepted or denied 

2. 

 

Available on the 

Internet 

Successful deployment and 

easily accessible 

Provide metadata keywords 

and descriptions. 

3. Provide user information 

 

Use of a Common  

functional  

User Id and password 

4. 

 

Make on-line 

applications 

Well validated application 

forms 

Application id first name, 

surname, n r c , Address, 

phone#, status and other vital 

information 
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5. 

 

Provide view for 

user/clients. 

Well secure read only 

display. 

Application id, NRC, Location 

 

6. Provide on-line user 

support 

Search engine  Frequently Asked 

Questions(FAQ), User support 

page 

7. Generate reports/logs Reports Menu, Access 

levels 

Site log for users visit. 

 

 

The Functional Requirements (High level and Low level) are shown in Table 10 below. 

Table 10.  High-level Functional requirements 

NO. PROCESSING 

REQUIREMENTS 

REQUIRED INPUT DESIRED OUTPUT 

1 User login  Users login by inputting 

User name and password 

through input device 

User menu displayed on a 

visual display unit (VDU) 

2. Create users User details  through   

input device like keyboard 

User details  stored in 

database 

3. Update/Remove user 

details 

Username and password 

according to level of 

privilege 

Updated database 

4. Create farmer Farmer details through 

input device like  

keyboard 

Farmer details stored in 

database 

5. Update/Remove farmer 

details 

Username and password 

according to level of 

privilege 

Updated database 

6. Create input application Farmer details through 

input device like  

keyboard 

Input application details 

stored in database 

7. Create input/stock Input/stock details 

through input device like  

keyboard 

Input/stock details stored in 

database 

8. Flag farmer issued with 

stock 

Using farmer ID and stock 

ID 

Farmer flagged as already 

received  

9. View  inventory  Query using stock ID 

 

Validated read-only form 

with details 

10. Issue stock out Using farmer ID and 

application ID 

Stock record level updated in 

database. 

11. View applications Query through application Validated read-only form 
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ID. with application  details 

12. Search database Query using relevant ID Validated search results 

displayed 

13. View received/issued 

stock for given period 

Query using dates for 

particular period of time 

Displayed results for a given 

period  

14. View users or farmer in 

system 

Query using relevant ID  Validated search results of 

users or farmers displayed 

 15. Implement access levels 

to a database 

Enforce database access 

security 

Access denial if not 

privileged to sensitive 

information 

 

The Functional Requirements (Low level) are shown in Table 11 below. 

Table 11.  Low-level functional system requirements 

NO. High level functional requirement (Table 10) Low-level requirements expected 

1.  

 

User Login 

 

1.1 User must be able to submit 

security credentials. 

1.2 The system should only allow 

authenticated users to     login 

2.  Create user 2.1 The system should allow 

authenticated user to create a user. 

 2.2 The system must enforce that only 

authenticated staff access the system 

3. 

 

Update/Remove User details 3.1 The system should only allow 

authenticated staff with administrative 

access to make amendments or 

deletions to information stored in the 

database. 

4. Create farmer  

 

4.1 The system should allow 

authenticated user to create 

farmer/input/stock details. 

 4.2 The system must enforce that only 

authenticated staff access the system 

5. 

 

Update/Remove farmer details 5.1 The system should only allow 

authenticated staff with administrative 

access to make amendments to farmer 

details and flag farmer as received 

inputs. 

6.  Create input application 

 

6.1 The system must validate that all 

details are provided by users.  
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6.2 The system must provide a secure 

connection channel over the public 

networks.  

6.3 The applicant’s details must be 

protected from illegitimate access.  

6.4 All the applicants information 

provided should be stored in a secure 

database.   

7. 

 

View farmer/input application 7.1 The authenticated users should be 

able to view farmer or input 

applications. 

7.2 System should only allow 

authenticated users to do amendment to 

the data when need arises. 

9. 

 

View inventory 9.1 Authenticated users should be able 

to view stock for particular area and 

period. 

9.2 System should only allow 

authenticated users to do amendment to 

the data when need arises. 

11.  Farmer view application 

 

11.1 Farmers and users should be 

allowed to search for their application 

to check status. 

11.2 System should only allow 

authenticated farmer to view data 

13. 

 

View issued stock 13.1 Authenticated users should be 

able to view issued stock. 

13.2 System should only allow 

authenticated users to view data when 

need arises. 

 15. 

 

Implement access levels to database 15.1 The system must provide secure 

access to the services.  

15.2 The system services must be 

accessible only to the authenticated 

users through secure login mechanism. 

15.3 The information provided by the 

user should be validated. 
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The non-functional requirements (High level and Low level) are shown in Table 10 below. 

Table 12  Non-functional requirements 

NO. SYSTEM 

REQUIREMENTS 

DESIRED OUTPUT REQUIREMENTS 

TO ACHIEVE 

REQUIRED 

OUTPUT 

1. High performance Desired response time 

during updates or 

information retrieval 

Increased network 

bandwidth, use satellite 

transmission and 

caching techniques 

2. Scalable Ability to scale as 

number of user and 

resources increase 

significantly. 

Replication and 

caching using a proxy 

server for web 

resources. Deployment 

of multiple servers to 

handle commonly 

performed tasks to 

allow concurrency 

processing. 

3. Fault-tolerant Guaranteed correct 

behavior despite a 

certain number and 

types of faults. 

Replication of data 

across multiple servers 

such as RAID, disk-

mirroring and 

transaction 

management. 

4. Security Protected data from 

intentional and 

unintentional access 

and alteration 

Firewalls, proxy 

servers and Kerberos 

will help protect the 

system from intrusions. 

Use of passwords to 

help control internal 

threats. 

5. Software architecture 

 

Changeability, 

interoperability, 

efficiency, reliability, 

testability, and 

reusability 

Critical evaluation of 

available software for 

system development 

and deployment 

6. Availability System should be 

available 24/7 
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7. Replication Provide multiple 

consistent copies of 

data in processes 

running on different 

computers. 

Replication of data 

across multiple servers 

such as RAID, disk-

mirroring and 

transaction 

management 

8. Full documentation for all 

functionality and any user 

maintenance of the system 

shall be provided. 

  

9. Any future upgrades to the 

system shall be 

accompanied by full 

explanatory documentation 

  

10. 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. 

  

3.3.7 System Modelling and Design  

The First stage was to identify the general requirements for the system - This involved 

understanding the strategic business objectives and matching them to the information 

requirements. This helped in determining the system functionality required to meet these 

objectives. Table 9 was drawn to show how the business objectives would be met and supported 

by the proposed system. 

The second stage was to identify the functional requirements as shown in Tables 10, 11 and 12 

all above. – These are software requirements that define the system behaviour or functions that 

the system is supposed to perform. Use case diagrams which model the interaction between a 

system and external actors were used to show the functional requirements of the system as 
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would be viewed by users [121]. These are able to represent system functions or goals, which 

will respond to external inputs, and accomplish a task that will be of use from a user’s point of 

view. Five primary actors and their roles in the system were identified before drawing up the 

high level model. Figure 39 below illustrates a top level user interaction between system actors 

and the applications. This also shows interactions between actors and their roles in the system. 
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 Figure 39: System use case diagram 
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Figure 40: Administrator use case diagram 

 

Figure 40 above shows the use case diagram for the administrator. The Administrator is a super 

user of the system and as a super user he is able to perform all roles in the system such as login, 

item creation, deletion, update, view, logout and manage the database. The major role of the 

administrator is the make sure there is system availability 24/7. 
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input
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Figure 41: Warehouse manager use case diagram 

Figure 41 above shows the use case diagram for the warehouse manager. The warehouse 

manager is in charge of a warehouse. His roles involve system login, user creation, assigning 

of roles, managing of warehouse space, views, add/delete, edit or modify, generate reports, 

manage orders, approve to issue and system logout. 

 

login

View inputs

Generate 

reports

Issue 

approved 

inputs

Record WH

 space

Logout

Receive 

inputs

Deport Clerk

 

Figure 42: Depot Clerk use case diagram 

Figure 42 shows the use case diagram for the depot clerk. The depot clerk works under the 

warehouse manager and his roles involve system login, receiving stock, viewing stock, 

generating reports, issuing approved stock, monitoring warehouse space and system logout. 
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View

 application

DAC/CAC

Reject

 application

 



78 

 

Figure 43: DAC/CAC use case diagram 

Figure 43 shows the use case diagram for the DAC/CAC. The DAC/CAC roles involve system 

login, views applications, approve/reject applications, update, generate reports, and system 

logout. 

login

View 

application

status

Logout

Make 

application

Farmer

 

Figure 44: Farmer use case diagram 

 

Figure 44 above shows the use case diagram for the farmer. The farmer roles involve system 

login, make input applications and view application status and system logout. 

login
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 database

Modify 

farmer

Generate 

farmer register

Logout

Register 

farmer

Camp/Zone Officer

 

Figure 45: Camp/Zone officer 
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Figure 45 shows the use case diagram for the Camp/Zone officer. The Camp/Zone officer roles 

involve system login, register farmer, modify farmer, search database, and generate reports and 

system logout.  

