IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 13 Issue: v Month of publication: April 2025

DOIl: https://doi.org/10.22214/ijraset.2025.69219

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue IV Apr 2025- Available at www.ijraset.com

Agro-Innovate 360: Advanced Crop Optimization
and Market Analysis

Srijita Bhattacharjee’, Nakul Bahurupi?, Siddharth Bhilare®, Shreyas Ghutukade®, Vivek Patil®
Department of Information Technology, Mumbai University (Pillai HOC College of Engineering and Technology), Rasayani,
Maharashtra, India

Abstract: Productivity, sustainability, and expedited market access are critical challenges confronting agriculture. This study
utilizes cutting-edge technologies that encompass machine learning and data analytics, to forecast crop yields to recommend the
most suitable crops, and enhance farming techniques. Resource efficiency is improved by using accurate and smart agricultural
techniques, which reduces the environmental impact on production. In addition, this technology simplifies export processes so
that farmers can participate in global trade. This initiative, known as Agro-Innovate 360, symbolizes a progressive agricultural
platform that benefits from innovation to increase productivity, stability and market access.
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L. INTRODUCTION
Agriculture is necessary for the economy worldwide by delivering food products, raw materials and job opportunities in the market.
However, agricultural workers and agricultural companies face many difficulties, such as unexpected weather patterns, variable
market prices and insufficient crop management [1], [2]. New opportunities to overcome these obstacles and optimise agricultural
productivity are presented by the quick advancements in data analytics and technology [3], [4]. Machine learning (ML)-powered
digital solutions have demonstrated enormous promise in revolutionizing conventional farming methods, assisting farmers in
making wise decisions, and guaranteeing food security [5],[6]. The idea of smart agriculture based on data insights for improving
productivity and profit has received attention in the last few years [7]. Despite these advances, many farmers still struggle because
of outdated practices, insufficient market accessibility, and price volatility, that integrates predictive analytics with agricultural
trading solutions [8]. Agro-Innovate 360 intends to solve these issues by providing an all-inclusive solution for estimating crop
yields, forecasting prices, and managing the import and export activities of agriculture. This also helps the farmers from Al and ML
by analyzing market data, soil conditions, weather patterns, and historical agricultural data to determine the optimum crop-per-acre
yield a farmer can achieve [9], [10]. This allows farmers to make alternatives that increase revenues; This also applies to the
program future crop prices [11]. Through the available agricultural trade resources, Agro-Inovate promoted 360 agriculture by
strengthening agriculture with access to global markets, thus improving their market access and better value competition can be
activated [12].
Key components of Agro-Innovate 360 include:
Crop Prediction: Models driven by Al predicts the best crops planted through soil conditions, climate data and historical trends with
the aim of improving model productivity by Al [1]. Crop Price Estimation: Estimation of the price of the crop helps farmers and
traders make informed decisions by using machine learning to predict future crop prices [2]. Support Technological Integration:
Promotion of technical integration encourages the use of accurate agricultural equipment and techniques that will improve farm
management and lightly informed decision -making [5]. Import-Export Analysis: Market intelligence equipment checks both global
and local business trends, helps farmers and traders create strategic alternatives informed about crop choices, prices and
international trade opportunities [3]. This is how the paper is structured: in the market analysis related work and ML-operated
agriculture are included in section 2. The development process for Agro-Innovate 360 is described in section 3. Case studies and
experimental results are shown in section 4. Information on large discoveries, difficulties and research is covered in section 5.
Section 6 consist of the observations on how Agro-Innovate 360 might affect contemporary farming.

