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ABSTRACT

Agriculture is responsible for the majority of the nation's economic contribution
across the world. However, due to a lack of ecosystem control methods, the
majority of agricultural lands are still underdeveloped. Crop output is not improving
as a result of these issues, which has an impact on the farm economy. As a result,
a rise in agricultural output is aided by the forecast of plant yields. To avoid this
issue, agricultural industries must use machine learning algorithms to estimate the
harvest from a given dataset. The supervised machine learning method (SMLT)
analyses a to capture a dataset several pieces of information, such as variable
identification, Missing value treatments, univariate analysis, bivariate and
multivariate analysis, and so on. A comparison of machine learning algorithms was
performed to see which one was more accurate in forecasting the best crop. When
entropy calculation, and are evaluated, precision, recall, F1 Score, sensitivity,
specificity, & entropy come out ahead. the data show that the recommended

machine learning algorithm technique has the highest accuracy.
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CHAPTER 1
INTRODUCTION

Agriculture research has boosted the world economy and offers enormous benefits
to society as a whole. Crop evaluation in agriculture remains challenging, despite
recent improvements that involve the use of a wide range the availability of
technical resources techniques,as well as techniques Precision farming and agri-
technology sometimes referred to as virtual farming, are current research
areasthat boosts the usage of data-intensive approaches agricultural productivity
while lowering environmental impact.Accurate crop detection focuses on
ecological and soil Agricultural production is dependent on a number of factors,
one of which has been identified. the subject of decades of research.. The majority
of existing algorithms for crop yield estimate involve machine learning (ML), but
very little was done to forecast territory crops solely on soil and climate data as
well as the environment Crop cultivation is influenced by a variety of factors, Soll
texture, nutrients (N2, P, and K), micronutrients (Fe, B, and Mn), temp, and rainfall
are all factors to consider.l. Because the characteristics vary by zone, resulting in
a large order to ensure the sustainability data set, it is necessary to pick key
aspects that aid in the diagnosis of acceptable crops for certain land regions.

Feature selection (FS) approaches are used to carry out the procedure.

Prediction relies heavily on machine learning methods. FS approaches [1]—-[6] are
utilized to reduce fitting problems and identify important characteristics for the
prediction procedure, from the data set resulting in improved ML performance.
Filters [7], wrap [8], and embed [9] are the three types of the FS approach. Filter
techniques are unaffected by the classifier's performance, Wrapper approaches,
on the other hand, pick features depending on the success of the classifier.
Because it combines both filter and wrapper approaches, the embedded approach
is analogous to the latter. This investigation focuses on wrapper FS approaches.
To anticipate an appropriate crop and measure the efficacy of the FS process, the
chosen attributes are fed into the k-nearest neighbor (kNN), Naive Bayes ( NB) ,
decision tree (DT), support vector machine (SVM), and random forest (RF). The
purpose of this research is just to improve the crops underlying model by selecting
key data points.



CHAPTER 2

LITERATURE SURVEY
Title : Forecasting crop yield using remotely sensed vegetation indices and
crop phenology metrics
Author : Douglas K. Boltonx, Mark A. Friedl
Year : 2013

We used data from NASA's Moderate Resolution Imaging Spectro radiometer
(MODIS) to develop empirical models predicting maize and soybean yield in the
Central United States. Results show that MODIS provides a better basis for
predicting maize yields than the widely used NDVI.

Title : Crop Yield Assessment from Remote Sensing
Author : Paul C. Doraiswamy, Sophie Moulin, Paul W. Cook, and Alan Stern

Satellite remotely sensed data provide a real-time assessment of the magnitude
and variation of crop condition parameters. This study investigates the use of
these parameters as an input to a crop growth model. A radiative transfer model,

SAIL, provided the link between the satellite data and crop model.

Title : A generalized regression-based model for forecasting winter wheat yields in

Kansas and Ukraine using MODIS data
Author : Becker-Reshef a, = , E. Vermote a, M. Lindeman b, C. Justice
Year : 2010

Wheat is one of the key cereal crops grown worldwide. The forecasts of production
in Kansas closely matched the USDA/NASS reported numbers with a 7% error.
The same regression model forecast winter wheat production in Ukraine within

10% of the official reported numbers six weeks prior to harvest.

Title : Plant Yield Prediction Model Using Firefly based Feature Selection with
Modified Fuzzy Cognitive Maps



Author : 1 D. Sabareeswaran and 2 R. Gunasundari

In this paper, a development of agricultural productivity is enhanced based on the
plant yield prediction. Predicted outcome is transmitted to the farmer's through
smart phones which helps for identifying the growth of plant and improving the
harvesting. The experimental results show that the effectiveness of the proposed

technigue can be compared with the other prediction techniques.

Title : Crop yield forecasting on the Canadian Prairies using MODIS NDVI data
Author : M.S. Mkhabelaa,*, P. Bullocka, S. Raj b, S. Wangc, Y. Yang

Year : 2010

Moderate resolution imaging spectroradiometer (MODIS) could be used for crop
yield prediction on the Canadian Prairies. MODIS 10-day composite NDVI data for
the years 2000—-2006 were obtained from the Canada Centre for Remote Sensing.
New regression models were developed to forecast crops grain yield. Results
showed that MODIS-NDVI data can be used effectively to predict crop yield on the
Canadian Prairies. Power function models developed for each crop accounted for
48 to 90% of the grain yield variability for barley, canola, field peas and spring

wheat.



CHAPTER 3

METHODOLOGY

3.1 MACHINE LEARNING

Machine learning is to predict the future from past data. Machine learning (ML) is a
type of artificial intelligence (Al) that provides computers with the ability to learn
without being explicitly programmed. Machine learning focuses on the
development of Computer Programs that can change when exposed to new data
and the basics of Machine Learning, implementation of a simple machine learning
algorithm using python. Process of training and prediction involves use of
specialized algorithms. It feed the training data to an algorithm, and the algorithm
uses this training data to give predictions on a new test data. Machine learning can
be roughly separated in to three categories. There are supervised learning,
unsupervised learning and reinforcement learning. Supervised learning program is
both given the input data and the corresponding labeling to learn data has to be
labeled by a human being beforehand. Unsupervised learning is no labels. It
provided to the learning algorithm. This algorithm has to figure out the clustering of
the input data. Finally, Reinforcement learning dynamically interacts with its
environment and it receives positive or negative feedback to improve its

performance.

