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Development of AI-ML based models for predicting prices of agri-horticultural commodities such as pulses and vegetable (onion, potato, onion)

ABSTRACT
· The Department of Consumer Affairs monitors the daily prices of 22 essential food commodities through 550 price reporting centres across the country. The Department also maintains buffer stock of pulses, viz., gram, tur, urad, moon and masur, and onion for strategic market interventions to stabilize the volatility in prices. 
· Decisions for market interventions such as release of stocks from the buffer are taken on the basis of the price trends and outlook. At present, the analyses of prices are based on the seasonality, historical and emerging trends, market 
· intelligence inputs, crop sowing and production estimates. ARIMA based economic models have also been used to examine and forecast prices of pulses.
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CHAPTER-1
INTRODUCTION
· In spite of the pandemic that we are experiencing, the agricultural sector grew by 1.2% in January 2021 compared to the same month in 2020, and small producers have been crucial in the sector’s recovery. In 2020, an overall growth increase of 1.3% was achieved compared to 2019, and this progress was based on an increase in production in the agricultural sector of nearly 3.1% [1]. 
· Family farms represent 97% of the agricultural units. More than 83% of agricultural workers work on family farms. Family labour is a characteristic of family farms with limited capital resources The prices of agricultural products are closely related to family income, so price stability is important [2]. 
· Further, family farms play an important role in economic development [3]. When farmers decide to plant an agricultural product, they make the decision based upon their previous experiences. Despite their contributions, family farmers do not have access to the tools large producers use; therefore, they are unable to compete on equal terms. 
· Choosing the agricultural products to grow is a challenge task for these farmers, as they lack the tools needed to determine which agricultural products will have the best prices when they are ready to go to market.
· At this point, machine learning algorithms have been applied in many different sectors to solve prediction problems, but a limited number of studies have been done on price prediction for agricultural products [4], particularly vegetables. 
· The agricultural sector lacks technological advancements [5] and the computer science field can provide tools, such as big data and machine learning, to improve this situation. 
· The application of machine learning in the agricultural field has largely been focused on the weather, quantity of fertilizer and rainfall prediction [5]. Very little epistemological work in the area of machine learning has been conducted. This work will become more pressing once more techniques
· 




CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· Despite its great potential, agriculture price prediction is challenging due to the complex and dynamic nature of the agricultural market, which is influenced by a wide range of factors, including weather variability, supply and demand dynamics, market interdependencies, data availability, and the complexities of agrarian systems [12-20].
·  Machine learning algorithms have the potential to revolutionize agricultural price prediction [21, 22] by improving accuracy, real-time prediction, customization, and  integration. 
· In this study, we systematically review the stateof-the-art research in agriculture price prediction. We systematize the themes, common problems, approaches, and current progress. Based on that, we identify and recommend future research directions. 
 
2.1.1 DRAWBACKS OF EXISTING SYSTEM ARE 
· 1. Data Quality and Availability
· Incomplete Data: Historical price data might be incomplete or missing, making it difficult to train accurate models.
· Inconsistent Data: Variability in data sources and reporting standards can lead to inconsistencies.
· Granularity: Data may lack the granularity needed for detailed predictions (e.g., daily vs. monthly data).
· 2. Complexity of Models
· Model Complexity: AI and ML models, particularly deep learning models, can be complex and require significant computational resources.
· Overfitting: Complex models might overfit the training data and perform poorly on unseen data.
· Interpretability: Many advanced models (e.g., deep neural networks) are often considered "black boxes," making it difficult to understand how predictions are made.
· 3. Requirement of Expertise
· Technical Skill: Developing and tuning AI-ML models requires specialized knowledge in data science, machine learning, and domain expertise.
· Resource Intensity: Significant time and resources are needed for data preprocessing, model training, and validation.
· 4. Dynamic Market Conditions
· Volatility: Agricultural markets can be highly volatile, and models might struggle to adapt to sudden changes or crises (e.g., natural disasters, policy changes).
· External Factors: Factors like global trade policies, currency fluctuations, and geopolitical events can impact prices in ways not always captured by historical data.
· 



2.2. PROPOSED SYSTEM
· The system begins with the Data Collection and Integration module, which aggregates data from diverse sources, including historical market prices, meteorological data, soil conditions, and economic indicators. This data is then processed through the Data Preprocessing module, where it is cleaned, normalized, and transformed to create a robust dataset.
·  Feature engineering techniques are employed to generate relevant predictors that capture temporal patterns and interactions between variables.
· In the Exploratory Data Analysis (EDA) phase, the system visualizes trends, correlations, and distributions, providing a clear understanding of the data's characteristics. This analysis informs the selection of appropriate Modeling Techniques. 
· The system utilizes a range of models, including traditional time series models like ARIMA and SARIMA, machine learning algorithms such as Random Forest and Gradient Boosting Machines, and advanced deep learning methods like LSTM and CNN. These models are trained and validated using historical data, with hyperparameter tuning to optimize performance.
· 