1. RELATED WORK
The use of big data analytics and machine learning (ML) to improve farming methods and improve market intelligence has been a
growing area of interest in agricultural research. The application of precision farming methods to increase production, market
analysis tools for agricultural commerce, and predictive analytics for crop forecasting all of these are the subject of several studies.
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This section monitors studies in various fields, highlighting significant advancements, constraints, and gaps that Agro-Innovate 360
seeks to fill. Using a data-driven approach, Sheetal Phatangare et al [5] suggested crop yields and market prices. By using historical
data and machine learning techniques, the project aims to provide farmers with accurate yield and price estimates, guiding them to
make effective decisions about crop planting and sale. The application of ML techniques for crop prediction is covered by Aruvansh
Nigam et al [6]. To predict crop yields, the authors developed which consider a number of factors, such as soil quality, climatic data,
and past crop data. Through the provision of more accurate production projections, this methodology aims to improve agricultural
practices and strengthen food security. A deep learning approach for agricultural crop price forecasting is presented by M.R.
Bhardwaj et al [7] in an effort to reduce price swings in agricultural markets. The proposed approach helps farmers and other
stakeholders make more effective decisions regarding crop sales and pricing strategies by combining a number of factors, such as
weather, market demand, and historical pricing data. The study by Soumik Chakraborty et al [1] explores the use of Al and machine
learning to forecast crop yields influenced by meteorological factors. It aims to make Al forecasts more transparent by providing
farmers with understandable insights into agricultural yield projections. The study highlights how important it is to combine
artificial intelligence (Al) with meteorological data to produce accurate forecasts that empower farmers to make informed decisions.
Crop yield estimation is one of the key areas of precision agriculture, and C. Shanmugasundaram et al [8] contribute to this topic. It
is consistent with studies that try to improve agricultural outcomes by using technology and data. Several machine learning
techniques for agricultural production predictions have been examined in earlier research, accounting for factors such soil
composition, weather trends, and historical data. The fundamental method of crop prediction was developed by Deepak Kholiya et
al [9], who identified suitable crops based on specific features. It makes use of feature selection algorithms, a popular ML technique
that improves model performance and identifies important variables. To optimise resource allocation and agricultural techniques,
previous research has examined a variety of crop prediction algorithms and attributes. The idea of predicting individual crop yields
by investigating the best crop combinations is presented by Sree Nidhi M et al [10], which poses a more complex but realistically
significant problem. It also uses market forecasts to assess the viability of particular crops from an economic standpoint. This study
expands on previous research in market analysis and agricultural production prediction, combining both fields for a more thorough
viewpoint. The potential for data-driven decision-making in agriculture is demonstrated by the use of ML algorithms for both crop
combination and market forecasting, moving beyond simple yield projections to take economic factors into account.

A. Crop Optimization

Crop optimization encompasses the scientific and practical approaches to selecting and managing crops to achieve optimal results,
which may include yield, profitability, resource efficiency, and environmental sustainability. The foundation of contemporary crop
optimization is significantly based on the capacity to analyze the intricate interactions among various factors that affect crop growth
and market dynamics. Data-Driven Decision Support: This research advocates for a transition from conventional, experience-based
farming methods to decision-making that is firmly rooted in data analysis. These studies that [2] and [6] use the machine learning
algorithm to model almost soil data, weather conditions, previous crops and other relevant information to recommend appropriate
crops. This is according to the general approach that is trying to use the information available to reduce uncertainty and maximize
the results in very complex systems. A crop choice with future modeling, in principle, indicate that future modeling increases
productivity in crop choices. This type of work functional choice to identify the most important factors affecting adaptability and
productivity to crops produce processes using ML algorithms that can lead to accurate prediction of successful crops [9]. Several
adaptation studies that make the extent of theoretical exploration beyond a monocrop -focus, provided that effective agricultural
production depends on a number of factors [10]. It includes both economic and agricultural factors such as marketing and value
variability, leading to more sophisticated adaptation theory.

B. Precision Agriculture

A cutting -edge method of farm management, precision agriculture (PA) employs technology to customize the agricultural practices
according to the specific conditions of each location. The core principle of (PA) is recognizing the variability present in agricultural
fields in market, and managing this variability in data can lead to significant improvements in both sustainability and efficiency.
Gathering and Analysing Data The capacity to gather and assess comprehensive data regarding the agricultural environment is
essential for the foundational principles of Precision agriculture (PA). Data collection on soil moisture, nutrient levels, pest
populations, and crop health is made easier by technologies like remote sensing, GPS, sensors, and drones. In studies like [1], Al is
theoretically utilised to analyse this data and offer recommendations for agricultural operations.
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Variable Rate Application (VRA) One of PA's fundamental theoretical tenets is the ability to distribute agricultural inputs (like
water, fertiliser, and herbicides) at varying rates across a field based on site-specific needs. By recommending precise fertiliser
amounts that should maximise resource use and minimise environmental impact, research such as [2] demonstrates that the concept
can be applied practically. Making Decisions Based on Information Theoretically, farmers are better equipped to base their
decisions on analysis and real-time data when they use precision agriculture (PA). Research articles emphasise the role of machine
learning (ML) as a theoretical tool for analysing complex datasets and offering helpful recommendations [3]. Theoretically,
precision agriculture (PA) often requires the seamless integration of multiple technologies. Sources like [11] offer a theoretical
summary of the different approaches and technologies used, from data collection techniques to automated application systems.