Data scientists use many different kinds of machine learning
algorithms to discover patterns in python that lead to actionable insights. At a high
level, these different algorithms can be classified into two groups based on the
way they “learn” about data to make predictions: supervised and unsupervised
learning. Classification is the process of predicting the class of given data points.
Classes are sometimes called as targets/ labels or categories. Classification
predictive modeling is the task of approximating a mapping function from input
variables(X) to discrete output variables(y). In machine learning and statistics,
classification is a supervised learning approach in which the computer program
learns from the data input given to it and then uses this learning to classify new
observation. This data set may simply be bi-class (like identifying whether the

person is male or female or that the mail is spam or non-spam) or it may be multi-



class too. Some examples of classification problems are: speech recognition,

handwriting recognition, bio metric identification, document classification etc.

Analyzes
Past Dataset ]'__' Machine Learning [IES———" = 70
Trains Predict —

Process Of Machine Leaming

Supervised Machine Learning is the majority of practical machine learning uses
supervised learning. Supervised learning is where have input variables (X) and an
output variable (y) and use an algorithm to learn the mapping function from the
input to the output is y = f(X). The goal is to approximate the mapping function so
well that when you have new input data (X) that you can predict the output
variables (y) for that data. Techniques of Supervised Machine Learning algorithms
include logistic regression, multi-class classification, Decision Trees and support
vector machines etc. Supervised learning requires that the data used to train the
algorithm is already labeled with correct answers. Supervised learning problems
can be further grouped into Classification problems. This problem has as goal the
construction of a succinct model that can predict the value of the dependent
attribute from the attribute variables. The difference between the two tasks is the
fact that the dependent attribute is numerical for categorical for classification. A
classification model attempts to draw some conclusion from observed values.
Given one or more inputs a classification model will try to predict the value of one
or more outcomes. A classification problem is when the output variable is a

category, such as “red” or “blue”.
3.2 PREPARING THE DATASET

The demo dataset is now supplied to machine learning model on the basis of this
data set the model is trained. Every new detail filled at the time of application form
acts as a test data set. After the operation of testing, model prediction based upon
the inference it concludes on the basis of the training data sets. Satellite Imagery
(Remote Sensing Data), has been widely used for predicting crop yield. This

dataset is collected using the sensors mounted on satellites or planes, which



detect the energy (electromagnetic waves), reflected or diffracted from surface of
the earth. Remote sensing data has a lot of energy bands to offer, but mainly only
few of them have been used for crop yield prediction. Yet, there are some people
who have tried generating relevant features using the bands which are typically
ignored, and they have been successful with improving results with that. In case of
this dataset, most people rarely explore the high-order moments of the features.
Based on these datasets people have used algorithms like Regression models,

Random Forest and Nearest Neighbor etc.

Table shows details of the datasets:

Variable Description
Crop Crop name
State Name Indian state name
District Name District name list of each state
Cost of Cultivation (‘/Hectare) C2 Cultivation amount for C2 Scheme
Cost of Production (*/Quintal) C2 Production amount for A2+FL Scheme
Yield (Quintal/ Hectare) Yield of crop
Crop year Crop year list
District Name District name for each state
Area Total area of each place
Rainfall Water availability of each crop
Average humidity directly influences the water
relations of plant and indirectly
affects leaf growth
Mean Temperature Climate of each crop
Cost Production of per yield crop Cost of crop yield
Dataset Attributes

3.3 List of Modules:

e Data Pre-processing
e Data Analysis of Visualization
e Comparing Algorithm with prediction in the form of best accuracy result

e Deployment Using GUI




Architecture Diagram

Block Diagram

3.3.1 Data Pre-processing

Validation techniques in machine learning are used to get the error rate of
the Machine Learning (ML) model, which can be considered as close to the true
error rate of the dataset. If the data volume is large enough to be representative of
the population, you may not need the validation techniques. However, in real-world
scenarios, to work with samples of data that may not be a true representative of
the population of given dataset. To finding the missing value, duplicate value and
description of data type whether it is float variable or integer. The sample of data
used to provide an unbiased evaluation of a model fit on the training dataset while

tuning model hyper parameters.

The evaluation becomes more biased as skill on the validation dataset is
incorporated into the model configuration. The validation set is used to evaluate a

given model, but this is for frequent evaluation. It as machine learning engineers



use this data to fine-tune the model hyper parameters. Data collection, data
analysis, and the process of addressing data content, quality, and structure can
add up to a time-consuming to-do list. During the process of data identification, it
helps to understand your data and its properties; this knowledge will help you

choose which algorithm to use to build your model.

A number of different data cleaning tasks using Python’s Pandas library and
specifically, it focus on probably the biggest data cleaning task, missing values
and it able to more quickly clean data. It wants to spend less time cleaning data,

and more time exploring and modeling.