2.2.1. ADVANTAGES OF PROPOSED SYSTEM

· 1. Improved Accuracy and Precision
· Enhanced Forecasting: AI and ML models can process vast amounts of historical data to generate more accurate and precise price predictions compared to traditional methods.
· Complex Patterns: These models can capture complex patterns and relationships in the data that might be missed by simpler forecasting techniques.
· 2. Real-Time Predictions
· Up-to-Date Information: AI and ML models can provide real-time or near-real-time price forecasts, helping stakeholders make informed decisions quickly.
· Dynamic Adjustments: Models can be continuously updated with new data to reflect recent market changes and trends.
· 3. Handling Large Data Sets
· Big Data Integration: AI and ML are capable of handling and analyzing large datasets, including historical prices, weather conditions, and market demand, which traditional methods might struggle with.
· Feature Extraction: These models can automatically identify and extract relevant features from large and diverse datasets.
· 4. Identification of Trends and Anomalies
· Trend Analysis: AI models can identify and analyze long-term trends in commodity prices, which can be useful for strategic planning and forecasting.
· Anomaly Detection: Machine learning algorithms can detect unusual price fluctuations or anomalies, which may indicate potential issues or opportunities.
· 



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.




2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   


2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005










2.5 MODULE DESCRIPTION
· Data Collection and Integration
· Data Preprocessing
· Exploratory Data Analysis (EDA)
· Model Selection and Development

Data Collection and Integration
· Data Sources: Identify and gather data from various sources such as market prices, weather conditions, soil quality, and economic indicators.
· Price Data: Historical and real-time price data from market reports, trade databases, and online platforms.
· Weather Data: Meteorological data including temperature, rainfall, humidity, and seasonal patterns.
· Soil Data: Information on soil conditions, nutrient levels, and crop-specific requirements.
· Economic Indicators: Data on inflation, currency exchange rates, and trade policies.
· Data Integration: Combine data from multiple sources into a unified dataset, ensuring consistency and compatibility.
· 


Data Preprocessing	

· Data Cleaning: Handle missing values, outliers, and inconsistencies.
· Imputation: Use techniques like mean, median, or interpolation to fill in missing values.
· Outlier Detection: Identify and manage outliers using statistical methods or machine learning techniques.
· Feature Engineering: Create relevant features that enhance model performance.
· Temporal Features: Extract features such as day of the week, month, and seasonality.
· Lag Features: Incorporate lagged values of prices and other variables to capture temporal dependencies.
· Interaction Features: Create features that represent interactions between different variables.
· Normalization/Scaling: Standardize or normalize data to ensure consistency in model training.
· Scaling: Apply techniques like Min-Max scaling or Standardization.



Exploratory Data Analysis (EDA)
· Descriptive Statistics: Summarize key statistics such as mean, median, and variance.
· Visualization: Create plots and charts to visualize trends, correlations, and distributions.
· Time Series Plots: Visualize historical price trends and seasonality.
· Correlation Matrices: Examine relationships between features.

Model Selection and Development

· Traditional Time Series Models:
· ARIMA (Auto-Regressive Integrated Moving Average): Model for univariate time series forecasting.
· SARIMA (Seasonal ARIMA): Extends ARIMA to handle seasonality
· Machine Learning Models:
· Linear Regression: Basic regression technique for predicting prices based on features.
· Random Forest: Ensemble learning method that can handle non-linear relationships.
· Gradient Boosting Machines: Algorithms like XGBoost and LightGBM for robust prediction performance.
· Support Vector Machines (SVM): Model for regression tasks with complex relationships.
· 








CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 


















CHAPTER 5
CONCLUSION 
CONCLUSION

· Family farms play a role in economic development and are characterized by the use of family labour. Deciding which product to plant to obtain the best price at harvest is a challenge. In order to learn what tools have been used to predict prices for  agricultural products, a literature review was carried out. 
· The literature review results show that it is necessary to address the epistemological aspect of research involving machine learning to improve the understanding and reliability of the results. Most of the studies identified used the positivist paradigm.
·  The research approach that the authors used was quantitative and longitudinal. Also, several machine learning models were used to predict the price of agricultural products. 
· The researchers showed a preference for Neural Network-based algorithms due to the results obtained by this type of algorithm in terms of accuracy and precision in price prediction compared to other types of algorithms. 
· The results of this study can be used by research community, farmers and specialists interested in price prediction of agricultural products. 
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