The Last stage was to identify the non-functional requirements in Table 12. These requirements 

are concerned with aspects of how well the system provides the functional requirements. These 

requirements are difficult to determine and test and therefore, they are usually evaluated 

subjectively. This makes them relatively more critical than functional requirements as the 

system may be useless if they are not met. 

The use cases were later used to generate the high-level functional requirements for the FISP 

inventory system as shown in Table 10. The high level functional requirements were further 

broken down into detailed low-level functional requirements as shown in Table 11. 

3.3.8 Sequence diagrams. 

Sequence diagrams are said to be models that depict the collaboration of objects based on 

sequence of time. The interaction of objects with others is shown depicting views of the internal 

details of the system. Interaction between objects and actors in a system is explicitly shown 

through sequence diagrams. Some diagrams below depict the interactions and sequence of 

events in the proposed FISP inventory system. Figure 46 shows the Business process mapping 

of input application process to issuing of inputs. 



80 

 

Depot cleck

makeApplication
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Submit for Approval
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manageStock issueInputs
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e
giveResponsegiveResponsegiveResponsegetResponse

inventoryInterface

Farmer

 

Figure 46: Business process mapping of input distribution process. 

 

This diagram also depicts the interaction between the Farmer and the other actors in the process 

of input application and distribution. The process begins with the farmer making an application 

for inputs. The application is reviewed by the FISP officer for completeness. If the form is 

properly filled in, it is forwarded to the DAC/CAC or it is sent back to the farmer to complete. 

If the application meets the criteria set, the DAC/CAC approves it else rejects the application 

and farmer is informed. Once the application is approved the ware house manager is alerted 

who in turn arranges for inputs and then authorize the deport clerk to issue to the farmer. The 

farmer is alerted by the depot clerk on when to collect the inputs. 
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databaseUpdate

Zone/camp

Exists ?doesNotExistdoesNotExist

   

Figure 47: Sequence diagram for Administrator 

 

The diagram in Figure 47 above shows the interaction of the administrator with the system. 

The process begins with the administrator login into the system with credentials provided. If 

the credentials entered are wrong access is not granted. Once access is granted the administrator 

can add or edit/delete users to the system, assign them roles, add or edit/delete inputs to the 

system, can view stock in warehouses and is able to issue out stock. Administrator can view 

and print reports on users, inputs and space in the warehouses. The administrator is also able 

to create, edit or delete zone/camps on the system. Last but not the least administrator is able 

to make various searches on the database and log out of the system.  
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makeOnlineApplication submit submit
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confirm?
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viewApplication submit getApplicationStatus
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Figure 48: Sequence diagram for Farmer 

 

The diagram in Figure 48 shows the interaction of the farmer with the system. The process 

begins with the farmer opening the online application form page. Farmer can make an online 

application to be registered as a farmer or for input application. Farmer is able to view status 

of their application once a profile has been created. Lastly the farmer is able to close the online 

page or log out of the system.  
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Figure 49: Sequence diagram for Depot clerk 

The diagram in Figure 49 shows the interaction of the depot clerk with the system. The process 

begins with the depot clerk login into the system with credentials provided. If the credentials 

entered are wrong access is not granted. Once access is granted the depot clerk can either add 

stock to the database, view stock in the database, view and print reports on status of space in 

the warehouses and can issue stock to farmers. The last action the depot clerk performs is to 

log out of the system.  
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The diagram in Figure 50 below shows the interaction of the DAC/CAC with the system. The 

process begins with the DAC/CAC login into the system with credentials provided. If the 

credentials entered are wrong access is not granted. Once access is granted the DAC/CAC can 

view farmer input applications, approve or reject applications, view and print reports on status 

of input applications and lastly the DAC/CAC can log out of the system.  

 

viewApplication submit getApplicationStatus

returnResponse

applicationRejecteddisplayRespone

confirm?

logout

logoutConfirmed submitLogout commit

User interface Server Database
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approveApplication submit
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Approve?

accessUsername,passwordlogin

result

LoginResponseLoginResponse
authenticate

 

Figure 50: Sequence diagram for DAC/CAC 

 

The diagram in Figure 51 shows the interaction of the FISP staff with the system. The process 

begins with the FISP staff login into the system with credentials provided. If the credentials 

entered are wrong access is not granted. Once access is granted the FISP staff is able to register 

farmers on to the system, can view registered farmers on the system and can print reports of 

registered farmers. Lastly the FISP staff can log out of the system.  
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result

authenticate
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registerFarmer submit
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databaseUpdate

farmerExistsfarmerExists
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Figure 51: Sequence diagram for FISP Staff 

3.3.9 Structural Models – Class Diagram 

The Analysis Structural Model was drawn to reflect the behavior of the system using sequence 

diagrams (Figure 46 to Figure 51) and model the structure of the system. This modelled the 

requirements into an analysis structural model with sub-system hierarchies of the proposed 

system. These models also known as class diagrams are object oriented models used to depict 

classes in a system. The diagram in Figure 52 shown below shows the system objects, functions 

and their attributes 
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Figure 52:  Class diagram
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Figure 53: Entity Relationship Diagram 

 

3.3.10 Entity Relationship Model 

Entity relationship models (ERM) shown in Figure 53 above are high level data modelling 

techniques used by system designers to come up with accurate and precise conceptual models. 

These models are best shown in graphical format and will consist of entities, attributes and 

relationships [122]. ERM’s will attempt on reducing organization structures into mere 

descriptive of entity relationships while providing independence to the software development 

platform. E-R diagrams provide a pictorial, graphical model of information content of a 

prototype. Developer use E-R diagrams to represent their understanding of user requirements 

while users will use them to make sure their needs are being met [122]. Finally the E-R 

diagrams once approved will spell out specification of what must be accomplished by the 

developers and give them confidence in their system development.  
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A collection of objects or concepts that are identified as existing independently in an enterprise 

are called entities. Entities share common characteristics and usually will be an abstract of a 

business concepts about which various data are stored and these are uniquely identifiable.  

Attributes are pieces of information represented at an atomic level and take on particular values. 

They are properties of entities that have been identified to be of interest to a business enterprise.  

Cardinality which is the number of allowed instances two or more entities can associate with 

the most common degree of relationship being the binary cardinality ratios of one-to-one (1:1) 

one-to-many (1: M) or many-to-many (M: N). Existence of some entities depends on the 

relationship with others and this is determined through the participation constraints. The 

cardinality and participation constraints can be seen in Figure 53 above. 

3.3.11 Data dictionary 

The data dictionary identifies and defines the data that is to be stored in the database. This is 

derived from the logical design of the system and some reasonable assumptions made about 

the entities and attributes that make up the FISP Inventory system. 

Attributes and constraints for the system tables have been shown in Table 13. 

 

Table 13. Data dictionary 

 

 Entity name Field or Attributes Data Type Constraint Description 

      

 User    Table to hold user 

authentication 

details. 

  UID Varchar Not null Unique identifier 

for the user 

  uDID Varchar Not Null Identifier for the 

user 

  username Varchar Not Null User Id 

  password Varchar Not Null Password for 

authenticating with 

the database 

 User ID    Table to hold user 

details. 

  uDID Varchar Not Null Unique identifier 

for the user 

  firstName Varchar Not Null First name of the 

user. 

  lastName Varchar Not Null Last name of the 

user. 

  otherName Varchar Not Null Other name of the 

user. 

  idType Varchar Not Null Type of 



 

89 

 

identification. 

  idNo Varchar Not Null Identification 

number 

  gender Varchar Not Null User’s gender 

  email Varchar Not Null Contact address for 

user. 

  province Varchar Not Null Location of user 

  phoneNo Varchar Not Null Phone number for 

user. 

  district Varchar Not Null Location of user 

  zone Varchar Not Null Location area of 

user 

  dateCreated Date Not Null Date of creation 

  createdBydateUpdated Date Not Null Date of update 

  updatedBy Varchar Not Null User who made 

updates 

      

 User role    Table to hold user 

role details 

  roleID varchar Not Null Unique role 

identifier 

  UID Varchar Not Null Unique 

identifier for 

the user 

  role Varchar Not Null User role 

 Farmer    Table to hold 

farmer  details 

  farmerId Varchar Not Null Unique identifier 

for the farmer 

  DistrictId Varchar Not Null Unique identifier 

for the district 

  ZoneId Varchar Not Null Unique identifier 

for the zone 

  BlockId Varchar Not Null Unique identifier 

for the block  

  CampId Varchar Not Null Unique identifier 

for the camp 

  Fname Varchar Not Null First name of the 

user. 

