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Abstract

Agriculture is considered to be the most widely spread and most commonly practiced
form of employment in Sri Lanka. The Sri Lankan society has been dependent on
agriculture since the beginning of its early civilization. Agriculture is the most
important sector of the economy which fulfills the basic food needs of the citizens.
This project considers upcountry vegetables; particularly selected four crops of which
the information related to these are so important for development of this sector. The
areas where upcountry vegetables have been cultivated fall into different agro-
ecological zones varying from rain fall, elevation, land type, height of the top soil,
slope of the land and soil erosion etc. The potential of information technology (IT)
can be assessed as a tool for direct contribution to agricultural productivity and as an
indirect tool for empowering farmers to take informed and quality decisions which
will have positive impact on the agricultural activities. In this project, it is attempted
to build an igdirect taolfarcati interdstad panties inclding. fanhers aiming to develop
an mformaﬂ%ystem to'that'factlitates-aeedrate and ‘relrable forecasting through data
mining to énfance upcountry vegetable cultivation in Sri Lanka. This information
system going to use two sets of data; particularly one from Data Bank of Hector
Kobbekaduwa Agrarian Research and Training Institute and the other from a sample
survey conducted by this tools web interface developed using a content management
system and using the sample data that recorded harvest will be forecast through data
mining and creating appropriate modules and finally these modules will be
incorporated in to the information system. The final phase of the project is the
evaluation of the web-based information system with several different data mining
algorithms. The Project has successfully implemented dynamic filtering, classification
and prediction of data using the latest technologies and tools available in the field of
IT to uplift the agricultural field in Sri Lanka and the evaluation of its performance

looks promising for practical implementation.
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Chapter 1

Introduction

1.1 Introduction

The Sri Lankan society has been dependent on agriculture since the beginning of its early
civilization. Agriculture is the most important sector of the economy which fulfills the basic
food needs of the citizens. It is therefore essential that the technology thrust should lay
greater emphasis on the transfer of scientific and technological information from the sources
of information to its actual users. Even though agricultural contribution to the gross domestic
product declined substantially during the past three decades it is the most important source of
employment for the majority of the Sri Lankan workforce. Sri Lanka’s main goal is to

achieve an equitable sustainable agricultural development through development and

dissemination of iy
This project is to safisider upeotihtii \regetablds® dartietiay! sel ekt df ‘ops of which the
information related ™o these are so important for ¢ The areas where

upcountry vegetables have been cultivated fall into different agro-ecological zones varying
from rain fall, elevation, land type, height of the top soil, slope of the land and soil erosion
etc. Due to this situation, it can be observed that farmers may harvest different quantities
from areas with similar extent even though they practiced similar process in cultivating of
vegetables. The farmers engaged in this sector are really interested to be aware of price
fluctuations, annual requirement and contribution from major cultivation areas, future trends,

land utilization and how much they could produce individually for a crop.

Although the surveys related to agriculture information are conducted at different locations
and levels by many researchers, government and non-government institutions, unfortunately
farmers are reluctant to use this information due to various reasons. The annual vegetable
demand is rapidly increasing and during the period of last ten years. The demand for
potatoes, Beans and Carrot has increased by 14.49, 6.84 and 56.98 percent respectively and

no such an increase is shown for Cabbage compared to the year 2000 [1] . Even though the
1



production of these crops has also increased by 7.28, 23.22 and 31.70 and 17.62 percent, it is
not sufficient for the fulfillment of the requirement at all except for Cabbage. Since the major
cultivating areas fall in to districts such as Matale, Nuwara-Eliya, Badulla and Kandy,
expanding the land area for cultivating is limited and therefore, utilization of land is a very
important factor to be considered. According to the review information, there is a significant
difference in average vegetable production per hectare between these areas. Since the form of
a land and weather are main issues relating to varying production, utilization of land with all
possible measures would be very much important for the enhancing average production. In
the other hand, awareness about farming and related activities is another issue that has to be
implemented. Moreover, in the context of agriculture, the potential of information technology
(IT) can be assessed as a tool for direct contribution to agricultural productivity and as an
indirect tool for empowering farmers to take informed and quality decisions which will have
positive impact on the agricultural activities. In this project, it is attempted to build an
indirect tool for all interested parties including farmers.

1.2 Backgrol 1-»a_z?+d

As a developing country in the South-Asian region where agriculture is the main way of
living and income in Sri Lankan economy and approximately 33% of the total labor force is
engaged in agriculture. Production of rice is one of the most important activities and
cultivating of other cereals, vegetables and fruits are also prominent in the economy of Sri
Lanka. Therefore it is very important to analyze the patterns or deviations of the agriculture
with currently available information for the purpose of formulating policies and also to
enhance the knowledge of farmers to encourage them to continue to be in the agriculture. In
this context, production, price fluctuations, seasonal indexes, requirement and the factors
could affect these variables are highly important. With the latest information technology (IT),
although the government bodies disseminate timely information on their publications and

web sites, still there is a lack of information for the purpose of decision making.



Data bank of Hector Kobbekaduwa agrarian research and training institute is a national
center for secondary source of information which has been collecting primarily collected
information from many government institutions since 50’s. Currently there is a huge volume
of agricultural information in the institute data bank. In this project, for this selected four
upcountry vegetables namely potatoes, beans, carrot and cabbage an attempt is made to
construct an information system, which can be used for effective decision making on
expected harvest of selected crops with the utilization of lands according to Agro-ecological
measures and also on seasonal indexes and time series forecasting to educate to solve the
questions that had farmers, consumers and other interested parties as well.

Thus the motivation to start this project primarily comes from this huge potential that is
brought in to light with availability of collected data over the years from the institute and the
cutting edge information technology advancements such as data mining and data

warehousing.

1.3 Aim and objeetiy

Aim
The aim of this project is to develop an information system that facilitates accurate and

reliable forecasting of harvests for individual farmers through data mining to enhance

upcountry vegetable cultivation in Sri Lanka.

Objectives

e To Study on the problem domain, to propose a solution based on Data mining and to
forecast very veritable information to deliver to the user.

e To Study data mining, web technologies that support the implementation of it.

e To design and develop an information system to incorporate above technologies.

e Evaluate the System.

e Prepare the final Report with evaluation results.



1.4 Purpose of the document

This report mainly delivers the information about the general idea and progress of this
project. The project mainly focuses on making predictions for specially selected four
vegetables using data from government collected sources and surveys which would help
farmers for their agricultural activities. This document contains the initial ideas, others work
and the progress of the project through methodology and implementations and their
evaluations. The various technologies and methodologies used are described in the
technologies adapted chapter. Furthermore, the document provides a list of references, and
gives an overview of our findings and a brief description of the implementation of the tool
using appropriate diagrams in the Implementation chapter. Finally the progress so far and
work to be completed are disused in discussion and work to be completed chapters. By
referring to this document it is possible to have a complete understanding of the project.

=)

\ s/

1.5 Structure of tﬁe Tl

This chapter consists of the following parts. The introduction to the project, background and
motivation to it which shows the importance of the problem with the support from high
potential of the subject area are described first. Then the aim and objectives of the project are
under a separate heading and in the last section, briefly stated are the work outputs and the
structure of the report. The next chapter will be discussing the various other approaches

followed by other parties on similar topics



Chapter 2

Literature Review

2.1 Introduction

The preceding chapter described background information related to the project including the
aim and objectives and the structure of this report. This chapter will discuss about some
information of the completed research work on the field of study of this project and some
tools developed by various parties.

2.2 A Predict Mo ramewoski fonCropoYield Rredietior
;‘

This is a study done over the yieid of corn on a seiected area and in it the researchers have
selected two types of variables namely climatic variables such as rainfall, temperature, solar
radiation, humidity, and data about weather disturbance and corn production related fourteen
agronomic variables such as soil type, seed type and plant spacing. The data has been
collected from different organizations one being weather bureau of the state, while agro-
related data has been collected from Bureau of Agricultural Statistics (BAS) and the

Office of Provincial Agriculturist (OPA).

The problem they have addresses have been described as [3] ““ need to develop an crop
prediction model framework that can (1) pre-process and fuse potential predictor raw data
from multiple sources, (2) provide an accurate prediction of crop vyield, (3) identify
significant variables that affect crop yield, and (4) learn useful prediction policies for

decision planners, particularly for Provincial Agriculturists.”



The methodology that has been used to do this study can be explained as below. Initially the
selection of inputs consisting of selected two types of climatic variables such as rainfall,
temperature and data about weather disturbance and corn production related fourteen
agronomic variables such as soil type, and seed type has been done.

Then the data preprocessing has taken place through data cleaning, transformation and data
discretization. The classification of the data is mainly achieved through rule induction and
attribute selection, evaluating using specific algorithms such as JRip Algorithm. For the study

of corn the following figure shows a comparison of their models for the task.

Performance Criteria MODEL 1 MODEL 2
(Full Attribute Set) (Reduced Attribute Set)

Correctly Classified Instances 89.7541% 89.0369%
Incorrectly Classified 10.2459% 10.9631%
Instances
Kappa statistic 0.6332 0.6138
MAE (), OS¢ 0, 1 0x
RMSE : 0.23¢ ().2438
RAE m 49 ¥86% 95938,
RRSE =) 755008y 16 T168%

Time to build the gegdel (.42 second (.73 second

Table 2.1 - Performance Evaluation of the Models [3]

2.3 Early Prediction of Crop Yield

In the study neural networks have been used to evaluate and predict the harvest of fruits from
one weak ahead up to eight weeks ahead. The dataset used here includes environmental data
such as Radiation Level, Day Temperature, Night Temperature, Average 24h Temperature,
Average 24h Humidity, Day / Night Humidity levels , CO2 Levels Inside green houses and
Physiological data like New Fruit Set. The datasets used were obtained through 5 years
starting from 2007 to 2011[4].



Artificial models used in this study were constructed using the software Matlab version
R2010a and Back-propagation algorithm, one of the most popular learning methods under

neural networks, has been used to do predictions.

Five types of prediction models has been done in the study such as Predicting the expected
yield of the current week through this week’s environmental data, Predicting expected yield
of the following week using environmental data of this week, Predicting expected yield of
following week using this week’s environmental data added no. of new fruit sets six weeks
before the current week, predicting of the expected yield of week 8 using current week data
and new fruit set in current week and finally creating NN (Neural Network) model to that is
able to update the users weekly to increase reliability of its prediction in the expected yield

on eighth week.