Some of these sources are just simple random mistakes. Other times, there can
be a deeper reason why data is missing. It's important to understand
these different types of missing data from a statistics point of view. The type of
missing data will influence how to deal with filling in the missing values and to
detect missing values, and do some basic imputation and detailed statistical
approach for dealing with missing data. Before, joint into code, it's important to
understand the sources of missing data. Here are some typical reasons why data

IS missing:

e User forgot to fill in a field.

e Data was lost while transferring manually from a legacy database.

e There was a programming error.

e Users chose not to fill out a field tied to their beliefs about how the results

would be used or interpreted.
Variable identification with Uni-variate, Bi-variate and Multi-variate analysis:

e import libraries for access and functional purpose and read the given
dataset

e General Properties of Analyzing the given dataset

o Display the given dataset in the form of data frame

e show columns

e shape of the data frame

e To describe the data frame

e Checking data type and information about dataset



e Checking for duplicate data

e Checking Missing values of data frame
e Checking unique values of data frame
e Checking count values of data frame

e Rename and drop the given data frame
e To specify the type of values

e To create extra columns
3.3.2 Data Validation/ Cleaning/Preparing Process

Importing the library packages with loading given dataset. To analyzing the
variable identification by data shape, data type and evaluating the missing values,
duplicate values. A validation dataset is a sample of data held back from training
your model that is used to give an estimate of model skill while tuning model's and
procedures that you can use to make the best use of validation and test datasets
when evaluating your models. Data cleaning / preparing by rename the given
dataset and drop the column etc. to analyze the uni-variate, bi-variate and multi-
variate process. The steps and techniques for data cleaning will vary from dataset
to dataset. The primary goal of data cleaning is to detect and remove errors and

anomalies to increase the value of data in analytics and decision making.

Average  Mean Costof Costof Yieki cost of
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Crop_Year Area anlel Average Mean  Costof Cultivation  Costof Production  Yield [Quintall  cost of production

Humidity Tamp | /Hectare) C2 [Quintal) C2 Hectara) per yield
Crop_Year ) 00363 0001955 0012323 0053708 0008896 0.004706 0017074 0,006530
Area 1000000 -D02097 0007052 0002213 0001313 0 004969 0004052 0001454
rminfall 0001955 0020667 1000000 Q009805 0311162 0.030486 001171 066257 1.046942
Average Humidity 0012323 0007052 -0.0068¢5 1000000 0252588 -0.009753 0030869 0.121083 0.080237
MeanTemp 0053708 0002213 -0311162 0252588 1000000 0098394 0041967 0057664 (1015582
“"":’".&':'g::;'?g Q00305 0001313 003485 DOMTEY 2008304 1.000000 0025679 0028143 .055832
C““:.‘g;”:\’;ﬁ;‘gg D075 0O0OMSED DOMITI 00863 2041967 0.025679 1000000 030644 0058326
““"’ﬁ‘;’(';"‘.'i 0017974 0004052 0065267 0131063 0057664 0026443 0306414 1000000 0743026
CORLOfPrOtUCON s yrscan 00014 -OBM2 0000237 0015562 0055532 0086326 0743026 1000000
pet yield
Data set?
Import Packages |} Read Data - »{ Data Pre-Processing

GIVEN INPUT EXPECTED OUTPUT
input : data

output : removing noisy data

Exploration data analysis of visualization

Data visualization is an important skill in applied statistics and
machinelearning. Statistics does indeed focus on quantitative descriptions
andestimations of data. Data visualization provides an important suite of tools
forgaining a qualitative understanding. This can be helpful when exploring
andgetting to know a dataset and can help with identifying patterns, corrupt
data,outliers, and much more. With a little domain knowledge, data
visualizationscan be used to express and demonstrate key relationships in plots
and charts thatare more visceral and stakeholders than measures of association

or significance.Data visualization and exploratory data analysis are whole fields



themselves andit will recommend a deeper dive into some the books mentioned at
the end.

Sometimes data does not make sense until it can look at in a visual form,such as
with charts and plots. Being able to quickly visualize of data samplesand others is
an important skill both in applied statistics and in applied machinelearning. It will
discover the many types of plots that you will need to knowwhen visualizing data in
Python and how to use them to better understand yourown data.

e How to chart time series data with line plots and categorical quantitieswith
bar charts.

¢ How to summarize data distributions with histograms and box plots.

Prediction results expecting from farmer by yield of crost production amount

A

No. of each crop
REREEE

Unexpected C;')st Production Expected Cost Production
Yield of Crost Production

Cost Production of crop by counts

T | ‘I‘; I Jl.___;l‘_‘ == |l || _ \ '

No of counts

e RS L S T O e S S S Sy Ve SRy
Cost Production of crop



MODULEDIAGRAM

Import Packages Read Data »| Data Visualization

GIVEN INPUT EXPECTED OUTPUT
input : data
output : visualized data

3.3.3 Comparing Algorithm with prediction in the form of best accuracy

result

It is important to compare the performance of multiple different machine
learning algorithms consistently and it will discover to create a test harness to
compare multiple different machine learning algorithms in Python with scikit- learn.
It can use this test harness as a template on your own machine learning problems
and add more and different algorithms to compare. Each model will have different
performance characteristics. Using resampling methods like cross validation, you
can get an estimate for how accurate each model may be on unseen data. It
needs to be able to use these estimates to choose one or two best models from
the suite of models that you have created. When have a new dataset, it is a good
idea to visualize the data using different techniques in order to look at the data
from different perspectives. The same idea applies to model selection. You should
use a number of different ways of looking at the estimated accuracy of your
machine learning algorithms in order to choose the one or two to finalize. A way to
do thisis to use different visualization methods to show the average accuracy,
variance and other properties of the distribution of model accuracies.

In the next section you will discover exactly how you can do that in Python
with scikit-learn. The key to a fair comparison of machine learning algorithms is
ensuring that each algorithm is evaluated in the same way on the same data and it
can achieve this by forcing each algorithm to be evaluated on a consistent test

harness.



In the example below 4 different algorithms are compared:

e Random Forest
e Decision Tree Classifier
¢ Naive Bayes

e Support Vector Machine

The K-fold cross validation procedure is used to evaluate each algorithm,
importantlyconfigured with the same random seed to ensure that the same splits to
the training data are performed and that each algorithm is evaluated in precisely
the same way. Before that comparing algorithm, Building a Machine Learning
Model using install Scikit-Learn libraries. In this library package have to done
preprocessing, linear model with logistic regression method, cross validating by
KFold method, ensemble with random forest method and tree with decision tree
classifier. Additionally, splitting the train set and test set. To predicting the result by

comparing accuracy.
Prediction result by accuracy:

Logistic regression algorithm also uses a linear equation with
independent predictors to predict a value. The predicted value can be anywhere
between negative infinity to positive infinity. It need the output of the algorithm to
be classified variable data. Higher accuracy predicting result is logistic regression

model by comparing the best accuracy.