  LastName Varchar Not Null Last name of the 

farmer. 

  OtherName Varchar Not Null Other name of the 

farmer. 

  DOB Date Not Null Date of birth for 

farmer 

  Idtype Varchar Not Null Type of farmer Id 

  idNo Varchar Not Null Id number 

  PhoneNo Varchar Not Null Farmer contact No 

  Gender Varchar Not Null Famer’s gender 

 Farmer 

Organization 

   Table to hold 

farmer 

organization 

details. 

  farmerOrgId Varchar Not Null Famer Org 

identification No 

  farmerId Varchar Not Null Unique identifier 

for the farmer 

  OrganizationName Varchar Not Null Organization name 

 Farmer Org    Table to hold 
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Member farmer 

organization 

members details. 

  fOrgMemId Varchar Not Null Farmer 

organization id 

number 

  farmerId Varchar Not Null Unique identifier 

for the farmer 

  firstName Varchar Not Null First name of the 

user. 

  lastName Varchar Not Null Last name of the 

farmer. 

  otherName Varchar Not Null Other name of the 

farmer. 

  idNo Varchar Not Null Id number 

  gender Varchar Not Null Famer’s gender 

  PhoneNo Varchar Not Null Phone number for 

farmer. 

     Table to hold input 

application details 

  InputAppId Varchar Not null Unique identifier 

for the inputs  

application 

  farmerId Varchar Not null Unique identifier 

for the farmer 

 Input 

Application 

   Table to hold input 

application details 

  InputAppId Varchar Not null Unique identifier 

for the inputs  

application 

  farmerId Varchar Not null Unique identifier 

for the farmer 

  applicationDate Date Not null Date of application 

  Amtpaid Varchar - Amount paid 

  farmerOrgApproved Varchar Not null Farmer org which 

approves 

  farmerOrgApprovalDate Date Not null Date of approval 

  farmerOrgApprovedby Varchar Not null Organization that 

approved 

  CACApproved Varchar Not null Committee that 

approves 

  CACApprovalDate Date Not null Date of approval 

  CACApprovedby Varchar Not null Organization that 

approved 

  DACApproved Varchar Not null District committee 

that approves 

  DACApprovalDate Date Not null Date of approval 

  DACApprovedby Varchar Not null Who approves 

application 

 Farmer Area    Table to hold 

farmers area  

details 

  barcodeId Varchar Not Null Barcode 

identification 

  farmerId Varchar Not Null Unique identifier 

for the farmer 

  areaName Varchar Not Null Area name 

  areaLocation Varchar Not Null Area location 
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  longtitude Varchar - GPS location 

  latitude Varchar - GPS location 

 Input 

Application 

Items 

   Table to hold input 

applied for 

  InputAppId Varchar Not Null Unique identifier 

for the inputs 

application 

  StockId Varchar Not Null Unique identifier 

for the inputs 

  InputType Varchar Not Null Type of input 

 Stock    Table to hold Stock 

details. 

  StockId Varchar Not Null Unique identifier 

for the inputs 

  StockName Varchar Not Null Input name 

  BagId Varchar Not Null Unique identifier 

for the bags 

 Bag    Table to hold bag 

details 

  BagId Varchar Not Null Unique identifier 

for the bags 

  StockId Varchar Not Null Unique identifier 

for the inputs 

  barcodeId Varchar Not Null Barcode 

identification 

  Weight  Varchar Not Null Weight description 

 Province    Table to hold 

province details 

  pID Varchar Not Null Unique identifier 

for the province 

  Province name Varchar Not Null Name of province 

 District    Table to hold 

district details 

  dID Varchar Not Null Unique identifier 

for the district 

  pID Varchar Not Null Unique identifier 

for the province 

 Zone    Table to hold zone 

details 

  ZoneID Varchar Not Null Unique identifier 

for the zone 

  ZoneName Varchar Not Null Name of zone 

 Block    Table to hold farm 

block details 

  BlockID Varchar Not Null Unique identifier 

for the block 

  ZoneID Varchar Not Null Unique identifier 

for the zone 

  BlockName Varchar Not Null Name of block 

 Camp    Table to hold camp 

details 

  CampID Varchar Not Null Unique identifier 

for the camp 

  BlockID Varchar Not Null Unique identifier 

for the block 

  CampName Varchar Not Null Name of camp 
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3.3.12 System Implementation 

A Toshiba Tecra Z40t running on Window 8 and powered by 5th generation Intel core i7-

5600U Gigabyte (GB) of RAM and a 1 Terabyte (TB) hard drive was used as a development 

machine. The required environment and supporting software for the development of the 

prototype where all deployed on this machine 

The system has been developed using Iterative software development technique. In the design 

stage, a task of identifying an appropriate server-scripting language that would facilitate 

communication between the front-end and the backend was undertaken and PHP which is an 

open source software was favored because of its ability to enable the rapid creation of 

interactive, dynamic, and information-rich Web-based systems. MySQL database was used in 

the development of the database to be used for the storage of data in the prototype. NetBeans 

and Apache web server were used as the developmental tools. Barcode technology was used to 

generate barcodes for tagging inputs and farmers. YK-930 model scanner shown in Figure 54, 

which is a plug and play, was used for this prototype. The advantage of this scanner is that it 

does not require software development Kits (SDK) for it to work, you just plug into the USB 

port and it’s ready to work. 

 
Figure 54 YK-930 model scanner [123] 

 

3.4 Summary 

This chapter looked at the approach and methodology used for data collection techniques for 

the baseline study and prototype development. A Mixed Methods Methodology was employed 

with homogenous purposive sampling used on the selected sample size in the research. This 

chapter also looked at the functional specifications, business process mapping, system design 

and implementation and lastly equipment, developmental tools and languages used the 

research.  
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CHAPTER 4: RESULTS 

4.1 Introduction 

 

This chapter looks at the major findings of the research with regards to the input distribution 

processes and the automation levels in FISP.  The research will also look at the current 

workflow processes that are currently in place, data storage and information processing 

methods used. Challenges encountered and routes taken for the research to be completed will 

also be discussed in this chapter. 

4.2 Baseline Study Results 

 

This section looks at the results that were processed from the survey carried out. The second 

section will discuss the processes taken in the development of a prototype for FISP. Lastly the 

work flow processes designed for the research will be discussed. 

4.2.1  Survey Sampling and Data Collection 

The survey for this research was conducted in three (03) stations that were selected out of the 

entire FISP network. If time and resources were to allow, this survey was intended to be spread 

across the entire country. FISP wing of the ministry has very little number of staff managing 

the entire process. Because of this point highlighted only 45 questionnaires were distributed 

amongst the selected sites and homogenous purposive sampling method was employed. These 

questionnaires were answered by both management and warehouse staff. This distribution 

process was meant to avoid biased sampling. The selection of sampling sites was based on the 

crop production and distance from main administration (Head office). Ten (10) questionnaires 

were misplaced or returned unanswered rendering them invalid during the process of data 

collection. In the end, only thirty five (35) questionnaires were fully answered and used for 

data analysis. 

4.2.2 Survey Results and Discussion 

This section looks at the results that were tabulated from the survey conducted in this research. 

The results from the survey were categorised in four (04) sections namely General, Inventory, 

Tracking and Environment. 
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4.2.2.1 General  

 

This first part of the questionnaire looked at the basic computerization and ICT usage within 

FISP. Results showed that some form of ICT tool is in use under the FISP programme as shown 

in Figure 55 below. This helped giving the researcher some footing on what direction to take 

with the research. From the tools identified 85.3% of respondents say spread sheets are widely 

used while 14.7% claim the use of the internet as a tool for communication.  

 

Figure 55: Tools widely used in FISP 

 

Most officers under the programme are well versed with the use of ICT tools. Results in Figure 

56 below show that 85.3% of staff is conversant with the use of spread sheets and 14.7% are 

able to use smart phone for communication purposes.  

 

Figure 56: Skill in the use on IT tools 

 

Cost of tracking of inputs is one area that was looked at in this research and Figure 57 below 

illustrates the results that show estimated costing the organisation spends on tracking of inputs 

in the warehouse each a count is done with the current tracking system in place. 
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Figure 57: Current cost tracking consignment 

 

Supply chain management is one important factor in any inventory system. So it was worth 

considering if it was possible to know the source of inputs and their destination. Results as 

shown in Figure 58 below revealed that 82.4% claimed that it was possible to track the inputs 

while 17.6% thought it was not possible to track them. 