Actuarasult

e P2 i i i a2 |

Figure 2.1 - Actual vs. Predicted Data [4]

(Current week data- next week yield prediction)



2.4 Operational Prediction of crop yields using MODIS

This is a study which uses MODIS algorithm to predict crop yields in the United States and
this algorithm includes features like crop-specific classification and yield prediction before
crop harvest. In the initial phase, MODIS data and products for states of Illinois and lowa has
been used to develop an operational assessment of crop yield predictions specialized for corn

and soybeans [5].

s El Ctrﬂn‘( ’—! 1(_5;_9, & D'QSQIL’&HQMS
?"'{ ‘N“ \\, hib.mrtac Tk - : A

Figure 2.2 — Classification for lowa with the 8-day MODIS 250 m composite imagery [5]

The methodology for the study includes the study of the given geographical area and
development of a plan to do data collection and re-processing and afterwards crop
classification and forecasting is given priority. The MODIS data acquired for research had
data of 5 crop seasons of 2002 to 2006. The results from the research are compared with
USDA official estimates from NASS.



The final results of the study were able to predict yields are all within 20% of the NASS
estimates, and the better majority is within 10%. RMSE for predicted yield for corn and
soybeans in lowa are 10.1b/ac and 3.6 b/ac and in Illinois are 19.3 b/ac and 5.6 b/ac

respectively.

2.5 Summary

This chapter described about various approaches other people have tried and tested in the
field of data mining to make predictions accurately for selected crops. It includes the details
of these different approaches and what technologies they used in achieving their goals. This
chapter also summarizes the weaknesses and incompleteness’s of the approaches considered

above. In the next chapter the adopted technologies will be taken in to consideration.



Chapter 03

Methodology
3.1 Introduction

The previous chapter explained about various other attempts that were used to do mining and
extraction of data to use for predictions. This chapter describes the all process of project
activities being carried out. In the initial stage of the project, available information pertaining
to selected crops was compiled. In this information system, the data set of vegetable crops
information for the period of 10 years duration commencing from 2000 from Data Bank of
Hector Kobbekaduwa Agrarian Research and Training Institute was collected and stored in
the « .arff ” folmaéav,gurthermore this section of the report describes about the approach taken
to complete the pmject using the technologies mentioned in the previous chapters. Also it
gives an outline idea of what kind of inputs, outputs and processes will be used for the

process of the system that will ultimately be developed.

3.1 Outline of the Methodology

In the agricultural sector, there is growing need for information exchange at the national,
regional, grass root level. This requires bridging the information gap and brings improved
Information and Communication Technologies (ICT) driven solutions to forecast the
agriculture sector information system. The proposed solution is a web-based information
system and in this solution, communication has been considered as the key and ICT are being
used effectively and efficiently for the overcome the existing situation. The main goal of this

approach is to provide agricultural and related information on upcountry vegetable

10



cultivation and the system will be constructed to get the information of expected harvest of
any selected crops based on the measures considered here. The system could be used not only
by decision makers but also by farmers and other interested parties as an information system
for the purpose of enhancing vegetable production.

Data Mining Storage
Algorithm Data set I:I[I

—

—
Background Forecasted
knowledge information

—1

—

{ User Interface W

' ef; 3

3.3 Methodology for Implementing the System

This information system going to use two sets of data; particularly one from Data Bank of
Hector Kobbekaduwa Agrarian Research and Training Institute and the other from a sample
survey conducted by this institution would be stored in a SQL database. The data bank has
data from several sources mainly from department of census and statistics, central bank and
department of agriculture and also from other reliable sources. The monthly prices of
selected crops for the period of last ten years would be collected into a SQL Database for

generating seasonal indexes and forecasting modules. To predict the harvest, data from a

11



sample survey would be formulated. For this purpose conduct a sample survey among over
200 farmers who were engaged in cultivating of upcountry vegetables; covering several
Agro-ecological zones particularly in Matale, Kandy, Nuwara-Eliya and Badulla districts will
be considered. This questionnaire-based data set and consists of demographic information,
pattern of vegetable cultivation, land utilization, conservation of lands, farmer’s knowledge
regarding Agro-ecological problems, use of protection measures relating to vegetable
farming, use of fertilizer , awareness on soil acidity and other cultivation methods aimed at
protected farming systems and knowledge regarding environmental conservation. It would be
basically considered that the vegetable production could be a function of the measures

coming under following broadly classified groups.

e Demographic characteristics of the farmers
e Awareness/Knowledge regarding farming and technologies

e Location by district wise

e Crop hs Ii
Using the sampi&gata thatirecdndediwilbibel i ng and creating
appropriate medules and finally these modules will be incorperated in (o the information

system. The final phase of the project is development of the web-based information system

with the content management tool ‘Joomla’.

3.4 Summary

This section described about the approach expected to be followed within the scope of the
project and discussed of the procedure that is to be followed and the figures showed the flow
of the system being developed. In the next chapter the design and the analysis of technologies

will be discussed

12



Chapter 04

Data Analysis and System Design

4.1 Introduction

The previous chapter described about the approach towards researching and implementing
the findings as a prediction tool. This chapter will discuss and illustrate the way data is
analyzed and how the findings of different types are utilized for the tool design. Furthermore
this chapter examines the conditions of the sample population with special focus on attributes
such as demographic pattern, Ageing, Level of education, Primary occupation and income of

the sample househo!

¢ ef; g

4.2 Analysis Ressas YXAEXY LD AR §

In order to develop the tool from the research knowledge of data mining and warehousing
technologies gained, it is needed to define a set of optimal technologies and techniques for
each component and each procedure. For an example which type of classifier to be used in
classifying the dataset etc.

Initially it was required to see how to extract the needed information from the Data Bank of
Hector Kobbekaduwa Agrarian Research and Training Institute can be pre-processed and
used for the task of revealing patterns associated with each type of vegetable and its
associated attributes. There is a need to evaluate what is the optimal way to classify the data

sets and the task is achieved by evaluating several classifiers on the same data set.
Finally to interact with the users of the system to get inputs and to provide detailed

13



predictions based on the inputs to the system the role of the content management system is
essential and Joomla was selected as the best option for its ease of use and computability
with number of database types. So after much consideration the optimal set of tools and
technologies were selected for the implementation of the forecasting information system for

enhancing upcountry vegetable cultivation in Sri Lanka.

4.3 Architecture of the Prediction Tool

The Figure 4.1 shows the design of the tool that implemented through this project. It consists

of the following main modules.
1. Training Module

2. Prediction Module

3. User |nh:xv"Fgr~n thronnh Content Mananament Qyctam

Prediction Training
Module Module

User Interface
CMS

Source Data

Figure 4.1 — Component diagram of the System

4.3.1 Training Module

This is the module responsible for collecting only the necessary data from the data bank and

storing them on the system after extracting the necessary fields only and preprocessing the

14



data. The classification will also be done through this module for classifiers such as decision

trees. The module mainly consists of the following layers.
1. Extraction Layer
2. Preprocessing Layer
3. Classification Layer

4. Storage Layer

Data Source

==

Extraction Layer

fo = +

g ) | ok IS S SN . S ¢ S m. W R N A —

~_-

Classification Layer

~ >

Storage Layer

Figure 4.2 — Layered Architecture of the Training Module

As shown in the above diagram, first the data goes through the data store and then
consecutively through extraction, preprocessing and classification processes. The output of
this module will reside in the Storage layer in the form of classified data.

The data store represents where the raw data for the system resides. In this instance it will be
15



the data bank obtained findings and those will go through the extraction and preprocessing
layers to be classified and stored as labeled and classified data. For an instance if the mining

algorithm is a decision tree the generated tree will be finally on the storage.

4.3.2 Prediction Module

The main task performed by the prediction module is obtaining the user input to the system
through a web interface and providing the necessary and predicted outputs of each correct
input. The presentation layer mainly consists of the content management system and the This

module consists of the following layers.

Presentation Layer

Storage Layer

Figure 4.3 — Layered Architecture of the Prediction Module

This module will take inputs from farmers with different demographic information, pattern of
vegetable cultivation, land utilization, conservation of lands, farmer’s knowledge regarding
Agro-ecological problems, use of protection measures relating to vegetable farming, use of
fertilizer , awareness on soil acidity and other cultivation methods and find a methodology
using the most suitable data mining technologies to predict results.

16



4.3.3 User Interface through Content Management System

The main tools that were used to develop the client website of the project were Joomla (3.0)
and some of its associated plugins. The main reason to choose Joomla was its easy to use and
fast responsive features and a wide variety of plugins to easily implement custom features
that on the other hand would consume much time developing testing and debugging.

The purpose of adding the plugins for the Joomla based web interface was to add
functionality such as dynamic forms and Graphs. The result generation is aided by these
plugins as well as Joomlas user friendly and neat design. The following is a overview of the

architecture of the web interface.

Presentation Layer (Views)

= =

iss Logigkayer (Contnoltats/Wtadel)

I

: . émzﬁ :~='~

Figure 4.4 — Layered Architecture of the Prediction Module

The database associated with the Web interface is cropinfo_web ( See AppindixD) and it
contains data tables in order to store the information related to the website and its related
data. Most of these tables are managed by Joomla itself and can be accessed through Joomlas

configuration panel through the admin login.

The Business Logic Layer is also inbuilt to the Joomla CMS and some of the functionalities
such as forms and dynamic menus and banners are managed by using external plugins.

Mainly these plugins are used to validate forms and add graph drawing facility to the final

17



crop prediction result generation section. These plugins also access the storage layer of the

web site through Joomla.

The presentation layer was handled also using Joomla and a theme package which was
available for Joomla was used as the main theme for the entire website without manually
editing or writing CSS and HTML pages. This helps to make the Website to look more

professional and easy to manipulate and debug.

4.4 Summary

This chapter presented the architectural design, which will be used to implement the
“Forecasting information system for enhancing upcountry vegetable cultivation in Sri Lanka”
application. In the next chapter the implementation phase of the project will be discussed

with more de

: ¢§ z
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Chapter 05

Requirement Analysis

5.1 Introduction

The objectives of this chapter are to analyze and describe software system requirements and
also express them in meaningful way. The term requirement is not used in software industry
in a consistent way. It is now widely understood that successful systems and products begin
with an understanding of the needs and requirements of the users. A fundamental challenge
for technology-oriented enterprises is to meet customer and/or user expectations, when
developing applications and services. Due to strong competition, a successful approach
should be the de5|gn of applicatiens on thel basis of thecurréntistaterofsthe-art. In some cases,
a requirement ig Emﬁply ahighlevell @bstract Statement ‘of-d IsenziceSthat the system should
provide. In this préject the regtirernbhts were expressed in terms of user, system, functional

and non-functional requirements.

5.2 User Requirements

In this direction, user requirements analysis is the foundation of a user-centered approach.
Understanding user requirement is an integral part of information systems design and is
critical to the success of interactive systems. Essentially, user requirements analysis is about
setting the base-line for developing the application and refining it as the implementation is in
progress so that it meets customer needs. It is now widely understood that successful systems
and products begin with an understanding of the users. Improved user satisfaction, reductions
in training costs, enhances the quality of work and increase the productivity is benefits of

applying requirements of the user. The first step in user requirements analysis which | applied
19



in this project was to analyze the stakeholders who may influence or be impacted by the
system. This helps ensure that the needs of all those involved are taken into account. In order
to specify user requirements, desires, needs and expectations of user were to be gathered. By
default, developer is a user but they are not final users. The project was basically addressed
to farming community and then policy makers, researchers and other interested parties.

