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Abstract - Agriculture is having a time because of bugs and
poor soil quality. This is a problem for the crops and the future
of farming. We made a system that uses computers to help
farmers make decisions. It looks at pictures of the crops to
figure out what kind of bugs are there. The system also checks
the soil to see how healthy it is by looking at the nutrients it
needs. Agriculture is a deal here and the system helps with that.
It tells farmers what to do to get rid of the bugs and how to
make the soil better. This way farmers can grow crops and take
care of the land. The system is good at predicting problems and
giving advice on what to do about bugs and fertilizer, for
Agriculture. By reducing dependency on manual inspection
and laboratory testing, the proposed approach supports
precision agriculture, improves resource utilization, and
enhances productivity, particularly for small-scale and rural
farmers. Agriculture is having a time because of bugs and poor
soil quality. This is a problem for the crops and the future of
farming. We made a system that uses computers to help
farmers make decisions. It looks at pictures of the crops to
figure out what kind of bugs are there. The system also checks
the soil to see how healthy it is by looking at the nutrients it
needs. Agriculture is a deal here and the system helps with that.
It tells farmers what to do to get rid of the bugs and how to
make the soil better. This way farmers can grow crops and take
care of the land. The system is good at predicting problems and
giving advice on what to do about bugs and fertilizer, for
Agriculture. By reducing dependency on manual inspection
and laboratory testing, the proposed approach supports
precision agriculture, improves resource utilization, and
enhances productivity, particularly for small-scale and rural
farmers.
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I. INTRODUCTION

Agriculture is really important for making sure we have
food around the world.. It has a lot of problems, like bugs
eating crops soil getting bad weird weather and not using
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resources very well. The world has a lot of people and it is
getting more so we need to grow food. This means we have
to find ways to farm because the old ways are not working
very well. Agriculture needs to change because it still relies
on people looking at things and making decisions based on
what they think and it takes a lot of work. We need to make
Agriculture better so we can feed everyone. These
traditional methods are usually pretty slow. They can be.
They do not work well when things change quickly in the
field. This means that crops are lost and the farming is not
sustainable. The conventional approaches lead to crop
losses and reduced sustainability of the conventional
approaches.

Pests are a problem for farmers. They can really hurt the
amount of food that is grown every year. It is very important
to find out what kind of pest is causing the problem soon as
possible. This is because pests can do a lot of damage if they
are not stopped.

The usual way to find pests is for farmers or experts to
look at the plants and try to figure out what is wrong.. This
method is not very good because it requires a lot of
knowledge about pests. Also it can take a time to figure out
what is going on which means that the pests can do a lot of
damage before anything is done to stop them. Sometimes
the wrong pest is identified, which means that the wrong
pesticides are used. This can be very bad, for the
environment. It can also cost farmers a lot of money. Pests
and the problems they cause are a deal and pest
identification is a crucial part of dealing with them. Soil
fertility is really important for crops to grow. The soil needs
to have nutrients like nitrogen, phosphorus and potassium
for the crops to be healthy. If these nutrients are not
available the crops will not grow well.

Soil fertility is important for crop growth and fertilizer
is often used without knowing what the soil really needs.
This is because farmers do not have the information about
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the soil. As a result farmers may use much or too little
fertilizer, which can harm the soil. Soil fertility and fertilizer
use are related and soil fertility is essential, for healthy
crops.

Machine learning can look at a lot of information find
patterns that are not easy to see and make good predictions
without being told exactly what to do.

In farming machine learning can use different kinds of
information like pictures of crops details about the soil and
what the weather is like to help farmers make good decisions
at the right time. Machine learning is very helpful, in
farming because it can process all these kinds of information
like crop images and soil parameters and use them to support
farmers. Deep learning is really good at figuring things out.
It uses something called Convolutional Neural Networks or
CNNss for short. These Convolutional Neural Networks are
very good at looking at pictures and telling what is in them.
This makes deep learning and Convolutional Neural
Networks very useful for finding pests and checking how
healthy crops are. Deep learning and Convolutional Neural
Networks can do this because they are good, at looking at
pictures.