 

Figure 58: Tracking source and destination of product 

 

As this research was based on implementing a new inventory system, a question was posed to 

staff if they were aware of the existence of Barcoding and RFID technologies and the difference 

between the two. 94% of the respondents were not aware nor did they know what these 

technologies were.  6% of the respondents had heard of these technologies before and had an 

idea on the differences between the two. Results are illustrated in Figure 59 below. 
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Figure 59: Knowledge of barcode and RFID technologies 

 

4.2.2.2 Inventory  

 

This section will look at the inventory processes currently in use in FISP. The first thing to find 

out was to know if there was any inventory system in the organisation. All respondents said 

they had some form of inventory mechanism that was in place. Therefore it was important to 

know what kind of inventory system that was in use. The results in Figure 60 below revealed 

that 61.8% used a manual system were they could transfer records from paper on a spread sheet 

for storage while 38.2% used an in house made simple excel systems. 

 

Figure 60: Type of inventory system 
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94%

6%

Have you heard of Barcoding and RFID 

technologies and do you know the differences 

between the two?

No Dont know

61.8%
38.2%

Type of inventory system

system manually maintained with spread sheets

an in house system



 

97 

 

from the survey show that 73.5% of respondents claimed not have a proper numbering system 

in place while 26.5% said they had some form of numbering in place. Results for the numbering 

can be seen in Figure 61 below. 

 

 

Figure 61: Numbering system in place 

 

This section also covered the issues of stock counts and stock distribution. Below are results 

with regards to this part of the section on inventory. Firstly information on how stock was 

tracked in the warehouses was gathered. It was revealed that stock was monitored through 

physical counting in the warehouse in order to maintain a stock count.  After learning that stock 

was physically counted, Information on the frequency of the count was required. Results 

revealed that the count was subject to various factors like warehouse size, new stock received, 

theft occurrence or stock distribution. With this piece of information, it was learnt that most 

stock counts occurred monthly as shown in Figure 62 below. In some cases it was done daily, 

monthly even quarterly.  

 

 

Figure 62: Frequency of stock count 
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Another monitoring method that has been put in place is the use of a maximum/minimum stock 

level. In this scenario a maximum and minimum limit threshold for the warehouse is set and 

monitored so that stock does not go above or below it. Figure 63 below illustrates the use of 

this method in FISP. 

 

 

Figure 63: Stock monitoring method 

 

Further on the researcher had to find out how long it took for a warehouse to be counted and 

this was also dependant on some factors of size and number of staff to do the counting. From 

the results below, it was learnt that it would take some warehouses a day, a week or sometimes 

a month to count stock. Percentages in relation to time it takes to do a count are shown in Figure 

64 below. 
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Figure 64: Duration of warehouse stock count 

 

 

Figure 65 below reveals that 67.6% of respondents said five (5) people could count the 

warehouses while 26.5% felt ten (10) people would do the job and only 5.9% thought two (02) 

people could be up to task. 

 

Figure 65: Number of people engaged to count stock 

 

Once stock count is conducted, there is need for a report to be produced to show records of 

stock in warehouse. The big question on this report was how updated this record was. The 

survey revealed that 64.7% of respondents said the report is generated monthly while 26.5% 

said this report takes as long as up to a year to have it produced. 2.9% said that the report is 

only produced after six months and only a few respondents claimed it is produced weekly. 

These results have been tabulated in Figure 66 below.  

 

 

Figure 66: last complete inventory report produced 
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In the stock distribution section it was observed that a FEFO/FIFO system is maintained in 

FISP. Stock that come in first becomes the first to go out. It has also been learnt that recipients 

of the programme don’t need to look for empty bags for storage. Inputs are distributed with 

their own bags. 

Figure 67 below shows that 68 % of respondents acknowledged theft occurring while 32% did 

not.  

 

 

Figure 67:  Experience of stock theft 

 

There is theft of stock recorded within the distribution chain. This is usually noticed once a 

stock count is done. Theft occurs at different times and locations and Figure 68 below depicts 

the frequency of theft as provided by the respondents. 

 

 

Figure 68:  Frequency of stock theft 
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Figure 69 below, 57% of respondents said they discovered that stock was missing during their 

weekly stock counts while 43% discovered after a month as their stock counts were done on a 

monthly basis 

 

 

Figure 69: Time taken to know stock is missing 

 

Upon noticing that stock is missing reports of theft are made immediately 96% of respondents 

claimed to have reported theft immediately they found out stock was missing while 4% claimed 

it took up to a month to report crime due to factors beyond their control. Figure 70 below 

depicts this scenario. 

 

Figure 70: Time taken to report theft 

 

The research revealed that spoiled stock was discovered during the stock counts in warehouses. 

As can be seen from Figure 71 below, 68% of respondents said they discovered that stock was 

spoiled during their weekly stock counts while 23% discovered after a month as their stock 
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counts were done on a monthly basis. The rest discovered after more than a month as there 

stock count was scheduled when need arose. 

 

 

Figure 71: Time taken to discover spoiled stock 

 

Several factors were identified as causes of stock loss in warehouses. From the results 

processed it was revealed by 65% of the respondents that stock was lost during the 

transportation process due to lack of tracking mechanism of transporting vessels. 23% said it 

was lost due to unpredicted weather conditions while 12% said it was due to lack of 

accountability in the system. This has been shown in the Figure 72 below.  

 

Figure 72: Causes of stock spoilage 
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computer network in the organisation and results are shown in the Figure 73 below. 67% of the 

respondents said the organisation lacked computer networks. The remaining 33% said that they 

had access to the Local area network (LAN) but their warehouses were not connected to it.  

 

 

Figure 73: Extent of computerization in organisation 

 

This survey also revealed that offices at the warehouse had no computers on site. As seen 

from the results below 59% of respondents claimed most sites had no computers at their 

location while 41% of respondents claimed to have a computer or two at site. This has been 

shown in Figure 74 

 

 

Figure 74: No of computers at offices at warehouse location 
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from the results shown in Figure 75 below 62% of respondents claimed offices at warehouse 

locations had no printers at site while 38% of respondents said their offices had printers. 

 

 

Figure 75: Printers at offices at warehouse location 

 

Reliability of power is one aspect that was looked at during the survey. Results from the survey 

indicate that 71% of respondents said they did not have alternative power supply while only 

29% responded to having alternative supply like generators in place. Results are shown in 

Figure 76 below. 

 

 

Figure 76: Power reliability at warehouses 
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4.2.2.4 Tracking 

This section of the survey was concerned with the tracking of stock in the SCM. It involved 

determining the tracking system currently in place and determining if the implementation of a 

new tracking technology would be met with financial challenges and other obstacles. 38.2% of 

respondents felt implementation of a new tracking technology would experience challenges 

and obstacles. 8.8% felt they would not meet any problems while 52.9% of the respondents 

didn’t know what to expect with the implementation. Results from respondents on the 

implementation challenges can be seen in Figure 77. 

 

 

Figure 77: Challenges in implementing technologies 

 

One of the most difficult parts this research encountered was to determine the cost of the current 

tracking mechanism. 52.9% of respondents did not know the approximate cost of the tracking 

system in place. 26.5% approximated the cost to be above K30, 000 while 20.6% put the cost 

to be below K20, 000. Figure 78 below shows the cost estimates determined by users. 
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Figure 78: Approximate cost of current tracking system 

 

Several factors were identified as causes of stock loss in warehouses. From the results 

processed it was revealed by 65% of the respondents that stock was lost during the 

transportation process, 23% said it was lost due to unknown weather conditions while 12% said 

it was due to lack of accountability in the system. This has been shown in the Figure 79 below.  

 

Figure 79: Major cause of stock loss 

 

The survey results show that respondents were not sure if farmers were allowed to belong to 

two or more farmer organisations as seen from the Figure 80 below. 53% did not know if 

farmers were allowed to do that. 38% out rightly said no to being members of different groups 

while only 9% thought it was allowed to belong to two or more organisations. 
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Figure 80: Farmer organisations 

 

Theft was one of the reasons why this research was instituted so that a lasting solution could 

be found to the rampant theft reported in the organisation. Theft in FISP occurs at various points 

in the SCM and from the survey results; it has been revealed that 56% of thefts occurred at the 

main holding depots. 35% of stock was stolen during the transportation from either factory to 

the depot or from main holding depot to satellite depots. The rest of theft represented by 9% 

occurs at satellite depots were stock is kept before distributing to farmers. These figures are 

illustrated in Figure 81 below 

 

 

Figure 81: Common ways in which stock theft occurs 
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stops to check in while the rest of times represented 52.9% no proper monitoring was exercised 

on the drivers.  

 

Figure 82: Monitoring transporters 

 

4.2.2.5 Environment 

The last part of the survey looked at the environmental elements that would affect the storage 

facilities for input storage. It was learnt that the system also lacked a mechanism that could be 

used to monitor environmental conditions in the warehouses. As seen from the Figure 83 below. 