1. METHODOLOGY
The methodology of Agro-Innovate 360 involves a structured workflow that integrates crop prediction, crop price estimation, and
market analysis using advanced ML and data analytics techniques. This section details the workflow, data sources, ML models, and
decision-making process that form the core of Agro-Innovate 360.

A. System Workflow
The Agro-Innovate 360 system's structured procedure for advanced crop optimization and market analysis is depicted in the
workflow diagram.

Output

st e
pr given ImporvExport
input for the crop

Fig 3.1 Workflow of the System

1) Crop Prediction - The purpose of the Crop Prediction Module is to assist farmers in choosing the best crop for their land and
climate. The system accepts a wide range of entrance parameters, which contains soil, nitrogen, phosphorus and potassium to
predict crop dividends. When the data is received, the system verification is that it is complete and accurate. If the input
provided is invalid, users are instructed to record the correct value. If the specified input is valid, data is processed using RF
classification models that are largely trained on the agricultural data set. The ML model predicts which entrance parameters
evaluated the crop will be best suited to grow under the given conditions. The output then appears to the user as a highest
quality recommendation [6].

2) Crop Price Estimation - Based on a number of variables, including crop name, state, district, market name, and month, the Crop
Price Estimation Module helps farmers and dealers forecast the market price of crops. This aids users in making well-informed
choices about when to buy or sell crops. Following receipt of the input, the system runs validation checks. Users are prompted
to edit their entries if they are inaccurate or lacking information. Following a successful validation process, a RF Regression
Model trained on historical market price datasets is used by the system to handle the data. The average crop price for the
designated area and time frame is then predicted by the program [7].

3) Crop Import/Export - Users can oversee the trading of agricultural goods, such as grains, fruits, and vegetables, using the Crop
Import/Export Module. Farmers, traders, and agribusinesses trying to reach a broader media will find this feature especially
helpful. The system logs the transaction details once users choose the crop category they want to import or export. A Firebase
Backend is used to manage the import/export data, guaranteeing safe and instantaneous trade information processing. Better
market access and more efficient SCM is possible by the system's assistance in tracking and managing agricultural trade
operations [12].
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B. Data Collection and Preprocessing

1) Data Sources

Agro-Innovate 360 relies on various data sources, including:

e Historical Crop Yield Data — Collected from government databases, research institutions, and agricultural surveys [13].

e  Soil and Weather Data — Includes soil composition, pH levels, temperature, rainfall, and humidity from meteorological services
and agricultural extension centers [1].

e Market and Trade Data — Analyzes price trends, supply-demand statistics, and international trade policies [12].

2) Data Preprocessing

Before analysis, the raw data undergoes multiple preprocessing steps:

e Handling Missing Values — Uses statistical imputation (mean, median) or predictive modeling to fill gaps.

e Feature Engineering — Extracts meaningful features such as soil fertility index, temperature variation, and market demand
trends.

C. Model Development

1) Crop Prediction Model

A crop prediction model utilizes the machine learning algorithms such as Random forest to estimate crop yields.
Inputs: Soil quality, weather and past crop yields.

Output: Anticipated crop yield of a few chosen crops.

2) Crop Price Estimation Model

The crop price estimation Model utilizes the Machine learning algorithms such as Random forest to predict the crop prices within
given inputs.

Inputs: The price history for crops

Output: For given instance 28/Kg for wheat.

3) Analysis of Markets and Trade

The firebase simplifies the process of tracking and evaluating the agricultural data and trading market activities in real time.
Inputs: Trade regulations, Past market data pricing and the effects in climate change.

Output: Best time for sell and market information.

D. Decision Support System (DSS) And User Interface
Model Accuracy Comparison (Bar Graph)
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Fig.4.1 Model Accuracy Comparison (Bar Graph)
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Integrates ML model outputs to provide customized prediction to farmers, traders, and policymakers. Web-based or mabile interface
that delivers real-time insights in an easy-to-understand format. Visualization tools (graphs, charts, predictive analytics dashboards)
to help users make informed decisions.

This methodology ensures Agro-Innovate 360 effectively combines ML model with agricultural decision-making to optimize crop
production and market strategies.

V. RESULT
The developed application successfully provides real-time agricultural insights, integrating multiple features to assist farmers in
making data-driven decisions. The app delivers precise prediction based on user inputs, market conditions, and predictive models.
The key features and outcomes are outlined below:

1) Environmental Monitoring and Analysis

The application continuously captures temperature, humidity, and nitrogen levels from the soil. In the interface real-time values are
displayed, ensuring farmers have up-to-date information to assess field conditions. This feature enables timely interventions to
optimize crop health.