Accordingly user requirements were grouped as in table 5.1.

Stakeholder Requirements

The user shall be able to login into the system as an administrator level

The shall be able to alter the back end information

Devel The user shall be able to add new classification models or replace existing models as
eveloper
or per the more accurate models proposed.

Administrator

TE“é"’gSer shathbe able to:addmew forecasting variables or replace existing variables
v’

as _b:_er the mode accurate models foynd with more yearly information gathered.

The user shall be able (o add new index Tor any more vegetable crops to be in the

system environment.

The user shall be able to enter into the system with no barriers.

The user shall be able to select any option created in the system with minimum effort.

Farmi The user shall be able to select any of control variables to calculate and visualize
arming
] expected harvest
Community

The user shall be able to view models in an easily understandable way for any of

selected crop.

The user shall be able to visualize behavior of actual and expected yeilds of any

selected crops.

20



Policy
makers,

Researchers
and

Other
interested

Parties

The user shall be able to manipulate all requirements mention in farming community

The user shall be able to compare classification models with changing measures of
selected variables

The user shall be able to understand highest and lowest yields thast may report during

a given scenario

The user shall be able to compare price fluctuations within a given Time

The user shall be able to identify easily manageable control variable for enhancing

vegetable production.

The user shall be able to identify the high priority research areas which should be

addressed.

Thesuser shall be.abletoicompane performance, ofdhe systeqy by actual values with

éfpeviad yields.

Table 5.1 — User requirements

5.3 Functional Requirements

Other than the user requirements, the functional requirements of a system are the services the

system should provide. Further, it is the behavior of the system saying how it reacts to

particular inputs and behavior in specific situation. The proposed system has been developed

in the following manner.

e The system shall search user name and password with the stored information in the

login process.
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e System shall enable specific interfaces for administrator for manipulating of back end
information.

e Once the identification variables have been selected by the user, system goes through
the model and locates appropriate result. Then get the values stored in the table and
complete the calculation process.

e The system shall do the indexing of tables once the new cases have been added or
existing cases have been removed.

e The system shall be able to update predefined all existing models.

e The administrator shall be able to search either all of the initial set of data tables or
subset from it.

e The system shall provide appropriate viewers for the user to read related information.

5.4 Non-functional Reauirements

N

¢

These are other, WYBCs of;reauireimens hat are with the system
functions. Tt 0 ) proy \ ity and response
time. The system should be reliable for any of stake holder who wishes to use the system.
High security is another requirement which should not allow unauthorized access to stored
information. The system should be easy to use by any user with minimum technical
knowledge. The figure 5.1 shows the business activity diagram. The use cases and activity

diagrams (Appendix G) show how the system should interact with stakeholders.
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Figure 5.1 - Business Activity Diagram of the Home page
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5.5 Summary

The developer or administrator, general farming community and policymakers together with
researchers interested in similar topics, were considered as stake holders of the proposed
system. The use-cases were drawn to indicate user interactions with the system. The next
chapter describes the technology adopted and reasoning for the use of such technology for

the implementation process of the project.

: ¢§ z
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Chapter 06

Technology Adopted for the System

6.1 Introduction

The previous chapter explained about various other attempts that were used to do mining and
extraction of data to use for predictions. This chapter will discuss about the technologies that

will be involved in the research and implementation phase of the project.

[ TOPR ., LR SR [

6.2 Reasons for selecting

&7

=)
In this project, T&get grawps-were-nat Jimited 1 ngle community
located simple geogray 0 0 imunity who are

currently or supposed to engage in upcountry vegetable cultivation and interested parties on
research aspects to promote vegetable cultivation in Sri Lanka and also policy makers who
are in the position of top level decision making. As the large number of users spread over the
country or outside should give access to use the system, more suitable solution, particularly
web based technology has to be used. Further, this technology facilitates to administrate,
modify and manage the system from the centralized administration, and minimize the
administration cost. Since we are really keen on cost saving, we host the system on a web
belong to web hosting company. Since we don’t have very sensitive data, it is not expected to

adopt secure technologies into our solutions.
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6.3 Background of the Technology Used

In order to develop the web based information system, two major tasks had to be concerned;
particularly data mining and analysis tools and web development tools. The first process was
completely a data mining and pattern identification process from the data gathered from the
research center. A comprehensive data mining library — weka - was used to get the analysis
for selecting appropriate models which had to be incorporated with the information system.

To initially get the data preprocessed before the actual classification process there needs to be
a methodology for extracting necessary data from the given datasets such as the data set from
the Hector Kobbekaduwa agrarian research and training institute and data collected through
the survey. The following are the data extraction technologies which were used in the
implementation of this project.

6.3.1 WEKA tw:

The Weka workbench [2] contains a collection of visualization tools and algorithms for data
analysis and predictive modeling with GUI for easy access. The original program was a non-
Java version which was a modeling algorithm that was implemented in other programming
languages, with data preprocessing utilities in C, and a Makefile-based system for the
purpose of running machine learning experiments. This first version was mainly designed as
a tool for analyzing the data from agricultural domains,[8] and now the recent Java-based
versions (Weka 3), are now used in different application areas such as educational purposes

and research.

There are many advantages of using Weka including the free availability under the GNU
General Public License, portability, (fully implemented in Java and thus runs on almost any
platform), comprehensive collection of the modeling and data preprocessing techniques and
also user friendliness due to its GU interfaces.
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Weka is supporting standard data mining tasks such as data preprocessing, regression,
visualization, clustering, classification, and feature selection. These techniques are predicated
under the assumption that all data is available as a single flat file or relation, where each data
point is described by a fixed number of attributes (normally, numeric or nominal attributes,
but some other attribute types are also supported). Weka provides access to SQL databases

using Java Database Connectivity and can process the result returned by a database query.

Considering with the nature of this project and the amount of data preprocessing and
classifications to be done along with the flat data provided by the resources it is very clear
that Weka is one of the best tools suitable for the task.

* Weka 3.5.5 - Explorer == ]3]
Program  Applications Tools Visualization Windows Help
1= Explarer =a
Prepracess | Classify | Cluster | Associate | Select attributes | visualize|
; Open UL Open DB { generate e Edit :] Save...
Filker 4
Choosz i,No 3 Ap
Current relati
Relation: iris Type: Mumeric
Instances: 150 Attributes: 5 tx 35 Unique: 9 (6%)
Sl Statistic Value
[ All ] [ MNone ] [ Invert ] [ Pattern ] Minimum 4.3
IMaximum 7.9
Ma. Mame Mean 5,543
StdDev 0.528
2|[|s=palwidth
3| |petallength
4 petalwidth Class: class (Mom) w || visualizi
5[ lclass - .

Figure 6.1 — User Interface Snapshot of Weka
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6.4 Data Mining Technologies

Once the data is extracted with different attributes and values, we need to classify the data for
the purpose of decision making and result generation. For this considering the following

classification techniques in data mining is done.
6.4.1 Artificial Neural Networks

Acrtificial neural networks (ANNS) are computational models inspired by an animal's central
nervous systems (in particular the brain) which are capable of machine learning as well as
pattern recognition. Artificial neural networks are generally presented as systems of
interconnected "neurons” which can compute values from inputs. For example, a such for
handwriting recq@fgion is- defined by a.set of inpyt peurons which may be activated by the
pixels of an inputimace. After being weighted and transformed by a function, the activations
of these neurons ér_e‘then passed on to other neurons. This process is repeated until finally, an

output neuron is activated. This determines which character was read.

Like other machine learning methods - systems that learn from data - neural networks have
been used to solve a wide variety of tasks that are hard to solve using ordinary rule-based

programming, including computer vision and speech recognition.
6.4.2 Entropy based decision trees

A decision tree is a simple representation for classifying examples. Decision tree learning is
one of the most successful techniques for supervised classification learning. For this section,

assume that all of the features have finite discrete domains, and there is a single target feature
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called the classification. Each element of the domain of the classification is called a class. A
decision tree or a classification tree is a tree in which each internal (non-leaf) node is labeled
with an input feature. The arcs coming from a node labeled with a feature are labeled with
each of the possible values of the feature. Each leaf of the tree is labeled with a class or a

probability distribution over the classes.

A tree can be "learned” by splitting the source set into subsets based on an attribute value
test. This process is repeated on each derived subset in a recursive manner called recursive
partitioning. The recursion is completed when the subset at a node has all the same value of
the target variable, or when splitting no longer adds value to the predictions. This process of
top-down induction of decision trees (TDIDT) [6] is an example of a greedy algorithm, and it

is by far the most common strategy for learning decision trees from data.

6.4.3 Bayes Classifier

¢ ef; g

' &

In machine leariina &' Bayes ‘classifters-ate jilistic classifiers
based on applying Bayes' theorem with strong (naive) independence assumptions between

the features.

Naive Bayes is a popular (baseline) method for text categorization, the problem of judging
documents as belonging to one category or the other (such as spam or legitimate, sports or
politics, etc.) with word frequencies as the features. With appropriate preprocessing, it is
competitive in this domain with more advanced methods including support vector
machines.[7]Although they seem to be very simple and easy naive Bayes classifiers have
worked quite well in many complex real-world situations. In 2004, an analysis of the
Bayesian classification problem showed that there are sound theoretical reasons for the
apparently implausible efficacy of naive Bayes classifiers. Still, a comprehensive comparison
with other classification algorithms in 2006 showed that Bayes classification is outperformed

by other approaches, such as boosted trees or random forests.
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An advantage of naive Bayes is that it only requires a small amount of training data to
estimate the parameters (means and variances of the variables) necessary for classification.
Because independent variables are assumed, only the variances of the variables for each class

need to be determined and not the entire covariance matrix.