97% of respondents indicated that there was no monitoring mechanism while 3% said some 

form of monitoring was in place. 

 

 

Figure 83: Environment monitoring mechanism in place 
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spoiled. These farmers at times had their inputs spoiled as they could not monitor conditions 

in sheds they used to store input before applying them. 

4.3 Development of a Prototype  

The prototype was developed as a web based platform using PHP, MySQL, NetBeans and 

Apache web server as developmental tools incorporating Barcode technology to generate 

barcodes for tagging inputs and farmers.  

The client side was implemented using PHP embedded with Extensible HyperText Markup 

Language (XHTML) and Cascading style. Extensible HyperTexT Markup Language – 

XHTML was used in the development and implementation of all the web forms and pages. 

Cascading Style Sheets (CSS) – CSS were implemented so that there could be uniformity and 

consistency in the appearance of the web pages. The styles were defined for each web page that 

was developed and all pages had links to the style sheet file. This was in adherence to the W3C 

recommendation for web page design. The server-side implementation was achieved through 

the use of PHP as a scripting language. Being a web based site, the host computer needs XAMP 

software to be installed for the prototype system to run. XAMP is a free software which comes 

bundled with Apache server, MySQL database server, PHP scripting language and PHP 

MyAdmin. MySQL which is part of XAMP has been used as a database server for information 

storage in the back end. Database implementation involved translating the relational schema 

into the physical database by mapping the schema onto the target database management system 

(DBMS). PHP and MySQL were instructed to communicate with each other. This was possible 

through the connect function which was coded in the PHP code for the purpose of instructing 

the front-end to connect to the backend (MySQL database) as shown in Figure 84.  
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<?php 

//------- ------------------------------------------- 

.... 

$ class Configs{ 
    CONST DB_HOST="localhost"; 

    CONST USER="root"; 

    CONST PASSWORD=""; 

    CONST DB_NAME="fisp"; 

    CONST DEFAULT_SYS_PASSWORD="@C07r$11e!"; 

    CONST ACTIVE_STATUS=1; 

    CONST BLOCKED_STATUS=0; 

    CONST INITIALIZATION_VECTOR = "9rh813y7Y&Y&Y678"; 

    CONST SECRET_KEY = "MoStUltimateKeys"; 

//-------------------------------------------------- 

class databaseConnection { 

    private $host; 

    private $user; 

    private $password; 

    private $db_name; 

    private $con; 

    private $dsn; 

    private $options; 

    private $error; 

    private $stmt; 

    //Constructor 

    public function __construct() 

            { 

        $this->host=  Configs::DB_HOST; 

        $this->user=  Configs::USER; 

        $this->db_name=  Configs::DB_NAME; 

        $this->password=  Configs::PASSWORD; 

?> 

Figure 84 Sample database connection code 

 

4.3.1 Sample system screen shots 

Navigation through this application starts from a user login. Once the application is launched 

the user is presented with a login screen where he or she is supposed to login with the 

credentials that were defined for them. Figure 85 shows the user login page. 

 

Figure 85: System login page 
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Once logged in the user will be presented with different menu options for performing different 

functions. These menus might differ with content according to user rights of the person logged 

in. Figure 86 below shows the home page for the application once the user has logged in.  

 

Figure 86: Home page for the FISP Inventory System 

Administrators have rights to create users. They are able to navigate through the menus to get 

to the create user menu as depicted in Figure 87 below. 

 

 

Figure 87: Create user screen 
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User maintenance screen is shown in Figure 88. This menu is used for granting rights, editing, 

deleting and activating users on the system 

 

 
Figure 88: User maintenance screen 

This application is able to generate different barcodes that can be used to tag inputs and farmers 

in the system.  Screen shot in Figure 89 shows the screen that is used to generate different type 

of barcodes 

 

 
Figure 89: barcode generator form 
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Figure 90 shows a barcode generated for a registered farmer. This generated barcode will be 

attached to a farmer and will be used when tagging farmers that have received inputs. 

 
Figure 90: Generated barcode 

 

The screen shown in Figure 91 below is used to receive inputs into the system. Barcodes that 

are generated for particular inputs are scanned when receiving different input types into the 

system. These scanned codes are stored in the database against particular inputs to be used 

during the stock issuing time.  

 

 
Figure 91: Receive inputs into warehouse 

 

Figure 92 below shows a screen that is used for the issuing out of inputs. Barcodes that were 

generated for particular inputs and scanned when receiving that input type into the system are 

scanned when issuing out and must tally with those barcodes that were stored.  
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Figure 92: Issue inputs from warehouse 

The system has various types of reports that can be generated. The screen shot in Figure 93 

below shows an overview of FISP status that can be printed. 

 
Figure 93: System snap shot or overview report 

 

Statistical reports can be generated to show the status of warehouses in a graphical format as 

can be seen in Figure 94. 
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Figure 94: Statistical stock report 

Detailed reports can be generated to display listings of users, registered farmers, input or farmer 

applications, available inputs and issued inputs. Figure 95 shows a generated detailed report 

showing registered farmers. 

 

 
 

Figure 95: Detailed reports 
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4.3.2 Comparison with other similar works 

As stated in Chapter 2, Barcode technology is being used in China in the food traceability using 

the 2D barcode and RFID systems. This technology has also been used in the wheat supply 

chain through the use of QR Code and Package bin identification. QR Code is also being used 

in the traceability of pork products in China.   

4.3.3 Possible Application 

The aim of this research was to develop a system that improves the inventory system 

procedures in the farmer input support programme in Zambia. Though designed for FISP, this 

application can be used in various inventory systems in different government wings just with 

minor modifications to the code. 

 

4.4 Summary 

This chapter has seen the successful implementation of a web based FISP inventory system 

prototype that allows the automation of the day to day inventory process flows.  Results from 

the survey were also reviewed in this chapter.  
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CHAPTER 5: DISCUSSION AND CONCLUSION 

5.1 Introduction 

The findings from this research are concluded in this chapter starting with the discussion all 

through to the conclusion and recommendations based on the results. Lastly the future potential 

of this research will be discussed. 

5.2 Discussion 

In this section results outlined in chapter 4 are discussed to show how they relate to the 

objectives of this research.  

5.2.1 Baseline study 

A baseline study was conducted to determine a number of factors in FISP input distribution. 

One task was to determine the automation levels in the organization. Most of input support 

programs like SSA lacked business process automation making it difficult for these business 

processes to run smoothly. IT skill levels and use had to be determined in the organisation and 

from the baseline study it was noted that 85.3% of respondents claimed the use of spread sheets 

as a means of data storage and processing while 14.7% acknowledged the use the internet as a 

tool for communication. From the results gathered, it was learnt that 85.3% of staff are 

conversant with the use of spread sheets and 14.7% are able to use smart phones for 

communication purposes i.e. using phones to send emails. It was also cardinal to find out how 

possible it was to track inputs in the supply chain using the spread sheets they keep and 82.4% 

of respondents claimed that it was possible to track the inputs while 17.6% thought it was not 

possible to do so. As this research was based on implementing a new inventory system, a 

question was posed to staff if they knew of the existence of Barcoding and RFID technologies 

and the difference between the two. Ninety four percent (94%) of the respondents were not 

aware nor ever heard of these technologies. Six percent (6%) of the respondents had heard of 

these technologies before and knew the differences between the two. All respondents who took 

part in the survey said that the programme had some form of inventory system that was in 

place. Results show that 61.8% of respondents used a manual system of transferring records 

on paper onto a spread sheet for storage while 38.2% of respondents used an in house made 

simple excel systems to store data. After learning of the inventory systems in place, it was 

prudent to know how they recorded or captured stock and if there was some form of numbering 

system for products in the warehouse. According to the results from the survey 73.5% of the 
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respondents said there was no proper numbering system in place while 26.5% said they had 

some form of numbering in place. Another aspect that was looked at was how stock movement 

was tracked in the warehouses. According to the survey results it was revealed that the tracking 

system was done manually through physical stock count done at different time interval i.e. 

daily, monthly even quarterly. Survey results also revealed that the FISP programme faces a lot 

of stock theft occurrences at different points in the supply chain.  And according to the survey, 

it was learnt that 56% these thefts occur at main warehouses while 35% occur during 

transportation and 9% at remote satellite depots 

5.2.2 Business process mapping 

Major business processes were identified in this research and a comprehensive list of these 

processes are listed in chapter 3. Some of the benefits that will be gained from automating the 

FISP business processes have been listed.  

 Data collection will be done at a faster rate and data collected for processing will be 

accurate as there will be elimination of human error from the system. 

 Faster data processing rate will be achieved because of the availability of computing 

resources in the cloud service. 

 Running in a cloud environment will be cheaper as it eliminates the organisation’s 

investments into some capital projects like buying some hardware. 