Soil fertility analysis is a deal. Ensemble learning
techniques are really good at making predictions better and
more accurate. They do this by using machine learning
models at the same time. This helps reduce mistakes that can
happen when you only use one model. Ensemble learning
techniques make the results more reliable. When we use
based models for soil fertility analysis they can tell us how
healthy the soil is and what nutrients it is missing. This
means we can give good advice on what fertilizers to use.
Using learning to detect pests and ensemble machine
learning for soil analysis is a great way to make precision
agriculture work really well. Ensemble learning techniques
and machine learning models are important, for soil fertility
analysis and precision agriculture.

II. RELATED WORK

Machine learning and deep learning are being used a lot in
agriculture these days. People are really interested, in this
because they want to find ways to manage crops that're easy
to use and give good results.

Machine learning and deep learning can help with things
like finding pests and checking the soil to see if it has
nutrients. Some people have even made systems that can
help farmers make decisions.

This is a deal because machine learning and deep learning
can really help farmers grow more food.

People did some work on automating farming. They mostly
used ways of looking at pictures and following rules. They
looked at the color, texture and shape of crops in pictures.
Then they used these things with classifiers like Support
Vector Machines and k-Nearest Neighbors to figure out if
there were any pests.

They found that these methods were pretty good at
identifying pests. They had some problems. The lighting had
to be just right. The method did not work well. If the picture
was not clear or if there was a lot of stuff in the background
the method did not work well either. This made it hard to
use these methods in the world, where things are not always

IJERTV15IS031122

perfect. Agricultural automation, like automation needs
better methods that can handle real world problems.

The field of image-based analysis has really taken off with
the help of deep learning. Convolutional Neural Networks
or CNNs for short are now the way to do this kind of
analysis. For example Mohanty and his team used CNN
architectures to figure out what diseases plants have by
looking at pictures of their leaves. They were able to get it
more than 95 percent of the time when they were working
with controlled datasets. On people used similar methods to
detect pests. They used CNN models like VGGI16,
ResNet50 and Inception networks to teach computers to
recognize insects in pictures. These models were able to
learn what to look for in the images. Convolutional Neural
Networks are really good, at this kind of thing. These
models do a lot better than the way of doing machine
learning because they do not need people to pick out the
important features. However the systems that use something
called CNN usually need a lot of data that people have
already looked at and labeled and they need a lot of power
to run which can be a problem when you are working on a
farm. You do not have a lot of resources. The CNN models
are really good. They need a lot of data and power to work
well which is not always possible in low-resource
agricultural settings, like farms.

To deal with the problem of not having data and to make
things more general people are using something called
transfer learning. This is a help. When we take a model that
has already been trained on a lot of pictures and then train it
some more on pictures of farms we get good results even
when we do not have a lot of pictures to train it on. Transfer
learning is good because it saves us time and we do not need
much data.. Even with transfer learning the models can still
be too sure of themselves and make mistakes when they see
things they have not seen before, like different weather or
lighting.

In the area of soil fertility analysis people have used
machine learning models for a time. Some models, like
Random Forest and Gradient Boosting work well to figure
out the levels of nutrients in the soil and to classify how
fertile the soil is based on NPK parameters. For example
XGBoost and CatBoost are very good at handling
relationships between different things in soil datasets. They
are usually very accurate and reliable. However when we
use one model it can have a problem. It might pay much
attention to some features and not enough to others, which
can make the predictions less reliable. Soil fertility analysis
is about understanding soil and these models like Random
Forest and Gradient Boosting and also XGBoost and
CatBoost are important tools, for this.

Ensemble learning techniques are used to fix the problems
of models. When we combine the predictions from
classifiers like when we use voting or stacking the ensemble
models do a better job and are more stable. For example in
farming ensemble methods have worked well for systems
that recommend crops and check soil health. They do a
better job than models that work alone.A lot of systems that
use ensemble methods only look at detecting pests or
checking soil and they do not have a complete system that
does both. Ensemble learning techniques like these can be
very helpful, in areas especially when we use ensemble
methods to make them better.
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Recent studies have emphasized the need for comprehensive
decision support systems that unify pest detection, soil
fertility assessment, and recommendation generation. IoT-
enabled and Al-driven agricultural platforms have been
proposed to provide real-time monitoring and predictive
analytics [9]. While these systems demonstrate promising
results, challenges related to cost, complexity, and
interpretability remain.