False Positives (FP): A person who will pay predicted as defaulter. When actual
class is no and predicted class is yes. E.g. if actual class says this passenger did
not survive but predicted class tells you that this passenger will survive.

False Negatives (FN): A person who default predicted as payer. When actual
class is yes but predicted class in no. E.g. if actual class value indicates that this

passenger survived and predicted class tells you that passenger will die.

True Positives (TP): A person who will not pay predicted as defaulter. These are
the correctly predicted positive values which means that the value of actual class

is yes and the value of predicted class is also yes. E.g. if actual class value



indicates that this passenger survived and predicted class tells you the same
thing.

True Negatives (TN): A person who default predicted as payer. These are the
correctly predicted negative values which means that the value of actual class is
no and value of predicted class is also no. E.qg. if actual class says this passenger

did not survive and predicted class tells you the same thing.
True Positive Rate(TPR) = TP / (TP + FN)
False Positive Rate(FPR) = FP / (FP + TN)

Accuracy: The Proportion of the total number of predictions that is correct
otherwise overall how often the model predicts correctly defaulters and non-
defaulters.

Accuracy calculation:
Accuracy = (TP +TN) /(TP + TN + FP + FN)

Accuracy is the most intuitive performance measure and it is simply a ratio of
correctly predicted observation to the total observations. One may think that, if we
have high accuracy then our model is best. Yes, accuracy is a great measure but
only when you have symmetric datasets where values of false positive and false

negatives are almost same.
Precision: The proportion of positive predictions that are actually correct.
Precision = TP / (TP + FP)

Precision is the ratio of correctly predicted positive observations to the total
predicted positive observations. The question that this metric answer is of all
passengers that labeled as survived, how many actually survived? High precision
relates to the low false positive rate. We have got 0.788 precision which is pretty

good.

Recall: The proportion of positive observed values correctly predicted. (The

proportion of actual defaulters that the model will correctly predict)

Recall = TP /(TP + FN)



Recall(Sensitivity) - Recall is the ratio of correctly predicted positive observations

to the all observations in actual class - yes.

F1 Score is the weighted average of Precision and Recall. Therefore, this score
takes both false positives and false negatives into account. Intuitively it is not as
easy to understand as accuracy, but F1 is usually more useful than accuracy,
especially if you have an uneven class distribution. Accuracy works best if false
positives and false negatives have similar cost. If the cost of false positives and

false negatives are very different, it's better to look at both Precision and Recall.
General Formula:

F- Measure = 2TP / (2TP + FP + FN)

F1-Score Formula:

F1 Score = 2*(Recall * Precision) / (Recall + Precision)

ALGORITHM AND TECHNIQUES

Algorithm Explanation

In machine learning and statistics, classification is a supervised learning
approach in which the computer program learns from the data input given to it and
then uses this learning to classify new observation. This data set may simply be bi-
class (like identifying whether the person is male or female or that the mail is spam
or non-spam) or it may be multi-class too. Some examples of classification
problems are: speech recognition, handwriting recognition, bio metric
identification, document classification etc. In Supervised Learning, algorithms learn
from labeled data. After understanding the data, the algorithm determines which
label should be given to new data based on pattern and associating the patterns to

the unlabeled new data.
Used Python Packages:
sklearn:

e In python, sklearn is a machine learning package which include a lot of ML

algorithms.



e Here, we are using some of its modules like train_test split,

DecisionTreeClassifier or Logistic Regression and accuracy_score.
NumPy:

e |t is a numeric python module which provides fast maths functions for
calculations.

e |tis used to read data in numpy arrays and for manipulation purpose.
Pandas:

e Used to read and write different files.

e Data manipulation can be done easily with data frames.
Matplotlib:

e Data visualization is a useful way to help with identify the patterns from
given dataset.

e Data manipulation can be done easily with data frames.
Decision Tree Classifier:

One of the most effective and well-known algorithms is the decision-tree algorithm.

It may be used with both continuous and categorical output variables.
Decision tree

We consider the full training set to be the root at first. Attributes are designed to be
categorical for information gathering, yet they are regarded continuous.
Recursively, records are dispersed based on attribute values. For arranging
characteristics as root or internal node, we apply statistical approaches.

In the shape of a tree structure, a decision tree creates classification or regression
models. While developing a decision tree, it separates a set of data into shorter
and shorter subgroups in the background. The greatest predictor is the root node,

which is technically the topmost decision node in a tree.



Classification report of Decision Tree Classifier Results:

precision recall fl-score support

a 1.2 1.0 1.9 1776

1 1.20 1.e2 1.9 1637

accuracy 1.00 2863
macro avg 1.0 1.e0 1.00 2863
weighted avg 1.20 1.e0 1.0 2863

Accuracy result of Decision Tree Classifier is 100.90
Confusion Matrix result of Decision Tree Classifier is:
[[1776 o]
[ e 1087]]
Sensitivity : 1.©
Specificity : 1.©

Cross validation test results of accuracy:
i X .03, %.]

Decision Tree

MODULEDIAGRAM

Implementing
Algorithm

A4

Import Packages Read Data Split Train/Test Data

A

GIVEN INPUT EXPECTED OUTPUT
input : data

output : getting accuracy

Random Forest Classifier

Random forests, also known as random choice forests, are a type of ensemble
learning approach used to solve problems like classification and regression.
Ensemble methods is a type of machine learning in which many different versions
of same algorithms are combined to create a more accurate model model. The
random forest approach may be used in both classification and regression

applications.
The following is how the random forest approach is implemented:

At random, choose N records from of the data collection.



Make a decision tree using these N records.
Rep steps 1 & 2 as needed for the number of trees in your method.