 There is improved security as access to documents or data is restricted to only people 

that have the required permissions.  This security mechanism makes audit trails easy to 

manage. 

5.2.3 Developed software prototype  

This section looks at the developed prototype with regards to the FISP Inventory business 

processes. This prototype is able to create a user, an input application form, capture a farmer 

and inputs, disburses inputs and save data into its database. The prototype was developed as a 

web based platform using PHP, MySQL, NetBeans and Apache web server as developmental 

tools incorporating Barcode technology. 

This prototype is expected to quicken the business processes of input acquisition and 

distribution. As a web based system, it can centrally be located though being accessed from 

various locations in the country through the cloud. The system can also be deployed to run on 

a Local Area Network for a single warehouse. This system is expected to bring about 
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accountability within FISP in the input distribution and management 

5.3 Conclusion 

Following the review of data discussed in the previous chapter. Firstly, it is recommended that 

FISP implement a web-based inventory system to improve accountability and traceability. 

Secondly, it is recommended that staff undergo training in new technology that is being 

developed. Thirdly, it is recommended that ICT training be made mandatory in primary and 

secondary schools. This project highlighted critical issues that have to be administered at 

national level with full participation of all stakeholders if the system is to be successful. Some 

core functionality of the prototype have been archived and implemented in the system. These 

functionalities can be seen through the objectives that have so far been met. 

5.4 Future Works 

This study saw some processes being implemented though some functionality has not yet been 

fully achieved. In the future, it is hoped that the prototype will incorporate some of the functions 

below: 

• Global positioning satellite (GPS) 

• IP Cameras in warehouse that can be monitored from any part of the globe 

• Humidity and temperature monitoring systems 

• Development of a comprehensive inventory management system  

5.5 Summary 

This research proposed the automation of business processes for the Farmer input support 

programme in order to improve the inventory processes. The set objectives of this research 

were all met as can be seen from the results in chapter 4. It is recommended that other 

government departments adopt these processes in order to promote accountability within their 

wings of departments. According to research findings, it is recommended that FISP implement 

an automated inventory system. It is further recommended that the Government Republic of 

Zambia invests into infrastructure resources and build more capacity in human resource.  
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APPENDICES  

APENDIX A 

A.1:  Structure of the code 

The diagram below shows the folder structure of the developed software prototype as seen from 

XAMPP.  

 

A.2: Sample code 

The code below is used for defining the database that is to be used. It’s also used for granting 

rights and sessions to users after by verifying credentials for users 

 

config 
<?php 

 

/*  

 *  

 */ 

class Configs{ 

    CONST DB_HOST="localhost"; 

    CONST USER="root"; 

    CONST PASSWORD=""; 

    CONST DB_NAME="fispoct"; 

    CONST DEFAULT_SYS_PASSWORD="@C07r$11e!"; 

    CONST ACTIVE_STATUS=1; 

    CONST BLOCKED_STATUS=0; 

    CONST INITIALIZATION_VECTOR = "9rh813y7Y&Y&Y678"; 

    CONST SECRET_KEY = "MoStUltimateKeys"; 

    CONST ERROR_VALUE="Error"; 

    CONST LOGIN_ERROR_MSG="Invalid email/password"; 
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    CONST BLOCKED_ACC_MSG="Your account is blocked. Contact system admin!"; 

    CONST PASS_NOT_RESET_MSG="Your accont is blocked. Kindly reset your password!"; 

    CONST ADMIN_ROLE="admin"; 

    CONST WAREHOUSE_MANAGER_ROLE="warehouse manager"; 

    CONST DEPORT_CLERK="deport clerk"; 

    CONST CAMP_OFFICE_ROLE="camp office"; 

    CONST ZONE_OFFICER="zone officer"; 

    CONST FARMER_ROLE="farmer"; 

    CONST NO_RETRIEVED_FARMERS_LIMIT=15; 

    CONST LOGIN_MSG="Please sign in to access the system"; 

    CONST NO_SEARCH_ERROR="SearchError"; 

    CONST TITLE="FISP"; 

    CONST BANNER="FISP Portal"; 

    CONST DEFAULT_PASSWORD="fisp1234"; 

    CONST SUCCESS_MSG="success"; 

    CONST PIC_SAVE_ERROR="picError"; 

    CONST SAVE_ERROR="saveError"; 

    CONST ERROR="Error"; 

    CONST ACC_BLOCKED="BLOCKED"; 

    CONST PASS_NOT_RESET="DEFAULT"; 

    CONST SEX="Male"; 

    CONST DATE_FORMAT="Y-m-d h:m:s"; 

    CONST DELETE_USER_ACTION='deleteUser'; 

    CONST BLOCK_USER_ACTION='userBlock'; 

    CONST UNBLOCK_USER_ACTION='userUnblock'; 

    CONST DELETE_FARMER="deleteFarmer"; 

    CONST DELETE_ERROR="deleteFail"; 

    CONST DELETE_SUCCESS="deleteOk"; 

    CONST ACC_STATUS_ERR='accError'; 

    CONST ACC_STATUS_SUCCESS='Success'; 

    CONST NOT_ALLOWED="notAllowed"; 

    CONST CONFIRM_DELETE_NARATION="<p>This action will result in deleting all records of the user.</p><p>Are you 

sure?</p>"; 

    CONST CONFIRM_BLOCK="<p>You are about to block a user from accessing the system.</p><p>Are you sure?</p>"; 

    CONST CONFIRM_UNBLOCK="<p>You are about to activate a users account.</p><p>Are you sure?</p>"; 

    CONST CONFIRM_DELETE_FARMER_NARATION="<p>This action will result in deleting all records for the 

farmer.</p><p>Are you sure?</p>"; 

    CONST REJECTED_INPUT_APP=0; 

    CONST PENDING_APPROVAL=1; 

    CONST APPROVED_INPUT=2; 

    CONST DIRECT_RECEIPT="Direct receipt"; 

    CONST BASAL_INPUT='basal'; 

    CONST TOP_INPUT='top'; 

    CONST SEED_VAR='seed'; 

    CONST FERT_STOCK_TYPE='fertilizer'; 

    CONST NO_STOCK='No stock'; 

    public static $STOCK_SOURCE=array('Direct receipt','Inter-depot transfer'); 

    CONST ISSUED_OUT_STATUS=30; 

    CONST NOT_ISSUED_OUT_STATUS=40; 

    CONST INPUT_ARRAY_COUNT=3; 

    CONST NOT_SCANNED='Not Scanned';   

    CONST SCANNED='Scanned'; 

    CONST MAIZE='Maize seed'; 

    CONST RICE='Rice seed'; 

    CONST SORGHUM='Sorghum seed'; 

    CONST GROUNDNUTS='Groundnut seed'; 

    CONST BASAL_FERTILIZER='Fertilizer(Basal dressing)'; 

    CONST TOP_FERTILIZER='Fertilizer(Top dressing)'; 

    } 

 

The code below is used for receiving inputs into store or warehouse. 
 

Stock in  

<?php 

error_reporting(E_ALL); 

session_start(); 

require_once dirname(__FILE__).'/../Configs/Configs.php'; 
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require_once dirname(__FILE__).'/../fispFunctions/fispFunctions.php'; 

require_once dirname(__FILE__).'/../restrict_session/restrict_session.php'; 

 

$userName = $_SESSION['username']; 

$name = $_SESSION['Name']; 

$status = $_SESSION['accStatus']; 

$id=$_SESSION['ID']; 

$warehouse=$_SESSION['wid']; 

$provID=$_SESSION['provID']; 

$fispObject=new FISPFunctions(); 

$details=$fispObject->getDetailsByID($id); 

 

    $stockTypeEmpty=FALSE; 

    $stockNameEmpty=FALSE; 

    $noBagsEmpty=FALSE; 

    $stockSourceEmpty=FALSE; 

 

  if($_SERVER['REQUEST_METHOD'] == "POST")  

   { 

     if(isset ($_POST['scan_stock'])) { 

       if(empty($_POST['stock_type'])){ 

         $stockTypeEmpty=TRUE;   

       }if(empty($_POST['stock_name'])){ 

         $stockNameEmpty=TRUE; 

       }if(empty($_POST['noBags'])){ 

          $noBagsEmpty=TRUE;  

       }if(empty($_POST['stock_source'])){ 

          $stockSourceEmpty=TRUE;  

       } 

        

       if(!$stockTypeEmpty && !$stockNameEmpty && !$noBagsEmpty && !$stockSourceEmpty){ 

       $_SESSION['stock_source']=$_POST['stock_source'];     

       $_SESSION['stock_type']=$_POST['stock_type']; 

       $_SESSION['stock_name']=$_POST['stock_name']; 

       $_SESSION['number_of_bags']=$_POST['noBags']; 

       }  

     } 

   } 

?> 

 

The code below is used for issuing out inputs to farmers. 
 