6.4.4 J48 Classifier

J48 is an open source Java implementation of the C4.5 algorithm in the weka data mining
tool.C4.5 builds decision trees from a set of training data in the same way as 1D3, using the
concept of information entropy. The training data is a set S = {s_1, s 2, ...} of already
classified samples. Each sample s_i consists of a p-dimensional vector (x_{1,i}, x_{2,i},

. X_{p,i}) , where the x_j represent attributes or features of the sample, as well as the class

in which s_i
At each node of theltree, C45@HEbE8S tHe Wifriliutd of thesdatt At ectively splits its
set of Sampk 1*;\ gl e anriched - in“onéa-rlace J criterion is the

normalized information gain (difference In entropy). The attribute with the highest
normalized information gain is chosen to make the decision. The C4.5 algorithm then recurs

on the smaller sub lists.
This algorithm has a few base cases.

e All the samples in the list belong to the same class. When this happens, it simply

creates a leaf node for the decision tree saying to choose that class.

e None of the features provide any information gain. In this case, C4.5 creates a

decision node higher up the tree using the expected value of the class.

e Instance of previously-unseen class encountered. Again, C4.5 creates a decision node

higher up the tree using the expected value.
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6.4.5 SMO Classifier

SMO is an iterative algorithm for solving the optimization problem described above. SMO
breaks this problem into a series of smallest possible sub-problems, which are then solved
analytically. Because of the linear equality constraint involving the Lagrange multipliers
\alpha_i, the smallest possible problem involves two such multipliers. Then, for any two

multipliers \alpha_1 and \alpha_2, the constraints are reduced to:
0 \leg \alpha_1, \alpha_2 \leq C,
y_1\alpha_1+y 2\alpha 2 =Kk,

and this reduced problem can be solved analytically: one needs to find a minimum of a one-
dimensional quadratic function. k is the negative of the sum over the rest of terms in the

equa“ty Consh-n:wo- wwihinh 10 Fivad 1n Annh FAvatriANn
The algorithm peesids as folloy

° F|ﬂd 3!‘“”” " tinTier Katnha: 4-tH1at ']_Tucker (KKT)

conditions for the optimization problem.
e Pick a second multiplier \alpha_2 and optimize the pair (\alpha_1\alpha_2).
e Repeat steps 1 and 2 until convergence.

e When all the Lagrange multipliers satisfy the KKT conditions (within a user-defined
tolerance), the problem has been solved. Although this algorithm is guaranteed to
converge, heuristics are used to choose the pair of multipliers so as to accelerate the

rate of convergence.
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6.4.5 IBK Classifier (K-nearest neighbors classifier)

In pattern recognition, the k-Nearest Neighbors algorithm (or k-NN for short) is a non-
parametric method used for classification and regression. In both cases, the input consists of
the k closest training examples in the feature space. The output depends on whether k-NN is

used for classification or regression:

e In k-NN classification, the output is a class membership. An object is classified by a
majority vote of its neighbors, with the object being assigned to the class most
common among its k nearest neighbors (k is a positive integer, typically small). If k =

1, then the object is simply assigned to the class of that single nearest neighbor.

e In k-NN regression, the output is the property value for the object. This value is the

average of the values of its k nearest neighbors.

k-NN is a type gﬁainstance-based legrningy lorl fazyviearmng,Lwherel the function is only
approximated Ioc%H{i and atl'eompurtation is‘aeferred untibclassttication. The k-NN algorithm

is among the simpfést of all' machine tearning-afgorithms.
6.5 Data Representation Technologies

In this project the results generated are intended to be presented in a user friendly manner so
that any generic user can easily understand and interpret the results. Also the system will be

designed in a way to easily input and configure data.
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6.5.1 Joomla

Y1 Joomlal' Administrator

Site  Menus  Content Components  Extensions  Tools  Help 14 Preview 0 81 'O rogout

— Logged in Users

/e\ " # Name Group Client Last Activity  Logout
) L ¢
W | - W W [ admin |Supe dmin dministrator ours ago
G Popular
Recent added Articles
N L moarie Menu Stats
a Wl o

Joomia! is Free Software released under the GNU/GPL License.

Figure 6.2 — Admin Interface Snapshot of Joomla

Joomla is a free and open-source content management system (CMS) for publishing web
content. It is built@n a modekswiewricontfoNdrweb application framtework that can be used
independently offt:éCI\/l S

Joomla is written in .PHP, uses object-oriented programming (OOP) techniques and software
design patterns, stores data in a MySQL, MS SQL , or PostgreSQL database and includes
features such as page caching, RSS feeds, printable versions of pages, news flashes, blogs,

polls, search, and support for language internationalization.

In this project Joomla will be used to handle the input and output processes of data in the
system and the users will be able to observe and interact with the activities such as prediction
based on selected criteria and selected attributes only using the content management system.

The xampp server-win32-1.7.7-vc9-installer, the open source software was installed as a
server which comes with apache, mysql and php web developing tools. Since this is open
source, no cost incurred for installations or maintenance. Since the xampp is a collection of
three different applications, no compatibility problems would involve as in individual

installations of such applications and was used to deploy Joomla.
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6.5.2 PHP and MySQL’s place in development

PHP is a programming language, designing to generate web pages interactively on the
computer serving them, which is called on web server. Unlike HTML, where the web
browser uses tags and markup to generate a page, PHP code runs between the requested page
and the web server, adding to and changing the basic HTML output.

While PHP is great for web application development, it does not store information by itself.
For that, it requires a database. The database of choice for PHP developers is MySQL, which
acts like a filing clerk for PHP-proceed user information. MySQL is easily accessed from
PHP, and they work well together. An added benefit is that PHP and MySQL run on various
computer operating systems. The following advantages were highly considered for selecting
of PHP with MySQL.

e PHP and MySQL work well together

e PHPand WQL haye open spurge power
e PHPand ME/‘SQL Rave-comimuniiyt suppaet
e PHPand MySQL are fast.

6.6 Summary

This chapter described about the technologies involved in this project. The proceeding
chapter will discuss about how we took the approach to research and develop a tool to

demonstrate our findings.
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Chapter 07

Implementation

7.1 Introduction

This chapter discusses the methodology of implementation with the aim of achieving the
objectives declared in the project proposal. The information that is stored in the system, the
way how these have been stored, together their descriptions and relationships made on key
information have also been discussed. Further, components and features of the web side have

also been inr\lllrinri far oacv arreccina and for lnecatina nf the infnrmafir\n requiredl Key

interfaces have alsg ingakporatad into KNisichapter andrthe, dethil va codes written
are given in annaxure

7.2 Data Preprocessing Implementation.

The project implementation is mainly done through two modules namely training and
prediction modules. In the training module the source data is extracted by considering the
relevancy to the task and the given four vegetables. Then the data is preprocessed to

minimize the redundancy and to avoid error.

Data goes through number of steps in the pre-processing component:

1. Data Cleaning: The data is cleansed through processes such as filling in missing
values, smoothing the noisy data, or resolving the inconsistencies in the data. Data with

missing values and extreme values are omitted from the dataset.
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2. Data Transformation: The data is normalized, aggregated and generalized. ~Categorical
data are transformed using the one-of-N method and numerical data are transformed using

the numeric scaling.

3. Data Discretization: This step involves the reduction of a number of values of a
continuous attribute by dividing the range of attribute intervals. The output variable, which
is the yield per given area, is discretized in three classes as to low yield, average yield, and

high yield. Figure 6.1 shows the discretization process.

Continuous Attribute : : .
Sort Attribate /{ Sorting continuous atfribute Sorting
Get Cut Point / [ Selects a candidate cutpoint
Adjacent Intervals [{ or adjacent intervals
|
i, Eviitidtion - " ied
( - - [ Invokeas appropriate medsura
gg § ;\fl.k",],h,l!{.". NN S 113 Evaluation
: !
g5 .._.r'f‘u,“_
No " Measure™ / Checks the oufcome
" Satisfied
¥ Yes
Split / Merge J/ Discretize by splitfing or Splitting/Merging
Attribute /! merging adjacent intervals
f _
Stopping /f Controls the overall discrefization Stopping

Criterion // based on some measure

Discretized Attribute

Figure 7.1 — Discretization Process in Data Preprocessing
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7.3 Classification Implementation using Weka and Java

Throughout the implementation of the project the data mining tool Weka is used as the main
classification and mining resource. The tool is a collection of machine learning algorithms
for data mining tasks. The algorithms can either be applied directly to a dataset or called from
own Java code. Weka contains tools for data pre-processing, classification, regression,
clustering, association rules, and visualization. It is also well-suited for developing new

machine learning schemes.

For each attribute A

v

Traverse attribute list for A at <«

Next Attribute

examined node

v

S Hind ptobabilityl dsingyalue
é‘w%' of A 1o be in a class

S Update Class for'A

No

All values

in A have

Yes
Is there any

attribute?

Figure 7.2 — Flowchart of Naive Bayes decision tree algorithm.
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In this project Weka will is used as the main tool to perform tasks in the Training Module for
the purpose of data extraction, preprocessing and classification. Weka is also useful in
modeling all the classifiers that are to be implemented in the Tool. There are four main
classifiers used in the tool.

» Naive Bayes classifier
« C4.5isan algorithm (implemented in Weka as j48)
» Sequential minimal optimization algorithm (implemented in Weka as smo)

» K-nearest neighbour’s classifier (implemented in Weka as ibk)

7.3.1 Dynamic classification using Weka libraries

In the classification module there are two main work flows as per two types of user

interactions. If atguest useniscneguasting el prediction. theisysteriuses a default model
™

generated by the%yétem ahd-outputsta prédiction<using the 'default>model generated using

naive Bayes classifier

The second work flow is when a registered user requests a custom prediction based on a
selected classification algorithm and his/her inputs. In this scenario the system uses the user
uploaded data file or the default data file and generates a classification model dynamically to
suit the user request. Then that model is used to make predictions relevant to the user input

feature vector.

7.3.2 Data Storage and Generation

There are two main types of data related to this module of the project. They are mainly the
user data uploaded and sent through the RESTful web service and the data generated by the
system related to the first category of data. The storage of both these types of data is

managed by the system using a folder hierarchy.

38



The user data is stored in a folder named “userData” in the web server while the default data
set is stored in a folder named “defaultData” in the web server. Both file types will be used to
build models and the serialized objects of these models will be stored in “build” folders

inside the respective folders.

The “cropinfo data” database in the other hand will store the results for each dynamic
generation of classifiers and their accuracy levels in the “dynamics” table and the user query
requests will be stored in the “results” table in the same database. (See Appendix D for more

information on the data storage and Appendix E for the java implementation)

The RESTful web service is responsible for returning a string type result for every user query
for results irrespective of whether it is a default prediction request or a custom prediction
request. Also it will handle the file uploads and dynamic classifier generation request through

separate parameters and methods in the code.
7.4 Joomla E :eg‘;’w{‘i nterface

Joomla was used as the main Content Management System tool to develop the web interface
of the system. | had to use some additional plugins to implement additional functionality to

the system such as dynamic forms and adding graphs to the results page.

The plugins used for these functionalities are “Chronoforms Joomla Plugin” for adding
dynamic forms and “Plotalot” for adding dynamic graph drawing to the system. The site was
developed using a Joomla default template and the database used to keep data related to the
website is “cropinfo_web” (See Appendix D for more information on the databases) and it is

managed by Joomla itself.

The site was decorated by adding some features such as dynamic banners and colorful
custom templates. The result generation is further simplified by presenting the prediction

output as a gauge chart in the results page.
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7.5 Design Challenges and Resolutions

There were a lot of challenges and difficulties to face from the research phase up to the
implementation of this project. Many of them were related to the data extraction phase/layer

and manipulating the data sources of the project.

One major issue encountered is extracting data from a huge set of unclassified details of a
data bank with a lot of unwanted attributes. There were no direct methods or guidelines to
follow on which feature to use on determining different values. Although there are available
tools for higher level data extraction the process has to be done manually for this specific set

of data related to Sri Lankan agriculture.