A forest's trees each forecast an X (input) or Y (output) value (value). The ultimate
result is obtained by adding all of the predicted from all the trees. Every tree in the
forests predicts which category that additional data will fall into when it comes to

categorisation challenges.

Classification report of Random Forest Results:

precision recall fl-score support

(=] i.ee i1.ee i1.00 1776

1 i.e9 i.ee i1.00 1887

accuracy i.e0e 2863
macro avg 1.20 1.0e i1.00 2863
weighted avg 1.20 1.00 1.00 2863

Accuracy result of Random Forest is: 1©0.0
Confusion Matrix result of Random Forest is:
[[1776 a]
1 e 1e871]
Sensitivity : 1.e
Specificity : 1.e

Cross validation test results of accuracy:
Fi. 325 3.3 2.1

Random Forest

MODULE DIAGRAM

T o  Implement
Import Packages Read Data Split Train/Test Data mglgonr\:p"xlng

GIVEN INPUT EXPECTED OUTPUT
input : data

output : getting accuracy

Naive Bayes algorithm

Modeling complicated data with the Naive Bayes method is a quick and efficient
process. It produces a prediction based on the likelihood that each characteristic

belongs to each class.



The Bayes Theorem is used to build the Naive Bayes statistical classification
technique. It's one of the most fundamental supervised learning algorithms, as well
as one of the fastest, most accurate, and trustworthy. To create a forecast, we
may compute the probabilities of each class's occurrence and choose the class

value with the highest likelihood.

This is due to the assumption that each attribute in a class is independent of other
characteristics such as wealth, age, and location.

Classification report of Naive Bayes Results:

precision recall fl-score support

%] ©.95 1.00 0.97 1776

1 1.00 ©.91 9.95 1087

accuracy ©.97 2863
macro avg .97 ©.95 .96 2863
weighted avg ©.97 0.97 ©.96 2863

Accuracy result of Naive Bayes is: 96.50716032134125

Confusion Matrix result of Naive Bayes is:
([1776 0]
[ 100 987]]

Sensitivity : 1.@
Specificity : ©.9080026798528058
Naive Bayes
MODULEDIAGRAM
g o  Impl ti
Import Packages Read Data Split TrainTest Data > Tflgeon:i?r?nltng

GIVEN INPUT EXPECTED OUTPUT
input : data

output : getting accuracy

Support Vector Machines

Vector Machines one among the most popular well-known and discussed machine
learning techniques. They were immensely popular in the 1990s, when they were

first introduced. A classifier that categories a data collection by determining the



best hyperplane between the data points. With a little tweaking, this model can

produce a high prediction rate.

This article discusses support vector machines (SVM) and how to properly prepare
your data for the SVM method. We also look at how a trained SVM model

representation may be used to predict what would happen in real life.

Classification report of Support Vector Machines Results:

precision recall fl-scorse support

(=] @.88 a.9g a.89 1776

1 a.82 @.8a a.81 1887

accuracy a.86 2863
macro avg a. 85 a.25 a.85 22863
weighted avg a.8285 .85 .85 2863

Accuracy result of Support Wector Machines is: B85.78414258785880

Confusion Matrix result of Support Vector Machines is:
[[1521 185]
[ 222 8s53]]

Sensitivity : @.8958332233333234
Specificity : @.795768169273229
Support Vector
MODULEDIAGRAM
: : o e e in s  Implementing
Import Packages Read Data | Split Train/Test Data > Algorithm

3.3.4 Deployment GUI

Tkinter tutorial provides basic and advanced concepts of Python Tkinter. Our
Tkinter tutorial is designed for beginners and professionals.Python provides the
standard library Tkinter for creating the graphical user interface for desktop based

applications.

Developing desktop based applications with python Tkinter is not a complex task.
An empty Tkinter top-level window can be created by using the following

steps.Tkinter is a python library for developing GUI (Graphical User Interfaces).

We use the tkinter interface and Tkinter will come with Python as a standard
package, it can be used for security purpose of each users or accountants. There
will be two kinds of pages like registration user purpose and login entry purpose of



library for creating an application of Ul (User Interface), to create windows and all

other graphical user users.

1. import the Tkinter module.

2. Create the main application window.

3. Add the widgets like labels, buttons, frames, etc. to the window.

4. Call the main event loop so that the actions can take place on the user’s

computer screen.

MODULEDIAGRAM

Read PKL File > Input Data ——>» Getting Prediction

Y

Import Packages

GIVEN INPUT EXPECTED OUTPUT
input : data values

output : predicting output



CHAPTER 4

RESULT AND DISCUSSION

When it comes to choosing, critical variables for the purpose of agricultural
forecasting, this section evaluates the outcomes of the developed approach to
several wrapper FS techniques. These researches studied the effectiveness of the
approach by using supervised learning methods like the k - means, Naive bayes,
DT, SVM, and RF to select the optimal crop for cultivation.

The approach is then shown to be as applicable to agricultural sets of data as it
would be to others. When compared to other strategies, finds the best relevant
features with enhanced prediction Accuracy in the shortest amount of time due to

the use of permutations and ranking.