III. METHODOLOGY

The proposed system uses an approach that relies on machine
learning to automatically find pests and check soil fertility for
precision agriculture. This system is made up of parts that
work together including getting data cleaning up the data
making a model using many models to make predictions and
giving recommendations. This approach helps to make sure
the system is accurate works well and can be used in different
places, which is important for farms and other real-world
agricultural environments. The precision agriculture system
is designed to be good, at finding pests and checking soil
fertility. The machine learning approach is a key part of this
system.

Data Acquisition

The system uses two kinds of information: pictures of crop
pests and data about soil nutrients. These pictures of pests
come from available collections of agricultural images and
from samples taken in the field showing many different types
of pests in different lighting and backgrounds. The soil
nutrient information is made up of numbers that show how
much of important nutrients are in the soil, like nitrogen,
phosphorus and potassium and it also includes labels that say
how fertile the soil is. The crop pest images and soil nutrient
data are used to teach computers to recognize patterns using
computer programs. The crop pest images and soil nutrient
data help train these computer programs to make predictions.

Data Preprocessing

The first thing we do with the pest images is make sure they
are all the size. We make them 224%224 pixels so they work
with the Convolutional Neural Network.

Then we adjust the images so the colors are not too bright or
too dull. This is called normalization. It helps the computer
understand the images better.

We also use a filter to get rid of noise in the images. This
makes the pest images clearer.

When we are training the computer to recognize the pest
images we use some tricks to make it better, at finding them.
We rotate the images make them bigger or smaller and flip
them around. This helps the computer learn to find the pest
images even when they're not perfect.

The Convolutional Neural Network is what we use to look at
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the pest images. We want to make sure it has the chance of
working correctly.

We need to make sure the soil nutrient data is good to use. So
we do some work on it to make it consistent. We remove the
values that do not fit in. This way we know the data is okay
to use. If some values are missing or just not right we use
math to figure out what they should be. This helps keep the
dataset okay. We do this to make sure the soil nutrient data is
consistent, across all the things we are looking at.

Pest Detection Using Deep Learning

For classifying pests we use a kind of computer program
called a CNN-based deep learning model. This model uses
something called transfer learning, which means it takes a
program that has already been trained to recognize things
called ResNet50 and teaches it to recognize pests in pictures
of farms. The computer program can look at pictures of pests.
Find things, like edges and textures and shapes which helps it
figure out what kind of pest it is. We train the model by
showing it lots of pictures of pests and telling it when it gets
something and we use a special tool called the Adam
optimizer to make sure the model gets better at recognizing
pests over time. The model learns to recognize pests by
looking at the pictures and trying to guess what they are. It
gets better and better as it sees more pictures.

Soil Fertility Analysis Using Machine Learning

Soil fertility classification is done by using computer
programs that work together. These programs, like Random
Forest and Support Vector Machine and Gradient Boosting
are taught with information about the nutrients in the soil like
nitrogen and phosphorus and potassium to figure out if the
soil is fertile or not. They can put the soil into three groups:
soil that's not very fertile soil that is somewhat fertile and soil
that is very fertile.

These computer programs can find connections between the
nutrients in the soil and how fertile it is, even when these
connections are not straightforward. By looking at which
nutrientsre most important we can understand better what
makes the soil healthy and this helps us make sense of the
results from the soil fertility classification. Soil fertility
classification is really, about understanding soil fertility and
the computer programs help us do that.

Ensemble Learning Strategy

To make predictions more accurate ensemble learning is
used. This means we combine the results from different
machine learning models. We give importance to some
models than others when we combine their results. This helps
to reduce mistakes that individual models can make. It also
makes the whole system work better even when the input is
very different. When we use learning we can be more sure of
the predictions. Ensemble learning models are better than
using one model because they give us more confidence in the
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results. Ensemble learning is really good, at making
predictions that we can trust.

Recommendation Generation

The final stage translates predictions into actionable
recommendations. Based on detected pest types, the system
suggests appropriate pest control measures. Soil fertility
results are used to generate fertilizer recommendations
tailored to nutrient deficiencies. This closes the loop between
prediction and practical agricultural decision-making..
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Figure 1 Architecture Diagram

IV. RESULTS

The new system for finding pests and checking soil health
was tested to see how well it works. This system was
checked using tests to see if it is accurate works well in
different situations and is easy to use. Tests were done using
pictures of pests that were already labeled and soil data that
included information about nitrogen, phosphorus and
potassium. The testing looked at three parts: finding pests
checking soil health and using a combination of information
to make decisions, about pest detection and soil fertility and
soil health.