Also to do a lot of experiments using different data mining algorithms which sometimes did
not prove to give any useful output related to the interests of the project. For an instance the
neural netwo o] ; t use never use > implementation
of the tool alt ugﬁ’? lot of.research on itwas done,

7.6 Summary

This chapter has discussed the components of the system, how those have been stored and
incorporated with the system. The implementation phase given attention to each module

using the pseudo code. The next chapter describes the testing and evaluation of the system.
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Chapter 08

Evaluation

8.1 Introduction.

This chapter discusses how the proposed solution meets the objectives of the project and
accordingly to achieve the ultimate goal of the project. Further, how far and up to which
extend, the solution has been successful. Also this chapter discusses the various evaluations
conducted to select an approach for default prediction of the main system and to evaluate the

success of the system implemented.

8.2 Achievements gt the ohjettives

Basically there are three main objectives to be achieved in the process of the project

1. To Study on the problem domain, to propose a solution based on Data mining and to
forecast very veritable information to deliver to the user was achieved through obtaining
data from the Data Bank of Hector Kobbekaduwa Agrarian Research and Training
Institute and developing a model to use these data in this system.

2. To Study data mining, web technologies that support the implementation of it has been

achieved by conducting research on various data mining techniques and tools , content

management tools and classification models and algorithms.
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3. To design and develop an information system to incorporate above technologies was
achieved as the main objective of this project by the overall implementation of this CIP

System and adding functionality to it.

8.3 Classifier Algorithm Evaluations

One of the problems that were faced in the project was selecting a better classification
algorithm for the default prediction flow and this was achieved through performing
evaluations for each of the four classification algorithms selected suitable for this type of

multi value nominal class attribute classification.

» Naive Bayes classifier Evaluation

Scheme:weka.dlgssifiers.bayesNaiveBayés
Relation: eiﬁﬁ%vel—weka.filters.unsupervised.attribute.Remove-R1 1
Instances: 862+

Time taken to build model: 0 seconds

=== Evaluation on test split ===

=== Summary ===

Correctly Classified Instances 189 74.5051 %
Incorrectly Classified Instances 104 25.4949 %
Kappa statistic 0.2261
Mean absolute error 0.1761
Root mean squared error 0.3118
Relative absolute error 63.0294 %
Root relative squared error 55.9401 %
Total Number of Instances 293
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* C4.5isan algorithm (implemented in Weka as j48) Evaluation

Scheme:weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:  eightlevel-weka.filters.unsupervised.attribute.Remove-R11

Time taken to build model: 0.03 seconds

=== Evaluation on test split ===

=== Summary ===

Correctly Classified Instances 206 70.3072 %
Incorrectly Classified Instances 87 29.6928 %
Kappa statistic 0.6447
Mean absolute error 0.0773
Root mean squared error 0.2265
Relative absolute error 36.4608 %
Root relative squared error 69.6772 %
Total Number of Instances 293

. SequentiafTﬁinimal optimization algorithm-(implemented in Weka as smo) Evaluation

Scheme:weka.classifiers.functions.SMO -C 1.0-L 0.001 -P 1.0E-12-N0 -V -1 -W 1 -K
"weka.classifiers.functions.supportVector.PolyKernel -C 250007 -E 1.0"
Relation:  eightlevel-weka.filters.unsupervised.attribute.Remove-R11

Time taken to build model: 0.16 seconds

=== Evaluation on test split ===

=== Summary ===

Correctly Classified Instances 130 44.3686 %
Incorrectly Classified Instances 163 55.6314 %
Kappa statistic 0.3364
Mean absolute error 0.2015
Root mean squared error 0.3138
Relative absolute error 94.9773 %
Root relative squared error 96.5433 %
Total Number of Instances 293
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» K-nearest neighbour’s classifier (implemented in Weka as ibk) Evaluation

Scheme:weka.classifiers.lazy.IBk -K 1 -W 0 -A "weka.core.neighboursearch.LinearNNSearch -A
\"weka.core.EuclideanDistance -R first-last\""
Relation:  eightlevel-weka.filters.unsupervised.attribute.Remove-R11

Time taken to build model: 0 seconds

=== Evaluation on test split ===

=== Summary ===
Correctly Classified Instances 223 76.1092 %
Incorrectly Classified Instances 70 23.8908 %
Kappa statistic 0.716
Mean absolute error 0.0584
Root mean squared error 0.2136
Relative absolute error 57.5431 %
{83/459%

0,293
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Figure 8.1 — Classifier Accuracy Levels

44



Classifier Error Levels
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Figure 8.2 — Classifier Error Levels

Considering the acéutracy Yavels as welllas fhe error levels of each approach the Naive Bayes
classifier was selecied as the best common approach for a defauit classiiier and model builder

for this crop prediction system.

8.4 Web-based Interface for the System

(a) Overview of the Software

The development of web interface was the final objective of the project. This software was
basically developed for catering the requirement of decision making authorities as decision
support system, especially in the context of up country vegetable cultivation in Sri Lanka. At
the final stage of development, comments were obtained from supervisors, colleagues and

farming community for investigating drawbacks and further implementation.
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(b) General Usability

The usability is one of key issues of any interactive system and quality of interaction
describes in terms of time taken to perform a task, number of errors could made and time to
become a competent user. Further the system should be easy to user, easy to learn and
flexible. However, the goals of usability are now primarily seen as concerned with efficiency
and effectiveness of system. Therefore in these criteria, main concentration is drawn to the
area of easiness of using and learning the system and flexibility of the system. Hence in the
discussion with the above users, they are satisfied with the system in the context of easiness
of using. The stake holders who tested the system accepted that the developed system is
efficient. Effectiveness of system has been achieved in the way that things are arranged in
appropriate manner in the software. Since the system has been developed using widely used
standards and symbols, anyone can easily learn and remember.

(c) Accessibility >

9
5

\ ¥

Accessibility T the key is ' ultimate goal is
removing barriers. By the other hand, readability, predictability and input assistance is the
main area to be tested with the users under accessibility. As text content on the system can be
readable, users conclude that system have met that criteria. Since web pages appear and
operate and in predictable way, it is accepted that predictability has been achieved in the
system. Moreover system provide facilities to avoid and correct mistakes, it is seen that
requirement of input assistance has been met. Accordingly accessibility exclusions such as
physically, conceptually, economically, culturally and socially are avoided as much as
possible. The system was developed with the features of universal Design such as equitable

use, flexibility in use, simple intuitive use and perceptible information as much as possible.
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(d) Acceptability

This is a key issue to be considered when interface designing. This is about fitting

technologies into people’s lives. Acceptability is also a key issue concerned about a system

and ultimate goal is fitness in the context of use. In the context of new technologies, many

communities aware about the technology are preferable to accept the product.

(e) Interface and product design

In the context of obtaining user’s attention on designing interfaces and their feedback

interface designing is so important. Therefore, user’s opinions were obtained on design

principles such as;

Visibility
Consistency
Familiarity
Affordance
Navigation
Control
Feedback
Recovery
Constraints
Flexibility
Style

Conviviality

-How users to perceive systems functionalities and state of system

g;w;a -Be Consistent in the appearance, fanction and structure

- Usé'Tanguage. andsyivibals familiar to the intended audience

- Design things so it’s clear what they are for buttons look press able
- Provide support for finding and accessing the system

- Make it clear who or what is in control

- Provide constant and consistent feed back

- Enable quick and effective recovery from actions especially errors
- Prevent inappropriate actions and serious errors

- Allow multiple ways of doing things

- Designs should be stylish and attractive

- Be polite, friendly and generally pleasant
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Users identified the system is consistent in the appearance, function, and structure to the
similar systems and standard way of working. Further it ensures consistency in behaviors,
colors, names, and layout and so on. As this system uses languages and symbols familiar to
the intended users, users are feel more familiarity. Affordance is seen throughout the system
through designing the things in a manner that it is clear what purpose they are for. For

examples buttons are designed in a way its look press able.

Navigation provides support for finding and accessing the system. Here menus are often used
for navigation. Further this system provides constant and consistent feedback which allows
users to know what effect their actions have had. Recovery is also important aspect available
in the system which enables quick and effective recovery from action especially mistakes and
errors. Principle of constraints helps to prevent inappropriate actions and serious errors. So

system asks confirmation massages before going for such dangerous and irrecoverable

operations. S 2 ways achieving

the flexibility Jgt«hgu s accept that system 1s designed i stytish arid active manner.
fy‘;{

(F) Guidelines

Help file provides the assistance to the users on various matters relating to the system. So
assistance given by the help menu is evaluated by the users and they are satisfied with same.

The system guide lines were highly appreciated by the users who worked with the system.

(9) Security

The password protection is only the security measure concerned in the system. Highly
security measures were not taken, since there is no highly confidence information.
Accessibility for general public is also important for further implementation of this system
and possibility of investigating to go for another method applicable. However, daily back ups

are taken for data security and avoiding the data losses. This back up process is automatically
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run and back up is done to the internal network. Though the system is hosted the data base is
stored on internal network as security measure. The sensitive data is transmitted using the
method of encryption and decryption ensuring that no one can hack the data in the process of
transmission. Moreover data can be entered into the system using sql procedure from the

administrator. This is also effective security measure implemented in the system.

8.5 Assessment on Results

Results coming from classification models are based on the efficiency and accuracy of each
classification algorithm. In some of models performances are highly accepted while some of
them are showing little deviations from actual. However from a further analysis, this
deviation values could be changed, (e.g. by cleaning data more thoroughly) but the system
limits to existing number of variables and no more variables may introduce to system since it
will further reducesthe acquracy.AH;the yartables-have Hmitations such as several categories
only. There can lggjajnavoidable situation Hikecweather cenditionsand disease. The harvest
forecasting mode’lﬂisousses general frend of variation and it has also shown over 80% of

performance.

8.6 Summary.

This chapter has mainly concerned about overall evaluation of objects that were achieved
throughout the project. To make a reasonable evaluation, the system was tested with
stakeholders and altered on their comments. Therefore, in summary, it has been proved that
system full fill the evaluation criteria satisfactorily. Further, next chapter discusses

conclusion of further work.
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Chapter 09

Conclusion & Further work.

9.1 Introduction

The previous chapter discussed about how the tool is evaluated in a variety of ways and
means. In this chapter it will be briefly described about the progress of the project, the
conclusions from the evaluations and the work and the improvements and the development
that that is expected to carryout in the next phase of the project. Also, attention is drawn to
assess the achievements of objectives stated in the project proposal and the further work,

which could |

A

9.2 Assessme

The first objective namely ‘data gathering and domain analysis’ had been done by obtaining
data from the Data bank of Hector Kobbekaduwa agrarian research and training institute , a
national center for secondary source of information which has been collecting primary
information from many government institutions since 50’s. Currently there is a huge volume
of agricultural information in the institute data bank. In this project, detailed records of four
selected upcountry vegetables namely potatoes, beans, carrot and cabbage were queried from
their databases and analyzed with their attributes for the usage in the this project and

therefore it can be concluded that data gathering have been done successfully.