Stock out 

<?php 

error_reporting(E_ALL); 

session_start(); 

require_once dirname(__FILE__).'/../Configs/Configs.php'; 

require_once dirname(__FILE__).'/../fispFunctions/fispFunctions.php'; 

require_once dirname(__FILE__).'/../restrict_session/restrict_session.php'; 

 

$userName = $_SESSION['username']; 

//$password = $_SESSION['password']; 

$name = $_SESSION['Name']; 

$status = $_SESSION['accStatus']; 

$id=$_SESSION['ID']; 

$fispObject=new FISPFunctions(); 

$warehouse=$_SESSION['wid']; 

$applications=$fispObject->getInputApplications(); 

 

 //if($_SERVER['REQUEST_METHOD'] == "POST")  

  // { 

     if(!empty($_GET['appid'])) 

     $_SESSION['appID']=$_GET['appid']; 

     if(!empty($_GET['crop'])) 

     $_SESSION['crop']=$_GET['crop']; 

     if(!empty($_GET['names'])) 

     $_SESSION['farmer_names']=$_GET['names']; 
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     if(!empty($_GET['basal'])) 

     $_SESSION['basal']=$_GET['basal']; 

     if(!empty($_GET['top'])) 

     $_SESSION['top']=$_GET['top']; 

     if(!empty($_GET['cropID'])) 

     $_SESSION['cropID']=$_GET['cropID']; 

     if(!empty($_GET['seedVar'])) 

     $_SESSION['seedVar']=$_GET['seedVar'];     

     if(!empty($_GET['FID'])) 

     $_SESSION['FID']=$_GET['FID']; 

     if(!empty($_GET['seedStockTypeID'])) 

     $_SESSION['seedStockTypeID']=$_GET['seedStockTypeID']; 

     if(!empty($_GET['ferStockTypeID'])) 

     $_SESSION['ferStockTypeID']=$_GET['ferStockTypeID']; 

     if(!empty($_GET['fStockID'])) 

     $_SESSION['fStockID']=$_GET['fStockID'];  

     if(!empty($_GET['sStockID'])) 

     $_SESSION['sStockID']=$_GET['sStockID'];  

     if(!empty($_GET['tStockID'])) 

     $_SESSION['tStockID']=$_GET['tStockID'];  

  // } 

?> 

The code below is used for generation of barcodes in the system. 
 

Barcode generator 

<?php 

error_reporting(E_ALL); 

session_start(); 

require_once dirname(__FILE__).'/../Configs/Configs.php'; 

require_once dirname(__FILE__).'/../fispFunctions/fispFunctions.php'; 

require_once dirname(__FILE__).'/../restrict_session/restrict_session.php'; 

$userName = $_SESSION['username']; 

//$password = $_SESSION['password']; 

$name = $_SESSION['Name']; 

$status = $_SESSION['accStatus']; 

$role = $_GET['role']; 

$id=$_SESSION['ID']; 

$fispObject=new FISPFunctions(); 

 

?> 

<!DOCTYPE html> 

<html> 

    <head> 

        <meta charset="UTF-8"> 

        <title><?php echo Configs::TITLE;?></title> 

        <meta content='width=device-width, initial-scale=1, maximum-scale=1, user-scalable=no' name='viewport'> 

        <!-- bootstrap 3.0.2 --> 

        <link href="../fispAssets/css/bootstrap.min_1.css" rel="stylesheet" type="text/css" /> 

        <!-- font Awesome --> 

        <link href="../fispAssets/css/font-awesome.min.css" rel="stylesheet" type="text/css" /> 

        <!-- Ionicons --> 

        <link href="../fispAssets/css/ionicons.min.css" rel="stylesheet" type="text/css" /> 

        <!-- Morris chart --> 

        <link href="../fispAssets/css/morris/morris.css" rel="stylesheet" type="text/css" /> 

        <!-- jvectormap --> 

        <link href="../fispAssets/css/jvectormap/jquery-jvectormap-1.2.2.css" rel="stylesheet" type="text/css" /> 

        <!-- fullCalendar --> 

        <link href="../fispAssets/css/fullcalendar/fullcalendar.css" rel="stylesheet" type="text/css" /> 

        <!-- Daterange picker --> 

        <link href="../fispAssets/css/daterangepicker/daterangepicker-bs3.css" rel="stylesheet" type="text/css" /> 

        <!-- bootstrap wysihtml5 - text editor --> 

        <link href="../fispAssets/css/bootstrap-wysihtml5/bootstrap3-wysihtml5.min.css" rel="stylesheet" type="text/css" /> 

        <!-- Theme style --> 

        <link href="../fispAssets/css/FISP.css" rel="stylesheet" type="text/css" /> 

        <link href="../fispAssets/css/gsdk-base.css" rel="stylesheet" type="text/css" /> 

        <link href="../fispAssets/css/datatables/dataTables.bootstrap.css" rel="stylesheet" type="text/css" /> 

        <!-- HTML5 Shim and Respond.js IE8 support of HTML5 elements and media queries --> 
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        <!-- WARNING: Respond.js doesn't work if you view the page via file:// --> 

            <script> 

     window.onload=function(){ 

    GetClock(); 

    setInterval(GetClock,1000); 

 

      var src=document.getElementById("email"), 

     dst=document.getElementById("username"); 

     src.addEventListener('input',function(){ 

     dst.value=src.value; 

     }); 

     }; 

 

     </script> 

    </head> 

    <body class="skin-blue"> 

         

          <!-- Navigation --> 

            <div> 

          <!-- Navigation --> 

            <div class="navbar banner navbar-fixed-top " > 

                

                    <div class="container-fluid"> 

                        <a class="btn btn-navbar" data-toggle="collapse" data-target=".navbar-collapse"> 

                            <span class="icon-bar"></span> 

                            <span class="icon-bar"></span> 

                            <span class="icon-bar"></span> 

                        </a> 

                         

                        <ul class="nav pull-right"> 

                            <li class="dropdown "> 

                               <a style="font-size: 14.5px;margin: 5px 4px 0 0;padding: 5px 6.5px 5px 6.5px;" role="button"  

class="dropdown-toggle btn btn-default btn-lg btn-round" data-toggle="dropdown" href="#"> 

                                  <?php echo ucfirst($name); ?> <i class="fa fa-caret-down"> </i> 

                                </a> 

                                <ul class="dropdown-menu"> 

                                    <li> 

                                        <a  href="#">Profile</a> 

                                    </li> 

                                    <li> 

                                        <a   href="#">Password</a> 

                                    </li> 

                                    <li class="divider"></li> 

                                    <li> 

                                        <a style="color:red;"  href="../index.php"> 

                                            <i class="glyphicon glyphicon-off"> </i> Sign out</a> 

                                    </li> 

                                </ul> 

                            </li> 

                        </ul> 

                    </div> 

                </div> 

            </div> 

           <?php 

        if($_SESSION['role']==Configs::ADMIN_ROLE){ 

       

         echo' 

            <div class="wrapper row-offcanvas row-offcanvas-left "> 

            <!-- Left side column. contains the logo and sidebar --> 

            <aside class="left-side sidebar-offcanvas"> 

                <!-- sidebar: style can be found in sidebar.less --> 

                <section class="sidebar"> 

                    <!-- Sidebar user panel --> 

                    <div class="user-panel"> 

                        <div id="clockbox" class="clock"></div> 

                      

                    </div> 
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                    <ul class="sidebar-menu"> 

                        <li > 

                            <a href="adminHome.php"> 

                                <i class="fa fa-dashboard"></i> <span>Dashboard</span> 

                            </a> 

                        </li> 

                       

                        <li class="treeview active"> 

                            <a href="#"> 

                                <i class="glyphicon glyphicon-barcode"></i> 

                                <span>Barcodes</span> 

                                <i class="fa fa-angle-left pull-right"></i> 

                            </a> 

                            <ul class="treeview-menu nav-second-level"> 

                                <li class="active"><a href="barcode.php?role='.$role.'"> 

                                    <i  style="margin-right: -8px;" class="fa fa-angle-double-right"> 

                                    </i>Create</a></li> 

                               

                            </ul> 

                        </li> 

                    </ul> 

                </section> 

            </aside>     

            <aside class="right-side"> 

                <section class="content"> 

                      <div class="col-lg-12"> 

                        <div class="page-header"> 

                           <div style="font-size: 13px;"> 

                                <i class="fa fa-barcode"></i> 

                                <a href="barcode.php?role='.$role.'">Barcodes</a> 

                                <i class="ace-icon fa fa-angle-double-right"></i> 

                                <a href="barcode.php?role='.$role.'">Create</a> 

                                <small style="display:inline;"> 

                                    <i class="ace-icon fa fa-angle-double-right"></i> 

                                     barcode 

                                </small> 

                               <div class="pull-right"   id="clockbox" style="font:10pt Arial; color:#428bca;"></div> 

                            </div> 

                        </div> 

                    </div>                   

                 <div class="row"> 

                        <div class="col-md-12"> 

                        <div style="margin:5px 10px 20px 10px;padding:5px 0 5px 10px; 

                                       " class="alert alert-info alert-dismissable"> 

                                      Generate barcode 

                                    </div>  

                              <div class="box"> 

                                 <div class="card wizard-card ct-wizard-blue" id="wizardProfile"> 

                                    <form  action="renderBarcode.php?role='.$role.'" method="POST"> 

                                         

                                       

                                          <div style="color: red;margin-bottom:-10px;padding: 8px 8px 0px 20px;margin-left: -8px;"  > 

                                            Fields marked ** are required.                                     