Uplosd Pest Image & Enter Soil Data

e

10

G Pest Image Upload

For finding pests the computer model that uses pictures and
is based on the ResNet50 design did a job. This model was
very good at telling the difference between kinds of pests
and it was right more than 90 percent of the time. The model
was also very good at finding pests even when the pictures
were not perfect like when the light was bad or the pest was
at an angle. The people who made the model added some
pictures to the mix, which helped the model get even better
at finding pests. This model is way better than the way of
finding pests because it can teach itself what to look for in a
picture. The old way relied on people to tell it what to look
for. This model can figure it out on its own, which makes it
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really good, at finding pests.

Analyzing Image & Sod Data

PestImage

Soil fertility analysis is really good at giving us results when
we use machine learning models. We found that Random
Forest and Gradient Boosting are very good at this they are
better than linear classifiers. This is because they are good
at understanding the relationships between the different
nutrients in the soil. When we looked at what's most
important, for soil fertility we found that nitrogen is the most
important thing then comes potassium and phosphorus.
Using models together like Random Forest and Gradient
Boosting makes our predictions more stable and stops them
from being too closely tied to one set of data which is a
problem that can happen with individual models.

The ensemble learning strategy was really important for
making the system more reliable. It worked by taking
predictions from different classifiers and using a weighted
voting system to make a decision. This made the system
more confident in its answers. It made fewer mistakes. This
was especially helpful when the individual models were not
sure what to do. The ensemble learning strategy made the
system better at making decisions than if it was just using a
CNN or an ML model, on its own. The ensemble learning
strategy is what made this happen because it used models to
make a decision, not just one.

1| Analysis Results

[ Summary  f} Prediction % Soil ) Recommendations

o Caterpillars o MEDIUM

& MEDIUM,

Key Actions
+ Detected pest: Beetles
+ Primary treatment Hand Picking: Remove beetles manually during early morning
o Soilfertiity: MEDIUM
+ Soil nutrient levels are adequate

The integrated recommendation module translated
predictions into actionable insights. Pest detection outputs
triggered suitable pest control suggestions, while soil
fertility predictions generated fertilizer recommendations
tailored to nutrient deficiencies. The end-to-end system
demonstrated low inference latency, making it suitable for
real-time or near-real-time agricultural decision support.
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V. CONCLUSION

This study is about a system for agriculture that uses deep
learning and machine learning to help farmers make good
decisions. The system is really good at finding pests and
checking the soil to see if it has nutrients. It solves some
problems that farmers have with traditional ways of doing
things. For example it can find pests away so farmers do not
have to wait. It also makes it cheaper for farmers to check
their soil.. It gives farmers the information they need to make
good decisions about their farms. The intelligent agriculture
decision support system is very helpful, for farmers because
it uses learning and machine learning to make sure they have
the best information.

The system uses a kind of computer program called a CNN-
based deep learning model to figure out what kind of pest is
in a picture. This model is really good at getting the answer
and it works well even when the pictures are not perfect. The
model can learn from pictures too so it does not need a lot of
new pictures to get better. This makes it useful for farmers
who want to use it in their fields.

When it comes to checking how healthy the soil is the system
uses a kind of computer program that looks at how much
nitrogen, phosphorus and potassium are in the soil. This
program is really good, at telling whether the soil is healthy
or not and it can also explain why it thinks that. The system
looks at the NPK values. Uses that information to make a
decision.

The ensemble learning framework really makes things better
by using predictions from different models. This helps to
reduce mistakes and makes the results more reliable. It also
makes sure that the performance is consistent when the input
is not the same every time.

The ensemble learning. The integrated recommendation
engine work together to help farmers. The integrated
recommendation engine provides advice on pest control and
fertilizer to farmers, which is very useful. This is important
because it helps to bridge the gap between making
predictions and taking action. The ensemble learning
framework and the integrated recommendation engine are
helpful tools, for farmers.