Next objective was the forming classification models to predict the vegetable production,
when independent variables present. Even though there can be many hidden variables for

varying of production, it was attempted to make relationship with about 10 variables which
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could affect the production of vegetable. The developing classification models were so
critical, since in the process of calculating the production; there can be high deviations from
the actual. Even though it was possible to form one model for entire sample by taking key
variables such as districts, seasons and type of vegetable as independent variables, it was
attempt to build varying models depending on districts, type of vegetable and the season. The
agro-ecological zones were not considered as farming community is not aware about such
zones rather than districts. However, with the use of weka application, various methods were
used to build up classification models dynamically and finally came to a conclusion that

Naive Bayes was the most suitable common model for the used dataset.

The development of web-based information system was the final objective, which is a
collection of all above objectives stated. The web site was tested with colleagues and
supervisors and they accepted that its functionalities work properly. However, accuracy of
estimation of production has to be verified with similar data collected from farming

community on the basics of equal situation

Farming cormr a,;rgj"t%u g9through the system and farmers.can plap tain not only the
higher yield | ?«.I}s_rq Bighegprice fonthemarketing 1 making system,
by studying 5 can take most

appropriate decisions for the minimizing of harvest variations. According to the expected
harvest, possible most appropriate steps can be taken to maximize the expected harvest.

The farmers, through the system can be educated to apply varying methods and from that the
expected harvest could be compared with actual and performance could be verified. A
monitoring process could be implemented by field officers attached to agriculture sector in
order to compare performance of the system from that suggestions could be made for further

implementation.

9.3 Problems encountered and Limitations in development of project.

There were a lot of challenges to face from the research phase up to the implementation of
the finding so far in this project. Many of them were related to the data extraction phase/layer
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and manipulating the data sources of the project.

One major issue encountered is extracting data from a huge set of unclassified details of a
data bank with a lot of unwanted attributes. There were no direct methods or guidelines to
follow on which feature to use on determining different values. Although there are available
tools for higher level data extraction the process has to be done manually for this specific set

of data related to Sri Lankan agriculture.

Also to do a lot of experiments using different data mining algorithms which sometimes did
not prove to give any useful output related to the interests of the project. For an instance the
neural network approach seemed to be not useful and was never used in the implementation

of the tool although a lot of research on it was done.

Further in Sri Lanka computer literacy is so low in the agricultural districts, it has become
difficult situation to popularize this web base software among farmers. Since now some
training programs are going on for farmers, it is hopefully expected to increase the usage of
this system. The Hector Kohbekaduwad Agvaian | Researchl & _Tifaldng institute is in the
process of condMg awareness programs- iy-varous' ehiscipliné’ire agriculture and socio-
economic aspects~and hénce"'dissemination-"of knowledge may not be much difficult
problems, if necessary financial grant was found. In fact, farmers could really practice with

the system for better knowledge.

9.4 Future Developments.

This web-based software has been developed basically as a decision support system which
could be used to enhance the up country vegetable cultivation for the satisfaction of country
requirements. Similar decision support systems could be developed for the applying of other
highly consumable vegetables too. Further, such systems could also be expanded by
conducting sample surveys for demanded crops in relevant areas. Based on findings of this

system, effectiveness of similar variables could also be carefully measured through well-
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organized farming practices. It can be assumed that rain falls and climate changes also
important factors to be considered when cultivating of vegetables. Therefore, the systems
could also implemented covering agro-ecological zones where factors like condition of soil,
soil erosion and rain falls and slope of lands are highly differs.

Even though government and private organizations and many researchers have been
conducting numerous studies on price variations, marketing, cost of productions and in
various discipline, many problems have been created during the harvesting seasons.
Furthermore in Sri Lanka there is no derivative market for any product and financial market
should be upgraded and strengthen for such market. This is mainly affected to agricultural
products as in other countries derivatives market is more powerful for agricultural market
and benefitted to the farmers. Now discussion are going on the development of derivative
market in Sri Lanka.Therefore as future development system should provide facility to

farmers to se:

' ef; g

9.5. Summai

This chapter discussed the assessment of the final product and how the product is use full for
the parties like farming community and research and decision making authorities and further
discussed the limitation and problems encountered regarding the system and possible future
developments. As a system in a changing environment, this has the full potential to expand
for accommodation of such changes. Further it was suggested future development to run as
central unit of information dissemination for enhancing agricultural improvement in Sri
Lanka. Therefore fulfilling those further developments too, an effective system for
agricultural sector can be materialized. Things proposed to be done in research basics will
influence the economic conditions of the country. The proceeding chapter will contain the list

of references that we took the use of when implementing the project.
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Appendix A

Project Plan

ID | Task Task Name Duration Start Finish | Pred’s
1 |1 Proposal Writing 17 days 01/01 | 01/17

2 |11 Information Collecting 06 days 01/01 | 01/06

3 |12 Problem Identification 03 days 01/07 |01/09 |1
4 |13 Writing Draft Proposall 04 days 01/10 [01/13 |2
5 |14 Obtaining Supervisors Ideas 02 days 01/14 |01/15 |3
6 |15 Finalizing Proposal 02 days 01/16 |01/17 |4
7 12 Information Gathering 43 days 01/18 | 03/02

8 |21 Gathering of Sample Data 07 days 01/18 | 01/25

9 |23 Survey Data Analysis 13 days 01/26 | 02/08

10 | 24 .?_wé'lding Data Structures 18 days 02/09 1 02/28 |9
11 |25  |iSkgking Data in Format 03 days 02/29 103/02 |10
12 | 3 Project Analysis and Design 52 days 03/03 | 04/26

13 | 3.1 Requirement Analysis 10 days 03/03 | 03/13

14 | 3.2 Drawing System Diagrams 10 days 03/14 | 03/24 |13
15 | 3.3 Designing 32 days 03/25 | 04/26 |14
16 | 4 Implementation 97 days 04/27 | 08/10

17 | 4.1 Coding the simple Web Service | 28 days 04/27 | 05/29

18 | 4.2 Initial Site Design Using Joomla | 14 days 05/30 | 06/13 |17
19 | 43 Building Models using Weka 35 days 06/14 | 07/19 |18
20 | 4.4 Testing the Initial System 20 days 07/20 |08/10 |19
21 |5 Submission of Interim Report | 38 days 08/10 | 09/20

22 | 5.1 Writing of interim Report 14 days 08/10 | 08/24
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23 | 5.2 Preparing of Presentation 05 days 08/25 |08/30 |22
24 | 5.3 Conducting the Presentation 01 day 09/20 | 09/20 |23
25 | 5.4 Obtaining vital Feedback 01 day 09/20 | 09/20 |24
26 | 6 Implementation Cont. 101 days 09/21 | 01/01

27 | 6.1 Finalizing the Technologies 14 days 09/21 | 10/04

28 | 6.2 Installation of the VM 02 days 10/05 | 10/06 | 27
29 | 6.3 Making Databases 10 days 10/07 | 10/16 |28
30 | 6.4 Joomla Site Completion 08 days 10/17 | 10/24 |29
31 | 65 | Implementing Dynamic 35 days 10/25 | 11/30 |30

Modeling
32 [ 6.6 | Implementing Dynamic 10 days 12/01 | 12/10 |31
Cleaning

33 | 6.7 User Interface Improvements 08 days 12/11 | 12/17 | 32
34 | 6.8 Testing and Debugging 14 days 12/18 | 01/01 |33
35 |7 Eizarluation P days 0n/o2. | 01/29

36 | 7.1 lg;%ning Systern' Evaltrations 10 days 917182 | 01/11

37 | 7.2 iC%mments from Supérvisor 01 day 01/12 | 01/12 | 36
38 |73 Testing for Dynamic Behavior 08 days 01/13 | 01/20

39 |74 Adding Improvements 08 days 01/21 | 01/29 |38
40 | 8 Completion 16 days 01/30

41 | 8.1 Writing the Final Report 14 days 01/30 | 02/12

42 | 8.2 Submission 01 day 02/16 | 02/16 |41
43 | 8.3 Final Presentation 01 day 42

56




Appendix B

List of coding used in the Dataset

1. District (dist)
1- Matale 2 — Nuwara-eliya

3 - Badulla 4 — Kandy

2. Age group (age)
1- Age<=35 2—35< Age <=50 3 - 50< Age
3. Farmer’s knowledge regarding agro ecological problems (trn) Soil erosion/excess use
of fertilizer and agro chemicals
1 — Not known 2 — Insufficient 3 — Sufficient

4. Farmers knoMedge about\useof ertilizer{fert) Mixturds of.fértilizers/ pure fertilizer
3

1- Ne=. 2-1Sema tifie 3 - Yes

5. Type of plot(plty)

1 — High land 2 —Low land

6. Slope of the plot(slty)

1 - Flat land 2 — Less than 45 degrees

3 — 45 Degrees 4 — Above 45 Degrees

7. Soil erosion Intensity(ints)

1 — Excess 2 — Average 3 —No erosion
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8. Season (sesn)

1 - Maha 2 —Yala 3- Intermediate

9. Cultivated crop (crop)

1 — Potatoes 2 — Beans

3 — Carrot 4 — Cabbage

10. Extent cultivated in Ac (extn)

1 - Extent <0.25 2— 0.25 =< Extent< 0.5
3-0.5=<Extent<0.75 4— 0.75 =< Extent< 1

5—-1.0 or above
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Use cases and Activity diagrams

Figure G.1 — Production Estimation Process
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Appendix C
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Figure G.2 — Administrator functionalities Use Case diagram
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Figure G.3 -Farming community functionalities Use Case diagram
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Figure G.4 -General client functionalities Use Case diagram
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Description of Use Cases

The administrator functionalities use cases have been described below.