CHAPTER 5

CONCLUSION AND FUTURE WORK
Conclusion

The analytical process started from data cleaning and processing, missingvalue,
exploratory analysis and finally model building and evaluation. Finallywe predict
the crop using machine learning algorithm with different results.This brings some
of the following insights about crop prediction. As maximumtypes of crops will be
covered under this system, farmer may get to know aboutthe crop which may
never have been cultivated and lists out all possible crops, ithelps the farmer in
decision making of which crop to cultivate. Also, thissystem takes into
consideration the past production of data which will help thefarmer get insight into

the demand and the cost of various crops in market.
Future Work

¢ Remaining SMLT algorithms will be involve to finding the best accuracywith
applying to predict the crop yield and cost.

e Agricultural department wants to automate the detecting the yield cropsfrom
eligibility process (real time).

e To automate this process by show the prediction result in web applicationor
desktop application.

e To optimize the work to implement in Artificial Intelligence environment.
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APPENDICES

A. Source Code

import numpy as np

import pandas as pd

In [ ]:df = pd.read_csv(‘re.csv”)
In [ ].df

In [ ]:df.shape

In [ ]:df.columns

In[]:1=['Above_1 ton_per_hec’,'Below_1 ton_per hec’,’Above_3 tons_per_ hec’,
‘Above_100 tons per _hec’, ‘Above 70 tons per _hec’,'Above 40 tons per_hec’,
‘Above_6 tons per_hec’,’Above 50 tons per hec’, ‘Above 10 tons per _hec’]

In [ ]:12=['‘Below_20000_hec’,'Above 20000 hec’, ‘Above 40000 hec’,
‘Above 80000 hec’]

In [ ]:13=[ ‘Andaman and Nicobar Islands’, ‘Andhra Pradesh’, ‘Arunachal
Pradesh’,’Assam’, ‘Bihar’, ‘Chandigarh’, ‘Chhattisgarh’,'Dadra and Nagar Havel?’,
‘Goa’, ‘Gujarat’, ‘Haryana’,'Himachal Pradesh’, ‘Jammu and Kashmir’, ‘Jharkhand’,
‘Karnataka’,’Kerala’, ‘Madhya Pradesh’, ‘Maharashtra’, ‘Manipur’,
‘Meghalaya’,'Mizoram’, ‘Nagaland’, ‘Odisha’, ‘Puducherry’, ‘Punjab’,
‘Rajasthan’,'Sikkim’, “Tamil Nadu’, ‘Telangana’, ‘“Tripura’, ‘Uttar
Pradesh’,'Uttarakhand’]

In [ ]:14=['Kharif’, ‘Whole year’, ‘Rabi’, ‘Autumn’, ‘Summer’,'Winter’]
In [ 1:I5=['TA50’, ‘TA60’, “TA80’]

In [ ]:16=['HB25’, ‘HA25’, ‘HAB0’, ‘HA80’]

In [ ]:df[‘Crop’].unique()

In [ ]:cropyc=[‘'Sugercane’, ‘Rice’, “Tobacco’, ‘Wheat’, ‘Coconut’,
‘Yam’,'Sweetpotato’, “Turmeric’, ‘WaterMelon’, ‘Tapioca’, ‘Urad’,'Varagu’]

In [ ]:I7=['Above_1_ton_per_hec’,'Below_1_ton_per_hec’,’Above_3 tons_per_hec’,
‘Above_100_tons_per_hec’, ‘Above 70 tons_per_hec’,'Above_40_tons per_hec’,
‘Above 6 tons per _hec’,’Above 50 tons per hec’, ‘Above 10 tons per_hec’,
‘Below_20000_hec’,’Above_20000_hec’, ‘Above_40000_hec’,

‘Above 80000 hec’,’Andaman and Nicobar Islands’, ‘Andhra Pradesh’, ‘Arunachal
Pradesh’,’Assam’, ‘Bihar’, ‘Chandigarh’, ‘Chhattisgarh’,'Dadra and Nagar Havel?’,
‘Goa’, ‘Gujarat’, ‘Haryana’,'Himachal Pradesh’, ‘Jammu and Kashmir’, ‘Jharkhand’,
‘Karnataka’,'Kerala’, ‘Madhya Pradesh’, ‘Maharashtra’, ‘Manipur’,
‘Meghalaya’,'Mizoram’, ‘Nagaland’, ‘Odisha’, ‘Puducherry’, ‘Punjab’,
‘Rajasthan’,'Sikkim’, “Tamil Nadu’, ‘Telangana’, ‘Tripura’, ‘Uttar



Pradesh’,'Uttarakhand’, ‘Kharif’, ‘Whole year’, ‘Rabi’, ‘Autumn’, ‘Summer’,'Winter’,
‘TA50’, ‘TAG0’, ‘TA80’, ‘HB25', ‘HA25', ‘HAG0’, ‘HA80’]

In [ ]:18=[]

for x in range(0,len(17)):

I8.append(0)

In [ ]:df.replace({'Crop’:{'Sugercane’:0, ‘Rice’:1, “Tobacco’:2, ‘Wheat’:3,
‘Coconut’:4, “Yam’:5, ‘Sweetpotato’:6, ‘Turmeric’:7, ‘WaterMelon’:8, ‘Tapioca’:9,
‘Urad’:10,"Varagu’:11}},inplace=True)

In [ ]:X_test=tr[l7]

y_test = tr[[“Crop”]]

np.ravel(y_test)

In [ ]:def randomforest():

from sklearn.ensemble import RandomForestClassifier

clf4 = RandomForestClassifier()

clf4 = clf4.fit(X,np.ravel(y))

# calculating accuracy------------==-======zmmnm-- e R -
from sklearn.metrics import accuracy_score

y_pred=clf4.predict(X_test)

print(accuracy_score(y_test, y_pred))

print(accuracy_score(y_test, y_pred,normalize=False))

H e

terms = [State.get(),Season.get(),Tl.get(),Hl.get(),Yl.get()]
for k in range(0,len(17)):

for z in terms:

if(z==17[K]):

18[k]=1

inputtest = [I8]

predict = clf4.predict(inputtest)

predicted=predict[0]

h="no’

for a in range(0,len(cropyc)):



if(predicted == a):

h="'yes’

break

if (h=="yes’):

t2.delete(“1.0”, END)

t2.insert(END, cropyc|a])

else:

t2.delete(“1.0”, END)

t2.insert(END, “Not Found”)

In [ J:root = Tk()

root.title(“Indian Crop Prediction”)
#root.configure(background="black’)
In [ ]:canvas = Canvas(root,width=1880,height=1253)
canvas.pack()

photo = Photolmage(file ='im3.png’)

canvas.create_image(0,0,image=photo,anchor=NW)