2) Crop Prediction System

Based on environmental parameters and soil nutrient levels, the app suggests the most suitable crops for cultivation. The system
processes input variables and displays prediction instantly, allowing farmers to make planting decisions. The RF algorithm, used for
classification, has demonstrated high accuracy in matching soil conditions with optimal crops.

Table I. Classification Report

Crop Precision |Recall | F1-Score | Support
rice 1.0 0.89 0.94 19
maize 1.0 1.0 1.0 21
jute 0.92 1.0 0.96 23
cotton 1.0 1.0 1.0 17
coconut 1.0 1.0 1.0 27
papaya 1.0 1.0 1.0 23
orange 1.0 1.0 1.0 14
apple 1.0 1.0 1.0 23
muskmelon 1.0 1.0 1.0 17
watermelon 1.0 1.0 1.0 19
grapes 1.0 1.0 1.0 14
mango 1.0 1.0 1.0 19
banana 1.0 1.0 1.0 21
pomegranate 1.0 1.0 1.0 23
lentil 0.92 1.0 0.96 11
blackgram 1.0 1.0 1.0 19
mungbean 1.0 1.0 1.0 20
mothbean 1.0 0.96 0.98 24
pigeonpea 1.0 1.0 1.0 23
kidneybean 1.0 1.0 1.0 20
chickpea 1.0 1.0 1.0 26
coffee 1.0 1.0 1.0 17
accuracy 0.99 nan 0.99 440
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3) Market Price Prediction

The application provides price updates for various crops in local markets. This feature enables farmers to analyze price trends and
choose the profitable crops for cultivation and sale. By integrating machine learning models, the app predicts potential price
fluctuations, helping users maximize their earnings.

4) Machine Learning Model Performance

The Random Forest classifier was implemented to enhance prediction accuracy. As evidenced in the results (Figure 4.4.1), the
model performed with high precision, correctly classifying crops based on environmental factors. Its superior accuracy over other
models makes it an ideal choice for agricultural decision support.

Model Accuracy Comparison (Line Graph)
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Fig 4.4.1 Model Accuracy Comparison (Line Graph)

V. DISCUSSION AND FUTURE WORK

A. Discussion

The Agro-Innovate 360 system provides a dependable and clever approach to agricultural decision-making with its import/export
management system, pricing estimations, and machine learning-based crop suggestions. The system effectively employs Random
Forest Classification to suggest the best crops based on soil and environmental characteristics, and Random Forest Regression is
used to accurately anticipate crop prices. Additionally, employing a Firebase backend ensures farmers and dealers have efficient
market accessibility and simplifies import/export management. The results indicate how the proposed system significantly increases
the accuracy of crop selection and price estimation. By using both past and present data, the method improves farmers' decision-
making and enables them to maximise production, minimise losses, and optimise market interaction.

B. Future Work

Through price estimates, crop suggestions based on machine learning, and an import/export management system, the
Agrolnnovate360 system has proven to be beneficial in improving agricultural decision-making. However, more study and
improvement are needed in a few areas to increase the system's accuracy, adaptability, and practicality. The incorporation of
unsupervised learning methods is one of the main topics for further research. The supervised learning models used in the current
system need labeled datasets in order to be trained. Even if this method works well, it could not be enough to deal with unforeseen
farming circumstances or new market trends. Multilingual & Voice-Assisted Interface — Many farmers may not be fluent in English
or may have limited literacy skills. Incorporating regional languages and a voice-assisted chatbot feature could enhance accessibility
and usability for a broader audience. Integration with 10T & Smart Irrigation Systems — Connecting the application with automated
irrigation and fertilization systems could further optimize resource usage. Real-Time Price Estimation API: Real-time price data
allows optimization models to adapt dynamically to market fluctuations, leading to more profitable crop selection and timing of
sales.
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VI.  CONCLUSION
Agro-Innovate 360 is a revolutionary step toward modernizing agriculture using precision farming, machine learning, and data-
driven decision-making. The platform gives farmers practical insights to maximize productivity, boost profitability, and negotiate
the challenges of international commerce by combining crop prediction, price estimation, and market analysis. The system's
capacity to evaluate environmental variables and offer suggestions in real time greatly improves agricultural productivity while
advancing sustainability.
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