Use Case 01 — View Home Page

Use Case View Home Page
Name

Priority High

Primary Administrator

Business Actor

Administrator Functionalities

Brief
Description

User Navigate to the web site’s home page

Pre-Condition

User should have the Internet facility

VEIRILS incovieot

i Navigate to, amincorrect page

Basic Flow 1 User type URL of home page
2 View home page

Alternative 1 User type URL of home page

Flows

Conditions

Relationships N/A
Use-Case O P
Diagram . « |

i N

Administrator View home page

Special N/A
Requirements
Post- N/A
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Activity
Diagram

>

«

A 4

Type URL of Home
page

|

Check
validity of
URL

Yes

No

View Home page

View other page
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Use Case 02 — View Dynamic Information

Use Case Name

View Dynamic Information

Administrator Functionalities

Priority

High

Primary
Business Actor

Administrator

Brief
Description

User Navigate to the dynamic information page

Pre-Condition

User should be in the site

Basic Flow 1 Click the Dynamic information link
2 View dynamic information

Alternative N/A

Flows

Relationships N/A

Use-Case e N

Diagram ) D
< -

Iettioniaibl View dyne nformation

Special N/A

Requirements

Post-Conditions | N/A

Activity
Diagram

’

Navigate to dynamic

{ information

|

A 4

[ View dynamic information ]
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Use Case 03 — Login

Use Case Login as Administrator Administrator Functionalities
Name

Priority High

Primary Administrator

Business Actor

Brief
Description

User Navigate to the web site’s login screen

Pre-Condition

User should be in the home page

Basic Flow 1 Click the Administrator login link

2 Type user name and password

3 Successfully login to the administrator view
Alternative 1 Click the Administrator login link
Flows

2 Type user name and password

3 vheginisaTalwe

Requirements

Relationshi i N/A

gisaeé%?;e ji h N
Administrator Login aé A;;ﬁinistrator

Special Lower cases be used

Post-
Conditions

N/A
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Activity
Diagram

<

¥

\ 4

Vs

view

.

Navigate to login

A 4

Vs

password
\\

Type user name and

Correct

Yes

No

View Admin page
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Use Case 04 — Calculate and visualize estimated production

Use Case Name

Calculate and visualize Administrator Functionalities

estimated production

Priority

High

Primary
Business Actor

Administrator

Brief
Description

User Navigate to production estimated Regression models view

Pre-Condition

User should be in the home page

Basic Flow 1 Click the Production estimated view
2 Select identification variables
3 Select classifier type

Alternative

: | View 4he estimagec-production .

1 Click the Upload File
Flows
2 Select classifier type
3 Select categories for independent variables
4 Failure, unsuccessful selection
Relationships N/A

Use-Case e
Diagram j’—\ d
\\\7 -
Administrator Calc_ulate and visua_lize
estimated production
Special User may have understanding of categorical variables

Requirements
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Post-Conditions

User may be verified with practical situation

Activity
Diagram

<
v A
e N

Navigate to production
estimation view

v

( N\

Select Type custom or
default

v

( N\

Select Identification
variables

Confirm No

Y es

Displays estimated production

Continue
Yes

\ 4
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Appendix D
Database and tables

Cropinfo_Data DataBase

This is the main database that stores the information generated and modeled by the
system. There are two main tables in this database.

1. Results Table (Model Builder Web Service)

This table stores the results for each users request for a crop prediction separately with

a time stamp and a separate column for the particular users land extent.

Lﬂ 127001 -8 crapinfo_ds

[=| Browse 4 Structure [ SOL 4 Search | ¥ Insert [& Export =} Import

# Name Type Collation Attributes Null Default Extra
inldmiversity of Moratuwa, SricLawnken. AUTO_INCREMENT
vﬁ&@m()mﬁﬁh@%&& D1sscrm11(&nﬂrse
vV R RARND) L] ‘l,éti'r]?]",_'.swe‘djsh;t:i Mo None
[] 4 COMMENTS warchar(100) latin1_swedish_ci Ma  Mone

CH1Z7.00.1 » B cropinf_data » B results

[ Browse 34 Structure L] SOL 4 Search = ¥c Insert [& Expor
Sort by key: | Mone V|
+ Optians

— ] — ¥ ID RES EXTN USR TIMESTMP

[0 7 Edit Fc Copy @ Delete 441131 JUser | 2015-03-26-14-54-38
[ & Edit 3¢ Copy @ Delete 45 LVL3 |1 | JUser | 2015-03-26-14:55:23
[ & Edit 3¢ Copy @ Delete 45| LvL3 |1 uditha | 2015.03-26-14:57:17
[] & Edit 3¢ Copy @ Delete 47 VL3 1 | uditha | 2015-03-26-14:58:10
[ & Edit 3¢ Capy @ Delete 48| LvL2 | 1 uditha | 2015-03-26-15:09:16
[0 7 Edit ¥c Copy @ Delete 49 1413 1 JUser  2015-03-26-15:22:01
[0 7 Edit e Copy @ Delete 80 LW12 1 JUser | 2015-03-26-15:24:52
(] 7 Edit 3¢ Copy @ Celete 51 113 2 JUser  2015-03-26-15:25:19
[ & Edit ¢ Copy @ Delete 52 LVL3 |1 | JUser | 201503-26-15:26:50
[0 & Edit ¥ Copy @ Delete 53| Lvi2 |1 JUser  2015-03-26-15:27:42
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2. Dynamic Table (Model Builder Web Service)

In this table the accuracy levels for each classification model is stored separately with
a column for a timestamp to uniquely identify the request to build models (or a

particular file upload)

CH127.00.1 » ® e pulkicl et o B =i

[=] Browse 34 Structure L] SOL 4 Search = %t Insert [& Export | =} Import

# Name Type Collation Attributes Null Default Extra
1 1D int(11] Mo  Mope  AUTO_INCREMENT
[] 2 BAYES double Mo Mone
[ 3 M8 daouble Mo Mone
[ 4 SMO double Mo MNone
[ = IBK double Mo Mone
[] & COMMENTS varchar(1000) latinl_swedish_ci Ma  Mope

4 Import |

At A "

i A= B = 7 B BBt o -a,t: Ak
Flecttonic Theses & Disse

V. 110¥1111

rtations

+ Options
— [ — = I BAYES M8 SMO IBK COMMENTS

o Edit Fe Copy @ Delete 9 5371|9768 4571|5211 | 15-03-85 22:40:00
o Edit Fe Copy @ Delete 10 5371 9763 4571 9211 15-03-85 22:40:40
o Edit Fe Copy @ Delete 11| 5371|9768 | 4571|5211 | 15-03-85 22:41:08
o Edit Fe Copy @ Delete 12 5371 9763 4571 9211 15-03-85 22:44:24
& Edit Fe Copy @ Delete 13| 5371|9765 | 45.71|52.11 | 15-03-85 22:45:25
o Edit Fe Copy @ Delete 14 5371 9765 4571 9211 15-03-85 22:45:44
& Edit Fe Copy @ Delete 15| 5371|9768 | 45.71|82.11 | 15-03-85 224736
o Edit Fe Copy @ Delete 16 5371 97.63 4571 9211 15-03-85 22:49:14
o Edit Fe Copy @ Delete 17| 5371|9768 | 4571|5211 | 15-03-85 L2:55:13
o Edit Fe Copy @ Delete 13 5371 9763 4571 5211 15-03-85 2311113
o Edit Fe Copy @ Delete 19 5371|9768 | 4571 5211 | 15-03-85 23:11.51
o Edit Fe Copy @ Delete 20 5371 9763 4571 9211 15-03-85 23:13:34

OofooooO0oooonoano

t Check All S Uncheck All With selected 7 Change @ Delete  [& Expor

Show . Start row: |D | Murnber of rowes: ‘BD ‘ Headers every |1DIZI | FOvE
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Cropinfo_Web DataBase

1. User Registration Table (Web Interface)

Mainly stores the data relevant to the users registered in the website. There are three

main user categories namely registered, super user and guest (public).

CH1Z7 00,1 » B cropinfo_w

[Z] Browse 34 Structure [ SOL | 4 Search | ¥ Insert | [& Export | =} Import | 4% Operati

#Z Name Type Collation Attributes Null Default Extra
O 1id int(11) Mo Mone AUTO_INCREMENT
[ 2 name varchar(255) utfs_general_ci Mo
[0 3 username varchar(150)  utfB_general_ci Mo
0 4 email varchar(100)  utfS_general_ci Mo
[J & password varchar(100)  utfs_general_ci Mo
[] & block tinyint(4} Mo O
] 7 sendEmail tinyint(4) Yes 0O
[0 & registerDate  datetime Mo 0000-00-00 00:00:00
0o @ Iaswisitl}at‘e datetime, T e W W ‘,ND‘ OgaR=05- EID Wy DD ]
O Vamﬁﬁ@ﬂrﬂ?ﬂ%@n —(‘&c:(‘c & I—NIQQPTI‘]H(\HC
O UtfB_general_ci ‘ Mo None
1 W.LD. DUt aCAIK 0 o000 pn-ooon
O (1) Mo O
F] varchar(1000) utfs_general_ci Mo
[ 15 otep varchar(1000) utfS_general_ci Mo
0] 16 requireReset tinyint(4) Mo O
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Appendix E
Java Classes and Methods

The project mainly consists of a web service written in Java and the following are the
main classes in the project and their methods. The figure below shows an instance of
the NetBeans IDE with the web service project (CropIinfowsS) and the structure of the

project and its packages.

@ CropinfoWs - NetBeans IDE 7.3.1

File Edit View Mavigate Source Refactor Run Debug Profile Team Tools Window Help

PEGES 9DE TEDE B

Projects = | Files Services =1 @Croplnfows.java x@ DatabaseController. java x]
=@ Goplrfos Suce | oy @E-B- QBFEN P0G 00 L
@ ‘Web Pages i e —
203 Source Packages
P 2 * To change this tewmplate, choose Tools | Templates
=~ com.crop.dataBase
: 3 * and open the template in the editor.
-[&] DatabaseController java p as
| com.crop.decision
pm— 5 package com.crop.web3ervice;
B com.crop.modelGen 3
EE| com.crop.userData
== . 7 import com.crop.dataBase.DatabaseController;
| com.crop.webService
= - . 8 import com.crop.modelGen.Builder:
B org.netbeans,rest, application, confi R i
E}-@ Libraries 9 import com.crop.modelGen. CustomBuillder;
E}-@ RESTRUl Weh Services 10 import com.crop.decision.DecisionMaker:
. I 11 import cgmegerop.decision. CustowlecisiopMaker;
E}-@ Configuratio " ~
2 | Led (YA imp ookl con SropcuEerbanal. CustiomF 1 e
13 import, com. crop. wserlata. Userbatalet;
< ‘,|, 14 [ Fpportl fesai i, TOExcdepdiny
—_——y % import java.io.Inputitresmm;
getDataFiltered - Nayigator) Tl T ‘ impbER  jataxl¥e.rs.core. Context:
Members 17 import javax.ws.rs.core.UTrilnfo;
- CropInfoii's 18 import javax.ws.rs.PathParam:
- & CropInfows() 19 import javax.ws.rs.Path;
) createClassifierModel(String data) @ Sk 20 import javax.ws.rs.GET;
) getDataFikered(String data) @ String 21 import javax.ws.rs.Produces;

) getDataSource(String data) @ String @ import java.sdgl.Connection;

) takeCustDecisionString data) : String i import java.sSgl.DriverManager:

) takeDecision(String data) : String @ import java.sgl.Resultiet;

context : Urilnfo Q, import java.sgl.30LException;
@

import java.sdgl.S3tatement;

() CropInfoi's } () getDataFiltered }

Output =

|~

DTV

&
=
D
©
23
&
=

The figure below shows the class and package hierarchy and the project resources of

the web service in tree from.
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E';E_a' CropInfois's

%3 Weh Pages
=7 Source Packages
=3 com.crop.dataBase

=[5 com.crop. decision

= com.crop.modelGen
@I Builder.java

[z~ com.crop.userData
8] CustomFilker.java
E] UserDatazet. java

EIEEl com, crop, webService

----- | CropInfoWws.java

Il

=L@ Libraries
+ O weka.jar

i EETIDH 1 T (st

B T;T'};--f-_"i‘;'fg,?!'lassFish Serer it O
1-C@ RESTFul Web Services
- |L&) Configuration Files

(|

=l

List of Java Classes

01

02

03

04

05

ApplicationConfig.java

DataBaseController.java

DecisionMaker.java

CustomDecisionMaker.java

CustomFilter.java

----- |é| DatabaseController.java
@ CustorDecisionMaker . java

@'l DecisionMaker . java

& CustomBuilder.java

|';‘|EE| org.netbeans.rest, application. config
----- @ ApplicationConfig.java

B g om. misahidbe 151 155 e

Configuration settings of the Web service.