In [ ]:# gui_Stuff-----m-m-mmmmm e

# entry variables
State = StringVar()
State.set(None)
Season = StringVar()
Season.set(None)
Tl = StringVar()
Tl.set(None)

fn= StringVar()
vn= StringVar()
dn=StringVar()

rl= IntVar()

In [ ]:# Heading




w2 = Label(canvas, justify=LEFT, text="Crop Prediction using Machine Learning”,
fg="white”, bg="red")

w2.config(font=(“Elephant”, 20))

w2.grid(row=1, column=0, columnspan=2, padx=100)

w2 = Label(canvas, justify=LEFT, text="Indian Agricultural Department”,
fg="green”)

w2.config(font=(“Times Roman”, 15))

w2.grid(row=2, column=0, columnspan=2, padx=100)

In [ ]:# labels

FNLb = Label(canvas, text="Farmer Name”,fg="yellow”, bg="black”)
FNLb.grid(row=5, column=0, pady=15, sticky=W)

VNLDb = Label(canvas, text="Village Name”,fg="yellow”, bg="black”)
VNLDb.grid(row=6, column=0, pady=15, sticky=W)

DNLb = Label(canvas, text=“District Name”,fg="“yellow”, bg=“black”)
DNLDb.grid(row=7, column=0, pady=15, sticky=W)

In [ ]:# labels

stLb = Label(canvas, text="State Name”,fg="yellow”, bg="black”)
stLb.grid(row=8, column=0, pady=15, sticky=W)

selLb = Label(canvas, text="Season Details”,fg="“yellow”, bg=“black”)
selLb.grid(row=9, column=0, pady=15, sticky=W)

tiLb = Label(canvas, text="Temperature Level’,fg="yellow”, bg=“black”)
tiLb.grid(row=5, column=1, pady=15, sticky=W)

hiLb = Label(canvas, text="Humidity Level”,fg="yellow”, bg=“black”)
hiLb.grid(row=6, column=1, pady=15, sticky=W)

ylLb = Label(canvas, text="Yield level (per Hectare)”,fg="yellow”, bg="black”)
ylLb.grid(row=7, column=1, pady=15, sticky=W)

ycLb = Label(canvas, text="Yield cost amount (per Hectare)”,fg="yellow”,
bg=“black”)

ycLb.grid(row=8, column=1, pady=15, sticky=W)
In [ ]:ranfLb = Label(canvas, text=“RF”, fg="white”, bg="red”)



ranfLb.grid(row=15, column=0, pady=10, sticky=W)
In [ ]:# entries

OPTIONS1 = sorted(l1)

OPTIONS2 = sorted(12)

OPTIONS3 = sorted(I3)

OPTIONS4 = sorted(14)

OPTIONSS = sorted(l5)

OPTIONSG6 = sorted(l6)

In [ ]:FNEnN = Entry(canvas, textvariable=fn)
FNEnN.grid(row=5, column=0)

VNERN = Entry(canvas, textvariable=vn)
VNERN.grid(row=6, column=0)

DNEnN = Entry(canvas, textvariable=dn)
DNEnN.grid(row=7, column=0)

stEn = OptionMenu(canvas, State,*OPTIONS3)
stEn.grid(row=8, column=0)

seEn = OptionMenu(canvas, Season,*OPTIONS4)
seEn.grid(row=9, column=0)

tIEn = OptionMenu(canvas, TI,*OPTIONS5)
tIEn.grid(row=>5, column=1)

hlEn = OptionMenu(canvas, HI,*OPTIONSG6)
hIEn.grid(row=6, column=1)

ylEn = OptionMenu(canvas, YI,*OPTIONS1)
ylEn.grid(row=7, column=1)

ycEn = OptionMenu(canvas, Yc,*OPTIONS2)
ycEn.grid(row=8, column=1)

In [ ]:rnf = Button(canvas, text=“Check the result”,
command=randomforest,bg="“cyan”,fg="green”)

rnf.grid(row=15, column=1,padx=10)



In [ ]:#textfileds

t2 = Text(canvas, height=1, width=40,bg="orange”,fg="black”)
t2.grid(row=15, column=0 , padx=10)

import numpy as np

import pandas as pd

In [ ]:df = pd.read_csv(“re1.csv”)

In [ ]:df

In [ ]:df.shape

In [ ]:df.columns

In [ ]:1=['Sugercane’, ‘Rice’, “Tobacco’, ‘Wheat’, ‘Coconut’, “‘Yam’, ‘Sweetpotato’,
‘Tapioca’, ‘Turmeric’, ‘WaterMelon’, ‘Urad’, ‘Varagu’, ‘Banana’]

In [ ]: 4=[ ‘Summer’, ‘Winter’, ‘Kharif’, ‘Rabi’,

I5=['TA50’, ‘TAGO’, ‘TA80’]

In [ ]:16=['HB25’, ‘HA25’, ‘HAB0’, ‘HA80’]

In [ ]:df['Class’].unique()

In [ ]:cropyc=[‘Cost Yield is ten tons and Cost Production is ten lakshs’,
‘Cost Yield is one ton and Cost Production is twenty thousand’,
‘Cost Yield is twenty tons and Cost Production is fourty lakshs’,
‘Cost Yield is two tons and Cost Production is fourty thousand’,
‘Cost Yield is three tons and Cost Production is sixty thousand’,
‘Cost Yield is six tons and Cost Production is six lakshs °,

‘Cost Yield is two tons and Cost Production is fourty thousand’,
‘Cost Yield is five tons and Cost Production is one lakshs’,
‘Cost Yield is ten tons and Cost Production is two lakshs’]

In [ ]:I7=['Sugercane’, ‘Rice’, ‘Tobacco’, ‘Wheat’, ‘Coconut’, ‘Yam’, ‘Sweetpotato’,
‘Tapioca’, ‘Turmeric’, ‘WaterMelon’, ‘Urad’, ‘Varagu’, ‘Banana’,, THIRUVALLUR’,
‘TUTICORIN’,’Summer’, ‘Winter’, ‘Kharif’, ‘Rabi’, ‘Whole Year’, ‘Autumn’,’TA50’,
‘TA60’, “TA80’,’HB25’, ‘HA25’, ‘HAG0’, ‘HA80’]