                                        </div> 

                                        <div class="tab-content"> 

                                            <div class="well"> 

                                                <div class="row"> 

                                                <div class="col-lg-12">'; 

                                           if(isset($_GET['msg'])){ 

                                                $names=$_GET['names']; 

                                                 echo '<div style="margin:0px 10px 10px 10px;padding:5px 0 5px 10px;" class="alert alert-

warning">'                                                . $names.' successfully registered as a '.$role.'. But image was not inserted.' 

                                                . '</div>';    

                                            } 

                                                   echo '</div> 

                                                    <div class="col-lg-6"> 

                                                        <div class="form-group"> 
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                                                            <label>Text to display <small style="display:inline;color:red">**</small></label>'; 

                                                            if(isset($_GET['err'])){ 

                                                                echo'&nbsp;&nbsp;&nbsp;<small style="display:inline;color:red">Text to embed is 

not set</small>';                                                            } 

                                                          echo'  <input name="text" type="text" class="form-control" placeholder="Text to embed 

in barcode...." /> 

                                                        </div> 

                                                           <div class="form-group"> 

                                                            <label>Barcode Type <small style="display:inline;color:red">**</small></label> 

                                                           <select name="codetype"   class="form-control"> 

                                                            <option value="code39">Code 39</option> 

                                                            <option value="code39extended">Code 39 Extended</option> 

                                                            <option value="codabar">Codabar</option> 

                                                            <option value="code11">Code 11</option> 

                                                            <option value="code93">Code 93</option> 

                                                            <option value="code128">Code 128</option> 

                                                            <option value="ean8">EAN-8</option> 

                                                            <option value="ean13">EAN-13</option> 

                                                            <option value="gs1128">GS1-128 (EAN-128)</option> 

                                                            <option value="isbn">ISBN-10 / ISBN-13</option> 

                                                            <option value="i25">Interleaved 2 of 5</option> 

                                                            <option value="s25">Standard 2 of 5</option> 

                                                            <option value="msi">MSI </option> 

                                                            <option value="upca">UPC-A</option> 

                                                            <option value="upce">UPC-E</option> 

                                                            <option value="upcext2">UPC Extension 2 Digits</option> 

                                                            <option value="upcext5">UPC Extension 5 Digits</option> 

                                                            <option value="postnet">PostNet</option> 

                                                             </select> 

                                                        </div> 

                                                        <div class="form-group"> 

                                                            <label>Output image <small style="display:inline;color:red">**</small></label> 

                                                            <select name="output"   class="form-control"> 

                                                            <option value="1" >PNG</option> 

                                                            <option value="2">JPG</option> 

                                                            </select> 

                                                        </div> 

                                                        <div class="form-group"> 

                                                            <label>Bar height</label> 

                                                            <select  name="thickness" class="form-control"> 

                                                               <option value="30">30</option> 

                                                               <option value="40">40</option> 

                                                               <option value="50">50</option> 

                                                               <option value="60">60</option> 

                                                           </select> 

                                                           </div> 

                                                        <div class="form-group"> 

                                                            <label>Resolution <small style="display:inline;color:red">**</small></label> 

                                                            <input type="radio" name="res" value="1"  

checked="checked"/>&nbsp;1&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; 

                                                           <input type="radio" name="res" value="2"  

/>&nbsp;2&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; 

                                                           <input type="radio" name="res" value="3"  />&nbsp;3 

                                                        </div> 

                                                         <div class="form-group"> 

                                                            <label>Show text <small style="display:inline;color:red">**</small></label> 

                                                            <input type="radio" name="showText" value="Yes"  checked="checked" 

/>&nbsp;Yes&nbsp;&nbsp;&nbsp;&nbsp; 

                                                            <input type="radio" name="showText" value="No" />&nbsp;NO  

                                                        </div> 

                                                        <div class="form-group"> 

                                                         <label>Font weight <small style="display:inline;color:red">**</small></label> 

                                                          

                                                          <select class="form-control"  name="font_size"> 

                                                           <option value="8">8</option> 

                                                           <option value="14">14</option> 

                                                           <option value="26">26</option> 
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                                                           <option value="30">30</option> 

                                                           <option value="32">32</option> 

                                                         </select> 

                                                         </div> 

                                                     

                                                        <div class="pull-left"> 

                                                         <input type="submit" class="btn btn-primary" name="generate" value="Generate" /> 

                                                         <input type="reset" class="btn btn-primary"  value="Reset" /> 

                                                        </div> 

                                                        

                                                    </div> 

                                                </div> 

                                            </div> 

                                                        </div> 

                                                   </div> 

                                                </div> 

                                                <div class="clearfix"></div> 

                                                </form> 

                                            </div> 

                                    </div> 

                               </div> 

                            </div>  

                        </aside>';     

           

                }   

            ?> 

        <!-- jQuery 2.0.2 --> 

        <script src="../fispAssets/js/jquery.min.js"></script> 

        <!-- jQuery UI 1.10.3 --> 

        <script src="../fispAssets/js/jquery-ui-1.10.3.min.js" type="text/javascript"></script> 

        <!-- Bootstrap --> 

        <script src="../fispAssets/js/bootstrap.min.js" type="text/javascript"></script> 

        <script src="../fispAssets/js/plugins/datatables/jquery.dataTables.js" type="text/javascript"></script> 

        <script src="../fispAssets/js/plugins/datatables/dataTables.bootstrap.js" type="text/javascript"></script> 

        <!-- Morris.js charts --> 

        <script src="../AdminLTE-master///cdnjs.cloudflare.com/ajax/libs/raphael/2.1.0/raphael-min.js"></script> 

        <script src="../fispAssets/js/plugins/morris/morris.min.js" type="text/javascript"></script> 

        <!-- Sparkline --> 

        <script src="../fispAssets/js/plugins/sparkline/jquery.sparkline.min.js" type="text/javascript"></script> 

        <!-- jvectormap --> 

        <script src="../fispAssets/js/plugins/jvectormap/jquery-jvectormap-1.2.2.min.js" type="text/javascript"></script> 

        <script src="../fispAssets/js/plugins/jvectormap/jquery-jvectormap-world-mill-en.js" type="text/javascript"></script> 

        <!-- fullCalendar --> 

        <script src="../fispAssets/js/plugins/fullcalendar/fullcalendar.min.js" type="text/javascript"></script> 

        <!-- jQuery Knob Chart --> 

        <script src="../fispAssets/js/plugins/jqueryKnob/jquery.knob.js" type="text/javascript"></script> 

        <!-- daterangepicker --> 

        <script src="../fispAssets/js/plugins/daterangepicker/daterangepicker.js" type="text/javascript"></script> 

        <!-- Bootstrap WYSIHTML5 --> 

        <script src="../fispAssets/js/plugins/bootstrap-wysihtml5/bootstrap3-wysihtml5.all.min.js" 

type="text/javascript"></script> 

        <!-- iCheck --> 

        <script src="../fispAssets/js/plugins/iCheck/icheck.min.js" type="text/javascript"></script> 

 

        <!-- AdminLTE App --> 

        <script src="../fispAssets/js/AdminLTE/app.js" type="text/javascript"></script> 

        <script src="../fispAssets/js/jquery.bootstrap.wizard.js"></script> 

        <script src="../fispAssets/js/jquery.validate.min.js"></script> 

         <script src="../fispAssets/js/AdminLTE/fisp.js" type="text/javascript"></script> 

         <script src="../fispAssets/js/bootstrap-datepicker.js" type="text/javascript"></script> 

         <script> 

        $(function() { 

            $(".datepicker").datepicker(); 

        }); 

        </script> 

    </body> 

</html> 
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A.4: FISP goods issued voucher 

 

 
 

A.5: Local transporters cost sheet 
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A.6: FISP authority to deposit 
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A.8: FISP consolidated list of approved applicants 
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A.7: FISP authority to collect 
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B.2: Questionnaire  
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