Connect to the System Database(s) and make
Database Instances and Connections for the use of
other Classes and Methods.

Returns a crop prediction Level based on user
inputs and default classifier model.

Returns a crop prediction Level based on user
inputs and user selected classifier model.

Creates a filtered instance of a given
dataset(uploaded file). The filtering options are set
inside the class
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06

07

08

09

10

Builder.java

1 buildobj()

CustomBuilder.java

1 buildobj()

UserDataSet.java

1 readDataFile()

2 simpleClassify()
3 calculateAccuracy()

4 Results()

CroplInfoWs.java

1  takeDecisipn{}

2 GasmDecision ()

w

getDataSource ()

o

getClassifierName ()

Resources and Libraries used

To create a model of a classifier

Builds a Bayes classifier for the default data file

To create a classifier model selected by the user

Builds a Custom classifier for the default data file

Dynamically creates classifier models for a data
file uploaded by the user

Read the uploaded data file

Build Classifier Models
Calculate the accuracy of each model

Output the results for each model

Communicate with the web application through a
RESTful Web Service

Genenate-prediction from,Refault Classifier Model

Generate prediction from user selected dataset and
its buitd Classifier Model

Upload and use user input custom Dataset

Generate classifier for user selected Type

weka.jar ( weka libraries)
Mysql_jdbc.jar ( JDBC drivers library)
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Web service Class

/*

* The main web service providing the predictions
* with connected DB

*/

package com.crop.webService;

import com.crop.dataBase.DatabaseController;
import com.crop.modelGen.Builder;

import com.crop.modelGen.CustomBuilder;
import com.crop.decision.DecisionMaker;
import com.crop.decision.CustomDecisionMaker;
import com.crop.userData.CustomFilter;
import com.crop.userData.UserDataSet;
import java.io.lOException;

import javax.ws.rs.core.Context;

import javax.ws.rs.core.Urilnfo;

import javax.ws.rs.PathParam;

import javax.ws.rs.Path;

import javax.ws.rs.GET;

import javax.ws.rs.Produces;

import java.text.DateFormat;

import java.textSimplaDateF6rihat;

import java agkl ate;

@Path("cropinforoot”)
public class CropIinfoWs {

@Context
private Urilnfo context;

public CropIinfows() {
}

@GET

@Produces("text/plain")

@Path("filter/{data}")

// Method for filtering the provided Data Set

public String getDataFiltered(@PathParam("data") String data) throws IOException,
Exception {

// copyright Code

}

76



@GET

@Produces("text/plain")

@Path("datasrc/{data}")

// Use the uploaded DataSet and Evaluate each classification model

public String getDataSource(@PathParam("data") String data) throws IOException,

Exception {

// copyright Code

@GET

@Produces("text/plain")

@Path("cremodel/{data}")

// Creates a new classifier model and Saves it in the disk for result prediction

public String createClassifierModel(@PathParam("data") String data) throws IOException,

Exception {

// copyright Code

}

@GET ﬁ

@Producasf{text/plain”)

@Path("makedec/{datal")

// This Method retrives the decision for submitted params

public String takeDecision(@PathParam("data") String data) throws IOException,

Exception {

// copyright Code

@GET

@Produces("text/plain")

@Path("custdec/{data}")

// This Method retrives the decision for submitted params

public String takeCustDecision(@PathParam("data") String data) throws IOException,

Exception {

// copyright Code

}
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DecisionMaker Class
package com.crop.decision;

import java.io.BufferedinputStream;
import java.io.FilelnputStream;

import java.io.InputStream;

import java.io.ObjectInput;

import java.io.ObjectInputStream;

import weka.classifiers.bayes.NaiveBayes;
import weka.core.Attribute;

import weka.core.FastVector;

import weka.core.Instance;

import weka.core.Instances;

/**
*
* @author Uditha
E3
/
public class DecisionMaker {
private static final String SEPARATOR =" _";

/*

* This method takes the params submitted by the user

* puts ther_r’pih_‘_to a sanmpléistanice of thie(samd data.setldnd.evaliates
* the sampfg’aéta set with the trainet model of 9 given-classifier

¥ 2

public static String makeDecision(String data){

// copyright Code

}
}

Builder Class

package com.crop.modelGen;

import java.io.BufferedReader;

import java.io.FileOutputStream;

import java.io.FileReader;

import java.io.lOException;

import java.io.ObjectOutputStream;
import weka.classifiers.Classifier;

import weka.classifiers.bayes.NaiveBayes;
import weka.core.Instances;

/**

*
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* @author Uditha
*/

public class Builder {

/*
* This class is building a model for the given data file with a predetermined
* classification algorithm eg. Bayes

* and then writes the file as a javaObject file ( serialized model)
*

*/
public static String buildObj (String s) throws IOException, Exception{

// copyright Code

}
}

Filter Class

package com.crop.userData;

import java.io.BufferedReader;

import java.io.FileOutputStream;

import java.io,FileReader

import java.i%xception;

import java.igi@bjectOutputStream;

import weka.core. Instances;

import weka.filters.Filter;

import weka.filters.unsupervised.attribute.Discretize;

/**

*

* @author Uditha
*/
public class CustomFilter {
public static String filterData(String s) throws IOException, Exception{

// copyright Code

}
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Page Structure of the Web Interface

Home Page

edm siay, |1 Fbriary 2015

Useful Links
Home
Praditinz
Ahbnf Projct
T System
ContactUs

& htdocs

How to get a Prediction ™ =

Thiz Information sy stam golng to uzk two sats of data; artkutarly
om from Dot Eank of Hactor Kobbs laduwa Agmarkn Rassarcham
Training Instituts amd the other from 2 mpk survey conductad by
thiz Institution woulM te stored Ina SQLdatitazs. Th dat tank
lazdata from Zaveral zourcs 2 malnly from dapartmant of canzus
am statizti s, cantral lank and dapartmant of gk ulturs am alzo
from othar rslbk sourca s,

Thw monthly prkazof sskctad crops for the parkd of Bt tan
yearz woul bs colkcted Intoa SOL Datatazs for ga ik rating
Zeazoml e samd foracasting moduk s, To prad it tha tareast,
dat from 2 mmpk survsy woul bs formutated. For thiz purposs
comucta mmpk SUray AmMong ovar 200 Arms s who wars
angagad Inculthating of upcountry vegs bk z; covering s=varnal
Agro-acokgkalzom s partkubily n hatk, Kandy, Husa-Elba
and Baduli diztrkts will bs conzMa rad. This qua stlonmlrs ~ta zad
data zatand conzizts of damog raphk Information, pattsrmof

wage bk culthation, B utlization, conzrationofl il s,
farmar's kowkdge ragand ing Agro~scokg kal probkim s, uzs of
protaction meazure s bty to vegatabk farming, uss of fartilkar
SAawareik sz on zollack ity 2 other culthation mathod s almad at
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~Fapot your uzsname:

Appendix F

Famer User Login

Craats anazcount

People Online

WSl oma g stand no

mambars onling



User Registration

24 croplnfo_web

DAY e phnetrpanentjuseis? e [Q search v s & & =

‘orecasting lMaﬂo _

Useful Links Farmer User Login
* Required field v} pee

Home Usemame

Predictions Ll ‘ ‘

About Project Username: * ‘ |

The System
Password: *

Contact Us ‘ ‘ Forgot your password?

Confirm Password: *

Confimemal | People Oniins

Address: *

Forgot your username?
‘ Create an account

‘We have one guest and no
members online

§ Upload - Paint & htdocs

77 start

b - Mozil... ®) 12:454M

Default Pr

14 Default Predictor i3
€ <] [@ seah e 3 & =
. ~
Useful Links e Farmer User Login
Matale v usenans
Predictions. Ao Gratee =
Dafaste Pradictor Tt
el Below 35 N )
ey
—— Received Training
The System Forgot your password?

- usermame?

s v 4 #
Create an account

Contact Us

Use of Fertilizer -

e Y People Online
Plot Ty - e hava one susstand o
members online
Highland
Stope Type
Fiat Land v

Soil Erosion Intensity -

Ewess V.
Season
haha v

Cultivated Crop
Fotatoes
Land Extent *

Lessthan 0.25 Acre v

Submit
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Custom File Uploads Page

i

g University of Moratuwa, Sri Lanka.
Classifier (§i@g¥ipn Pdgetronic Theses & Dissertations
&%  www.lib.mrt.ac.lk

Jag I
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Prediction Data Input Page

Flat Land

Potatoes

Land Extent *

UnixgLsity of Moratuwa, Sri Lanka.
Elecltanic. Theses & Dissertations
wavwlib.mrt.ac.lk

Submit

Results Page
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Joomla Admin Panels

lit

« Puplish | @ Unpuilish | ¥ Checkln | T Trash | % Home | (Rebuild | [8]Batch
[] Status Title
o v Home (aliss: homepage)
Articles » Cateqory Bloy
O v Predictions (Alas: predictions)
Text Separator
0 ¥ |=Upload Data taiss: uplosd-dets)
— ChronoForms$ » ChranoFormssS form
o v |— Select Model (Sias: select-model)
— ChranoFormzS » ChronoFormes form
O ¥ |—Custom Predictor (aliss: custom-predictor)
— ChronoFormsS » ChronoFormss form
o v | Default Predictor (Alss: defaul-predictor)
— ChronoFermsS » ChronoFormes form
O v |—— Result (Aliss: resut)
——Plotalot » Simple List of Charts
O v About Praject (4l project-scops)

HTML {Render Form) n

Articles » Catenory List

Locales DB Wiewer  Styles

EZEIDm

Validation
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Home Access

Public:

Public:

Registered

Registered

Registered

Guest

Public

Public:

Language

All

All

All

All

All

Al

Al

All

@ Help

D

10

129

130

133

132

125

115

Save and Close

Close