In [ ]:18=[]
for x in range(0,len(17)):

I8.append(0)



Production is fourty thousand’:3,

‘Cost Yield is three tons and Cost Production is sixty thousand’:4,

‘Cost Yield is six tons and Cost Production is six lakshs ‘5,

‘Cost Yield is two tons and Cost Production is fourty thousand’:6,

‘Cost Yield is five tons and Cost Production is one lakshs’:7,

‘Cost Yield is ten tons and Cost Production is two lakshs’:8}},inplace=True)
In [ ]:X=dffI7]

y = df[[“Class™]

np.ravel(y)

# calculating accuracy------------=-=-=-=-=-=------- oo --

from sklearn.metrics import accuracy_score
y_pred=clf4.predict(X_test)
print(accuracy_score(y_test, y_pred))

print(accuracy_score(y_test, y_pred,normalize=False))

terms = [Dist.get(),Season.get(),Tl.get(),Hl.get(),Crop.get()]
for k in range(0,len(17)):

for z

h=no’

for a in range(0,len(cropyc)):
if(predicted == a):

h=‘yes’

break

if (h=="yes’):

t2.delete(“1.0”, END)
t2.insert(END, cropyc[a])
else:

t2.delete(“1.0”, END)
t2.insert(END, “Not Found”)



In [ ]:root = Tk()
root.configure(background="black’)
IN [ ]:# QUI_Stuff-mmmmmm oo
# entry variables

Dist = StringVar()

Dist.set(None)

Season = StringVar()
Season.set(None)

Crop =StringVar()

Crop.set(None)

fn= StringVar()

vn= StringVar()

rl= IntVar()

In [ ]:# Heading

w2 = Label(root, justify=LEFT, text="Prediction of Yield and Yield cost by Crop
using Machine Learning”, fg="white”, bg="red”)

w2.config(font=(“Elephant”, 20))
w2.grid(row=1, column=0, columnspan=2, padx=100)

w2 = Label(root, justify=LEFT, text=“Tamilnadu Agricultural Department”,
fg="green”)

w2.config(font=(“Times Roman”, 15))

w2.grid(row=2, column=0, columnspan=2, padx=100)

In [ ]:# labels

FNLb = Label(root, text="Farmer Name” fg="yellow”, bg="black”)
FNLb.grid(row=5, column=0, pady=15, sticky=W)

VNLb = Label(root, text="Village Name”,fg="yellow”, bg="black”)
VNLDb.grid(row=6, column=0, pady=15, sticky=W)

RFLb = Label(root, text="Rainfall Value”,fg="yellow”, bg=“black”)
RFLb.grid(row=8, column=1, pady=15, sticky=W)

In [ ]:# labels



dtLb = Label(root, text="District Name”,fg="yellow”, bg="black”)
dtLb.grid(row=8, column=0, pady=15, sticky=W)

seLb = Label(root, text="Season Details”,fg="yellow”, bg="black”)
seLb.grid(row=9, column=0, pady=15, sticky=W)

tiLb = Label(root, text="Temperature Level”’,fg="yellow”, bg=“black”)
tiLb.grid(row=5, column=1, pady=15, sticky=W)

hiLb = Label(root, text="Humidity Level”,fg="yellow”, bg="black”)
hiLb.grid(row=6, column=1, pady=15, sticky=W)

crLb = Label(root, text="Crop Details”,fg="yellow”, bg=“black”)
crLb.grid(row=7, column=1, pady=15, sticky=W)

In [ ]:ranfLb = Label(root, text="RandomForest”, fg="“white”, bg="red”)
ranfLb.grid(row=15, column=0, pady=10, sticky=W)

In [ ]:# entries

OPTIONS1 = sorted(I1)

OPTIONS2 = sorted(12)

OPTIONS4 = sorted(l4)

OPTIONSS = sorted(I5)

OPTIONSG6 = sorted(I6)

In [ :FNEnN = Entry(root, textvariable=fn)

FNEnN.grid(row=5, column=0)

VNEN = Entry(root, textvariable=vn)

VNERN.grid(row=6, column=0)

RFEN = Entry(root, textvariable=rl)

RFEnN.grid(row=8, column=1)

crEn = OptionMenu(root, Crop,*OPTIONS1)

crEn.grid(row=7, column=1)

dtEn = OptionMenu(root, Dist,*OPTIONS2)

dtEn.grid(row=8, column=0)

seEn = OptionMenu(root, Season,*OPTIONS4)



seEn.grid(row=9, column=0)

tIEn = OptionMenu(root, TI,*OPTIONSS5)

tIEn.grid(row=>5, column=1)

hIEn = OptionMenu(root, HI,*OPTIONSG6)

hIEn.grid(row=6, column=1)

In [ ]:rnf=Button(root,text="Check the result’,command=randomforest,bg=“cyan”,
fg“green”)

rnf.grid(row=15, column=1,padx=10)

In [ ]:#textfileds

t2 = Text(root, height=1, width=70,bg="orange”,fg="black”)
t2.grid(row=15, column=0 , padx=10)

B. SCREEN SHOTS

Crop Prediction using Machine Learning
Indian Agricultural Department

Farmer Name Temperature Level
Village Name Humidity Level
District Name Yield level (per Hect
State Name MEGECEE NG| None —!

Season Details

Check the result |



Crop Prediction using Machine Learning

Indian Agricultural Department
Farmer Name Temperature Level

Village Name veerapanenigudem Humidity Level HAB0 —

District Name Krishnal MEIEEN Above 50 tons_per_hec —! J

State Name Andhra Pradesh —4 MEGEGEENE Above 80000_hec — I

Season Details Winter —

Check the result |
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