The system they have come up with is really meant to be
used in the world. The system has a design it does not need
a lot of computer power and it is easy for people to use. This
means that the system is something that small farmers and
farmers in areas can actually use. The system is helpful
because it does not require farmers to know a lot of things or
have special equipment. This helps farmers do their jobs in a
way that's good for the environment and helps them get the
best results. The farming practices that the system supports
are sustainable and precise which is what the system is about
it is, about supporting sustainable farming and precision
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farming.

While the results are promising, further improvements are
possible. Future work can focus on expanding datasets,
incorporating real-time loT sensor data, and enhancing
explainability through advanced XAI techniques. Mobile
and cloud-based deployments can further improve
accessibility and scalability. This study is about a system for
agriculture that uses deep learning and machine learning to
help farmers make good decisions. The system is really good
at finding pests and checking the soil to see if it has nutrients.
It solves some problems that farmers have with traditional
ways of doing things. For example it can find pests away so
farmers do not have to wait. It also makes it cheaper for
farmers to check their soil.. It gives farmers the information
they need to make good decisions about their farms. The
intelligent agriculture decision support system is very
helpful, for farmers because it uses learning and machine
learning to make sure they have the best information.

The system uses a kind of computer program called a CNN-
based deep learning model to figure out what kind of pest is
in a picture. This model is really good at getting the answer
and it works well even when the pictures are not perfect. The
model can learn from pictures too so it does not need a lot of
new pictures to get better. This makes it useful for farmers
who want to use it in their fields.

When it comes to checking how healthy the soil is the system
uses a kind of computer program that looks at how much
nitrogen, phosphorus and potassium are in the soil. This
program is really good, at telling whether the soil is healthy
or not and it can also explain why it thinks that. The system
looks at the NPK values. Uses that information to make a
decision.

The ensemble learning framework really makes things better
by using predictions from different models. This helps to
reduce mistakes and makes the results more reliable. It also
makes sure that the performance is consistent when the input
is not the same every time.

The ensemble learning. The integrated recommendation
engine work together to help farmers. The integrated
recommendation engine provides advice on pest control and
fertilizer to farmers, which is very useful. This is important
because it helps to bridge the gap between making
predictions and taking action. The ensemble learning
framework and the integrated recommendation engine are
helpful tools, for farmers.

The system they have come up with is really meant to be
used in the world. The system has a design it does not need
a lot of computer power and it is easy for people to use. This
means that the system is something that small farmers and
farmers in areas can actually use. The system is helpful
because it does not require farmers to know a lot of things or
have special equipment. This helps farmers do their jobs in a
way that's good for the environment and helps them get the
best results. The farming practices that the system supports
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are sustainable and precise which is what the system is about
it is, about supporting sustainable farming and precision
farming.

VI. FUTURE ENHANCEMENT

The proposed system is really good, at finding pests and
checking soil fertility.. There are some things that can be
done to make it even better. The system needs to be improved
so it can be used in places and work better in the real world.
One thing that can be done is to add sensors that can send
information about the soil to the system all the time. These
sensors can measure how wet the soil is, how hot or cold it
is and how acidic or basic it is. They can also check the
environment around the soil. This means the system can
watch the soil all the time and change its predictions if
something changes in the field. The proposed system can get
better at finding pests and checking soil fertility with these
Sensors.

The development of an application is really important. This
application will help farmers when they are out in the field.
It will give them access to things, like pest detection and soil
analysis. They can use the camera on their smartphone to do
this. We can use models that are not too big and that work
well with not a lot of power. This means that the mobile
application can work quickly and give the farmers the
information they need away. The mobile application will use
these models and some other techniques to make sure it
works well on devices that do not have a lot of power. This
way farmers can use the application to get the information
they need about pest detection and soil analysis.

The system can also be made better by using techniques that
make artificial intelligence explainable. This will help make
things more transparent. If we show farmers what is going
on and explain which things are important they will
understand what the system is predicting. Farmers will also
trust the automated recommendations from the system more.
The artificial intelligence will be more helpful to farmers if
they can see how it is making decisions. The system and the
artificial intelligence will work together to make things
clearer, for farmers.

Future work may include predictive analytics using time-
series models such as LSTM or GRU networks to forecast
pest outbreaks and soil nutrient trends in advance.
Additionally, expanding the dataset to include diverse crops,
pest species, and climatic regions will improve
generalization. Cloud-based deployment and multi-language
support can further enhance scalability and accessibility,
enabling widespread adoption of intelligent agriculture
solutions.
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